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February 1, 2023 
 
Mathew C. Blum 
Acting Administrator for Federal Procurement Policy 
Office of Federal Procurement Policy 
Office of Management and Budget 
Washington, D.C. 20503 
 
Re: Federal Acquisition Regulation: Disclosure of Greenhouse Gas Emissions and Climate-
Related Financial Risk; FAR Case 2021-015, Docket No. FAR-2021-0015, Sequence No. 1 
 

Dear Chairman Blum and Members of the Federal Acquisition Regulatory Council, 

Columbia Law School’s Sabin Center for Climate Change Law (“Sabin Center”) and the 
undersigned climate scientists and other experts studying the effects of climate change respectfully 
submit these comments to the Department of Defense, General Services Administration, and 
National Aeronautics and Space Administration—collectively, the Federal Acquisition Regulatory 
Council (the “FAR Council”)1 —in response to their request for comments on the proposed rule 
titled “Disclosure of Greenhouse Gas Emissions and Climate-Related Financial Risk.”2 

The Sabin Center and the undersigned climate scientists and experts offer the comments 
below to explain how scientists know that human activities are driving global warming, and to 
highlight climate tools and data that companies use to evaluate climate-related risks to their 
businesses. 

There is overwhelming scientific consensus on the fundamental reality of climate change: 
human activities are increasing atmospheric greenhouse gas (“GHG”) concentrations, which is 
causing global average temperatures to rise. In a 2021 report, the Intergovernmental Panel on 
Climate Change (“IPCC”) concluded that “[i]t is unequivocal that human influence has warmed 

                                                
1 The Federal Acquisition Regulatory Council (“FAR Council”) is comprised of the Administrator 

for Federal Procurement Policy, the Secretary of Defense, the Administrator of National 
Aeronautics and Space, and the Administrator of General Services, or their designees. See 41 
U.S.C. § 1302(b). 

2 Federal Acquisition Regulation: Disclosure of Greenhouse Gas Emissions and Climate-Related 
Financial Risk, 87 Fed. Reg. 68312 (November 14, 2022) [hereinafter the “Proposed Rule”]. 
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the atmosphere, ocean and land.”3 The IPCC found that “[e]ach of the last four decades has been 
successively warmer than any decade that preceded it since 1850.” 4  The extent of future 
temperature increases will depend, in large part, on future GHG emissions. However, “warming 
above 2 degrees Celsius is “very likely” unless emissions decline rapidly prior to 2050.5 Rising 
temperatures are already increasing the frequency and severity of many types of weather extremes, 
such as heatwaves and floods, and contributing to sea-level rise and other slow-onset phenomena.6 

Numerous studies confirm that climate change poses significant financial risks to corporate 
entities and the financial system more generally.7 For example, a 2019 study by the CDP found 
that 215 of the largest companies globally face almost $1 trillion in potential financial risk from 
climate change, with approximately half of that risk identified as likely or nearly certain to 
materialize within five years.8 More recently, in its 2021 report on Climate-Related Financial Risk, 
the Financial Stability Oversight Council (“FSOC”) noted that “[t]he intensity and frequency of 
extreme weather and climate-related disaster events are increasing and already imposing 
substantial economic costs.”9 The FSOC recognized that, as the magnitude of climate hazards and 
associated costs increases in coming years, so too will risks to the financial system.10 Thus, 
according to the FSOC, “climate-related financial risks are an emerging threat to the financial 
stability of the United States.” 11  The Climate-Related Market Risk Subcommittee of the 
Commodity Futures Trading Commission (“CFTC”) has similarly concluded that climate-related 
risks “are already impacting, or are anticipated to impact, nearly every facet of the U.S. 
economy.”12 

The financial risks associated with climate change are typically divided into two broad 
categories: (1) physical risks arising from the impacts of climate change on companies’ assets, 
operations, and supply chains; and (2) transition risks arising from government and market 
                                                
3 Intergovernmental Panel on Climate Change (“IPCC”), Summary for Policymakers, in CLIMATE 

CHANGE 2021: THE PHYSICAL SCIENCE BASIS. CONTRIBUTION OF WORKING GROUP I TO THE 
SIXTH ASSESSMENT REPORT OF THE INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE 4 (V. 
Masson-Delmotte et al., eds, 2021).   

4 Id. at 5.  
5 Id. at 13-15. 
6 Id. at 15. 
7 See FINANCIAL STABILITY OVERSIGHT COUNCIL, REPORT ON CLIMATE-RELATED FINANCIAL 

RISK (2021), https://perma.cc/6V34-EU4F; COMMODITY FUTURES TRADING COMMISSION 
CLIMATE-RELATED MARKET RISK SUBCOMMITTEE OF THE MARKET RISK ADVISORY 
COMMITTEE, MANAGING CLIMATE RISK IN THE U.S. FINANCIAL SYSTEM (2020), 
https://perma.cc/6RHX-XTW7; BOARD OF GOVERNORS OF THE FEDERAL RESERVE SYSTEM, 
FINANCIAL STABILITY REPORT (2020), https://perma.cc/2VWA-67LV.  

8 CDP, MAJOR RISK OR ROSY OPPORTUNITY: ARE COMPANIES READY FOR CLIMATE CHANGE? 
(2019), https://perma.cc/XVL3-YF7T.  

9 FINANCIAL STABILITY OVERSIGHT COUNCIL, supra note 7, at 10. 
10 Id. 

11 Id. 

12 COMMODITY FUTURES TRADING COMMISSION CLIMATE-RELATED MARKET RISK 
SUBCOMMITTEE OF THE MARKET RISK ADVISORY COMMITTEE, supra note 7, at 11 & 28. 
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responses to climate change. These comments discuss the science of climate change detection and 
attribution—the body of research that helps to characterize the role of human activity in climate 
change—as well as how models are used to develop climate change projections. The goal of these 
comments is to explain how scientists know that anthropogenic GHG emissions are driving global 
warming which is, in turn, leading to other climate hazards (e.g., more severe heatwaves, droughts, 
and floods) that create risks for companies. The comments also highlight climate tools and data 
that companies can, and already do, use to evaluate climate-related risks to their assets, operations, 
work force, and supply chains. The sections below further explain these key points: 

• There is a robust and growing body of evidence that establishes a causal connection between 
rising atmospheric GHG concentrations and physical climate hazards and associated impacts 
(e.g., water shortages, crop losses, and lost labor hours due to extreme heat). 

• Climate models can be used to project future climate change hazards. Modeling climate change 
under different plausible GHG emissions scenarios provides a better method of estimating 
climate change impacts than incorrectly assuming that the climate of the recent past will simply 
continue unchanged into the future. 

• Downscaled climate models can be used to refine projections from global climate models to 
finer scales (e.g., reflecting local climate hazards). Downscaled projections are available to 
companies and can be used by companies to identify climate hazards that may affect their 
assets, operations, work force, and supply chains. For example, using downscaled temperature 
projections, a company could identify potential risks to temperature-sensitive assets, such as 
natural gas generating plants. By comparing temperature projections to a generating plant’s 
design reference temperature, a company could evaluate the potential for plant de-rates or 
outages in the future. Temperature projections could similarly be used with crop models to 
evaluate the potential for future crop losses. Sea level rise projections could also be overlaid 
on companies’ asset maps to identify facilities at risk of nuisance flooding or permanent 
inundation. 

• Some companies are already using downscaled climate projections to evaluate and disclose 
physical climate-related risks to their assets, operations, work force, and supply chains. Several 
examples are provided in Part 4 of this letter. 

1. Climate Change Detection and Attribution 

Attribution science refers to the body of research that explores the link between human 
activities and climate change.13 According to the IPCC, distinguishing between the effects of 

                                                
13 Delliang Chen et al., Framing, Context, and Methods, in CLIMATE CHANGE 2021: THE PHYSICAL 

SCIENCE BASIS. CONTRIBUTION OF WORKING GROUP I TO THE SIXTH ASSESSMENT REPORT OF 
THE INTERGOVERNMENTAL PANEL OF CLIMATE CHANGE 204 (V. Masson-Delmotte et al., 2021). 
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external influences and internal climate variability requires the direct comparison of observed 
changes in the climate system and those that are expected to result from external forcings, such as 
anthropogenic GHG emissions.14 Formal detection and attribution studies use objective statistical 
tests to determine whether observations contain evidence of the expected responses to external 
forcing that is distinct from variability generated within the climate system itself.15  

Attribution research can be broken down into four broad categories:  

1. Climate change attribution examines how rising concentrations of GHGs and other pollutants 
in the atmosphere affect many other aspects of the global climate system, including global and 
regional mean temperatures, sea level, and sea ice extent.16 Attribution studies have identified 
human-caused “fingerprint” patterns in literally dozens of different independently monitored 
variables. In fact, since the mid-1990s, these “pattern-based ‘fingerprint’ studies have been the 
primary and most rigorous tool for disentangling the complex causes of recent climate 
change.” 17  Fingerprinting relies on numerical models of the climate system to provide 
estimates of both the searched-for fingerprint—i.e., the climatic response to a change in one or 
several forcing mechanisms—and the background “noise” of natural internal climate 
variability.18 The internal and physical consistency of fingerprint results provides compelling 
scientific evidence of human effects on climate. 

2. Extreme event attribution examines how human-induced changes in the global climate system 
have affected the probability, severity, and other characteristics of observed extreme events, 
such as hurricanes and heat waves. For example, one recent study used the Community 

                                                
See also, Michael Burger, Jessica Wentz, and Radley Horton, The Law and Science of Climate 
Change Attribution, 45 COLUM. J. ENVTL. L. 57, 64 (2020).  

14 G.C. Hegerl, et al., Understanding and Attributing Climate Change, in CLIMATE CHANGE 2007: 
THE PHYSICAL SCIENCE BASIS. CONTRIBUTION OF WORKING GROUP I TO THE FOURTH 
ASSESSMENT REPORT OF THE INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (S. Solomon 
et al., eds., 2007). See also, NAT’L ACAD. OF SCI., ENGINEERING, AND MEDICINE, ATTRIBUTION 
OF EXTREME WEATHER EVENTS IN THE CONTEXT OF CLIMATE CHANGE (2016).  

15 Hegerl, et al., supra note14, at 667. Detection is the process of demonstrating that the climate has 
changed in some defined statistical sense, while ‘attribution’ refers to the process of establishing 
whether and to what extent human activities are the cause of the detected change. See id. at 667-
668. 

16 See, e.g., Yang Chen, et al., Future Increases in Arctic Lightning and Fire Risk for Permafrost 
Carbon, 11 NAT. CLIMATE CHANGE 404 (2021); Lauren J. Vargo et al., Anthropogenic Warming 
Forces Extreme Annual Glacier Mass Loss, 10 NAT. CLIMATE CHANGE 856 (2020); Qiaohon Sun 
et al., A Global, Continental, and Regional Analysis of Changes in Extreme Precipitation, 34 J. 
CLIMATE 243 (2020). 

17 Benjamn D. Santer, et al., Human and natural influences on the changing thermal structure of the 
atmosphere, 110 PROC. NAT’L ACAD. SCI. 17235 (2013). 

18 Id. at 1. 
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Atmospheric Model (“CAM”) 19  to analyze how human-induced climate change affected 
rainfall rates during the 2020 hurricane season, which is estimated to have resulted in more 
than $40 billion in damages.20 

3. Impact attribution examines how changes in the global climate system affect human and 
natural systems. Impact attribution studies analyze localized physical climate change impacts, 
such as floods, droughts, and sea level rise, and the corresponding effects on infrastructure, 
public health, ecosystems, agriculture, and economies.21  

4. Source attribution is a distinct but related body of research that aims to identify the relative 
contributions of different sectors, activities, and entities to global climate change.22 

Climate change attribution, extreme event attribution, and source attribution are mature fields of 
research, with studies having been performed since the 1990s. Impact attribution is a newer, but 
rapidly developing, field of research. All four fields of research provide useful insights into how 
human activities affect the climate system which, in turn, informs modeling of future climate 
change.  

2. Climate Modeling  

This section describes the process of using climate models to generate knowledge of 
climate hazards. Modeling allows researchers to simulate and understand interactions between 
climate variables using physically-based representations of the climate system in numerical form. 
Through models, scientists can explore the effect of changes to external factors, like atmospheric 
GHG concentrations, on specific climate variables (e.g., surface temperatures) and the types of 
hazards associated with such GHG-induced effects (e.g., changes in rainfall patterns). Developing 
an understanding of the type of climate hazards present (e.g., in a given region, affecting a specific 
company, etc.) is a critical first step in assessing potential impacts of climate change. Using climate 
hazard data, companies can evaluate potential climate-related risks to their assets, operations, work 
force, and supply chains. 

                                                
19 All raw CAM model output is publicly available on the National Center for Atmospheric 

Research Globally Accessible Data Environment. See Nat’l Ctr. Atmospheric Research, Data 
Services: Access, Tools & Guidance, https://perma.cc/Y3ZX-ZX7G (last visited Dec. 5, 2022).  

20 See Kevin A. Reed et al., Attribution of 2020 Hurricane Season Extreme Rainfall to Human-
Induced Climate Change, 13 NATURE COMM. 1905 (2022). 

21 As an example, one recent impact attribution study examined how increases in the number of wet 
days and in extreme daily rainfall affect economic growth rates. See Maximillian Kotz et al, The 
effect of rainfall changes on economic production, 601 NATURE 223 (2022). 

22 Source attribution studies have, for example, assessed the cumulative GHG emissions attributable 
to specific oil, natural gas, coal, and cement producers (among others). See, e.g., RICHARD 
HEEDE, CARBON MAJORS: ACCOUNTING FOR CARBON AND METHANE EMISSIONS 1854–2010: 
METHODS & RESEARCH REPORT (2014), https://perma.cc/448G-SYUA.  
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Research shows that past model predictions (e.g., of global average temperatures) have 
been highly accurate. One way to assess model accuracy is to compare previous model projections 
made years or decades ago to actual climate observations—a process referred to as “hindcasting.” 
One recent study used hindcasting to assess the performance of climate model projections 
published between 1970 and 2007.23 The authors found that the climate models were “skillful in 
predicting subsequent GMST [global mean surface temperature] changes, with most models 
examined showing warming consistent with observations” and that there was “no evidence that 
the climate models […] systematically overestimated or underestimated warming over their 
projection period.”24 Another study analyzed global temperature and sea-level data over the past 
several decades and compared those records with projections published in the IPCC’s Third and 
Fourth Assessment Reports. The analysis showed that “global temperature continues to increase 
in good agreement with the best estimates of the IPCC, especially if we account for the effects of 
short-term variability due to the El Niño/Southern Oscillation, volcanic activity, and solar 
variability.”25 

2.1. Types of Climate Models 

Each component of the climate system—or a combination of components—can be 
represented by models of varying degrees of complexity.26 There are three classes of climate 
models: 

1. Energy balance models, which are the oldest and simplest type of climate model, estimate 
changes in the climate system from an analysis of the Earth’s energy budget (i.e., the balance 
of energy entering and leaving the Earth).27 

2. Intermediate complexity models, which are similar to energy balance models but incorporate 
the effect of changes in the Earth’s land, oceans, and ice features on the climate.28 Intermediate 
complexity models are used to project changes in climate over long time scales and large 
spatial scales.29  

3. Comprehensive climate models (General Circulation Models and full Earth System Models), 
which are more sophisticated than energy balance and intermediate complexity models.30 

                                                
23 Zeke Hausfather, et al., Evaluating the Performance of Past Climate Model Projections, 47 

GEOPHYSICAL RES. LETTERS 1 (2020). 
24 Id. at 1, 7-8. 
25 Stefan Rahmstorf, et al., Comparing climate projections to observations up to 2011, 7 ENVTL. 

RES. LETTERS 4 (2012). 
26 Id. 
27 Lauren Harper, What are climate models and how accurate are they? STATE OF THE PLANET 

BLOG (May 18, 2018), https://perma.cc/3QJ6-Q2UR.  
28 Id. 
29 Id. 
30 Id. 
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General Circulation Models are based on physical laws that describe the fully-coupled 
dynamics of the atmosphere and ocean, expressed through mathematical equations.31 Earth 
System Models, also referred to as coupled carbon-cycle climate models, are similar to General 
Circulation Models but also incorporate the dynamics of the land surface, vegetation, the 
carbon cycle, and other elements of the climate system.32 Both General Circulation Models 
and Earth System Models are built upon the fundamental laws of physics or the empirical 
relationships established from observations and, when possible, are constrained by 
fundamental conservation laws.33  

There are more than forty scientific institutions worldwide that develop climate models.34 
In order to facilitate comparison of model results across these institutions, the Coupled Model 
Intercomparison Project (“CMIP”) serves as a framework for climate model experiments, allowing 
scientists to compare and assess climate models in a systematic way.35 The most recent, sixth phase 
of CMIP model runs (“CMIP6”) provided many different types of simulations that were evaluated 
by the IPCC’s Sixth Assessment Report. As part of CMIP6, there are twenty-two specialized 
experiments—called Model Intercomparison Projects (“MIPs”)—which prescribe standardized 
experiment designs, time periods, output variables or observational reference dates to better 
facilitate the direct comparison of climate models.36 

2.2. Climate Model Projections  

The first step in simulating and quantifying the climate response to past, present, and future 
human activities is to simulate historical and/or present climate for extended simulation periods, 
typically across multiple decades or several centuries. Models can be used to simulate a previous 
climate before anthropogenic GHG emissions became prominent, as well as to simulate the effect 
of natural factors (e.g., volcanic activity and changes in the Sun’s energy activity) and human 
activities on the climate.37 Two general types of simulation are typically performed to make 
projections of future changes in the climate system:  

1. Equilibrium simulations involve changing the CO2 concentrations (e.g., doubling the CO2 
level) and running the model again until it reaches a new equilibrium. Modelers can then 

                                                
31 Chen, et al., supra note 16, at 215. 
32 Id. 
33 Id.  
34 Zeke Hausfather, CMIP6: The next generation of climate models explained, CARBON BRIEF (Dec. 

2, 2019, 8:00 AM), https://perma.cc/F69B-R3U6.  
35 Zeke Hausfather, Q&A: How do climate models work? CARBON BRIEF, https://perma.cc/8LVD-

HZ4Y (Jan. 15, 2018, 8:30 AM).  
36 Chen, et al., supra note 16, at 182. 
37 E. Ahlonsou et al., The Climate System: An Overview, in CLIMATE CHANGE 2001: THE 

SCIENTIFIC BASIS, CONTRIBUTION OF WORKING GROUP I TO THE THIRD ASSESSMENT REPORT 
OF THE INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE 95 (J.T. Houghton et al., eds., 
2001).  
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estimate the corresponding changes to the climate based on the doubling of CO2 emissions by 
calculating the differences between the climate statistics in the “doubled CO2” and “pre-
industrial CO2” simulations.38 

2. Transient simulations involve forcing the model with a specific scenario of future changes in 
GHG emissions, particulate pollution, and land surface properties. For example, the IPCC has 
developed a set of scenarios that represent different time-dependent “storylines” of GHG and 
aerosol concentrations based on differing assumptions regarding population growth, energy 
intensity and efficiency, and economic growth.39 (Climate modeling using emissions scenarios 
is discussed further in Part 2.3 below.) 

2.3. Climate Modeling Using Emission Scenarios 

Representative Concentration Pathways (“RCPs”) were used in simulations of future 
climate change that were assessed in the IPCC’s Fifth Assessment Report. RCPs provide four 
different scenarios for GHG emissions in the 21st Century, as well as for air pollutant emissions 
and changes in land use. Each RCP is defined by its emissions pathway and total radiative forcing40 
by 2100.41 Broadly speaking, the RCP scenarios consist of a stringent GHG emissions mitigation 
scenario (RCP2.6), two intermediate scenarios (RCP4.5 and RCP6.0), and one high emissions 
scenario (RCP8.5).  

The RCP scenarios were assessed by the IPCC using Integrated Assessment Models 
(“IAMs”). IAMs typically incorporate simple climate models (such as the Energy-Balance Models 
described above), carbon cycle models, and social science models that consider demographic, 
political, and economic variables that influence GHG emission scenarios. 42  Each RCP was 
generated using IAMs to estimate the changes in radiative forcing through 2100 associated with 
each of the four “storylines.”  

RCP data are publicly available for download and use to make 21st century climate change 
projections under different emission scenarios.43 Many different entities, including management 
consulting firms such as McKinsey & Company, already use climate models driven by RCPs to 

                                                
38 Id.  
39 Id. 
40 Radiative forcing is a cumulative measure of human-caused perturbations to Earth’s energy 

balance, expressed in Watts per square meter.  
41 IPCC, Representative Concentration Pathways (RCPs), DATA DISTRIBUTION CENTRE, 

https://perma.cc/3475-P4JY. 
42 IAMs differ from General Circulation Models, which focus solely on modeling the physical 

climate system. See CENTER FOR INTERNATIONAL EARTH SCIENCE INFORMATION NETWORK, 
THEMATIC GUIDE TO INTEGRATED ASSESSMENT MODELING OF CLIMATE CHANGE (1995), 
https://perma.cc/R57L-7KGP.  

43 See RCP Database, Version 2.0.5, 
https://tntcat.iiasa.ac.at/RcpDb/dsd?Action=htmlpage&page=download.  
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assess the physical risks of climate change. For example, in a recent report by the McKinsey Global 
Institute (“McKinsey Report”), the authors used RCP8.5 in their analysis of future physical climate 
risks. They found that by 2050: 

• global average temperatures are expected to warm by 2.3 degrees Celsius relative to the 
preindustrial baseline;  

• the time spent in drought is projected to increase such that, in some areas (e.g., parts of the 
Mediterranean, Africa, and the Americas), drought conditions could occur up to eighty percent 
of each decade; and 

• the likelihood of extreme precipitation events is expected to increase more than fourfold along 
the east coast of North America (compared to the period from 1950-1981).44 

This information can then be used to estimate the socioeconomic impacts of climate change 
associated with different emissions trajectories. For example, the McKinsey Report identified “the 
socioeconomic risk from acute hazards, which are on-off events like floods or hurricanes, as well 
as from chronic hazards, which are long-term shifts in climate parameters like temperature” from 
2020 to 2030 and from 2030 to 2050.45 Among other things, the report found that temperature 
increases associated with RCP8.5 will mean that: 

“By 2030 […] between 250 million and 360 million people could live in regions 
where there is a non-zero probability of a heat wave exceeding the threshold for 
survivability for a healthy human being in the shade (a measure of livability, 
without factoring in air conditioner penetration). The average probability of a 
person living in an at-risk region experiencing such a lethal heat wave at least once 
over the decade centered on 2030 is estimated to be approximately 60 percent[.] 
By 2050, the number of people living in regions exposed to such heat waves could 
rise further, to between 700 million and 1.2 billion [...] The global average number 
of working hours that could be lost due to increasing heat and humidity in exposed 
regions (a measure of workability impacts) could almost double by 2050, from 10 
percent to 15 to 20 percent.” 46  

 The IPCC’s Sixth Assessment Report highlights a newer set of illustrative scenarios, 
derived from five Shared Socio-economic Pathways (“SSPs”), which encompass a range of 
possible future developments with respect to anthropogenic drivers of climate change.47 Each 
pathway is built upon an internally consistent, plausible, and integrated description of a socio-
economic future.48 They include quantitative projections of socio-economic drivers, including 

                                                
44 JONATHAN WOETZEL, ET AL., MCKINSEY GLOBAL INSTITUTE, CLIMATE RISK AND RESPONSE: 

PHYSICAL HAZARDS AND SOCIOECONOMIC IMPACTS 10 (2020), https://perma.cc/55NE-TVTU.  
45 Id. at 2. 
46 Id. at 23 (Internal citations omitted). 
47 Chen, et al, supra note 16, at 230.  
48 Id.  
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population, gross domestic product, and urbanization. The five SSPs represent: “sustainability” 
(SSP1), a “middle-of-the-road” path (SSP2), “regional rivalry” (SSP3), “inequality” (SSP4), and 
“fossil fuel-intensive” development (SSP5). The narratives and drivers underlying each SSP were 
used to develop scenarios of energy use, air pollution control, land use, and GHG emissions using 
IAMs.49  

Like RCPs, SSPs yield information about the approximate radiative forcing level in 2100. 
This information is encoded in the name of the SSP (SSPX-Y, where ‘X’ represents the Shared 
Socio-economic Pathway family (1-5), and ‘Y’ represents the approximate radiative forcing level 
in 2100). These combinations are widely used in the climate impact studies assessed in the IPCC 
Sixth Assessment Report. 50  For example, the IPCC describes SSP5-8.5 as a “high reference 
scenario with no additional climate policy. CO2 emissions roughly double from current levels by 
2050” in SPP5-8.5.51 According to the IPCC, the SSP and RCP scenarios “are designed to span a 
plausible range of future pathways,” and can be used to develop projections of future climate 
conditions in various possible futures.52 

2.3. Downscaling Climate Models 

General circulation models generally divide the world up into grids in order to perform 
calculations. A typical model might have a grid cell size of sixty miles or more for one side of the 
cell, resulting in coarse-resolution projections that cover large geographic areas. These projections 
may not be sufficiently granular to enable companies to fully assess the impacts of climate change 
on specific assets and operations. Downscaling the output from global climate models to finer 
spatial scales can partially bridge this information gap. There are two main approaches to 
downscaling: 

1. Dynamical downscaling uses higher spatial resolution regional climate models to directly 
simulate regional climate processes and regional responses to global change.53 The regional 
models usually cover a selected domain (such as the continental United States) and receive 
information from more coarsely resolved general circulation models at the boundaries of the 
regional domain.  

2. Statistical downscaling uses historically-based statistical relationships between the large-scale 
and local-scale climate to estimate future changes in local climate from large-scale general 
circulation model projections.54  

                                                
49 Id. 
50 Id. at 231. 
51 Id. 
52 Id. at 196. 
53 Aristita Busuioc, Empirical-statistical downscaling: Nonlinear statistical downscaling, OXFORD 

RESEARCH ENCYCLOPEDIA OF CLIMATE SCIENCE (2021). 
54 Id. at 1. 
 



11 

Downscaling climate models can reveal useful information about a company’s exposure to 
acute and slow-onset climate changes. Information regarding where climate hazards are likely to 
be felt may allow a company to assess which of its physical assets, operations, and supply chains 
are located in areas known to be vulnerable to climate hazards. Such an assessment may enable 
the company to better understand the nature and extent of any climate-related vulnerabilities. 
Companies can use climate models that produce a probabilistic assessment55 of hazards within a 
given area to identify risks to assets in the affected region.56 This would enable the company to 
disclose, for example, that its principal place of business is situated within a geographic area that 
scientists have concluded is very likely [90-100% outcome probability] to experience flooding 
exacerbated by climate change. 

Downscaled climate projections have been published by various governmental and 
academic institutions: 

• The Department of Energy, National Aeronautics and Space Administration, and National 
Oceanic and Atmospheric Administration have jointly published zip-code-level temperature 
projections and county-level precipitation and sea level projections.57 

• The U.S. Geological Survey has partnered with the College of Earth, Ocean, and Atmospheric 
Sciences at Oregon State University to develop a “Regional Climate Change Viewer” that 
includes downscaled projections for over 60 climate variables, including air temperature and 
precipitation.58  

• The Bureau of Reclamation has partnered with multiple universities and non-governmental 
organizations to develop downscaled projections for temperature and precipitation at the 
watershed level. The projections are designed to enable assessment of climate change impacts 
on watershed hydrology, ecosystems, and water and energy demand across the U.S.59 

                                                
55 Probabilistic assessments indicate areas where, for example, models show a higher chance of 

above or below average temperatures or precipitation. See NOAA, Climate Models, CLIMATE 
DATA PRIMER, https://perma.cc/HL6K-33Y4 (last visited Dec. 4, 2022). 

56 See, e.g., ISIMIP, The Inter-Sectoral Impact Model Intercomparison Project, 
https://perma.cc/UV5D-PBXQ (last visited Dec. 4, 2022). Utilizing climate model output at a 
more granular level than the model itself operates—i.e., downscaled data—requires an 
acknowledgment that the local risk of exposure to an extreme event may differ from what the 
model predicts at a larger scale. 

57 See Energy Data Gallery, U.S. CLIMATE RESILIENCE TOOLKIT, 
https://toolkit.climate.gov/topics/energy/energy-data-gallery  (last updated Sept. 24, 2019).  

58 U.S. Geological Survey, Regional Climate Change Viewer, 
http://regclim.coas.oregonstate.edu/visualization/rccv/index.html  (last visited Dec. 4, 2022). 

59 U.S. Bureau of Reclamation et al., Downscaled CMIP3 and CMIP5 Climate and Hydrology 
Projections, https://gdo-dcp.ucllnl.org/downscaled_cmip_projections/#Welcome  (last visited 
Dec. 4, 2022). 
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• The Geospatial Innovation Facility at the University of California at Berkeley has developed 
Cal-Adapt, a web-based tool that provides projections for several climate variables, including 
temperature and precipitation, under two climate change scenarios on a 3.5 ´ 3.5-mile spatial 
grid.60 

• The Climate Impact Lab has developed the Global Downscaled Projections for Climate 
Impacts Research, a globally downscaled version of temperature and precipitation from the 
most recent CMIP6 projections, with a resolution of approximately 15 miles.61 

• The Department of the Interior and National Oceanic and Atmospheric Administration have 
developed a Climate Mapping for Resilience and Adaptation assessment tool, which integrates 
information from across the federal government to help people assess their local exposure to 
climate-related hazards.62 

3. Overcoming Challenges and Uncertainties  

Climate science is sufficiently robust to assess the likelihood of certain climate change 
hazards and evaluate their impacts on companies’ assets and operations. There are, however, 
remaining uncertainties and limitations in how climate science can be used. As explained in this 
section, researchers have techniques and language to address these challenges, with the goal of 
ensuring that climate science remains a source of useful information about the climatic future. A 
particular focus of previous research has been to identify climate change responses that are robust 
across a wide range of different climate models, that are interpretable in terms of basic, well-
understood physics (such as the decrease in snowpack associated with human-caused warming), 
and that have reliable multi-decadal observational records.  

As noted above, scientists can assess how well a climate model functions by comparing its 
outputs to observational data. However, observational data may sometimes be incomplete, or 
entirely unavailable. Modeling climate impacts at fine geographic scales (e.g., regionally or 
locally) can result in additional sources of uncertainty due to downscaling or bias correction.63 For 
example, statistical downscaling relies on the assumption that the statistical relationships used to 
transform global climate model output remains true under novel environmental conditions that 

                                                
60 CAL-ADAPT,About Cal-Adapt, https://cal-adapt.org/about/  (last visited Dec. 4, 2022). 
61 Climate Impact Lab, Introducing Our New Global Downscaled Projections for Climate Impact 

Research, https://impactlab.org/news-insights/introducing-our-new-global-downscaled-
projections-for-climate-impacts-research/ (last visited Dec. 4, 2022).  

62 Climate Mapping for Resilience and Adaptation, About CMRA, 
https://resilience.climate.gov/pages/about/#about (last visited Nov. 28, 2022).  

63 Bias correction refers to the correction of projected raw, daily global circulation model output 
using the differences in the mean and variability between general circulation models and 
observations over a set reference period. See Ed Hawkins et al., Calibration and bias correction 
of climate projections for crop modelling: An idealised case study over Europe. Agricultural and 
Forest Meteorology, 170 AGRICULTURAL & FOREST METEOROLOGY 19 (2013). 
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have yet to be observed directly.64 One strength of using dynamical downscaling methodologies 
is that such models rely on explicit representations of physical principles in the atmosphere that 
are expected to hold true under climate change, but this method can be sensitive to large-scale 
biases in the downscaling models (and in the global climate models used to generate the data being 
downscaled).65 

Researchers can address these uncertainties by articulating the nature and extent to which 
local climate predictions may differ from regional predictions modeled at a larger scale. Assume, 
for example, that researchers want to study the future climate impacts on a particular city in North 
America. While regional modeling may suggest that North America will experience an increase in 
average surface temperatures, an individual city may experience more or less warming than the 
average for the continent. This variation can be investigated by analyzing regional-scale climate 
processes and factors such as land use, aerosol concentrations, and small-scale natural variability 
in the area of interest. Uncertainties in the observational data can also be studied and may influence 
attribution of observed climate changes and/or impacts to specific causal factors. For example, the 
IPCC states that the scarcity of temperature recording stations can explain the overall low 
confidence in changes in surface air temperatures in the Antarctic region.66 

The results of individual studies are typically expressed in terms of calibrated uncertainty 
and likelihood language. For example, the IPCC’s Sixth Assessment Report uses a framework for 
applying expert judgment in the evaluation and characterization of assessment findings. This 
calibrated language is designed to consistently evaluate and communicate uncertainties associated 
with incomplete knowledge due to a lack of available information, or from disagreement regarding 
what is known or even knowable. 67  This methodology assigns qualitative expressions of 
confidence—such as very low, low, medium, high, and very high—based on the robustness of 
evidence for a finding and uses quantitative expressions—such as virtually certain (99-100% 
probability)—to describe the likelihood of a finding.68 For example, the IPCC report states that 
“observed increases in areas burned by wildfires have been attributed to human-induced climate 
change in some regions (medium to high confidence).”69 Language of this kind is used to manage 

                                                
64 Geophysics Fluid Dynamics Laboratory, Climate Model Downscaling, https://perma.cc/K25U-

3UYS (last visited Nov. 28, 2022). 
65 Id. 
66 Nathaniel L. Bindoff, et al., Detection and Attribution of Climate Change: from Global to 

Regional, in CLIMATE CHANGE 2013: THE PHYSICAL SCIENCE BASIS. CONTRIBUTION OF 
WORKING GROUP 1 TO THE FIFTH ASSESSMENT REPORT OF THE INTERGOVERNMENTAL PANEL 
ON CLIMATE CHANGE (T.F. Stocker et al. eds., 2013). 

67 Hans Pörtner, et al., Technical Summary, in CLIMATE CHANGE 2022: IMPACTS, ADAPTATION 
AND VULNERABILITY. WORKING GORUP II CONTRIBUTION TO THE IPCC SIXTH ASSESSMENT 
REPORT (Hans-Otto Pörtner et al. eds., 2022).  

68 Id. at 4. 
69 Hegerl, et al., supra note 14, at SPM-8.   
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uncertainties in a rigorous, systematic way.70 Of course, the language scientists have developed to 
address unavoidable uncertainty in this enterprise must not be confused with the reliability of the 
results and conclusions. 

In sum: as in any scientific endeavor, some uncertainties are unavoidable, but researchers 
can frame results at an appropriate scale and use language that clearly communicates the extent to 
which modeling and observations produce results with a high level of confidence. Such techniques 
allow companies to effectively use model outputs to assess climate-related risks to their assets and 
operations. The case studies included below further demonstrate this point. 

4. Case Studies 

 The case studies below highlight how companies can and do make use of the data and 
analytical techniques highlighted in these comments to assess climate hazards, evaluate potential 
impacts on their assets, operations, and supply chains, and communicate useful information about 
their exposure to physical climate related risks. 

4.1. Con Ed’s Climate Vulnerability Study 

Following Hurricane Sandy in 2012, the Consolidated Edison Company of New York 
(“Con Ed”) conducted a comprehensive climate change vulnerability study to evaluate the 
likelihood and consequences of a range of climate change scenarios.71 The study provides an 
example of how companies can conduct—and ultimately disclose—an assessment of physical 
climate-related risks and hazards.  

Con Ed’s vulnerability study evaluated climate change trends and potential extreme 
weather events across the company’s service territory over three-time horizons: near (2030), 
intermediate (2050), and long-term (2080).72 The study focused on climate variables that could 
impact Con Ed’s operations, planning, and infrastructure, namely temperature, humidity, 
precipitation, sea level rise and coastal flooding, extreme events, and multiple or compounding 
events.73 

For each climate variable mentioned above, the study team used a broad model ensemble—
consisting of 32 global climate models—to address differences across models and to provide a 
more comprehensive view of future climate in the region.74  Each global climate model was 

                                                
70 See Elisabeth A. Lloyd et al., Climate Scientists Set the Bar of Proof Too High, 165 CLIMATIC 

CHANGE 55 (2021) (“[C]limate scientists have set themselves a higher level of proof in order to 
make a scientific claim than law courts ask for in civil litigation in the USA, the UK, and virtually 
all common law countries.”). 

71 CONSOLIDATED EDISON, CLIMATE CHANGE VULNERABILITY STUDY (2019), 
https://perma.cc/39E4-B77T. [Included as Attachment 1 to this letter] 

72 Id. at 17. 
73 Id. 
74 Id. 
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simulated using RCP4.5 and RCP8.5 to evaluate climate change hazards and account for model 
uncertainty under each RCP scenario.75 In order to achieve a more accurate representation of the 
local climate across the New York Metropolitan Region (i.e., Con Ed’s service territory), the study 
team bias corrected and downscaled the global climate model projections using weather station 
data over a 1976-2005 historical baseline from three weather stations across the service territory.76 

The Con Ed study revealed specific, actionable information about the impacts of climate 
change on the company’s assets and operations. For example, the climate projections developed 
for the study showed a significant increase in the number of days with average temperatures above 
86oF (up 1200 percent) and days with maximum temperatures above 95oF (up 575 percent) by 
2050, which “create potential risks for Con Ed[] as they drive demand for air conditioning and 
stress electrical and infrastructure systems.”77 The study further showed that Con Ed’s system 
could be impacted by sea level rise and associated coastal flooding. According to climate 
projections, by 2100, 500-year flood events are expected to occur every ten years and the water-
depth of present-day 100-year floods is expected to increase by up to fifty percent. 78  The 
vulnerability study determined that, with this increase in flood height, at least seventy-five of Con 
Ed’s electric substations would be vulnerable to flooding during a 100-year storm.79 Con Ed would 
need to spend $636 million to harden those seventy-five substations.80  

Where quantitative results were not available for specific climate-related risks, the study 
described those risks in qualitative terms. For example, the study notes that “the percentage of very 
strong and destructive (i.e., Categories 4 and 5) hurricanes is projected to increase in the North 
Atlantic basin. It can therefore be argued that climate change could make it more likely for some 
of these storms to impact the New York Metropolitan Region, although the most dominant factor 
will remain unpredictable climate and weather variability.”81  

Based on the findings of the vulnerability study, Con Ed was able to identify specific assets 
that face physical climate risks and develop a plan to manage those risks (e.g., by replacing or 
hardening assets). After completing the vulnerability study, Con Ed developed a Climate Change 
Implementation Plan that explains how it “will incorporate climate change projections for heat, 
precipitation, and sea level rise from the […] study into its operations to mitigate climate change 
risks to its assets and operations and establishes an ongoing process to reflect the latest science in 
the Company’s planning.”82 The Implementation Plan identifies 5-, 10-, and 20-year actions that 

                                                
75 Id. 
76 Id. 
77 Id. at 19-20. 
78 Id. at 23-24. 
79 Id. at 44. 
80 Id.  
81 Id. at 24-25. 
82 CONSOLIDATED EDISON, CLIMATE CHANGE IMPLEMENTATION PLAN 1 (2020), 

https://perma.cc/A32Z-JPGS.  
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Con Edison will take with respect to load forecasting, load relief planning, reliability planning, 
asset management, system planning, emergency response activities, and worker safety protocols.83 
The actions include elevating new critical electrical infrastructure in floodplains by three-feet to 
account for sea level rise and reduce the risk of inundation during coastal storms.84 

In summary, the Con Ed vulnerability study serves as a representative example of how 
companies can use the techniques highlighted in this letter to identify, evaluate, and ultimately 
disclose physical climate-related risks to their assets and operations.  

4.2. UNEP FI’s Climate Risk Landscape Assessment 

A 2021 report from the United Nations Environment Programme Finance Initiative 
(“UNEP FI”) illustrates the range of data and analytical techniques available to assess climate 
hazards; evaluate potential impacts on assets, operations, and supply chains; and communicate 
useful information about exposure to physical climate-related risks. 

The report, titled The Climate Risk Landscape (“Landscape Report”) surveyed various 
climate risk assessment tools used by financial institutions to evaluate and disclose physical and 
transition risks associated with climate change. 85  The Landscape Report reviews nineteen 
commercially-available tools for assessing physical climate risk and eighteen commercially 
available transition risk assessment tools.86 With respect to the former, the Landscape Report finds 
that existing tools can be used to evaluate acute risks associated with extreme weather events, 
flooding, wildfires, and landslides, as well as chronic risks associated slow onset climate change 
impacts, such as sea level rise.87 The Landscape Report further notes existing tools are “being 
constantly updated to allow for more granular analysis that takes into account a broader, more 
plausible set of scenarios,” and enables financial institutions to “provide consistent and market-
ready disclosures.”88 According to the Landscape Report, physical risk data is becoming easier to 
access in formats that are “easily usable by financial institutions.”89  

Following release of the 2021 Landscape Report, UNEP FI ran a pilot program in which 
forty-eight global banks and investors were given an opportunity to learn about, and trial, twelve 

                                                
83 Id. at 2. 
84 Id. at 8. 
85 PAUL SMITH, UNEP FI, THE CLIMATE RISK LANDSCAPE: A COMPREHENSIVE OVERVIEW OF 

CLIMATE RISK ASSESSMENT METHODOLOGIES (2021), 
https://www.unepfi.org/publications/banking-publications/the-climate-risk-landscape/. [Included 
as Attachment 2 to this letter] 

86 Id. at 15 & 29.  
87 Id. at 32.  
88 Id. at 35 & 37. 
89 Id. at 37. 
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commercially available climate risk assessment tools.90 The tools modeled impacts under several 
RCP scenarios. 

The program participants included TD Asset Management Inc. (“TDAM”), which manages 
$434 billion in assets on behalf of 3 million investors.91 TDAM trialed emissions analysis, climate 
scenario alignment analysis, transition risk analysis, and physical risk analysis tools made 
available by Institutional Shareholder Services (“ISS”) ESG.92 We focus here on the physical risk 
analysis tool, which TDAM used to “measure[ ] the potential financial impact of the six most 
costly natural climate hazards such as floods, droughts or wildfires on the value of” a global equity 
portfolio that held 195 securities from over thirty countries.93 TDAM’s analysis showed that 
physical climate risks are projected to result in a 1.6 percent and 2.8 percent change in portfolio 
value by 2050 under the most likely and worst-case RCP scenarios, respectively, and that “80% of 
the climate value-at-risk of the portfolio can be attributed to just 30 securities.”94 TDAM also used 
the ISS ESG tool to evaluate the financial risks posed by specific climate impacts and found that 
wildfires and heat stress presented the greatest risk to its portfolio.95 

 Another participant in the pilot program was Intesa Sanpaolo, an Italian bank that serves 
13.5 million customers and has €341 billion in assets under management.96  Intesa Sanpaolo 
worked with Risk Management Solutions, Inc. (“RMS”), which has developed over 300 
catastrophe risk models that can be used to assess “how frequently a given location can be expected 
to be impacted” by a particular hazard (e.g., flooding in excess of six feet), as well as “the 
frequency and severity of the economic impact caused by” the hazard.97 RMS used the models to 
quantify the flood risk of a sample of Intesa Sanpaolo’s mortgage portfolio in regions throughout 
Italy under RCP6.0 and RCP8.5.98 Using RMS data, Intesa Sanpaolo calculated the impact on Loss 
Given Default and the Probability of Default to range from five to thirty-nine percent of the initial 
values.99 Intesa Sanpaolo further estimated, under RCP8.5, the average annual loss would increase 
fifty percent over the baseline in the provinces of Rome and Naples by 2040.100 

                                                
90 DAVID CARLIN & ALEXANDER STOPP, UNEP FI, THE CLIMATE RISK TOOL LANDSCAPE: 2022 

SUPPLEMENT (2022), https://www.unepfi.org/publications/the-climate-risk-tool-landscape-2022-
supplement/. [Included as Attachment 3 to this letter] 

91 TD Asset Management, About Us, https://perma.cc/8AR9-AXPN (last visited Dec. 6, 2022). 
92 CARLIN & STOPP, supra note 91, at 38-39.  
93 Id. at 39. 
94 Id. at 42. 
95 Id. at 43.  
96 Intesa Sanpaolo, Business, About Us, https://perma.cc/QU5L-VXT2 (last Dec. 6, 2022).  
97 CARLIN & STOPP, supra note 91, at 26 & 62.  
98 Id. at 64.  
99 Id. at 66. 
100 Id. at 65. 
 



18 

A third pilot program participant was Desjardins Group, a financial cooperative with over 
seven million members and customers, and over $397 billion in assets.101 Desjardins partnered 
with The Climate Service (“TCS”), which used its Climanomics platform to evaluate physical and 
transition risks across fifty of Dejardins’ real assets.102 The Climanomics platform models absolute 
climate risk, measured in millions of USD and relative climate risk, reported as percent of asset 
value.103 The analysis of Dejardins’ assets revealed that fluvial flooding is the greatest physical 
risk to the assets under both RCP4.5 and RCP8.5 scenarios.104 Drought was identified as the 
second greatest physical risk to the assets.105 Desjardins was able to conduct asset-level risk 
analyses. For example, the analysis showed that a dairy farm located northeast of Montreal, 
Canada, would “face a modeled average annual loss (MAAL) of 6.7% to 8.5% for RCP4.5 and 
RCP8.5, respectively.”106 The analysis further showed that “[t]he highest risks faced are from 
temperature extremes, followed to a lesser degree by fluvial flooding and drought at both RCP4.5 
and RCP8.5 scenarios. The largest difference among the two is temperature extremes representing 
a 5.7% MAAL in RCP8.5 and 3.9% MAAL in RCP4.5.”107    

The above examples demonstrate how companies can use existing tools to evaluate, and 
ultimately disclose, the physical risks they face from flooding, drought, and other climate change 
impacts. As UNEP FI has noted, climate risk assessment methodologies are advancing rapidly, 
and new tools are becoming available.108 UNEP FI predicts that physical risk models will continue 
to improve and provide increasingly “granular” data that will “allow [ ] more accurate risk 
analysis.”109 

4.3. Rio Grande Project EIS 

The Bureau of Reclamation’s Final Environmental Impact Statement (“EIS”) for the Rio 
Grande Project provides another example of how private companies can use climate science to 
understand and communicate the physical risks of climate change.110  

The Rio Grande Project supplies irrigation to about 178,000 acres of land and provides 
electrical power for communities and industries in the area. Physical features of the project include 

                                                
101 Desjardins Group, Quick facts about Desjardins, https://perma.cc/7HHX-XPXQ (last visited Dec. 

6, 2022).  
102 CARLIN & STOPP, supra note 91, at 80. 
103 Id. 
104 Id. at 84. 
105 Id. 
106 Id. at 85. 
107 Id. at 85. 
108 Id. at 8; SMITH, supra note 86, at 35.  
109 SMITH, supra note 86, at 37.  
110 BUREAU OF RECLAMATION, FINAL ENVIRONMENTAL IMPACT STATEMENT: CONTINUED 

IMPLEMENTATION OF THE 2008 OPERATING AGREEMENT FOR THE RIO GRANDE PROJECT, NEW 
MEXICO AND TEXAS (2016), https://perma.cc/K3YN-8C5T. [Included as Attachment 4 to this 
letter] 



19 

the Elephant Butte and Caballo dams, as well as hundreds of miles of canals and associated 
infrastructure, and a hydroelectric plant. The project’s climate impact analysis was designed to 
understand how the management of this system would operate under future climate conditions 
through 2050. Therefore, the EIS used climate model output generated from an ensemble of 112 
statistically downscaled projections and developed three possible scenarios—a drier scenario, a 
median or “central tendency” scenario, and a wetter scenario. Hydrology models were then used 
to simulate changes in runoff and streamflow across the river basin of the Rio Grande using these 
three precipitation scenarios. 

In the EIS, the study authors were able to isolate “worst case” scenarios for various regions 
across the river basin. For example, the wetter scenario represented a worst case for species that 
inhabit the Elephant Butte reservoir, while the drier scenario is the worst case for species located 
downstream of the Caballo dam. This study further demonstrates the techniques outlined in this 
letter, such as employing qualitative narratives as appropriate and using ensemble data from 
multiple climate models, can produce critical information that characterizes the climate risk to a 
company’s physical assets. 

5. Conclusion 

As the IPCC has recognized, it is “unequivocal” that human activities are warming the 
planet, leading to “widespread and rapid changes” that pose significant economic and other 
risks.111 Using the methods described above, companies can assess, and ultimately disclose, their 
exposure to the physical risks of climate change. As the case studies demonstrate, private 
companies and others are already successfully employing available climate tools and data to 
generate critical information to inform their own decision-making and that of regulators. 
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  EXECUTIVE SUMMARY 

1 Climate Change Vulnerability Study 

Executive Summary 

In its 2013 rate case filing after Superstorm Sandy, Con Edison proposed $1 billion in storm 
hardening investments to build additional resiliency into its energy systems. Con Edison worked 
with a Storm Hardening and Resiliency Collaborative to recommend optimal investments for the 
proposed storm hardening funds, including the recommendation that Con Edison conduct a 
Climate Change Vulnerability Study (Study). As described by the New York State Public Service 
Commission, the purpose of this Study is to aid in the ongoing review of the Company’s design 
standards and development of a risk mitigation plan.1 Over the course of the Study, Con Edison 
regularly convened a stakeholder group to provide feedback, consisting of many of the same 
participants from the Storm Hardening and Resiliency Collaborative. The findings from the Study 
equip Con Edison with a better understanding of future climate change risks and strengthen the 
company’s ability to more proactively address those risks. 

This Study describes historical and projected climate changes across Con Edison’s service 
territory, drawing on the best available science, including downscaled climate models, recent 
literature, and expert elicitation. Con Edison recognizes the global scientific consensus that 
climate change is occurring at an accelerating rate. The exact timing and magnitude of future 
climate change is uncertain. To account for climate uncertainty, the Study considered a range of 
potential climate futures reflecting both unabated and reduced greenhouse gas concentrations 
through time and evaluated extreme event “stress test” scenarios.  

This Study evaluates present-day infrastructure, design specifications, and procedures against 
expected climate changes to better understand Con Edison’s vulnerability to climate-driven risks. 
This analysis identified sea level rise, coastal storm surge, inland flooding from intense rainfall, 
hurricane-strength winds, and extreme heat as the most significant climate-driven risks to Con 
Edison’s systems. Con Edison has unique energy systems, and vulnerabilities vary across those 
systems. The utility’s electric, gas, and steam systems are all vulnerable to increased flooding and 
coastal storms; workers across all commodities are vulnerable to increasing temperatures; and the 
electric system is also vulnerable to heat events.  

While Con Edison already uses a range of measures to build resilience to weather events, the 
vulnerabilities identified in this Study guide the company to pursue additional strategies to mitigate 
climate risks. The Study establishes an overarching framework that can work to strengthen Con 
Edison’s resilience over time. While many adaptation strategies focus on avoiding impacts 
altogether, a comprehensive resilience plan also requires a system that can reduce and recover 
from impacts, particularly following outages.  

Over the course of 2020, Con Edison will develop and file a Climate Change Implementation Plan, 
which will specify a governance structure and a strategy for implementing adaptation options over 
the next 5, 10, and 20 years. While this Study assesses vulnerabilities within Con Edison’s present-day 
systems to a future climate, the implementation plan must also consider the evolving market for 
energy services, and potential changes to services and infrastructure driven by customers, 
government policy and external actions over time.  

                                                      
1 Cases 13-E-0030, 13-G-0031, 13-S-0032, Order Adopting Storm Hardening and Resiliency Collaborative Phase Three 
Report Subject to Modifications (January 25, 2016). 



 
 

  EXECUTIVE SUMMARY 

2 Climate Change Vulnerability Study 

The Need for a Study 

The New York State Public Service Commission 
approved an Order and funding for Con Edison to 
conduct a Climate Change Vulnerability Study, with 
a requirement for delivery by the end of 2019. The 
Con Edison Department of Strategic Planning 
undertook this Study with support from more than 
100 subject matter experts throughout the 
company and in collaboration with ICF’s climate 
adaptation and resilience experts and Columbia 
University’s Lamont-Doherty Earth Observatory. The 
Study was designed to meet three primary goals:  

1. Research and develop a shared understanding of 
new climate science and projected extreme 
weather for the service territory. 

2. Assess the risks of potential impacts of climate change on operations, planning, and physical 
assets. 

3. Review a portfolio of operational, planning, and design measures, considering costs and 
benefits, to improve resilience to climate change. 

The Study used an integrated approach to achieve these goals, as shown in Figure 1.  

Figure 1 Ŷ General approach overview: The process cycles through the steps for each climate 
hazard, beginning with ‘Screen operations, planning, and asset types for climate sensitivity’. The 
process results in the Climate Change Vulnerability Study Final Report. 

 

 
Con Edison’s resilience to climate 
change has important implications 
for increasingly interconnected 
societal, technological, and financial 
systems that the company serves. 



 
 

  EXECUTIVE SUMMARY 

3 Climate Change Vulnerability Study 

A New Understanding of Climate Science and Extreme Weather  
Con Edison will face new challenges from a rapidly changing climate through the 21st century. To 
better understand these challenges, the Study characterized historical and projected changes to 
climate hazards within the service territory to estimate the magnitude and timing of potential 
climate vulnerabilities. Climate variables that present outsized impacts to Con Edison include 
temperature, humidity, precipitation, sea level rise, and extreme events, such as rare hurricanes and 
long-duration heat waves. 

Temperature 
Average and maximum air temperatures are projected to increase throughout the century relative 
to historical conditions. Assuming unabated greenhouse gas concentrations, Con Edison could 
experience up to 23 days per year in which maximum temperatures exceed 95°F by 2050 relative to 
4 days historically. Heat waves with 3 or more days when average temperatures exceed 86°F in 
Central Park are projected to occur up to 5 and 14 times per year by 2050 and 2080, respectively, 
relative to 1 heat wave every 5 years historically. 

Humidity 
The frequency of very high heat index thresholds, which combines both temperature and humidity, 
is projected to increase dramatically through the century. The number of days per year where the 
heat index equals or exceeds 103°F could increase by 7 to 26 days by 2050, compared with only 2 
days historically. In addition, Con Edison evaluates the relationship of system load to an index 
called temperature variable (TV), which is similar to a heat index, but considers the persistence of 
heat and humidity over several days. Looking forward, TV thresholds that historically occur only 
once per year (e.g., 86°F) are projected to become common occurrences within a generation, 
occurring between 4 and 19 times per year by 2050 and between 5 and 52 times per year by 2080 
based on reduced and unabated greenhouse gas concentrations, respectively. 

Precipitation 
Con Edison’s service territory experiences rainfall, downpours, snowfall, and ice. Climate change is 
projected to drive heavier precipitation across these event types. For example, the heaviest 5-day 
precipitation total could be 11.8 inches at Central Park by 2050, which represents a 17% increase 
over the historical reference period. Ultimately, projections point to a future defined by more 
frequent heavy precipitation, likely accompanied by smaller increases in the frequency of dry or 
light precipitation days. 

Sea Level Rise 
Sea levels are very likely to rise between 0.62 and 1.94 feet by 2050. In turn, rising sea levels will 
have profound effects on coastal flooding, as sea level rise increases both the frequency and height 
of future floods. For example, the flood height associated with the 1% annual chance flood (i.e., the 
so-called 100-year flood) in New York City is projected to increase from 8.3 feet to as much as 13.3 
feet by 2100 relative to mean sea level at the Battery tide gauge. By the end of the century, today’s 
annual chance flood could occur at every high tide. 
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Extreme Events 
Extreme events are low-probability and high-impact phenomena, such as hurricanes and long-
duration heat waves. While difficult to simulate in climate models, a growing body of evidence 
suggests that many extreme events will increase in frequency and intensity as a result of climate 
warming. This Study considers high impact “worst-case”2 extreme event scenarios, including a 
prolonged heat wave, a Category 4 hurricane, and an unprecedented nor’easter, to understand 
these changes and their impacts on Con Edison. 

Characterization of Con Edison’s Vulnerabilities to Climate Risks 

Heat and Temperature Variable 
The core electric vulnerabilities to increasing temperature and TV include increased asset 
deterioration, decreased system capacity, increased load, and decreased system reliability. Since the 
internal temperature of electric power equipment is determined by the ambient temperature as 
well as the power being delivered, higher ambient temperatures increase the internal operating 
temperature of equipment. 

Higher internal operating temperatures increase the rate of aging of the insulation of electric 
equipment such as transformers, resulting in decreased total life of the assets. Higher internal 
temperatures, resulting from higher average and maximum ambient temperatures, also reduce the 
delivery capacity of electric equipment such as transformers. In addition, higher ambient 
temperatures increase the operating temperature of overhead transmission lines, causing increased 
sagging. One remedy is to decrease the operational rating of the assets to reflect the new 
operating environment. However, derating the system due to increasing temperatures would 
effectively decrease the capacity of the system, and Con Edison will need to make investments to 
replace that capacity if it is needed. 
Similarly, higher TV can cause higher peak loads due to increases in demand for cooling. Increases 
in load may also require investments in system capacity to meet the higher demand. The 
combination of decreased capacity and increased load is best addressed through Con Edison’s 
existing 10- and 20-year load relief program. Addressing this combined risk is estimated to cost 
between $1.3 billion and $4.6 billion by 2050 (based on future projections using Representative 
Concentration Pathway (RCP) 4.5 10th and RCP 8.5 90th percentiles, respectively). 

Increases in heat waves are expected to affect the electric network and non-network systems by 
decreasing reliability. Con Edison uses a Network Reliability Index (NRI) model to determine the 
reliability of the underground distribution networks. The Study’s forward-looking NRI analysis 
found that with an increase in the frequency and duration of heat waves by mid-century, between 
11 and 28 of the 65 underground networks may not be able to maintain Con Edison’s standard of 
reliability by 2050, absent adaptation.  

Outdoor worker safety may be a concern across all Con Edison commodities if heat index values 
rise as projected. When needed, Con Edison can implement safety protocols (e.g., shift 
modifications and hydration breaks) already practiced in mutual aid work that the company 
provided in hotter locations such as Florida and Puerto Rico. Similarly, to supply sufficient cooling 
in 2080, Con Edison’s heating, ventilation, and air conditioning (HVAC) capacity will have to 
increase by 11% due to projected increases in dry bulb temperature. These systems have a roughly 
                                                      
2 “Worst-case” scenarios are meant to explore Con Edison system vulnerabilities related to rare extreme weather events and 
formulate commensurate adaptation and resilience strategies. Scenarios represent one plausible permutation of extreme 
weather and the severity of actual events may exceed those considered. 
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15-year life span and therefore can be upgraded during routine replacements with minimal cost 
increases. 

Flooding from Precipitation, Sea Level Rise, and Coastal Storms 
All underground assets are vulnerable to flooding damage (i.e., water pooling, intrusion, or 
inundation) from precipitation events, sea level rise, and coastal storms. Following Superstorm 
Sandy in 2012, Con Edison protected all infrastructure in the floodplain against future 100-year 
storms and 1 foot of sea level rise (e.g., submersible infrastructure, flood walls, pumps, elevation). 
Sea level rise projections suggest that Con Edison’s 1 foot of sea level rise risk tolerance threshold 
may be exceeded as early as 2030 and as late as 2080. 
Electric substations, overhead distribution, underground distribution, and the transmission 
system are sensitive to precipitation-based hazards, although the design of Con Edison’s assets 
already mitigates some of these risks. For example, flooding from increased intense precipitation 
can damage non-submersible electrical equipment, although Con Edison designs all 
underground cables and splices to operate while submerged in water. In addition, all 
underground distribution equipment installed in flood zones and all new installations are 
submersible.  

To assess future asset vulnerability to sea level rise and storm surge, the Study team analyzed the 
exposure of Con Edison’s assets to 3 feet of sea level rise, while keeping the other elements of Con 
Edison’s existing risk tolerance constant (i.e., a 100-year storm with 2 feet of freeboard). Of the 324 
substations (encompassing generating stations, area substations, transmission stations, unit 
substations, and Public Utility Regulating Stations), 75 would be vulnerable to flooding during a 
100-year storm if sea level rose 3 feet. In addition, 32 gas regulators and five steam generation 
stations would be exposed. Hardening all of these assets would cost approximately $680 million.  
Both the gas and steam distribution systems are vulnerable to water entry, which can reduce 
system pressure and limit distribution capacity. In the gas system, low-pressure segments3 are 
particularly vulnerable to this risk. In addition, the steam system is susceptible to “water hammer” 
events when a high volume of water collects around a manhole, causing steam in the pipes 
underneath to cool and condense. Interaction between steam and the built-up condensate may 
cause an explosion, both damaging the steam system and putting public safety at risk. 

Across all commodities, increased winter precipitation can wash salt from city roads, causing an 
influx of salt-saturated runoff into manholes and percolation into the ground. Salt can cause 
equipment degradation, arcing, manhole fires or explosions, and failure of underground assets.  

Extreme and Multi-Hazard Events 
The Study team reviewed the vulnerabilities of Con Edison’s electric, gas and steam systems to future 
extreme events based on specific, worst case extreme event narratives (Category 4 hurricane, a strong 
nor’easter, and a prolonged heat wave) designed to stress-test these systems.  

Storm surge driven by an extreme hurricane event (i.e., a Category 4 hurricane) has the potential to 
flood both aboveground and belowground assets. In addition, wind stress and windblown debris can 
lead to tower and/or line failure of the overhead transmission system and damage overhead 
distribution infrastructure, which could cause widespread customer outages.  

                                                      
3 The Con Edison gas system contains piping operating at three pressures: low, medium, and high. 
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An extreme nor’easter may cause significant damage to assets across all commodities. During 
nor’easters, accumulation of radial ice can cause tower or line failure of the overhead 
transmission system. Similarly, snow, ice, and wind can damage the overhead distribution system.  

Con Edison’s systems are vulnerable to exceeding system capacity during extreme temperatures; 
gas systems may experience overloading during extreme cold, and electric systems during extreme 
heat.  

On an operational level, the increasing frequency and intensity of extreme weather events may 
exceed Con Edison’s currently robust emergency preparedness efforts. Con Edison’s current “full-
scale” response, which calls for all Con Edison resources and extensive mutual assistance, is initiated 
when the number of customers out of service reaches approximately 100,000. However, low-
probability extreme events can increase customer outages and outage durations by orders of 
magnitude, outpacing current levels of emergency planning and preparedness. 

Resilience Management Framework 

To conceptualize how to systematically address vulnerabilities, the Study team developed a 
resilience management framework (Figure 2). The framework encompasses investments to better 
withstand changes in climate, absorb impacts from outage-inducing events, recover quickly, and 
advance to a better state. The “withstand” component of this framework prepares for both gradual 
and extreme climate risks through resilience actions throughout the life cycle of the assets. As such, 
many adaptation strategies fall under this category. Investments to increase the capacity to 
withstand also provide critical co-benefits such as enhanced blue-sky functionality and reliability of 
Con Edison’s systems. The resilience management framework facilitates long-term adaptation and 
creates positive resilience feedback so that Con Edison’s systems achieve better functionality 
through time. To succeed, each component of a resilient system requires proactive planning and 
investments.  

  

A resilience management framework will help Con Edison build  
resilience over time.  
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Figure 2 Ŷ Conceptual figure representing a resilience management framework designed to 
withstand changes in climate, absorb and recover from outage-inducing events, and advance to a 
better state. Most resilience actions should occur systematically throughout the asset life cycle to 
enhance the ability to withstand changes in climate, while also enhancing system reliability and blue-
sky functionality. Resilient systems also adapt so that the functionality of the system improves 
through time (green line). Each component of a resilient system requires proactive planning and 
investments. 

 

Adaptation Measures to Address Vulnerabilities 

Con Edison has already undertaken a range of measures to increase the resilience of its systems. 
For example, lessons learned and vulnerabilities exposed during past events, including Superstorm 
Sandy (2012) and the back-to-back nor’easters (winter storms Riley and Quinn, 2018), resulted in 
significant capital investments to harden the system. Looking forward, as Con Edison is investing in 
the system of the future—one with greater monitoring capabilities, flexibility, and reliability—it is 
simultaneously building a system that is more resilient to extreme weather events and climate 
change. In addition to new investments, Con Edison also conducts targeted annual updates to its 
system to ensure capacity and reliability, which help the company keep pace with recent changes in 
temperature and humidity.  

  

Con Edison already has undertaken a range of measures to  
build resilience; this Study identified additional adaptation options  

to address vulnerabilities under a changing climate. 
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Withstand Gradual Changes in Climate and Extreme Events 
Resilience actions should occur systematically throughout an asset’s life cycle to enhance the ability 
to withstand changes in climate while also enhancing system reliability and blue-sky functionality. 
This can be accomplished through planning, designing, and upgrading assets in a resilient manner, 
with ongoing monitoring throughout.  

Plan 

Incorporating climate change projections into Con Edison’s routine planning processes will help 
identify capital needs and help the systems gradually adjust to changes in climate. Some of the 
types of planning processes and tools that may benefit from consideration of climate change 
include the following: 

x Load and volume forecasting for all commodities 
x Load relief planning for the electric system, which should include reduced system capacity and 

higher load due to warmer temperatures 
x Working with utilities in other environments to understand how they plan and design their 

system for the climate Con Edison will experience in the future 
x Long-range planning for all commodities 
x Network reliability modeling and planning 

Design 

The key to designing resilient infrastructure is to update design standards, specifications, and 
ratings to account for likely changes in climate over the life cycle of the infrastructure. While there 
is uncertainty as to the exact changes in climate an asset will experience, selecting an initial climate 
projection design pathway allows engineers to design infrastructure in line with Con Edison’s risk 
tolerance. The Study team suggests an initial climate projection design pathway that follows the 
50th percentile merged RCP 4.5 and 8.5 projections for sea level rise and high-end 90th percentile 
merged RCP 4.5 and 8.5 projections for heat and precipitation.  

Upgrade 

Changing design standards will influence the construction of new assets but does not address the 
vulnerability of existing assets. A flexible and adaptive approach to managing and upgrading assets 
will allow Con Edison to manage risks from climate change at acceptable levels, despite 
uncertainties about future conditions. The flexible adaptation pathways approach allows Con 
Edison to adjust adaptation strategies as more information about climate change and external 
conditions that may affect Con Edison’s operations is learned over time. Figure 3 depicts how 
flexible adaptation pathways are based on flexible management to maintain tolerable levels of risk. 
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Figure 3 Ŷ Flexible adaptation pathways in the context of tolerable risk and risk management 
challenges to non-flexible adaptation. Adapted from Rosenzweig & Solecki, 2014. 

 
 
As conditions change over time, Con Edison will need to consistently track these changes to 

identify when decision making for additional or alternative adaptation strategies is required. This 

approach relies on monitoring indicators, or “signposts,” that provide information which is critical 

for adaptive management decisions. Broad categories of signposts that Con Edison should consider 

monitoring include climate variable observations and best available climate projections; climate 

impacts; and policy, societal, and economic conditions. Predetermined thresholds for these 

conditions signal the need for a change in action, which support decisions on when, where, and 

how Con Edison can take action to continue to manage its climate risks at an acceptable level. The 

body of this report provides many specific examples of proactive investments in resilience and their 

signposts; a few selected examples are provided in Table 1.  

Table 1 Ŷ Examples of adaptation strategies to upgrade existing infrastructure and signposts to trigger action 

Strategy Signpost 

Implement electric reliability strategies, such as: 
y Split the network into two smaller networks. 
y Create primary feeder loops within and between networks. 
y Install a distribution substation. 
y Incorporate distributed energy resources and non-wires solutions. 
y Design complex networks that consider combinations of adaptation 

measures. 

Forward-looking network reliability index 
exceeds 1 per unit 

Upgrade HVAC systems. End of the existing asset’s useful life 

Retrofit ventilated equipment with submersible equipment to eliminate the risk of 
damage from water intrusion. 

Expanded area of precipitation-based 
flooding; better maps of areas at risk of 
current and future precipitation-based flooding 

Replace limiting wire sections with higher rated wire to reduce overhead 
transmission line sag during extreme heat wave events. Alternatively, remove 
obstacles or raise towers to reduce line sag issues. 

Increased incidence of line sag; higher 
operating temperatures 

Strategically expand program to elevate gas regulator vent line termini to include 
additional regulators exposed to floodplains associated with stronger storms and 
inland flooding. 

When sea level rise exceeds 1 foot; reported 
or observed flooding in vicinity of asset 
without vent line protectors 

Absorb and Recover from the Impacts of Extreme Events 
It is neither efficient nor cost-effective for Con Edison to harden its systems to withstand every type 

of extreme event. Instead, Con Edison must use a broader suite of adaptation strategies to absorb 

and recover from the inevitable disruptions caused by extreme events exceeding their design 
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standards. Con Edison currently incorporates “absorb” into its design and operations with, for 
example, a limited ability to control customer demand and shed load in extreme cases. A broader 
suite of strategies focuses on emergency preparedness, limiting customer impact and improving 
customer coping, including the following: 

x Supporting the creation of resilience hubs (spaces that support residents and coordinate 
resources before, during, and after extreme weather events (Baja, 2018) and have continued 
access to energy services) 

x Using smart meters to implement targeted load shedding to limit the impact to fewer customers 
during extreme events 

x Strengthening staff skills for streamlined emergency response 
x Planning for resilient and efficient supply chains 
x Coordinating extreme event preparedness plans with external stakeholders 
x Incorporating low-probability events into long-term plans 
x Expanding extreme heat worker safety protocols 
x Examining and reporting on the levels of workers necessary to prepare for and recover from 

extreme climate events 
x Investing in energy storage, on-site generation, and energy efficiency programs 

Advance 
Advancing to a better adapted, more resilient state after an outage-inducing event (i.e., building 
back better/stronger) begins with effective pre-planning for post-event reconstruction. Even with 
proactive resilience investments, events can reveal system or asset vulnerabilities. Where assets 
need to be replaced during recovery, having a plan already in place for selection and procurement 
of assets designed to be more resilient in the future can help to ensure that Con Edison is adapting 
to a continuously changing risk environment. Outage-inducing events also provide important 
opportunities to measure the performance of adaptation investments, helping to inform additional 
actions that further resilience.  

Next Steps 

As a next step from this Study, Con Edison will develop a detailed Climate Change Implementation 
Plan to integrate the recommendations from this Climate Change Vulnerability Study. The 
implementation plan will be developed in close coordination with Con Edison SMEs and will utilize 
quarterly meetings with external stakeholders. The implementation plan will consider updates in 
climate science, finalize an initial climate design pathway, integrate that pathway into company 
specifications and processes based on input from subject matter experts, develop a timeline for action 
with associated costs and signposts, and recommend a governance structure. Some key items for 
consideration in the implementation plan include determining the appropriate amount of proactive 
investment, changes in the policy/regulatory and operating environment and the establishment of a 
reporting structure. 

 

In 2020, Con Edison will develop an implementation plan that details priority actions 
needed in the next 5, 10, and 20 years. 
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Introduction 

Study Background and Objectives 
Con Edison’s resilience to climate change has important implications for increasingly 
interconnected societal, technological, and financial systems that the company serves. Developing a 
shared understanding of Con Edison’s vulnerability to climate change is critical to ensuring the 
continued strength of the company over the coming century. The Con Edison Climate Change 
Vulnerability Study (Study) has three primary goals:  

1. Develop a shared understanding of new climate science and projected climate and extreme 
weather for the territory. 

2. Assess the risks of potential climate change impacts on Con Edison’s operations, planning, and 
physical assets. 

3. Review a portfolio of operational, planning, and design measures, considering costs and 
benefits, to improve resilience to climate change. 

 
The Study was conducted as an outcome of the 2013 rate case. In 2013, Con Edison worked with a 
Storm Hardening and Resiliency Collaborative in parallel with the rate case to provide parties with an 
opportunity to fully examine proposals for plans to protect against storms. In 2014, the New York 
State Public Service Commission approved an Order and funding for Con Edison to implement 
measures to plan for and protect its systems from the effects of climate change, including conducting 
a climate change vulnerability study. The Study was developed by the Con Edison Department of 
Strategic Planning, in collaboration with ICF’s climate adaptation and resilience experts and Columbia 
University’s Lamont-Doherty Earth Observatory. The members of this partnership are collectively 
referred to as the Study team. The Study team relied on inputs and expertise from Con Edison subject 
matter experts (SMEs), including engaging more than 100 SMEs through a series of in-person 
meetings, teleconferences, and workshops.  

Guiding Principles 
The Study used six key principles to efficiently meet its objectives and benefit Con Edison. The 
Study employed a decision-first and risk-based approach, applying the best available climate 
science to produce flexible and adaptive solutions and mitigate risks associated with climate 
change and extreme weather events. The Study process was transparent and interactive to ensure 
that it can be replicated and institutionalized. 
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Decision-first approach. The Study team used a decision-first approach, which focuses on 

understanding the broader vulnerabilities and constraints of the system, the objectives and needs 

of stakeholders, and the adaptation options available, before considering the projected changes in 

future climate. The Study team first identified the needs of decision makers (i.e., Con Edison 

leadership and SMEs) and worked from there to determine information requirements based on 

decision goals, instead of starting by amassing as much data as possible. This approach places a 

higher priority on understanding the decision-making context and providing enough information 

to inform those decisions, which helps to prioritize near- and long-term risks and develop effective 

solutions despite the existence of deep uncertainties related to future climate change. 

Risk-based approach. The Study team employed a risk-based approach that considers both the 

likelihood and the consequence of potential changes in the climate. This involves identifying a 

comprehensive set of plausible future climate outcomes and assessing their probability and 

associated impact on Con Edison’s service territory. Doing so allows Con Edison to assess its 

vulnerability to—and to prepare for—high-probability and low-impact, as well as low-probability 
and high-impact, outcomes. 

Best available climate science. The Study team prioritized continuous dialogues among climate 

scientists, climate adaptation specialists, and Con Edison SMEs to identify which climate scenarios, 

time periods, hazards, variables, and thresholds are important for Con Edison’s operations, 

infrastructure, and planning. The Study team assessed multiple lines of evidence to capture 

historical climate conditions in the territory and employed a comprehensive set of Global Climate 

Models to identify the extent to which current climate conditions may change throughout the 21st 

century. Ultimately, the Study team synthesized climate information into metrics relating plausible 

effects of climatic changes on operations, infrastructure, and planning. 

Transparent and replicable. A transparent and replicable approach allows Con Edison to 

institutionalize its adaptation strategy and increase its adaptive capacity over time. This will help 

SMEs establish their adaptation efforts into emerging policies and procedures, as well as train the 

next generation of SMEs in resilience building. Transparency also engenders trust with internal and 

external stakeholders.  

Flexible solutions and adaptive implementation. A flexible and adaptive approach will allow Con 

Edison to manage risks from a changing climate at acceptable levels, despite uncertainties about 

future conditions. Adaptive implementation pathways, or flexible adaptation pathways, are a 

recognized approach to adaptation planning and project implementation that ensures adaptability 

over time in the face of uncertainty: changes in energy demand, technologies, population, and 

other driving factors, and refinements in the scientific understanding of future climate. Under the 

adaptive approach, resilience measures can be sequenced over time, allowing Con Edison to 

protect against near-term changes while leaving options open to protect against the wide range of 

plausible changes emerging later in the century.  

Resilience management framework. The Study introduces a resilience management framework 

that allows Con Edison to mitigate risks associated with climate changes and extreme weather 

events most relevant to Con Edison’s service territory (Figure 4). Resilient systems are composed of 

more than hardening measures alone, and instead consider measures that increase resilience 

throughout the life cycle of outage-inducing climate events. These measures include the system’s 

capacity to “withstand,” “absorb,” and “recover” from climate risks and “advance” resilience. In this 

way, the resilient management framework is particularly important for addressing complex extreme 
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events with significant uncertainties and extreme thresholds to build into hardening measures 
alone. In turn, resilient systems offer critical co-benefits, such as improved system reliability and 
blue-sky functionality, reduced consequences from non-climatic risks, and more resilient customers. 
A resilience management framework also facilitates long-term adaptation, which enhances the 
critical functionality of the system through time and creates positive resilience feedback. To 
succeed, each measure of a resilient system requires proactive planning and investments. 

Figure 4 Ŷ Conceptual figure representing a resilience management framework designed to 
withstand changes in climate, absorb and recover from outage-inducing events, and advance to a 
better state. Most resilience actions should occur systematically throughout the asset life cycle to 
enhance the ability to withstand changes in climate, while also enhancing system reliability and blue-
sky functionality. Resilient systems also adapt so that the functionality of the system improves 
through time (green line). Each component of a resilient system requires proactive planning and 
investments. 

 

Study Methodology 

The Study uses an integrated approach, with Con Edison SMEs providing support throughout the 
process. A rapid screen of the sensitivity of operations, planning, and assets (referred to for 
simplicity as “assets” throughout the rest of this document unless otherwise stated) for each climate 
change hazard provided the basis for a risk-based prioritization of assets. The Study team 
performed detailed analyses for the sensitive assets, including identifying a portfolio of adaptation 
options and qualitatively considering the financial costs, co-benefits, and resilience of each option. 
These detailed analyses will inform the development of flexible solutions and the further 
prioritization of assets and options to increase systemwide resilience during the creation of Con 
Edison’s Climate Change Implementation Plan in 2020. Figure 5 depicts the Study’s general 
approach.  
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Figure 5 Ŷ General approach overview: The process cycles through steps for each climate hazard, 
beginning with ‘Screen operations, planning, and asset types for climate sensitivity’. The process 
results in the Climate Change Vulnerability Study Final Report. 

 
 
Screen operations, planning, and asset types for climate sensitivity. The Study began by 
establishing and confirming a clear set of climate change hazards and relevant thresholds for 
operations, planning, and asset types. The study team engaged SMEs to identify the extent to 
which each climate change hazard is a factor in asset design or operation and rate sensitivities by 
considering impacts from previous weather events and key climate information used in design or 
operation. Only assets with high sensitivity were considered in the subsequent risk-based 
prioritization process. 
Perform risk-based prioritization of operations, planning, and asset types. Following the high-
level screen for sensitivity, the Study team sought to prioritize operations, planning processes, and 
asset types for further analysis.  

x Heat and humidity: Heat and humidity design standards vary across Con Edison assets, so the 
Study team used a risk workbook to guide SMEs through a structured process to identify the 
probability of impact (based on the probability of exceeding thresholds and the impact of 
threshold exceedance) and the consequence of impact. Together, these components create an 
overall risk score for each relevant asset and climate change hazard combination. Consequence is 
defined as the likely impact to the overall system given the possibility for damage or failure of 
the particular asset, and includes reliability, safety, environmental damage, and financial costs to 
the company or customers. The Study team identified several asset types and variable 
combinations with high sensitivity and high overall climate risk to carry forward as priorities in 
the analysis. 

x Sea level rise and storm surge: Sea level rise and storm surge is a geographically defined hazard 
with a common design standard across all Con Edison assets. As such, there was a need to 
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identify potentially exposed assets rather than prioritize among them. The Study team used 

Geographic Information System (GIS) modeling to evaluate the specific type and number of 

assets that would be exposed under various future scenarios.  

x Precipitation: Very few of Con Edison’s assets have design standards tied to precipitation. For the 

few that were identified, the Study team evaluated whether the assets would withstand future 

increases in the intensity of precipitation events. In addition, the Study team worked with Con 

Edison SMEs to identify and prioritize the operational impacts of precipitation on the various 

commodities. 

x Extreme events: By definition, the extreme events analyzed in the study exceed all existing Con 

Edison design standards. As such, the Study team conducted a workshop with SMEs to prioritize 

extreme event risks based on the following: 

í The potential for impacts on operations, planning, and assets 

í How prior major weather events affected assets and operations 

í The preparations that Con Edison has in place for future extreme events 

í How longer or more intense events might overwhelm current preparedness efforts 
 
Identify adaptation options. For the identified vulnerabilities, the Study team developed 

adaptation response options through SME engagement, review of relevant literature, and lessons 

learned from adaptation options implemented in regions with similar challenges. Adaptation 

options include strategies to withstand a changing climate, such as engineering design, operations, 

and planning strategies, as well as strategies to absorb and recover from extreme events. The Study 

team considered adaptation options that are often already in use to manage the hazard, but which 

may require revision or updating to deal with changing risk. The Study team also considered both 

short-term and long-term solutions and took steps to understand and assess the limitations of 

adaptation options.  

Consider costs and benefits of adaptation options against a range of possible futures. The 

Study team worked with SMEs to develop order of magnitude costs of the various adaptation 

strategies, where feasible. Where possible, the Study team conducted a multi-criteria analysis of the 

adaptation options to compare criteria that may be difficult to quantify or monetize, or that may 

not be effectively highlighted in the financial analysis. 

Identify signposts for implementation of adaptation options over time. Evaluation of 

adaptation measures in the context of a continuously changing risk environment poses a challenge 

to typical project planning, design, and execution. It is important to ensure that decision-making 

processes support flexible solutions that allow for effective risk management in the face of 

irreducible uncertainties in projections of future climate conditions. The Study uses an adaptive 

implementation pathway approach to achieve this goal. The Study team designed a framework for 

“signposts,” which represent information that will be tracked over time to help Con Edison 

understand how climate, policy, and process conditions change and, in turn, trigger additional 

action. 

Prioritize options to increase asset and systemwide resilience. Once the prior steps were 

completed, the Study team circulated the findings to SMEs to allow them to strike, add, or refine 

strategies. This process resulted in the prioritized set of strategies included in this report.  
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Historical and Future Climate 

Con Edison in a Changing Climate 
Earth’s climate is not static; it changes in response to both natural and human-caused drivers. The 
past decade was the warmest on record, and global atmospheric warming has increased at a faster 
rate since the 1970s (GCRP, 2017), which the global climate science community attributes to 
increasing human-caused greenhouse gas emissions (IPCC, 2013).  

A growing body of research reveals that a range of climate hazards will likely increase in frequency 
and intensity as a result of atmospheric warming (GCRP, 2017; IPCC, 2013). For example, a warmer 
atmosphere increases the frequency, intensity, and duration of heat waves; holds more water vapor 
for heavy precipitation events; and accelerates ice loss from Earth’s large ice sheets, contributing to 
sea level rise and coastal storm surge. These climate changes highlight how changes in the global 
climate system affect local climatology and weather in Con Edison’s service territory. Local changes 
include both long-term mean changes, such as gradual increases in temperature and sea level, and 
changes in extreme events, such as heat waves, hurricanes, and storm surge. In most cases, long-
term climate change amplifies and increases the likelihood of extreme events. In turn, climate 
changes and baseline climate hazards cause both direct (e.g., physical damage to infrastructure) 
and indirect (e.g., changing customer behavior) impacts across the electric, gas, and steam systems 
of Con Edison’s business. 

Rapid climate change will bring new challenges to Con Edison through the 21st century. This Study 
develops climate projections to characterize these challenges. Still, conceptualizing climate change 
in tangible terms is notoriously difficult. Another way to describe potential climate change is 
through climate analogs, which match expected future climate change at a location to current 
climate conditions in another. Under this perspective, New York City’s temperature and 
precipitation by 2080 could more closely resemble current conditions in southern cities such as 
Memphis, TN, and Little Rock, AR, if greenhouse gas emissions continue unabated (Fitzpatrick & 
Dunn, 2019).4  

                                                      
4 Climate analogs are illustrative and vary depending on the choice of evaluation metrics, decade, and climate scenario. In 
this case, analogs are determined using metrics for seasonal minimum and maximum temperature and total precipitation. 
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Con Edison’s Understanding and Assessment of Climate Change 

The Study team developed improved, downscaled climate projections and used best available 
science to understand and evaluate climate change trends and potential extreme weather events 
across Con Edison’s service territory over near- (2030), intermediate- (2050), and long-term (2080) 
time horizons.5 This approach builds on methods used by the New York City Panel on Climate 
Change (NPCC) and introduces a range of benefits (see Table 2). The Study team focused on 
climate variables that could present outsized impacts to operations, planning, and infrastructure 
across the electric, gas, and steam segments of Con Edison’s business. These include temperature, 
humidity, precipitation, sea level rise and coastal flooding, extreme events, and multiple—or 
compounding—events. 

The primary tools for understanding future climate change are Global Climate Models (GCMs), 
which mathematically simulate important aspects of Earth’s climate, such as changes in 
temperature and precipitation, natural modes of climate variability (e.g., El Niño and La Niña 
events), and the influence of human greenhouse gas emissions (GCRP, 2017). Over short timescales 
(i.e., years to decades), individual GCM projections can differ from one another due to 
unpredictable natural climate variability, differences in how models characterize small-scale climate 
processes, and their response to greenhouse gas emissions/concentration assumptions. For these 
reasons, future climate analyses often consider a large ensemble of GCMs to better discern long-
term trends, account for uncertainty, and consider a fuller range of potential future climate 
outcomes. To this end, the Study team used a broad model ensemble (i.e., 32 GCMs) for each 
climate variable of interest to address the spread across models and provide a comprehensive view 
of future climate. 

While GCMs use a finer spatial resolution than ever before, they still provide coarse-resolution 
estimates of future climate, with model grid cells typically extending approximately 100 kilometers 
on one side. To achieve a more accurate representation of local climate in the New York 
Metropolitan Region, the Study team bias-corrected and downscaled GCM projections (i.e., 
statistically adjusted simulations to bring them closer to observed data) using weather station data 
over a 1976–2005 historical reference period from three weather station locations spanning Con 
Edison’s service territory, including Central Park, LaGuardia Airport, and White Plains Airport.6 

GCM simulations are driven by a standard set of time-dependent greenhouse gas concentration 
trajectories called Representative Concentration Pathways (RCPs), developed by the 
Intergovernmental Panel on Climate Change (IPCC). RCPs consider different evolutions of fossil 
fuels, technologies, population growth, and other controlling factors on greenhouse gas emissions 
through the 21st century. To acknowledge uncertainty in future greenhouse gas concentrations, the 
Study team selected the commonly used RCPs 4.5 and 8.5 to drive each GCM, following precedent 
set by IPCC and NPCC. RCP 4.5 represents a moderately warmer future based on a peak in global 
greenhouse gas emissions around 2040. In contrast, RCP 8.5 represents a hotter future 

                                                      
5 Columbia University’s Lamont-Doherty Earth Observatory led the analysis of temperature, humidity, and precipitation 
projections and extreme event information. ICF provided insights into future climate conditions using localized constructed 
analog (LOCA) projections, analyzed sea level rise projections, and synthesized extreme event narratives. Jupiter Intelligence 
provided projections of extreme temperatures and the urban heat island effect. 
6 Technical information regarding bias-correction and downscaling methods used in this Study are provided in the 
appendices for the relevant climate variables. 
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corresponding to “business as usual” increases in greenhouse gas concentrations through the 
century. 

The Study team used a model-based probabilistic framework to evaluate climate change hazards 
and account for model uncertainty under different RCP scenarios. Specifically, the Study team 
analyzed high-end estimates (e.g., the 90th percentile of projections across climate models), and 
mid-point (50th percentile) and low-end (10th percentile) projections for both RCPs. In doing so, 
the Study Team considered the range of potential climate outcomes across models and RCPs to 
form a comprehensive risk-based approach. Under this framework, the RCP 8.5 90th percentile 
approximates a stress test to characterize low probability, high-impact climate change, and its 
impact on Con Edison. 

This Study builds on the approach used by NPCC. Table 2 provides a high-level overview of climate 
information advances developed as part of this Study. 

Table 2 Ŷ Overview of climate projection methods in this Study relative to the NPCC2 (2015) 
climate projections of record for New York City 

NPCC2 (Reference Projections) Con Edison Study 

Combined projections from two scenarios  
(RCPs 4.5 and 8.5) 

Separate scenario projections 

Four time periods (2020–2080) Seven time periods (2020–2080) to align with planning 
processes 

Single reference point (Central Park) Multiple reference points tailored to the service territory  
(Central Park, White Plains, and LaGuardia) 

Downscaling using the “delta method” Downscaling using “quantile mapping” 

Limited set of climate variables Numerous Con Edison-specific variables and multi-variable 
projections (e.g., heat plus humidity) 

 
The Study also evaluates Con Edison’s vulnerability to rare and complex extreme events, such as 
major hurricanes and long-duration heat waves, that may increase in intensity and frequency as a 
result of climate change. Such events play an outsized role in shaping the public’s perception of 
climate change vulnerability and how institutions should address its unique challenges. While the 
Study team uses model-based probabilistic projections to inform many climate variables, such as 
long-term mean temperatures and sea level, it is more challenging to project the rarest events, 
such as a 1-in-100-year heat wave, and multi-faceted and difficult to model events such as 
hurricanes. Obstacles to modeling rare and complex extreme events include the brevity of the 
historical record relative to the rarity of the event, and challenges associated with modeling 
extremes that have important features at very small space and time scales. 

To address these challenges, the Study team constructed a series of extreme event narratives based 
on historical analogs and the best available climate science. In contrast with model-based 
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probabilistic projections, narratives represent 
plausible future worst-case scenarios7 meant to 
stress-test Con Edison’s system. The narratives 
merge a decision-first and risk-based approach, 
blending best available science with decision 
maker-defined high impacts to develop a better 
understanding of Con Edison’s vulnerability to rare, 
complex extreme events.  

Overview of Climate Science Findings 
Relevant to Con Edison 
The Study team’s analysis characterized historical 
and future changes in temperature, humidity, 
precipitation, sea level rise, and extreme events 
within Con Edison’s service territory. This 
information supports a risk-based understanding of 
potential climate-related vulnerabilities within the 
company’s operations, planning, and physical 
assets. The sections below provide an overview of 
projected climate changes relevant to Con Edison. 
While projections were prepared for Central Park, 
LaGuardia, and White Plains as described above, 
this section commonly uses Central Park as a 
reference point due to its central location and 
because it currently serves as a reference point for 
many Con Edison operations. The report 
appendices contain detailed information on other 
locations and the full scope of climate projections 
and corresponding vulnerabilities developed for 
this Study. 

Temperature 
Both average and maximum air temperatures are 
projected to increase throughout the century 
relative to historical conditions (Figure 6). Climate 
model projections reveal significant increases in the number of days per year in which average 
temperatures exceed 86°F (up to 26 days per year, relative to a baseline of 2 days) and maximum 
temperatures exceed 95°F (up to 23 days per year from a baseline of 4 days; Figure 7) by 2050. At 
the same time, winter minimum temperatures are expected to fall below 50°F as many as 40 
fewer times per year than in the past by mid-century, representing a 20% decrease. 

                                                      
7 Worst-case scenarios are meant to explore Con Edison system vulnerabilities related to rare extreme weather events and 
formulate commensurate adaptation and resilience strategies. Scenarios represent one plausible permutation of extreme 
weather and the severity of actual events may exceed those considered. 

The timing and magnitude of climate 
change over the coming century remains 
uncertain, particularly with respect to rare 
and multi-faceted extreme events. This 
uncertainty presents challenges for 
institutions such as Con Edison in 
understanding the potential effects of 
climate change and the associated risks to 
their business, operations, and financial 
performance.  
 

Scenario analysis is a proven way to 
address these challenges. For example, 
Task Force on Climate-Related Financial 
Disclosures (TCFD) scenarios use forward-
looking projections to provide a framework 
to help companies prepare for risks and 
opportunities brought about by climate 
change. The scenarios used in this Study 
are similarly hypothetical constructs, but 
differ from TCFD scenarios in that they 
provide quantitative details regarding 
future extreme event conditions (e.g., 
regarding specific storm characteristics) so 
that Con Edison can better plan for specific 
impacts to assets and infrastructure. 
Ultimately, this Study uses both climate 
science and stakeholder-driven 
perspectives to develop plausible, high 
impact worst-case scenarios designed to 
stress-test Con Edison’s system. 
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Figure 6 Ŷ Historic (black line) and projected (colored bands) average air temperature in Central 
Park during the summer under two greenhouse gas concentration scenarios (RCPs 4.5 and 8.5) 

 

Figure 7 Ŷ The average number of days per year with maximum summer air temperatures 
exceeding 95°F in Central Park under two greenhouse gas concentration scenarios (RCPs 4.5 and 
8.5). The dashed horizontal lines show the historical average number of days. Box plots 
correspond to the 10th, 25th, 50th, 75th, and 90th percentile projections. 

 
 
Multi-day heat events, known as heat waves, create potential risks for Con Edison as they drive 
demand for air conditioning and stress electrical and infrastructure systems. The number of heat 
waves, defined here as 3 or more consecutive days when average temperatures exceed 86°F in 
Central Park, is projected to increase up to 5 and 14 events per year by 2050 and 2080, respectively, 
relative to 0.2 events per year historically. The magnitudes of temperature increases are projected 
to be greatest at LaGuardia and Central Park and smaller at White Plains. 
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Humidity 
The New York Metropolitan Region is susceptible to significant combinations of heat and humidity, 
which cannot be captured by temperature alone. The combination of temperature and humidity 
drives electric demand within Con Edison’s service territory. To address this, the company currently 
evaluates the potential for high loads using an index referred to by Con Edison as temperature 
variable (TV),8 which incorporates considerations of both temperature and humidity. Looking 
forward, TV thresholds that have historically occurred only once per year (e.g., 86°F), are projected 
to become common occurrences within a generation, occurring between 4 and 19 times per year 
by 2050 and 5 and 52 times per year by 2080, under the RCP 4.5 10th percentile and RCP 8.5 90th 
percentile, respectively, at LaGuardia (Figure 8). Smaller increases are expected at White Plains. 

Figure 8 Ŷ Distributions showing historical (black line) and 2050 projected (blue and red lines) 
summer (June–August) daily electric TV at LaGuardia Airport. The 2050 projections show both the 
RCP 8.5 90th percentile and the RCP 4.5 10th percentile distributions. 

 
 
The heat index is a typical indicator of “how hot it feels,” which considers the combined effect of air 
temperature and relative humidity. The index assesses health risks associated with overheating, 
including for Con Edison employees working under hot conditions. Looking forward, the frequency 
of occurrence for very high heat index thresholds is projected to increase dramatically through the 
century. Projections reveal that the number of days per year when the heat index equals or exceeds 
103°F at LaGuardia could increase to between 7 and 26 days by 2050 under the RCP 4.5 10th 
percentile and the RCP 8.5 90th percentile, respectively, compared to only 2 days historically.  

  

                                                      
8 Temperature variable is calculated using the weighted time integration of the highest daily recorded 3-hour temperature 
and humidity over a 3-day period. The reference TV for Con Edison is 86°F, which approximates a heat index of 105°F. 
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Precipitation 
Con Edison’s service territory experiences a range of precipitation events over a range of 
timescales, including rainfall, downpours, snowfall, and ice. Climate change is projected to drive 
heavier precipitation across these event types because a warmer atmosphere holds more water 
vapor and provides more energy for strong storms. Looking forward, average annual precipitation 
is projected to increase by 0% to 15% relative to the historical baseline in Central Park through 
2050 (Figure 9).  

Figure 9 Ŷ Observed and projected annual precipitation at Central Park. Projections show potential 
annual precipitation under both the RCP 8.5 90th percentile and the RCP 4.5 10th percentile. 
Projections represent 30-year time averages (shown as blue circles), which reveal the long-term 
trend, but underrepresent year-to-year variability. The dashed line represents the linear trend 
though the observational record, with observed increases given in inches per decade. 

 
 
Projections of heavy rainfall reveal similar increases. For example, the heaviest 5-day precipitation 
amount could be 11.8 inches at Central Park by 2050, which represents a 17% increase over the 
historical reference period. Data from the Northeast Regional Climate Center9 show that 25-year, 
24-hour precipitation amounts at Central Park, LaGuardia, and White Plains could increase by 7% to 
14% and 10% to 21% by mid- and late-century, respectively. Ultimately, projections point to a 
future defined by more frequent heavy precipitation and downpours, likely accompanied by smaller 
increases in the frequency of dry or light precipitation days (GCRP, 2017). 

Projections for changes in snow and ice are more uncertain than those for rainfall. Overall, models 
project a decrease in snowstorm frequency corresponding to a warming climate (Zarzycki, 2018). 
However, while the likelihood of a given storm producing snow instead of rain will decrease in the 
future, if atmospheric conditions are cold enough to support frozen precipitation, then storms are 
expected to produce more snow (or ice) than during the present day (Zarzycki, 2018). 

Sea Level Rise 
A range of underlying factors, including thermal expansion of the ocean, the rate of ice loss from 
glaciers and ice sheets, atmosphere and ocean dynamics, and vertical coastline adjustments 
determine local sea level rise within Con Edison’s service territory. State-of-the-art probabilistic 

                                                      
9 http://ny-idf-projections.nrcc.cornell.edu/ 
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projections (Kopp et al., 2014; 2017) determined these contributions and characterized the rate of 
future sea level rise in the region under both RCPs 4.5 and 8.5 (e.g., Figure 10). These sea level rise 
projections include a unique high-end scenario driven by rapid West Antarctic ice sheet mass loss 
in the later 21st century (DeConto & Pollard, 2016; Kopp et al., 2017). Con Edison has always 
implemented anti-flooding measures. Following Superstorm Sandy in 2012, the company 
implemented a minimum protection design standard of “FEMA plus three feet,”10 allowing for 1 
foot of sea level rise. In turn, forward-looking projections determine when sea level rise may exceed 
Con Edison’s established risk tolerance of 1 foot of sea level rise.  

Figure 10 Ŷ Historical and projected sea level rise in New York City under RCP 8.5 relative to the 
year 2000. The grey line shows historical mean sea level at the Battery tide gage. Projections are 
relative to the 2000 baseline year. The solid blue line shows the 50th percentile of projected sea 
level rise. The darker shaded area shows the likely range (17th–83rd percentiles), while the lighter 
shaded area shows the very likely range (5th–95th percentiles). The blue dashed line depicts a 
high-end projection scenario driven by rapid West Antarctic ice sheet mass loss in the later 21st 
century (DeConto & Pollard, 2016; Kopp et al., 2017). 

 
 
Sea level rise will very likely be between 0.62 and 1.74 feet and 0.62 and 1.94 feet at the Battery tide 
gauge in lower Manhattan by 2050 under RCPs 4.5 and 8.5, respectively. Projections suggest that 
Con Edison’s 1-foot sea level rise risk tolerance threshold may be exceeded as early as 2030 and as 
late as 2080. 

In turn, rising sea levels will have profound effects on coastal flooding, as sea level rise is expected 
to increase both the frequency and height of future floods (Figure 11). For example, the flood 
height associated with the 1% annual chance (100-year) flood in New York City is projected to 
increase from 10.9 feet to as much as 15.9 feet under RCP 8.5 by 2100, representing an increase of 
close to 50%.11 Similarly, today’s 0.2% annual chance (500-year) flood could look like a 10% annual 

                                                      
10 This includes the FEMA 1% annual flood hazard elevation, 1 foot of sea level rise and 2 feet of freeboard (to align with 
2019 Climate Resiliency Design Guidelines published by the New York City Mayor’s Office of Recovery and Resiliency). 
11 Flood values are above the mean lower low water (MLLW) datum at the Battery tide gauge. MLLW is measured as 2.57 feet 
below mean sea level at the Battery. 
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chance (10-year) flood in 2100, making it 50 times more likely. At the end of the century, today’s 
annual chance flood could occur at every high tide. 

Figure 11 Ŷ Projected changes in the frequencies of historical flood heights as a result of sea level 
rise. Dashed lines represent projected changes in frequency; solid lines represent illustrative 
changes in flood frequency coinciding with flood heights 

 

Extreme Events 
Rare extreme events, such as strong hurricanes and long-duration heat waves, are low-probability 
and high-impact phenomena that pose outsized risks to infrastructure and services across Con 
Edison’s service territory. While modeling rare extreme events remains challenging and at the 
forefront of scientific research, a growing body of evidence suggests that many types of extreme 
events will likely increase in frequency and intensity as a result of long-term climate warming. 

To address these challenges, the Study team used feedback from Con Edison SMEs to prioritize a 
suite of extreme event narratives that combine plausible worst-case events from both 
climatological and impact perspectives. In turn, the narratives represent future worst-case scenarios 
designed to stress-test Con Edison and the local and regional systems with which it connects. The 
chosen narratives considered a prolonged heat wave, a Category 4 hurricane, and an 
unprecedented nor’easter striking the region. 

Best available climate science reveals that climate change will likely amplify these extremes over the 
coming century. For example, the mean heat wave duration in New York City is expected to 
increase to 13 and 27 days by 2050 and 2080, respectively, based on RCP 8.5 90th percentile 
projections (NPCC, 2019). At the same time, broadscale atmospheric and ocean surface 
temperature changes may drive stronger hurricanes and extratropical cyclones. Looking forward, 
while the total number of hurricanes occurring in the North Atlantic may not change significantly 
over the next century, the percentage of very strong and destructive (i.e., Categories 4 and 5) 
hurricanes is projected to increase in the North Atlantic basin (IPCC, 2013). It can therefore be 
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argued that climate change could make it more likely for one of these storms to impact the New 
York Metropolitan Region, although the most dominant factor will remain unpredictable climate 
and weather variability (Horton & Liu, 2014). Finally, some recent studies project a 20% to 40% 
increase in nor’easter strengthening (i.e., producing the types of storms with destructive winds) 
immediately inland of the Atlantic coast by late-century, suggesting stronger storms may more 
frequently impact the New York Metropolitan Region with heavy precipitation, wind, and storm 
surge (Colle et al., 2013) 

Signposts: Monitoring and Climate Science Updates 

Understanding Con Edison’s vulnerabilities to climate change and adapting to those changes over 
time require a robust monitoring strategy. Climate change evolves through time, meaning that the 
current spread of potential future climate outcomes produced by models will eventually converge 
on a smaller set of climate realizations. To keep up with this evolution, a range of signposts are 
required to sufficiently gauge relevant rates of change and best prepare Con Edison for the most 
likely climate future. 

An awareness of past and present climate conditions in Con Edison’s service territory is critical for 
understanding the trajectory of climate change. Con Edison currently operates a number of stations 
that monitor climate variables and is finalizing plans to expand the number of monitoring locations. 
Increasing observations from monitoring stations will help measure both local climate variations 
and climate change through time, informing Con Edison’s climate resilience planning. Citywide 
observations of variables, such as hourly temperatures, precipitation, humidity, wind speed, and sea 
level, are paramount to building a broad and usable set of guiding measurements. With accurate 
and up-to-date data on these variables, Con Edison can better monitor both changing conditions 
and potential points of vulnerability. 
Con Edison can supplement monitoring through a regularly updated understanding of the best 
available projections as models and expert knowledge evolve over time. Climate projections 
continually improve as the scientific community better understands the physical, chemical, and 
biological processes governing Earth’s climate and incorporates them into predictive models. 
Ultimately, Con Edison wants to draw on the best available data and projections that are driven by 
scientific consensus, but also are accessible and applicable to company needs. Signposts for 
updating climate science used to inform potential Con Edison vulnerabilities include major science 
advancements, such as the release of the new Coupled Model Intercomparison Project (CMIP) 
projections and their integration and validation in new IPCC, NPCC, and National Climate 
Assessment (NCA) reports. These assessments include updated probabilistic climate projections 
representing model advancements, the best available science regarding difficult-to-model extreme 
events, and literature reviews reflecting the current state of science as guided by leading experts. 
Such signposts could justify Con Edison updating their climate projections of record to reflect the 
best available science or projections that represent a significant departure from previous 
understanding. Historically, major scientific reports, such as the IPCC, have been released about 
every 6 to 7 years, which provide a potential constraint on how frequently Con Edison’s 
understanding of climate change within the service territory might be revisited.  
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Existing Efforts and Practices to Manage Risks Under 
a Changing Climate 

Although this Study is Con Edison’s first comprehensive assessment of climate change 
vulnerabilities, Con Edison has already undertaken a range of measures to increase the resiliency of 
its system. Lessons learned and vulnerabilities exposed during past events, most recently 
Superstorm Sandy (2012) and the back-to-back nor’easters (winter storms Riley and Quinn, 2018), 
resulted in significant capital investments to harden the system.  

In addition, as Con Edison invests in the system of the future—one with greater monitoring 
capabilities, flexibility, and reliability—it is simultaneously building a system that is more resilient to 
extreme weather events and climate change. For example, grid modernization will both increase 
efficiency and enhance monitoring capabilities by employing new technology and modes of data 
acquisition. Con Edison is planning to support numerous grid modernization initiatives that target 
energy storage technologies, communications systems, distributed energy resources infrastructure 
and management, complex data processing, and advanced grid-edge sensors (Con Edison, 2019). 
Con Edison additionally plans to modernize its Control Center to assume more proactive and 
centralized management of its complex distribution grid. Throughout these modernization 
initiatives, the company remains in close collaboration with the City of New York.  

Con Edison also conducts targeted annual updates to its system to ensure capacity and reliability. 
These annual updates help the company keep pace in real time with changes in some key hazards. 
For example, when conducting electric load relief planning, Con Edison incorporates load forecasts 
that use an annually updated set of TV data. Although these forecasts are not grounded in future 
projections that consider climate change, they do account for the most recent climate trends and, 
as such, allow the company to stay in stride with the most current data.  

Con Edison’s previous adaptation measures have made targeted improvements in (1) physical 
infrastructure, (2) data collection and monitoring, and (3) emergency preparedness. The following 
measures are illustrative of these targeted improvements, but are not meant to be exhaustive of the 
efforts that Con Edison has undertaken: 

Physical Infrastructure 

x Adopting the Dutch approach of “defense in depth” after Superstorm Sandy to protect all critical 
and vulnerable system components from coastal flooding risks, including the following: 
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í Upgrading and increasing the number of flood barriers and other protective structures 
í Reinforcing tunnels 
í Replacing equipment with submersible equivalents in flood zones (e.g., targeted main 

replacement program, gas system) 
í Installing pumps and elevating infrastructure behind flood walls 

x Protecting or elevating critical electrical infrastructure to the Federal Emergency Management 
Agency (FEMA) 100-year flood elevation plus 3 feet to account for sea level rise and freeboard 
during coastal storms 

x Undertaking a targeted main replacement program that addresses low-pressure gas mains in 
low-lying areas, as well as other potentially vulnerable gas mains 

x Installing isolation devices to limit the impact of damaged infrastructure on customers by de-
energizing more granular sections of the system, when necessary 

x Engaging innovative technologies to reduce the impact of extreme weather on electric 
distribution systems and quicken the recovery, including the following: 
í Demand response technologies that more efficiently regulate load 
í Automated splicing systems that reduce feeder processing times 

Data Collection and Monitoring 

x Developing programs that employ machine learning and remote monitoring to identify areas of 
heightened vulnerability in Con Edison’s systems, including the following: 
í Leak-prone areas of the gas distribution system  
í Gas system drip pots that require draining 

x Initiating a more diligent inspection system that effectively assesses the functionality of assets, 
as well as their exposure to potential hazards (e.g., nearby vegetation), including the following:  
í Underground network transformers and protectors 
í Underground structures 
í Flushing of flood zone vaults 
í Rapid assessments of overhead feeders 
í Overhead system pole-by-pole inspection for specification compliance 

x Future deployment of advanced metering infrastructure (AMI) throughout the service territory 
has the potential to both improve information flow to customers and help absorb the impacts of 
extreme events. Specifically, AMI might be able to rapidly shed load on a targeted network to 
help ensure demand does not exceed supply, which reduces potential damages and likelihood 
of network-wide outages in the event of an extreme event. 
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Emergency Preparedness 
x Improving contractor and material bases for post-storm repair crews and equipment, including 

the following: 
í Expanding and diversifying spare material inventories 
í Ensuring that all spare materials are housed in safe locations 

x Conducting post-event debriefings to understand the impact of weather conditions on system 
performance 

x Engaging with major telecommunications providers and enhancing communications systems 
among customer networks  

x Facilitating equipment-sharing programs across New York State to ensure access to supplies 
during emergency response 

 
Con Edison recognizes that the drivers behind future planning operations are inherently uncertain 
and is committed to both closely monitoring key signposts and continuously updating company 
investment plans and priorities. 
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Vulnerabilities, a Resilience Management Framework, and 
Adaptation Options 
Con Edison may face greater vulnerabilities due to future changes in temperature, humidity, precipitation, 
sea level rise, and extreme weather events. To understand this, the Study team evaluated key 
vulnerabilities of Con Edison’s present-day electric, gas, and steam systems under a changing climate. The 
physical assets, operations, and planning of each system are uniquely vulnerable. In turn, building a 
detailed understanding of key vulnerabilities is an important step toward identifying priority adaptation 
measures. 

Resilience Management Framework 
Under a changing climate, Con Edison will likely experience the increasing frequency and intensity of both 
gradual climate changes and extreme events. In response, the Study team developed a resilience 
management framework (Figure 12) to outline how a comprehensive set of adaptation strategies would 
mitigate future climate risks. The framework encompasses investments to better withstand changes in 
climate, absorb impacts from outage-inducing events, recover quickly, and advance to a better state. The 
“withstand” component of this framework prepares for both gradual (chronic) and extreme climate risks 
through resilience actions throughout the life cycle of assets. As such, many of the adaptation strategies 
identified in the following sections fall under the category of systematically bolstering Con Edison’s ability 
to withstand future climate risks. Investments to increase the capacity to withstand also provide critical co-
benefits, such as enhanced blue-sky functionality and the reliability of Con Edison’s system. The resilience 
management framework facilitates long-term adaptation and creates positive resilience feedback so that 
Con Edison’s system achieves better functionality through time. To succeed, each component of a resilient 
system requires proactive planning and investments.  
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Figure 12 Ŷ Conceptual figure representing a resilience management framework designed to withstand 
changes in climate, absorb and recover from outage-inducing events, and advance to a better state. 
Investing in a more resilient system (blue line) provides benefits relative to a less resilient, or business-as-
usual, system (red dashed line) before, during, and after an outage-inducing event. Most resilience 
actions should occur systematically throughout the asset life cycle to enhance the ability to withstand 
changes in climate, while also enhancing system reliability and blue-sky functionality. Resilient systems 
also adapt so that the functionality of the system improves through time (green line). Each component of 
a resilient system requires proactive planning and investments.  

 
 
“Withstand” entails proactively strengthening the system to mitigate and avoid climate change risks and 
increase the reliability of Con Edison’s system. “Withstand” investments are not necessarily a one-time 
event. Rather, the ability to withstand climate change must be integrated and revisited throughout the life 
cycle of Con Edison’s assets. Doing so requires changes in the planning, design, and construction of new 
infrastructure; ongoing data collection and monitoring; and eventually investing in the upgrade of existing 
infrastructure, using forward-looking climate information. This life cycle approach to considering climate 
change is captured in Figure 13. Across Con Edison’s electric, gas, and steam systems, planning for new 
investments in system capacity serves as a critical and strategic opportunity to integrate climate 
considerations. In addition, an important aspect of increasing the capacity of new investments to 
withstand changes in climate is maintaining strong design standards that account for gradual changes in 
chronic stressors and more frequent extreme events. However, since design standards do not apply to 
existing infrastructure, a strong monitoring program and signposts for additional adaptation investments 
could help ensure that Con Edison’s existing infrastructure remains resilient to climate change by 
informing adjustments to operations and potential needs for upgrades.  
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Figure 13 Ŷ “Withstand" actions and investments must be revisited throughout the life cycle of Con 
Edison's assets. 

 
 
“Absorb” includes strategies to reduce the consequences of outage-inducing events, since Con Edison 

cannot and should not harden its energy systems to try to withstand every possible future low-probability, 

high-impact extreme weather event. These actions, many of which Con Edison is already implementing, 

include operational changes to reduce damage during outage-inducing events and to protect exposed 

systems from further damage. 

“Recover” aims to increase the rate of recovery and increase customers’ ability to cope with impacts after an 

outage-inducing event. Such strategies build on Con Edison’s Emergency Response Plans and Coastal Storm 

Plans. In addition, there is a role that Con Edison can play to increase customer coping and prioritize the 

continued functioning of critical services. Resilient customers are those who are prepared for outages and 

are better able to cope with reduced energy service—through measures such as having on-site energy 

storage, access to locations in their community with power, the ability to shelter in place without power, 

and/or prioritized service restoration for vulnerable customers.  

“Advance” refers to building back stronger after climate-related outages and updating standards and 

procedures based on lessons learned. Even with proactive resilience investments, outage-inducing climate 

events can reveal system or asset vulnerabilities. Adjusting Con Edison’s planning, infrastructure, and 

operations to new and future risks after an outage-inducing event, while incorporating learning, will allow 

for a more effective and efficient transition to greater resiliency. Con Edison has taken this approach in the 

past, including investing a billion dollars in storm hardening measures after Superstorm Sandy. Moving 

forward, restoring service following an outage-inducing climate event to a better adapted, more resilient 

state begins with effective pre-planning for post-event reconstruction. Where assets need to be replaced 

during recovery, having a plan already in place for selection and procurement of assets designed to be more 

resilient in the future can help to ensure that Con Edison is adapting to future extremes in a continuously 

changing risk environment. 
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Implementation of adaptation strategies throughout all of these phases will need to be adjusted over time 
to manage for acceptable levels of risk despite uncertainties about future conditions. The flexible 
adaptation pathways approach, described in further detail in the subsequent section, ensures the 
adaptability of adaptation strategies over time as more information about climate change and external 
conditions becomes available.  

All Commodities (Electricity, Gas, and Steam) 

Vulnerabilities 
The Study team identified priority hazards for each of Con Edison’s commodity systems (electric, gas, and 
steam) and found that several hazards were priorities across all three systems, although these hazards 
present unique vulnerabilities to the various assets within each system. The hazards common to all three 
systems are heat index, precipitation, sea level rise and storm surge, and extreme and multi-hazard events. 
These are discussed below. System-specific vulnerabilities are subsequently discussed in separate sections. 

Heat Index 

Worker safety may be a point of vulnerability if heat index values rise as projected. The Occupational Safety 
and Health Administration has set a threshold of 103°F for high heat index risk for people working under hot 
conditions. During the base period (1998–2017), there were 2 days per year with maximum heat greater than 
or equal to 103°F (but below 115°F). Under a lower emissions climate scenario (RCP 4.5 10th percentile), the 
103°F threshold may be met 5 to 7 days per year by 2050; under a higher emissions scenario (RCP 8.5 90th 
percentile), this may occur 14 to 20 days per year by 2050. This poses a potential health threat to all Con 
Edison workers whose duties require outdoor labor. 

Projected increases in heat index may also affect cooling equipment across Con Edison’s systems, 
including the HVAC units for Con Edison buildings, air cooling towers for the electric system, and a water 
cooling tower for Con Edison’s East River Steam Generating Plant. In order to supply sufficient cooling to 
its systems in 2080, Con Edison’s HVAC systems will have to increase their capacity by 11% due to 
projected increases in dry bulb temperature. These systems have a roughly 15-year life span and therefore 
can be upgraded during routine replacements at an incremental cost of $1.3 million for 157 units. 
Similarly, Con Edison’s cooling towers will have to increase their capacity by 30% by 2050. Cooling towers 
have a 20- to 35-year life span, allowing them to be upgraded during routine replacements at an 
incremental cost of $1.1 million for 19 cooling towers at 13 sites.  

Precipitation 

The Study team conducted an analysis of the physical and operational vulnerabilities of Con Edison’s 
steam system, gas system, and transmission and substation components of the electric system. Findings 
indicated that all underground assets are vulnerable to flooding damage (i.e., water pooling, intrusion, or 
inundation) from heavy precipitation occurring over a short period of time. Specific vulnerabilities and 
their relevant thresholds vary significantly by commodity and, as such, are outlined in their respective 
sections.  
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Sea Level Rise and Storm Surge 

The Study team broke down evaluation of priority vulnerabilities related to sea level rise into two 
components.  

The first component focuses on design standards for new infrastructure. The Study team assessed Con 
Edison’s coastal flood protection standards for robustness to projected sea level rise. Con Edison’s current 
design standard for coastal flood protections includes the FEMA 1% annual flood hazard elevation, 1 foot 
for sea level rise, and 2 feet of freeboard, which aligns with New York City’s Climate Resilience Design 
Guidelines for critical infrastructure and water elevations that Con Edison experienced during Superstorm 
Sandy. Under high-end sea level rise (e.g., due to either rapid ice loss from the West Antarctic Ice Sheet 
corresponding to Kopp et al., 2017, or RCP 8.5 95th percentile projections corresponding to Kopp et al., 
2014), the existing 1 foot sea level rise risk tolerance threshold could be exceeded by 2030; however, 
under more likely scenarios, the current threshold could be exceeded between 2040 and 2080.12 The 
probability that sea level rise will exceed the 1-foot sea level rise risk tolerance by 2020 is under 10%; that 
increases to 65% to 70% by 2050, and to 100% by the 2080s.  

The second evaluation component identified specific physical vulnerabilities of Con Edison’s existing 
assets to impacts related to sea level rise, which are described by commodity below. 

Extreme and Multi-Hazard Events 

Assets across all systems are vulnerable to possible damage from extreme event flooding. Storm surge 
driven by an extreme hurricane event (i.e., a Category 4 hurricane) has the potential to flood both 
aboveground and belowground assets. Specific asset damage varies by commodity and is outlined in the 
commodity-specific sections. In addition, flooding from ice-melt and snowmelt may cause significant 
damage to assets across all commodities, especially if the melt contains corrosive road salts.  

On an operational level, increasing frequency and intensity of extreme weather events may exceed Con 
Edison’s currently robust emergency preparedness efforts. Con Edison’s extreme weather response 
protocols are specified in the company’s hazard-specific Emergency Response Plans and Coastal Storm 
Plans for electric, steam, and gas systems. Con Edison’s current “full-scale” response, which calls for all 
Con Edison resources and extensive mutual assistance, is initiated when the number of customers out of 
service reaches approximately 100,000. However, low-probability extreme events can increase customer 
outages and outage durations by an order of magnitude, outpacing current levels of emergency planning 
and preparedness, as shown in Figure 14. 

                                                      
12 The sea level rise projections use a baseline year of 2000. For more details on these projections and how they relate to Con 
Edison’s design standards, see Appendix 4. 
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Figure 14 Ŷ Schematic diagram illustrating the increasing impacts during an extreme event (e.g., 
hurricane with extreme wind gusts and storm surge) that demands correspondingly large emergency 
response efforts that may exceed those experienced historically. 

 

Adaptation Measures to Address Vulnerabilities 

Several adaptation measures help address vulnerabilities across Con Edison’s electric, gas, and steam 
systems: improved monitoring systems and capabilities to support planning and decision making, 
emergency preparedness and full system recovery, and improved customer coping. 

Improved Monitoring Systems and Capabilities to Support Planning and Decision Making 

Con Edison can collect updated and comprehensive data to further strengthen the resilience of its long-
term plans and decision-making processes to climate change. Signposts guide planning and decision 
making, especially through informing the timing of implementation and the adjustment of adaptation 
measures, described in greater detail in the section below on Moving Towards Implementation. 

As previously mentioned, it is important to have the latest information on climate variables and 
projections as the climate changes and the science improves. Monitoring local climate rates of change 
across the service territory can help Con Edison better track both changing conditions and potential 
points of vulnerability across its systems. Specific adaptation measures per commodity that are dependent 
on the monitoring of climate variable information are detailed in the respective commodity sections. In 
addition to information on climate variables, Con Edison will need to stay abreast of the latest climate 
science projections generated by expert organizations such as IPCC, NCA, and NPCC. The Study team 
suggests that Con Edison could revise its planning and decision-making processes at least every 5 years 
to incorporate updated climate science information. 

Emergency Preparedness and Full System Recovery 

Con Edison should consider a range of adaptation strategies to increase capacity for an efficient 
preparedness and recovery process, as defined in Table 3. 
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Table 3 Ŷ Emergency preparedness and system recovery adaptation strategies  

Adaptation Strategy Measures 

Strengthen staff skills for 
streamlined emergency 
response. 

y Use technology to increase the efficiency of emergency response work crews. 
y Review the Learning Center courses to ensure that crews are developing the skills required 

for emergency response.  
y Incorporate supply shortages into emergency planning exercises. 

Plan for resilient and 
efficient supply chains. 

y Develop a resilience checklist for resilient sourcing. 
y Have a plan already in place for selection and procurement of assets designed to be more 

resilient in the future. 
y Ensure that parts inventories are housed out of harm’s way and in structures that can survive 

extreme weather events. 
y Standardize equipment parts, where possible. 

Coordinate extreme event 
preparedness plans with 
external stakeholders. 

y Continue coordination with telecommunication providers, including through joint emergency 
response drills. 

y Continue and strengthen collaboration with the city to improve citywide design, maintenance, 
and hardening of the stormwater system. For example, improved drainage could alleviate the 
potential impacts of flooding and increase the effectiveness of adaptation measures in which 
Con Edison invests (e.g., drain hardening at manholes).  

Incorporate low probability 
events into long-term 
plans. 

y Continue expanding the Enterprise Risk Management framework to include lower probability 
extreme weather events and long-term issues (e.g., 20+ years). 

y Conduct additional extreme weather tabletop exercises informed by the future narratives 
outlined in this report, and consecutive extreme weather events. 

y Consider expanding the definition of critical facilities and sensitive customers. 

Track weather-related 
expenditures. 

y Con Edison’s Work Expenditures Group could track expenditures, such as the cost of outages 
and repairs or customer service calls. Concurrently tracking climate and cost data will enable 
Con Edison to perform correlation analysis over time. 

Update extreme event 
planning tools. 

y Con Edison currently uses an internal Storm Surge Calculator (an Excel workbook that 
determines the flood measures to be employed for coastal assets based on a given storm tide 
level) to help plan for coastal flooding impacts. Con Edison could adjust inputs to this program 
to reflect the following: 
í Updated storm surge projection information, using high-end forecasted surge 
í Information from coastal monitoring, such as sea level rise and coastal flooding 

y In addition, Con Edison could regularly revisit the definition of critical equipment so that the 
Storm Surge Calculator can best inform prioritization of equipment upgrades. 

Expand extreme heat 
worker safety protocols. 

y Implement safety protocols (e.g., shift modifications and hydration breaks) practiced in mutual 
aid work in hotter locations such as Florida and Puerto Rico. 

y Examine and report on the levels of workers necessary to prepare for and recover from 
extreme climate events. 

Improve recovery times 
through system and 
technology upgrades. 

y Consider the use of drones and other technology (satellite subscription) or social media apps 
for damage assessment. 

y Use GIS system to facilitate locating and documenting damage. 
y Expand the use of breakaway hardware and detachable service cable and equipment. 

Improved Customer Coping 

Extreme events can present outsized risks compared to chronic events—risks that, in some cases, also 
extend to larger geographic areas. For example, impacts from hurricanes can overwhelm multiple facets of 
Con Edison’s system and surrounding communities. Con Edison is positioned at the center of increasingly 
interconnected societal, technological, and financial systems, making it difficult and inefficient to evaluate 
risks solely on a component-by-component basis (Linkov, Anklam, Collier, DiMase, & Renn, 2014). Together, 
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these factors necessitate different approaches to considering adaptation compared with climate changes for 
which probabilities are more easily assigned.  

While the City of New York has primary responsibility for coordinating resident emergency response efforts, 
Con Edison can play a role in increased customer coping and resilience. This includes helping customers 
cope with reduced energy service if an extreme event leads to prolonged outages (e.g., supporting on-site 
energy storage, access to locations in the community with power, prioritized service restoration for 
vulnerable areas). Table 4 provides more specific adaptation strategies. Overall, Con Edison could consider 
expanding the definition of critical facilities and sensitive customers. 

Table 4 Ŷ Improved customer coping adaptation strategies 

Adaptation Strategy Measures 

Create resilience hubs 
(see below for more 
information). 

y Use solutions such as distributed generation, hardened and dedicated distribution infrastructure, 
and energy storage so that resilience hubs can function akin to microgrids to provide a range of 
basic support services for citizens during extreme events. 

y Continue to promote the pilot resilience hub at the Marcus Garvey Apartments in Brooklyn, using 
a lithium ion battery system, fuel cell, and rooftop solar to provide back-up power to a building 
with a community room that has refrigerators and phone charging. 

y Support additional deployment of hybrid energy generation and storage systems at critical 
community locations and resilience hubs. 

y Use AMI capabilities to preserve service for vulnerable populations, if possible. 

Invest in energy 
storage. 

y Continue to enhance customer resilience through continued installation of energy storage 
strategies, including on-site generation at substations or mobile storage on demand/transportable 
energy storage system (TESS) units, and compressed natural gas tank stations. 

y Continue to explore ways to help customers install, maintain, and make use of distributed energy 
resource assets for power back-up, self-sufficiency, and resilience purposes. 

On-site generation y Con Edison currently supports on-site generation for customers through programs such as rebate 
and performance incentives for on-site residential and commercial photovoltaic solar generation, 
incentives for behind-the-meter wind turbines, and incentives for combined heat and power 
projects that Con Edison currently facilitates in collaboration with the New York State Energy 
Research and Development Authority. 

y On-site generation is a recommended approach for locations where resilience hubs may not be 
affordable or necessary. 

y Con Edison could continue to encourage on-site generation for individual businesses and 
residential buildings. 

Energy efficiency y Support improved passive survivability, or the ability to shelter in place for longer periods of time, 
through enhanced energy efficiency programs. 

y Continue to support energy efficiency programs and further expand its energy efficiency program 
portfolio to include additional incentives for energy-efficient building envelope upgrades. 

 
Resilience hubs are an emerging idea in resilience planning, which focus on building community resilience 
by creating a space (or spaces) to support residents and coordinate resources before, during, and after 
extreme weather events (Baja, 2018). A key requirement for a resilience hub is continued access to energy 
services. The objective of a resilience hub is to be able to provide a range of basic support services for 
citizens during extreme events. To accomplish this, resilience hubs may require a hybrid energy solution 
that includes multiple generation sources (e.g., solar and natural gas generation) and energy storage (i.e., 
batteries), plus dispatching controls, similar to the functionality of a microgrid. Figure 15 and Figure 16 
demonstrate how a fuel cell-based microgrid can be used to power key community locations during 
normal operating conditions and during emergency events.  
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Figure 15 Ŷ Fuel cell-based microgrid supplying energy to key community locations 
(Constellation Energy) 

 

 

Figure 16 Ŷ Diagram of microgrid operations during normal and emergency operations 
(Constellation Energy) 
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Electric System 

Electric System Overview 
Con Edison’s electric service territory includes both New York City and Westchester County, covering an 
area of 660 square miles and serving 3.3 million customers. Figure 17 depicts a schematic of the Con 
Edison electric system.  

Con Edison’s grid is a delivery system that connects energy sources to customers. While most electricity 
delivered is produced by large third-party generating stations, distributed energy resources also supply 
energy to the grid.  

Energy produced by generating sources is delivered via the Con Edison transmission system, which 
includes 430 circuit-miles of overhead transmission lines and the largest underground transmission 
system in the United States, with 749 circuit-miles of underground cable. The system also includes 39 
transmission substations. The high-voltage transmission lines bring power from generating facilities to 
transmission substations, which supply area substations, where the voltage is stepped down to 
distribution levels.  

Con Edison has two different electric distribution systems—the non-network (primarily overhead) system 
and the network (primarily underground) system. The network system is segmented into independent 
geographical and electrical grids supplied by primary feeders at 13 kilovolts (kV) or 27 kV. The non-
network system is designed using either overhead autoloops with redundant sources of supply, or 4-kV 
overhead grids arranged in a network configuration or as underground residential distribution systems 
designed in loop configurations.  
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Figure 17 Ŷ Diagram of the Con Edison Electric System 

 

Electric Vulnerabilities  
Assets in the electric segment of Con Edison’s business are most vulnerable to climate-induced changes in 
temperature/humidity and sea level rise. Both climate hazards have already shown their ability to bring 
about outages or damage assets and interrupt operations and carry the potential for future impacts. More 
information on specific vulnerabilities for these and other climate stressors is discussed below.  

Heat and Temperature Variable (TV) 

The core electric vulnerabilities for increasing temperature and TV include increased asset deterioration, 
decreased asset capacity, decreased system reliability, and increased load. Figure 18 illustrates how 
temperature-related stressors, such as maximum and average air temperature, lead to impacts on the 
electric system. 
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Figure 18 Ŷ Temperature-related impacts on Con Edison's electric system 

 
 

Increased Asset Deterioration 
Increased average temperatures pose a threat to substation transformers. Within a substation, 
transformers are the asset most likely to be affected by projected higher temperatures since their ambient 
temperature design reference temperature is lower (i.e., 86°F) than that of most other assets.13 Higher 
average and maximum ambient temperatures increase the aging rate of the insulation in transformers, 
resulting in decreased asset life.14  

Decreased Asset Capacity  
Because an asset’s internal temperature is the result of the ambient temperature in which it operates, as 
well as the amount of power it delivers, operating in an ambient temperature above the design reference 
temperature decreases the operational rating of the asset. However, derating the system due to 
increasing temperatures would effectively decrease the capacity of the system. When the capacity of the 
system is decreased, Con Edison must make investments to replace that capacity. The Con Edison system 
is currently designed with the capacity to meet a peak summer demand of more than 13,300 megawatts 
(MW). Based on projected temperature increases, capacity reductions in 2050 could range from 285 MW 

                                                      
13 Buses, disconnect switches, circuit breakers, and cables all have a design reference temperature of 104°F or higher. 
14 Not every excursion above the designed-for temperature will result in decreased service life. Two conditions must be met for the 
useful life of the transformer insulation to experience an increased rate of decay: (1) the ambient reference temperature rating must 
be exceeded, and (2) the transformer must be operating at the rated load, typically as a result of the network experiencing a single 
or double contingency. 
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to 693 MW for overhead transmission, switching stations, area station and sub-transmission, and network 
transformers.15 This could potentially result in a capital cost of $237 million to $510 million by 2050. 

The primary impact of increases in ambient temperatures on overhead transmission lines (assuming peak 
load) is increased line sag. Insufficient line clearance presents a safety risk should standard measures such 
as vegetation management not alleviate the risk. If standard measures cannot be applied, the lines would 
have to be derated and investments would be needed to replace the diminished capabilities of the line.  

Decreased System Reliability 
Increases in TV-related events are expected to affect the electric network and non-network systems by 
decreasing reliability. Con Edison uses a Network Reliability Index (NRI) model to determine the reliability 
of the underground distribution networks.16 Con Edison has set an NRI value of 1 per unit (p.u.) as the 
threshold over which reliability is considered unacceptable. Currently, there are no networks that exceed 
this standard.  

The Study team modeled how the NRI value of each network would change without continued 
investments in the system. The forward-looking NRI analysis found that with an increase in the frequency 
and duration of heat waves by mid-century, between 11 and 28 of the networks may not be able to 
maintain Con Edison’s 1 p.u. standard of reliability by 2050, absent adaptation. Under the higher 
emissions scenario (RCP 8.5 90th percentile), projected impacts are relatively severe, even by 2030, with 
up to 21 total networks projected to exceed the NRI threshold by that year, absent adaptation (Figure 19). 
These deficiencies can be reduced by continuing to make investments to better withstand climate events, 
which Con Edison has done in the past through measures such as infrastructure hardening and added 
redundancy, diversity, and flexibility in power delivery. Such measures carry the co-benefit of improving 
blue-sky functionality and reliability.  

Currently, Con Edison replaces paper-insulated, lead-covered (PILC) cables as an effective first line of 
defense against NRI increases. Con Edison is committed to continued investment in this measure, which 
will help reduce this heat-related vulnerability in the near term. The Study team also quantified the value 
of other measures to maintain network reliability, including innovative distribution designs and the use of 
distributed resources, which can be part of microgrids.  

                                                      
15 The assumed decrease in capacity is 0.7% per °C (0.38% per °F) for substation power transformers, and 1.5% per °C (0.8% per °F) 
for overhead transmission conductors (Sathaye, 2013). 
16 NRI is a Monte Carlo simulation used to predict the performance of a network during a heat wave. The program uses the historical 
failure rates of the various components/equipment that are in the network, and through probability analysis determines which 
networks are more likely to experience a shutdown. 
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Figure 19 Ŷ The number of networks above the NRI threshold of 1 p.u. under both climate scenarios for 
2030, 2050, and 2080 

 
 
The Study team also analyzed the impact of climate change on non-network reliability, which is measured 
in terms of the System Average Interruption Frequency Index (SAIFI).17 The results indicate that the 
reliability of the non-network system is somewhat vulnerable to heat events; however, climate impacts 
would be negligible out to 2080. The average contribution to reliability from non-network autoloop 
feeder failures and 4-kV grid supply feeder failures due to increased temperatures would only contribute 
up to 8% of the maximum threshold SAIFI of 0.45 (i.e., a 0.035 increase in SAIFI in 2080) (New York 
Department of Public Service, 2018). 

Increased System Load  
When temperature and humidity increase, demand for electricity for cooling also increases. Therefore, 
higher TV in the summer can cause higher peak loads. The Study team found an increase in peak load in 
2050 of 6.9% to 19.2%, as compared to historical conditions. These projected changes in load are due only 
to the impact of changing TV, and do not take into consideration changes in other factors (e.g., 
population, increased air conditioning penetration). The Study team found a decrease in winter peak 
electric load. 

Increases in load may require investments in system capacity to meet the higher demand. This cost could 
be between $1.1 billion and $3.1 billion by 2050. The 10- and 20-year load relief investment plans use 
asset ratings and load forecasts as key inputs, both of which include temperature as a factor. This 
combination of a greater demand and a decreased capacity to fill that need will likely warrant a revision to 
the load relief planning process in the future (Table 5). 

                                                      
17 SAIFI is a measure of customer reliability. It is the average number of times that a customer is interrupted for 5 minutes or more 
over the course of 1 year. 
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Table 5 Ŷ The combined impacts of increased load and asset capacity reduction in 2050 

Scenario 

Total capacity 
under base and 
future 
temperature 
conditions (MW) 

Incremental 
capacity 
reduction due to 
temperature 

Peak load during 
current and 
future 1-in-3 
events (MW) 

Incremental 
load increase 
due to changes 
in TV 

Total additional 
capacity needed 
under climate 
scenarios (MW) 

Base Case 2050 13,300 0 13,525 – 0 

RCP 4.5 10th 
percentile 2050 

13,015 285 14,949 1,424 1,709 

RCP 8.5 90th 
percentile 2050 

12,607 693 16,491 2,966 3,659 

 

Secondary Vulnerabilities 
The Study team identified additional heat and humidity-related vulnerabilities in Con Edison’s system that 
were not flagged as priority vulnerabilities but nonetheless present risks. 

x Transmission system: Con Edison’s current transmission system is designed for the highest 
anticipated loads based on historical values. The Study team found that while load exceeded 90% of 
the peak load (presenting the possibility for thermal overload) on 1.5% of summer days historically, by 
2050, this may increase to 5.2% of days under the RCP 8.5 90th percentile scenario. This shift in TV 
distribution may result in a small increase in the frequency of load drop from the transmission system. 

x Summer operations and voltage reductions: When summer temperatures soar, Con Edison 
implements a set of procedures to avoid voltage and thermal stresses on the system. These procedures 
are triggered by a threshold (e.g., TV 86, which is the 1-in-3 peak load-producing TV). The Study team 
found that there could be a significant increase in the number of days with voltage reductions and 
summer work restrictions. However, if Con Edison continues to invest in the system to ensure 
operational capacity during the 2050 1-in-3 TV event, then there will be a drop in the frequency of 
voltage reductions and summer work restrictions, relative to today. 

x Corporate Emergency Response Plan: Con Edison also uses TV thresholds to trigger elevated threat 
levels under its Corporate Emergency Response Plan (CERP). The Study team conducted an analysis to 
understand how the projected changes in TV will affect the exceedance of current CERP threat levels. 
The analysis indicates that TV conditions exceeding current thresholds will increase in both the lower 
(RCP 4.5 10th percentile) and higher (RCP 8.5 90th percentile) climate change scenario. The conditions 
for reaching a “Serious” threat level based on the current thresholds, for example, would increase from 
0.4 days per summer, on average, to 1.8 days under RCP 4.5, and 12.8 days under RCP 8.5. 

x Volume forecasting: Con Edison conducts volume forecasting to estimate the volume of energy the 
company needs to purchase, a portion of which is weather-sensitive. The calculation for this portion 
relies primarily on heating degree-days (HDDs) for the winter and cooling degree-days (CDDs) for the 
summer. The Study team estimated that Con Edison could experience an increase in summertime 
CDDs, which could result in the energy delivery increasing from 43,077 gigawatt-hours (GWh) in 2050 
under the base case to 43,685 GWh under the RCP 4.5 scenario (a 1.4% increase), and to 45,394 GWh 
under the RCP 8.5 scenario (a 5.4% increase). The Study team found a less significant decrease in HDDs 
due to climate change. 

Sea Level Rise 

RCP 4.5 and RCP 8.5 projections indicate that sea level rise may exceed Con Edison’s current design 
standard for coastal flood protection (i.e., a 100-year storm with 1 foot of sea level rise and 2 feet of 
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freeboard) between 2030 and 2080. The Study team analyzed the exposure of Con Edison’s assets to 3 
feet of sea level rise (i.e., the 2080 RCP 8.5 83rd percentile sea level rise projection), keeping the other 
elements of Con Edison’s existing risk tolerance constant (i.e., a 100-year storm with 2 feet of freeboard). 
By summing the freeboard and sea level rise values, this equates to FEMA’s 100-year floodplain elevation 
plus 5 additional feet.  

Of the 324 electric substations (encompassing generating stations, area substations, transmission stations, 
unit substations, and Public Utility Regulating Stations [PURS]), 75 would be vulnerable to flooding during 
a 100-year storm if sea level rose 3 feet. Three of these potentially exposed substations would only require 
minimal modifications to protect them, 16 would require an extension of existing protections, eight would 
require a new protection approach (i.e., the existing protections cannot be extended), and 48 do not have 
existing protections because they are outside of the floodplain. Hardening all these substations is 
estimated to cost $636 million.  

Precipitation 

The Study team found that substations, overhead distribution, underground distribution, and the 
transmission system are most at risk for precipitation-based hazards.  

Substations may experience an overflow of water from transformer spill moats, which could release oil-
contaminated water within the substation. However, the risk of such an event is low, as transformer spill 
moats are built at a level that is robust to all but a severe and highly improbably conjunction of events.18  

The transmission and overhead distribution systems are both vulnerable to the accumulation of radial ice, 
which can build up on lines and towers during winter precipitation events. In extreme scenarios, 
accumulation of radial ice can result in unbalanced structural loading and subsequent transmission line 
failure, especially when accompanied by heavy winds (Nasim Rezaei, Chouinard, Legeron, & Langlois, 2015). 
Con Edison’s current system meets the National Electrical Safety Code standard for radial ice and is robust 
to ice accumulation. It is uncertain whether climate change will increase or decrease the intensity of future 
icing events.  

The underground distribution system is vulnerable to flooding and salt runoff from snowfall and ice 
events. Flooding can damage non-submersible electrical equipment. This risk is mitigated through Con 
Edison’s designs: All underground cables and splices operate while submerged in water, and all 
underground distribution equipment installed in current flood zones (and all new installations) are 
submersible. Snowfall and ice require municipalities to spread salt on roads, which eventually seeps into 
the ground with runoff water. Road salt can degrade wire insulation and lead to insulation burning and 
arcing, potentially causing safety concerns and customer outages. It is currently unclear how salting 
frequency will change over time.  

Extreme Events 

Hurricanes and nor’easters present physical risks associated with heavy winds, precipitation, and flooding, 
which can lead to widespread system outages and, at worst, physical destruction. During hurricanes, wind 
stress and windblown debris can lead to tower and/or line failure of the overhead transmission system 

                                                      
18 In accordance with New York State code and federal Spill Prevention, Control, and Countermeasure recommendations, Con 
Edison’s transformers are protected by moats designed to hold water from a 6-inch, 1-day storm event, in addition to the gallons of 
oil that may be released during a spill event and a further 50,000–60,000 gallons of fire suppression fluid. Based on this standard, 
Con Edison’s substation transformer moats are robust to 6 inches of rain during a catastrophic emergency, and significantly more 
than that at all other times.  
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and damage overhead distribution infrastructure, which could cause widespread customer outages. 
Intense rain during hurricanes can also flood substations, which may cause an overflow of oil-
contaminated water from transformer spill moats. A Category 4 hurricane could very likely lead to outages 
for more than 600,000 non-network customers and more than 1.6 million network customers. 

During nor’easters, accumulation of radial ice can cause tower or line failure of the overhead transmission 
system. Similarly, snow, ice, and wind can damage the overhead distribution system. Indirectly, salt put 
down by the city to contend with snow and ice accumulation on roads could infiltrate the underground 
distribution system, causing arcing and failure of underground components. 

Extreme heat waves present a range of effects that can contribute to failures, including a lower ampacity 
rating while increasing load demand, causing cables and splices to overheat, transformers to overheat, 
and transmission and distribution line sag. Distribution network component failures can cause Con Edison 
to exceed the network reliability design standard. Greater line sag can lead to flashovers and line trips. 

Adaptation Options for the Electric System 

Withstand 

In the short term, Con Edison can work to address the vulnerabilities of the electric system by integrating 
climate hazard considerations into planning, collecting data on priority hazards, and updating design 
strategies.  

There are several opportunities to integrate climate change data into planning processes. For example, 
Con Edison could integrate climate change projections into long-term load forecasts, consult utilities in 
cities with higher temperatures to refine the load forecast equation for high TV numbers, and develop a 
load relief plan that integrates future changes in temperature and TV into asset capacity and load 
projections. During load relief planning, Con Edison could also consider whether extreme events may shift 
the preferred load relief option—frequent extreme heat could reduce the effectiveness of demand 
response programs. For the transmission system, Con Edison could integrate considerations of climate 
change into the long-range transmission plan. For the distribution system, Con Edison could integrate 
climate projections into NRI modeling and install high-reliability components,19 as needed. 

Given the potential risks that temperature and heat waves pose to the electric system, the Study team 
suggests that Con Edison could collect data on these hazards to build greater awareness of their impacts 
to the system, as well as to monitor for signposts that would trigger additional action. Specifically, Con 
Edison could:  

                                                      
19 System components vary in their reliability. For example, PILC cable performs more poorly than solid dielectric cable. 
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x Install equipment capable of collecting, tracking, and organizing temperature data at substations to 
allow for location-specific ratings and operations. 

x Make ground temperature data more accessible and track increases over time.  
x Expand monitoring and targeting of high-risk vegetation areas. 
x Continue to track line sag and areas of vegetation change via light detection and ranging (LiDAR) 

flyovers to identify new segments that may require adaptation. 
 
These data could be used to routinely review asset ratings in light of observed temperatures. Con Edison 
could also incorporate heat wave projections into reliability planning for the network system.  

Hurricanes are another priority hazard for the electric system and therefore warrant robust planning tools 
that capture potential changes in climate. Con Edison could complement their existing model used to 
predict work crews required to service weather-driven outages with an updated model that better 
resolves extreme weather events and extreme weather impacts on customers in the service territory.  

Design standards are a way to help standardize resilience by ensuring that new assets are built to 
withstand the impacts of climate change hazards. The Study team suggests a variety of design standards: 

x Temperature: Standardize ambient reference temperatures across all assets for development ratings. 
x Precipitation: Update precipitation design standards to reference National Oceanic and Atmospheric 

Administration (NOAA) Atlas 14 for up-to-date precipitation data. Consider updating the design storm 
from the 25-year precipitation event to the 50-year event to account for future increases in heavy rain 
events. 

x Sea Level Rise: Revise design guidelines to consider sea level rise projections and facility useful life. 
Continue to build to the higher of the FEMA + 3’ level and the Category 2 storm surge levels at new-
build sites, as is current practice. Add sea level rise to the Category 2 maps to account for future 
changes and a greater flood height/frequency. 

 
In addition to these systematic approaches, Con Edison can also help the electric system better withstand 
climate hazards through asset-specific physical adaptation measures, when needed. Table 6 illustrates 
these physical options. 
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Table 6 Ŷ Potential physical adaptation options for electric assets 

Main 
Hazard(s) 

Vulnerable 
Assets or Plan Adaptation Option 

Implementation 
Timeframe Signpost or Threshold  

Temperature Grid 
modernization 

Continue to invest in grid modernization to 
increase resilience to climate change through 
new technology and increased data acquisition. 
Efforts include distribution automation, grid-edge 
sensing (environmental, AMI), asset health 
monitoring, conservation voltage optimization, 
and targeted system upgrades.  

Continuous  Change in ambient 
operating temperatures, 
including changes in 
science-based projections 

Heat Waves Network system, 
which may 
experience 
reduced reliability 
(and therefore 
increased NRI) 
due to heat waves 

Complete PILC cable replacements. 2030 Increased frequency or 
duration of heatwaves 

Continue implementing load relief strategies to 
keep NRI ratings below 1. Options include: 
y Split the network into two smaller networks. 
y Create primary feeder loops within and 

between networks. 
y Install a distribution substation. 
y Incorporate distributed energy resources and 

non-wire solutions. 
y Design complex networks that consider 

combinations of adaptation measures. 

Continuous NRI value over 1 p.u. 

Non-network 
distribution 
system 

Maintain non-network reliability in higher 
temperatures by implementing the following:  
y Autoloop sectionalizing 
y Increased feeder diversity 

2080 Forecasted System 
Average Interruption 
Frequency Index (SAIFI) 
ratings (incorporating 
climate change 
projections) above 
established thresholds 

Overhead 
transmission 

Replace limiting wire sections with higher rated 
wire to reduce overhead transmission line sag 
during extreme heat wave events. Alternatively, 
remove obstacles or raise towers to reduce line 
sag issues. 

Continuous Increased incidence of 
line sag; higher operating 
temperatures 

Explore incorporating higher temperature-rated 
conductors. 

2050 Existing asset 
replacement 

Area and 
transmission 
substation 
transformers 

Undertake measures that contribute to load 
relief, such as energy efficiency, demand 
response, adding capacitor banks, or upgrading 
limiting components, such as circuit breakers, or 
disconnect switches and buses. 

2030/2050 Ambient temperatures 
exceeding asset 
specifications 

Gradually install transformer cooling, or replace 
existing limiting transformers within substations. 

2050/2080 Ambient temperatures 
exceeding asset 
specifications 

Precipitation Substations Harden electric substations from an increased 
incidence of heavy rain events by doing the 
following: 
y Raising the height of transformer moats  
y Installing additional oil-water separator 

capacity 
y Increasing “trash pumps” behind flood walls 

to pump water out of substations 

2080 
 

Changes in the 25-year 
return period storm 
 

Transmission and 
overhead 
distribution 

Underground critical transmission and 
distribution lines. 

2080 Increased incidence of 
icing 
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Main 
Hazard(s) 

Vulnerable 
Assets or Plan Adaptation Option 

Implementation 
Timeframe Signpost or Threshold  

Underground 
distribution 

Retrofit ventilated equipment with submersible 
equipment to eliminate the risk of damage from 
water intrusion. 

2050 
 

Expanded area of 
precipitation-based 
flooding; better maps of 
areas at risk for current 
and future precipitation-
based flooding 

Reduce the incidence of manhole events due to 
increased precipitation and salting by doing the 
following: 
y Expanding Con Edison’s underground 

secondary reliability program 
y Accelerated deployment of vented manhole 

covers 
y Replacement of underground cable with dual-

layered and insulated cable, which is more 
resistant to damage 

y Installation of sensors in manholes to detect 
conditions indicating a potential manhole 
event 

2050 Increase in the City's use 
of salt over the winter 
period; increased rate of 
winter precipitation 

Hurricanes Overhead 
transmission 

Continue to expand existing programs to 
reinforce transmission structures; address 
problems with known components. 

Continuous Increased 
frequency/severity of 
heavy winds; existing 
asset replacement 

Overhead 
distribution 

Invest in retrofits for open wire design with aerial 
cable and stronger poles. 

2080 Increased 
frequency/severity of 
heavy winds; existing 
asset replacement 

Underground critical sections of the overhead 
distribution system to ensure resilience against 
hurricane force winds and storm surge. 

2080 Increased 
frequency/severity of 
heavy winds 

Nor’easters Overhead 
transmission and 
distribution 

Continue to expand programs to reinforce 
transmission and distribution structures and 
expand the number of compression fittings used 
to address weak points in transmission lines. 

Continuous Increased incidence of 
icing; existing asset 
replacement 

Underground 
distribution 

Upgrade high failure rate components. Continuous Increased 
frequency/severity of 
nor’easter events  

 
Of course, it is neither practical nor feasible for Con Edison to build resilience to the point that its electric 
system can fully withstand the impacts of all climate hazards. The Study team thus suggests that Con 
Edison consider the following strategies to help the electric system better absorb and recover from 
impacts: 

Absorb 
x Temperature: Increase capabilities to provide flexible, dynamic, and real-time line ratings. 
x TV: Routinely update voltage reduction thresholds and hands-off thresholds to account for changes in 

climate and the changing design of the system. 
x Hurricanes: Continue to explore and expand operational measures to increase the resiliency of the 

overhead distribution system by increasing spare pole inventories to replace critical lines that are 
compromised during extreme weather events. 

x Heat waves: Stagger demand response consecutive event days across different customer groups to 
increase participation; ensure that demand response program participants understand the 
purpose/cause of the event; use technology to more efficiently regulate load/use AMI to rapidly shed 
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load on a targeted network to help ensure that demand does not exceed supply; and continue 
installation of energy storage strategies, including on-site generation at substations or mobile storage 
on demand/transportable energy storage system (TESS) units, and compressed natural gas tank stations. 

Recover 
x Heat waves: Continue to actively engage forward-looking technologies to improve extreme recovery 

time for distribution systems, such as automated splicing systems to reduce feeder processing times. 
x Extreme events: Support additional deployment of hybrid energy generation and storage systems at 

critical community locations and resilience hubs; support increasing the percentage of solar/other 
distributed generation projects to allow for islanding; encourage on-site generation for individual 
businesses and residential buildings; and increase the use of LiDAR and drones to assess damage and 
reduce manual labor. 

Gas System 

Gas System Overview 
Con Edison’s gas service territory covers Manhattan, Bronx, Westchester, and parts of Queens. Con Edison 
serves approximately 1.1 million firm customers and 900 large-volume interruptible customers who can 
alternate fuel sources. The natural gas system consists of more than 4,359 miles of pipe transporting 
approximately 300 million dekatherms (MMdt) of natural gas annually. About 56% of the system operates 
at low pressure, 11% operates at medium pressure, and 33% operates at high pressure. Figure 20 depicts 
the Con Edison natural gas delivery chain.  

Figure 20 Ŷ Con Edison natural gas delivery chain 
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Gas Vulnerabilities  
Most of Con Edison’s gas assets are underground, and gas load peaks in the winter rather than in the 
summer, which means that gas assets are less likely to be damaged by subaerial extreme events, such as 
heat waves, lightning, and strong winds. As discussed in Con Edison’s Post Sandy Enhancement Plan, Con 
Edison’s gas assets are most vulnerable to underground water intrusion caused by flooding, and thus 
projected increases in the frequency of heavy precipitation and downpours, sea level rise and storm surge, 
and hurricanes and nor’easters pose a significant risk (Con Edison, 2013).  

Water intrusion can occur if underground water enters gas pipes or mains and may result in a drop in 
pressure and lead to scattered service interruptions; low-pressure segments of the system and cast iron 
pipes are particularly vulnerable to this risk. In addition, pipe sections near open-pit construction projects 
may also be more vulnerable, because open excavation work can create opportunities for water intrusion 
if flood protection measures are not consistently used. Con Edison has already developed operational 
protocols that require crews working on open excavation sites to secure them to minimize water intrusion 
risk. 

Water intrusion into gas regulators through aboveground vents may also cause damage. This intrusion 
could lead to water sitting on top of the diaphragm that allows each regulator to function and exerting 
additional pressure on the diaphragm that could, in turn, over-pressurize the regulator. Over-pressurized gas 
flowing through a system designed for lower pressure gas increases the possibility of tearing leaks in 
distribution piping, and in the worst-case scenario, could blow out pilot lights. 

For the gas distribution system to function at full capacity and to be able to provide customers with desired 
gas supply, Con Edison must keep gas moving through the system at the intended flow rate, or pressure 
level, of each system segment. Once water enters the gas system, it is difficult to pinpoint the location and 
remove the water, which can increase the durations of resulting service interruptions.  

Con Edison is currently undertaking several measures to manage underground water intrusion: 

x Using drip pots to collect water at low points in the system (approximately 8,000 are currently in place) 
x Developing a program to better prioritize gas infrastructure replacements. Remote sensors and 

machine learning could identify leak-prone areas to prioritize for upgrades intended to mitigate 
increasing precipitation risks in the face of climate change 

x Developing a drip pot remote monitoring program using sensors, which would increase the efficiency 
of periodic emptying of drip pots and reduce the effort needed to monitor drip pots during the period 
of planned pipe replacement 

x Shifting toward constructing and repairing infrastructure with more leak-resistant equipment, when 
possible 

 
A climate change-driven increase in the frequency and intensity of flood events, such as heavy rain events 
or snow events followed by rapid snow melt, or coastal storm surge, may elevate the risk of water 
infiltration into the low-pressure gas system. The precipitation threshold currently used as a benchmark 
for monitoring and emptying drip pots is ½ inch of rain in 24 hours. Under the RCP 8.5 scenario, this 
threshold is projected to be exceeded 37 days per year in Central Park by the latter part of the century, 
which is nearly 20% more than the 31 days observed over the baseline period. 

Low-probability, high-impact extreme events may also include heavy rainfall and storm surge that could 
increase the risk of water entering the distribution system. An increase in the frequency and intensity of 
extreme events may make water infiltration into the gas distribution system more likely. Con Edison’s gas 
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system has established criteria to ensure that new equipment, such as gas regulator line vents, is resilient 
against a 100-year storm and 1 foot of sea level rise. After Superstorm Sandy, Con Edison upgraded two 
regulator stations to meet this standard. The Study team determined that to protect regulator stations 
against 3 feet of sea level rise, Con Edison would need to update 32 regulator stations, at a cost of $13.8 
million.  

The gas transmission system is vulnerable to cold snaps associated with nor’easters, when temperatures 
can drop below 0°F for multiple days. Transmission system capacity is designed to meet demand 
projected for weather conditions at or above 0°F. Temperatures below that threshold may increase 
demand to a level that exceeds system capacity; in such an event, system pressure may decrease, resulting 
in customer service loss.  

In a generally warmer climate, the gas sector could experience significant decreases in winter energy sales 
for heating. There could be up to a 33% decrease by 2050 and a 49% decrease by 2080. Similarly, under 
the RCP 8.5 scenario, winter gas peak load is projected to decrease by 144 MMdt in 2050, compared to 
the base case. 

Adaptation Options for the Gas System 
In addition to Con Edison’s existing efforts, the Study team identified several additional adaptation 
options that the company could consider. Some measures proposed, such as remote information 
monitoring and analysis, address vulnerabilities in operations and planning processes. Most measures 
proposed address physical vulnerabilities (see Table 7), which fall within the “withstand” adaptation 
category.  

In the short term, Con Edison could focus on expanding its monitoring capabilities, particularly through 
programs that use machine learning and remote monitoring to identify vulnerable areas of the 
distribution system, and remote drip pot monitoring sensors.  

To account for changing temperatures, Con Edison could integrate climate change data on changes in the 
winter gas TV into gas volume and peak load forecasting so that the company is continuously planning 
for future changes in climate.  

To address physical risks to existing infrastructure, Con Edison may need to invest in the system at 
strategic points in time, as described in Table 7.  

Distribution system measures focus on minimizing the risk of flood water entering and depressurizing gas 
mains and pipes, and measures to more easily re-elevate pressure if water does enter the system.  

Adaptation measures identified to address transmission system vulnerabilities primarily focus on 
diversifying the system and strengthening load management when capacity is constrained. 
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Table 7 Ŷ Physical adaptation options for gas commodities 

Hazard Asset Adaptation Option 
Implementation 
Timeframe Signpost or Threshold 

Extreme 
Hurricane 
(Category 4) 

Transmission 
System 

Procure additional compressed 
natural gas tank stations. 

Designing for a future 
Category 4 hurricane 

Increased frequency and 
severity of storms that could 
cut supply, including from 
science-based projections 

Gas 
Regulators 

Install vent line protectors, 
extend vent lines and posts, 
seal all penetrations, and/or 
elevate key electric and 
communications equipment to 
protect vent lines. 

2050 When sea level rise 
exceeds 1 foot, or if flooding 
is reported and the 
regulators do not have vent 
line protectors 

Distribution 
System 

Continue targeted Main 
Replacement Program (planned 
completion by 2036) to harden 
gas mains against 
depressurization by water 
intrusion or other concerns. 

~2030 (goal to complete 
program by 2036) 

Increase in flooding events 

Extreme 
Nor’easter  

Transmission 
System 

Construct additional gate 
stations. 

Designing for a future 
worst-case nor’easter 

More frequent or intense 
cold spells that drop 
temperatures below the 
design threshold for 
consecutive days and 
threaten supply 

Build larger and/or additional 
transmission mains. 

Create ties between mains to 
diversify the transmission 
system. 

Install remote operated valves 
to more efficiently isolate load 
for load management 
(temporarily disconnecting gas 
customers) during peak events. 

 
In addition, given the increasing potential for extreme events, Con Edison could consider distribution 
system resilience options such as exploring and implementing ways to elevate system pressure in low-
flow conditions.  

Steam System  

Steam System Overview  
Con Edison’s steam system provides service to more than 3 million Manhattan residents (including 
approximately 1,720 metered customers) south of 96th Street. Total system capacity is about 11,676 
thousand pounds per hour (Mlb/hr). The distribution system is comprised of a continuous network of pipes 
(steel main pipes and steel and brass service and condensate piping)—in aggregate, about 105 miles of 
piping. The pipes’ physical location is directly correlated with the locations of generation sources and 
regional customer demand. Figure 21 shows the locations of several steam system assets.  
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Figure 21 Ŷ Key assets included in the Con Edison steam system 

 
Steam Vulnerabilities 
Like the gas system, much of Con Edison’s steam system is underground, and steam is also a 
winter-peaking rather than a summer-peaking commodity. As such, steam generation and 
distribution assets are generally less prone to damage by shifts and extremes in temperature, 
humidity, and wind, and more vulnerable to flooding, which may be caused by increased 
precipitation, coastal inundation, snow melt, or storm surge in extreme events. Severe flooding 
impacts, such as broken distribution pipes and damaged steam generation stations, can take 
significant time to repair, further increasing the duration of customer impacts. 

Increased frequency and intensity of precipitation events may increase the vulnerability of steam 
system manholes to “water hammer” events. When a high volume of water collects around a 
manhole, steam in the pipes underneath may cool and condense. Interaction between steam and 
the built-up condensate may cause a rupture in a steam pipe. One such water hammer event 
occurred in 2007 when a steam pipe at Lexington Avenue and 41st Street exploded during a period 
of heavy rainfall (Figure 22). Con Edison responded to that event by implementing a precautionary 
rain event threshold. If more than ¾ inch of rain is forecasted to fall within 3 hours, Con Edison will 
begin to proactively monitor and address flooding before it can cause a water hammer event. The 
key measure used to address flooding to prevent water hammer events is pumping water out of 
manholes and into the city sewer. In turn, Con Edison’s capacity to manage flooding events that 
threaten steam generation and distribution assets depends on the capacity of the city’s stormwater 
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system to handle high volumes of water that Con Edison 
may need to pump away from assets under a changing 
climate.  

Steam generation and distribution system assets are also 
vulnerable to projected increases in sea level and coastal 
inundation. Five out of six steam generating plants would be 
exposed to a 100-year storm if sea level rose by 3 feet. If 
water enters the steam generation system, it can degrade 
plant capacity or force unit or plant outages. Significant 
damage to steam generation systems would likely require 
long repair times, which could increase the duration of 
customer impacts. Hardening several of the generating 
stations to a higher level of protection would be difficult and 
costly. For example, at the East River Generating Station, 
raising mechanical equipment would require significant and 
costly alterations to the hydraulics of the steam system. 
Similarly, at East 13th Street, flood waters associated with a 
100-year storm and 3 feet of sea level rise would reach the 
tertiary bushings on some 345-kV transformers, resulting in 
arcing and critical failure of the unit. The total estimated cost 
to harden the five steam generation plants against a 100-
year storm and 3 feet of sea level rise is $30 million.  

Con Edison has adopted storm hardening measures to protect the steam system in response to 
recent storms such as Superstorm Sandy. Those measures include developing location-specific 
plans and drills in preparation for storms, implementing physical hardening measures at steam 
generating stations, protecting critical equipment by waterproofing or relocating it, installing a new 
steam main to ensure that hospitals receive continued service, and introducing isolation valves in 
strategic locations to reduce the number of customers impacted by flooding in future extreme 
events. Because isolating steam lines is key to managing flooding impacts, Con Edison considers 
several potential flood sources (e.g., rainfall deluges, storm tides, water main breaks) when 
evaluating hardening options, and periodically reviews and updates both operational and physical 
risk mitigation strategies. The company is also investing in steam system resilience through 
measures such as waterproofing system components in the normal course of upgrades, prioritizing 
hardening steam mains by prior flooding issues (fewer than 10 of the original 86 locations 
identified are still vulnerable), and using remote monitoring to monitor manhole water level and 
steam trap operation (a system is currently under design and expected to be operational by 2021). 

Extreme and multi-hazard events could also increase the vulnerability of the steam distribution 
system to salt damage and flood damage. During nor’easters and extreme ice storms, the City of New 
York and jurisdictions in Westchester County conduct widespread street-salting operations to 
mitigate ice build-up on roads and sidewalks. Rapid melt after nor’easters and extreme ice storms can 
lead to an influx of salt-saturated runoff into manholes, in turn causing equipment degradation and, 
in some cases, manhole fires or explosions.  

In a generally warmer climate, the steam system could experience significant decreases in winter 
energy sales for heating. There could be up to a 33% decrease by 2050 and a 49% decrease by 

Figure 22 Ŷ 2007 steam pipe explosion 
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2080. Similarly, under the RCP 8.5 scenario, winter gas peak load is projected to decrease by 891 
Mlb/hr in the winter of 2050 compared to the base case.  

Adaptation Options for the Steam System 
To determine when to implement various adaptation strategies, Con Edison could track climate 
trends, including TV, precipitation, sea level rise and storm surge, and extreme events, as described 
in prior vulnerability and adaptation sections. 

The Study team suggests that Con Edison could continue to work collaboratively with other city 
actors on initiatives that could help strengthen the resilience of the steam system. Specifically, the 
company could take measures, including the following: 

x Strengthen collaboration with the city to improve citywide stormwater design to alleviate 
flooding impacts and make adaptation measures implemented by Con Edison, such as drain 
pumps at manholes, more effective.  

x Discuss ways to minimize salt use during the winter. 
x Incorporate considerations of New York City initiatives in coastal resiliency plans for lower 

Manhattan to re-evaluate Con Edison’s storm response plans and stages of pre-emptive main 
shutoffs. 

 
In addition to engaging in these monitoring and coordination efforts, the company could also 
consider taking measures to address physical vulnerabilities in existing infrastructure by strategically 
investing in the system. Physical measures developed by the Study team are listed in Table 8.  

Table 8 Ŷ Physical adaptation options for steam commodities 

Hazard Asset Adaptation Option 
Implementation 
Timeframe 

Signpost or 
Threshold 

Extreme 
Hurricane 
(e.g., 
Category 4) 
 

Generation 
System 

Invest in additional storm hardening 
investment measures to protect generation 
sites against extreme hurricane-driven 
storm surge. Leverage new innovations and 
advancements in flood protection over time 
and raise moated walls around current 
generation sites. 

2050 When sea level rise 
exceeds 1 foot 

Distribution 
System 

Continue to segment the steam system to 
limit customer outages in flood-prone areas. 

In preparation for 
a Category 4 
hurricane 

Increased frequency 
and severity of storms, 
including from science-
based projections 

Distribution 
System 

Expand programs to harden steam mains 
(waterproofing pipes and raising mains). 

In preparation for 
a Category 4 
hurricane 

Increased frequency 
and severity of storms, 
including from science-
based projections  Pre-stage a greater number of drain pumps 

at critical or flood-prone manholes. 
 
As it is neither practical nor feasible for Con Edison to build resilience to the point that its steam 
system can fully withstand the impacts of extreme events, Con Edison could also consider 
implementing additional strategies to better absorb and recover from impacts, such as improving 
systems for crowd-sourcing steam system leak detection.  
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Moving Towards Implementation  

Initial Climate Projection Design Pathway 

Implementation of adaptation options to mitigate vulnerabilities requires clear climate design guidelines 
that incorporate forward-looking regional climate change projections. To this end, the Study team 
suggests that Con Edison could establish an “initial climate projection design pathway” that considers 
appropriate risk tolerance levels within the range of climate change projections. The initial climate 
projection design pathway is meant to guide preliminary planning and investments until and if Con Edison 
can refine the pathway to reflect new climate projections with reduced uncertainties, changes to Con 
Edison’s operating environment, and changes in city guidance. The following section outlines an adaptive 
management approach that allows Con Edison to monitor, manage, and design to acceptable levels of 
climate risk through time. 

As an initial climate projection design pathway for decisions that require it, Con Edison will follow the 
conservative precedent set by the city’s climate resiliency design standards (e.g., Mayor’s Office of 
Recovery and Resiliency, 2019), combined with the state-of-the-art climate projections produced for this 
Study. Corresponding to city guidance, the same pathway may not apply uniformly across different 
climate change projections and hazards. More specifically, multiple climate projection design pathways 
may be required to address differences in the risk tolerance and projection uncertainty associated with 
different climate hazards. Under this framework, initial pathways could use the 50th percentile merged 
RCP 4.5 and 8.5 projections for sea level rise and high-end 90th percentile merged RCP 4.5 and 8.5 
projections for heat and precipitation. Climate projection design pathways will be finalized for Con 
Edison’s Climate Change Implementation Plan. 

Alternative considerations are necessary to inform pathways for rare and difficult-to-model extreme 
events without probabilistic projections, such as 1-in-100-year heat waves and strong, multi-faceted 
hurricanes. Rather than prescribing statements of probability, these types of extremes require the 
blending of plausible worst-case scenarios from a climate perspective with stakeholder-driven worst-case 
scenarios from an impact perspective. Until climate modeling can better resolve and simulate these types 
of rare extreme events, the union of these two perspectives is critical for determining acceptable risk 
tolerance levels and setting initial pathways.  
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Flexible Adaptation Pathways Approach 

While the initial climate design pathway can inform asset design, a complementary approach is needed to 
ensure resilience over the lifetime of that asset. A flexible and adaptive approach will allow Con Edison to 
manage risks from climate change at acceptable levels, despite uncertainties about future conditions. The 
flexible adaptation pathways approach ensures continued adaptability over time as more information 
about climate change and external conditions is learned. Figure 23 depicts how flexible adaptation 
pathways are used to maintain tolerable levels of risk.  

Figure 23 Ŷ Flexible adaptation pathways in the context of tolerable risk and risk management challenges 
to non-flexible adaptation. Adapted from Rosenzweig & Solecki, 2014. 

 
 
Con Edison will need to consistently track changing conditions over time to identify when additional 
adaptation strategies are required. This approach relies on (1) monitoring indicators (“signposts”) related 
to climate conditions, climate impacts, and external conditions that affect system resilience, and (2) pre-
determined thresholds to signal the need for a change in risk management approaches (“transformation 
points”). This approach can support decisions on when, where, and how Con Edison can take action to 
continue to manage its climate risks at an acceptable level. Figure 24 depicts how a signpost indicator and 
a predefined threshold can be applied in the adaptation pathways approach to inform the timing of 
action given uncertainty.  
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Figure 24 Ŷ Schematic diagram of how an indicator of change for a particular signpost (e.g., amount of 
sea level rise) informs decision lead times that take into account uncertainty (Ranger et al., 2012). 

 
 
Con Edison is already familiar with monitoring signposts to manage planning uncertainties and guide 
adjustments to its Electric, Gas, and Steam Long Range Plans.20 Con Edison currently monitors signposts 
related to the pace of technology innovation (e.g., energy management technologies), the nature of 
regulation and legislation (e.g., new or revised greenhouse gas reduction policy targets), and the future of 
the economy (e.g., higher economic growth and impacts on demand), among others. In addition, the flexible 
adaptation pathways approach to manage climate change risks has been applied more widely by New York 
City and New York State (New York City Mayor's Office of Resiliency, 2019; Rosenzweig & Solecki, 2014) and 
utilities and infrastructure agencies across the United States, including San Diego Gas & Electric (Bruzgul et 
al., 2018; SDG&E, 2019) and Los Angeles Metro (Metro ECSD, 2019).  

This flexible adaptation pathways approach allows Con Edison to develop an adaptation implementation 
plan in the near term, while adjusting adaptation strategies based on the actual climate conditions that 
emerge, thus reducing the cost of managing uncertainty. Under this adaptive approach, resilience 
measures can be sequenced over time to respond to changing conditions. For example, Con Edison may 
identify actions to implement now that protect against near-term climate changes and actions that are 
low and no regret, while leaving options open to protect against the wide range of plausible changes 
emerging later in the century. This implementation approach is preferred to implementing actions now 
that are optimized for present-day conditions or a single future outcome that ignores uncertainty. 

                                                      
20 Long Range Plans are available at: https://www.coned.com/en/our-energy-future/our-energy-vision/long-range-plans 



 

  
 Moving Towards Implementation 

59 Climate Change Vulnerability Study 

Illustrative Adaptation Pathway: Sea Level Rise Adaptation for 
Substation in FEMA + 3’ Floodplain 

Flexible adaptation pathways could be developed for guiding the management and protection of 
specific assets or types of assets. Here, we consider a hypothetical electric substation that is potentially 
vulnerable to sea level rise, as it is located within the FEMA + 3’ floodplain (and, as such, is protected up 
to FEMA + 3’ flood heights based on Con Edison’s current design standards). This adaptation pathway 
is presented as illustrative; while it is grounded in the types of strategies that Con Edison would use for 
substation flood defense, a ready-to-implement pathway for implementation would require site-specific 
analysis and may differ from this configuration.  

Figure 25 Ŷ Illustrative flexible adaptation pathway for a hypothetical Con Edison substation in a current 
FEMA + 3' floodplain 
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Figure 25 illustrates how the implementation of adaptation actions can be phased over time, with the 
implementation of new measures being triggered by observed sea level rise in excess of certain thresholds 
(transformation points). The timing of these transformation points is indicated by monitoring the rate of sea 
level rise at a local tide gauge (green line). Transformation points are set based on the point at which Con 
Edison needs to take action in order to implement a higher standard of protection before existing protections 
become insufficient. 

In this adaptation pathway diagram, the implementation schedule of adaptation measures is illustrated based 
on a “central” sea level rise case. Measures based on this central scenario are illustrated with solid lines. If the 
actual pace of sea level rise deviates from the central case, monitoring of sea level rise may necessitate an 
accelerated or delayed implementation schedule 

In this example, it is assumed that the substation already has existing protections to FEMA + 3’ based on 
Con Edison’s post-Superstorm Sandy hardening measures (black line). However, these protections will no 
longer be sufficient to provide the requisite 2 feet of freeboard under a 100-year flood scenario once sea 
level rise surpasses 1 foot.  

x A trigger slightly under 1 foot leads to the first adaptation option, which is to supplement the 
substation’s defense-in-depth strategy with additional sump pump capacity.  

x The second adaptation option is triggered when sea level rise approaches 2 feet, and includes building 
new permanent flood barriers to a FEMA + 5’ level.  

x The final adaptation option, relocating the substation entirely, is triggered when sea level rise 
approaches 3 feet.  

Each trigger is far enough in advance of the critical risk threshold (each foot of sea level rise, in this case) 
to have time for full implementation of the adaptation option.  

Such a flexible adaptation pathway can allow Con Edison to better manage the costs of adaptation in the 
face of uncertainty, facilitating a prudent approach that avoids adapting too early or too late. 
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Signposts provide information that is critical for adaptive management decisions. Broad categories of 
signposts that Con Edison could consider monitoring include:  

x Climate variable observations and best available climate projections: An awareness of recent and 
present climate conditions and their rates of change are key when determining potential asset 
exposure and risk. As described above, Con Edison currently operates a number of stations that 
monitor climate variables and is finalizing plans to expand the number of monitoring locations. 
Furthermore, access to the most recent and best available climate projections and expert knowledge is 
critical when updating plans for potential future scenarios as the science advances. In some cases, 
thresholds for action under climate variable and projection signposts may be determined by how 
quickly changes in climate conditions are approaching existing design or operational specifications.  

x Climate impacts: Con Edison is already experiencing extreme weather and climate impacts to assets, 
operations and internal processes, and customers. Recognizing the risks, Con Edison is already 
conducting monitoring to identify areas of heightened vulnerability in its systems. Continued 
monitoring and evaluation of highest risk assets for impacts or near impacts can provide information 
about when and where additional adaptation options may be required.  

x Policy, societal, and economic conditions: Evolving external conditions may affect climate-related 
decision making and areas of need throughout the service territory. Con Edison is already monitoring 
signposts for external conditions related to policies, society, and economies as part of its long-range 
plans. Additional external conditions may shift with a changing climate, such as adaptation strategies 
and investments led by the city. 

 
The Study team identified a set of example signposts within each category, summarized in Table 9. Con 
Edison could consider coordinating with the city on NPCC’s proposed New York City Climate Change 
Resilience Indicators and Monitoring System (Blake et al., 2019), where overlap and efficiencies in 
monitoring signposts may exist.  

Table 9 Ŷ Example signposts for a flexible adaptation pathways approach 

Category Example Signposts 

Climate variable 
observations and best 
available climate 
projections 

y Chronic variables: Rate of change in TV, cooling degree-days, heating degree-days, sea levels, 
etc. relative to historical 

y Extreme weather variables: Number of days overheat index thresholds, storm surge levels, 
frequency of various storm types in the greater region, wind speeds, heat wave intensity and 
duration, intense precipitation levels, etc. 

y Updates to the best available climate projections: NPCC, IPCC, National Climate Assessment, 
etc. 

Climate impacts y Assets: Extent and magnitude of the costs of keystone asset damages (e.g., substations or 
power lines downed), damages incurred by events with different combinations of extreme 
weather, etc. 

y Operations and internal processes: Frequency of heat-related contingencies in the network and 
non-network systems, etc. 

y Customers: Number, spatial extent, and duration of outages caused by extreme weather, 
especially noting outages experienced by critical infrastructure and interdependent systems, etc. 

Policy, societal, and 
economic conditions 

y Policy: Updates to New York City design guidelines, etc. 
y Societal: Community-scale flood protection strategies led by New York City (e.g., East Side 

Coastal Resiliency Project), population shifts (e.g., retreat), etc. 
y Economic: Insurance prices and availability, etc. 
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Selecting Cost-Effective Solutions 

As outlined in this Study, adapting to climate change will require investments in infrastructure and 
processes. Although some adaptation will be achieved through co-benefits from investments that Con 
Edison makes under existing processes, such as using distributed energy resources to meet growing 
electricity demand, other adaptation will require investments over and above those previously planned. 
The costs of those investments will ultimately be reflected in customers’ bills. In order to minimize the 
financial impact of adapting to climate change, a cost-effective resilience planning process should identify 
a target level of resilience along with associated metrics, strike a balance between proactive and reactive 
spending, consider both the costs and benefits to customers, and select adaptation strategies that provide 
optimal benefit at the lowest cost.  

As the energy industry grapples with how best to build resilience to the changing climate, the issue of 
how to quantify the resilience of energy systems is front and center. There is currently no standard set of 
metrics for the resilience of energy systems. A 2017 report from the National Academies of Sciences, 
Engineering, and Medicine found that “there are no generally agreed-upon resilience metrics [for the 
electricity sector] that are widely used today,” also noting a contrast with the well-established set of 
electricity reliability metrics (NAS, 2017). 

While there are a wide variety of energy resilience metrics that have been proposed or piloted in various 
contexts, most of these metrics fit within one of two broad categories. Performance-based metrics seek to 
quantify the resilience of the system through measurement of infrastructure performance during actual or 
modeled disruptive events. Attribute-based metrics, on the other hand, measure the presence of 
characteristics or features that are known or predicted to increase resilience performance in the event of a 
disruption. (Vugrin, Castillo, & Silva-Monroy, 2017).  

Con Edison’s storm hardening investments after Superstorm Sandy were guided by a combination of 
performance-based metrics, such as “past performance” in the selective undergrounding of feeders, and 
attribute-based metrics, such as “reducing the number of customers served by a single circuit to fewer 
than 500 customers,” and adding “isolation devices to spurs and sub-spurs with open wire that are more 
than 2 spans in length” (Con Edison, 2013). Since the development of metrics is an active area of research 
and discussion, Con Edison could keep abreast of industry advances in resilience metrics for energy 
systems and incorporate those advances, where applicable, into its planning framework.  

Even after a resilience metric(s) is selected, the question of exactly how much to spend on resilience or 
what the right level of resilience is, remains. One approach is to compare the societal cost of an outage 
against the cost of resiliency measures to shorten that outage. The total cost curve developed by ICF’s 
Mihlmester and Kumaraswamy (Figure 26) is one example of such an approach (Mihlmester & 
Kumaraswamy, 2013). It shows for a hypothetical utility the post-outage time needed to restore service to 
90% of customers, known in the industry as “CR-90.” In this case, the lowest total costs, combining 
customer outage and grid-hardening costs, would be about $169 million for a 65-hour CR-90 restoration 
time. The graph also shows that getting the CR-90 time to less than a day would cost more than twice 
that amount.  

For Con Edison, the “right” level of resiliency investment will be strongly linked to the climate projection 
design pathway selected for each of the climate stressors identified for resiliency planning.  
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Figure 26 Ŷ Total cost of resiliency (Mihlmester & Kumaraswamy, 2013) 

 
 
Utilities have historically reacted to events, primarily because they lacked relevant climate projections and 
clear guidance or best practices for a methodology necessary to inform proactive adaptation and 
resiliency investments in infrastructure (California Energy Commission, 2018). Similarly, prior to conducting 
this study, Con Edison had limited information to guide proactive investments. The U.S. Department of 
Energy’s North American Energy Resilience Model (U.S. DOE, 2019) highlights the need to “transition from 
the current reactive state-of-practice to a new energy planning and operations paradigm in which we 
proactively anticipate damage to energy system equipment, predict associated outages and lack of 
service, and recommend optimal mitigation strategies.”  

The Study team has described an overarching resilience management framework in Figure 12, designed to 
minimize the impacts of extreme events throughout asset life cycles. The framework considers how the 
system can withstand, absorb, recover, and adapt to risks posed by extreme events. To succeed, each 
measure of a resilient system requires proactive planning and investments. 

Consideration of the costs and benefits to customers is a key component in the selection of adaptation 
options. Con Edison’s capital budget cycle currently considers costs and benefits through an investment 
optimization and management process that compares the wide array of capital investments the company 
makes across its various business units. The process calculates a “strategic value” for each project to 
compare the benefit of investing in one capital project or program over another and to ensure that spend 
is in alignment with the company’s corporate strategy. The strategic value is conveyed by a set of strategic 
drivers, each with relative weights, based on the company’s long-term objectives. The strategic value of 
each capital project is assessed against that of other projects, and an optimized portfolio of capital 
projects is generated. While the strategic drivers include reliability and customer satisfaction components, 
the drivers do not include or consider the resiliency benefit of a project. 
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Con Edison developed and used a cost-benefit calculation model to prioritize storm hardening 
investments after Superstorm Sandy. The model estimated “the vulnerability of individual electric system 
assets based on the impact of electric system damage to customers and supporting critical infrastructure, 
the duration of an electric service outage, the likelihood of those assets being affected by either flooding 
or wind damage, and the reduction in vulnerability of those assets because of storm hardening initiatives.” 
(Con Edison, 2014) 

Con Edison’s current distribution system planning process includes an evaluation of customer benefits 
resulting from investments. Con Edison’s Distributed System Implementation Plan (DSIP) (Con Edison, 2016) 
includes the consideration of distributed energy resources as one option to meeting growing demand. As 
part of Con Edison’s DSIP, the company has developed a Benefit Cost Analysis (BCA) Handbook that 
describes how to calculate individual benefits and costs. The BCA includes consideration of the unit cost of a 
particular option, per megawatt of delivery capacity, as well as an option’s “social cost.” Social cost accounts 
for the monetization of air pollution and carbon dioxide, using 20-year forecasts of marginal energy prices, 
the cost of complying with regulatory programs for constraining these pollutants, and the price paid for 
renewable energy credits. The social cost metric also qualitatively accounts for avoided water and land 
impacts. Beyond these environmental aspects, social cost accounts for net avoided restoration and outage 
costs to Con Edison, as well as net non-energy benefits (such as avoided service terminations, avoided 
uncollectable bills, and avoided noise and odor impacts). 

This Study illustrates the use of multi-criteria analysis to compare criteria that may be difficult to quantify 
or monetize, or that may not be effectively highlighted in the financial analysis. This process identified 
additional complementary metrics that could be included in Con Edison’s planning and budget 
prioritization process to account for uncertainty in climate outcomes. These metrics fall into two 
categories: co-benefits and adaptation benefits. Under a non-stationary climate, co-benefits 
(environmental, reputational, safety, and customer financial benefits) can help planners more 
comprehensively evaluate response options considering the additional challenges that climate change can 
pose on the system. In addition, consideration of adaptation benefits (flexibility, reversibility, robustness, 
proven technology, and customer’s resilience) support long-term planning under climate uncertainty. 
These metrics allow for effective implementation of adaptation measures over time to achieve resilience. 
Con Edison’s current processes include some of the metrics identified in the multi-criteria analysis 
(environmental and safety) but not others (customer’s resilience and reversibility). Con Edison could work 
to incorporate this wider set of metrics as it incorporates resiliency planning into its broader capital 
budgeting process.  

Key Issues to Be Addressed for Effective Implementation 

Changes in the Policy/Regulatory and Operating Environment 
Changes in the policy/regulatory and operating environment other than climate change were not 
accounted for in this Study but will be an important consideration when moving toward implementation. 
For example, the prioritization of adaptation strategies, and even the understanding of vulnerabilities, will 
need to consider these other drivers of change. Likewise, as Con Edison undertakes studies on how these 
factors will impact its business, climate change impacts could be factored into those studies. Some 
examples of possible changes in Con Edison’s operating environment include: 

x Climate change and clean energy targets: New York State and New York City have both adopted 
ambitious greenhouse gas emissions reduction targets (State of New York, 2019; City of New York, 2014), 
which will drive changes in the adoption of renewables, transportation electrification, energy storage, and 
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so forth. It will also impact relative demand across the commodities (e.g., decreasing gas demand and 
increasing electricity demand).  

x Technological advances: Advances in solar photovoltaics, energy storage, electric vehicles, and 
electrification of space heating are changing how and where electricity is generated and used.  

x Customer response to climate change impacts: Customers will also have to respond to climate 
change impacts. This may include shifting away from flooded coastlines (depending on city-scale 
investments in coastal protection) and, with it, shifting demand away from portions of Con Edison’s 
system.  

Coordination with External Entities 
Another critical need for effective implementation is coordination with external entities, including the City 
of New York and Westchester County, industry groups, equipment manufacturers, and others. Con Edison 
has limited authority to address certain vulnerabilities, such as the capacity of the city’s stormwater 
system, so coordination is necessary for developing a more resilient system. In addition, coordination is 
needed to ensure that Con Edison is not over-investing in locations that the city plans to protect or retreat 
from. This project seeded the necessary relationships; however, the continuation of the interactions will 
need to be specified in the governance section of the upcoming implementation plan.  

Establishing a Reporting and Governance Structure 
Con Edison will need a continuing approach to updating stakeholders on climate risk management 
progress. Of the various reporting options, many companies are opting to follow the relatively new 
framework outlined by the Task Force on Climate-Related Financial Disclosures (TCFD).21 This framework 
emphasizes the need to assess both the physical risks of climate change, which is covered in this study, as 
well as the risks and opportunities presented by transition to a low-carbon economy. It requires 
consideration of the financial implications of the risks and opportunities, as well as a measurable risk 
management plan that is integrated with a strong governance structure. 

Two risks that were not explored in this study, but would fit well in the TCFD framework, include: 

x Costs and penalizations from service failure and outages: Costs associated with an outage event 
include restoration; collateral damage; customer claims; penalties, fines, audits, remediation, and 
reporting; and the financial impact of lost confidence. For example, in 2007, Con Edison was penalized 
$18 million for its 2006 service disruptions, which included a 9-day blackout in western Queens.  

x Credit rating: Increasingly frequent and intense extreme weather events could also impact credit 
rating risks and insurance liabilities. Credit rating agencies like Standard & Poor’s and Moody’s have 
added “resiliency” as a component of their rating criteria, indicating the relevance of climate risk for 
creditworthiness (Shafroth, 2016). Similarly, utilities may be increasingly choosing to retain a higher 
level of insurance to cope with more frequent and destructive weather-related events. However, a 
higher level of insurance protection leads to higher costs that may ultimately be reflected on 
customers’ bills. Thus, while not as visible as physical asset or planning vulnerabilities, climate risks 
related to credit and insurance can have an impact on the utility.  

 
Establishing a governance structure will be crucial for the successful continuation of Con Edison’s climate 
change adaptation work. The governance structure can be used to encourage and track progress on the 
implementation of adaptation strategies (i.e., performance against set metrics and targets), ensure specific 

                                                      
21 For more information on the Task Force on Climate-Related Financial Disclosures, see https://www.fsb-tcfd.org/ 
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people are on point for monitoring and implementing various strategies, and establish a frequency and 
process for reporting on risks and adaptation actions from individual employees to senior managers to Con 
Edison’s board of directors.  

Next Steps 

As a next step from this Study, Con Edison will develop a detailed Climate Change Implementation Plan to 
operationalize the suggestions from this Climate Change Vulnerability Study. The implementation plan 
will: 

x Review the Study and investigate whether recent progress in climate science may warrant inclusion. 
x Select climate change pathway(s) to incorporate into design standards and procedures. 
x Establish life cycle tables that provide timeframes of reference climate variables through 2080. 
x Aggregate input from subject matter experts on changes required for specifications/procedures and 

choices for risk mitigation measures. 
x Develop a timeline and written plan for the implementation of risk mitigation measures. 
x Identify the scope and cost within the 5-year capital plan and 10- and 20-year long-range plans. 
x Establish signposts for the re-evaluation of measure installation schedules. 
x Conduct periodic progress meetings for external stakeholders. 
x Recommend a governance structure for climate change monitoring and updating. 
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Appendices 
To inform the conclusions of this Study, the Study team undertook a series of in-depth vulnerability 
assessments corresponding to the climate hazards representing outsized risks to Con Edison: 
temperature, humidity, precipitation, sea level rise, and extreme events. These are included as 
appendices. Each appendix includes detailed historical and projected climate conditions; 
corresponding climate-driven vulnerabilities to operations, planning, and infrastructure across the 
company’s electric, gas, and steam systems; and potential adaptation strategies to mitigate 
vulnerabilities. 

For each hazard, the Study team collaborated with Con Edison subject matter experts to conduct a 
rapid screen of the sensitivity of operations, planning, and infrastructure to support a risk-first 
approach. Vulnerabilities were then selected for more detailed analyses, which focused on 
understanding asset vulnerabilities to climate change and, in turn, relevant adaptation options and 
evaluation of their costs and co-benefits. These analyses informed the development of flexible 
solutions and signposts to guide implementation of potential adaptation options through time.  

Ultimately, the five appendices provide key context for the climate science, vulnerabilities, and 
adaptation strategies discussed in this report, and as such, can be referenced for more 
comprehensive information in each subject area. 

x Appendix 1 – Temperature: Identifies how projected gradual trends in increasing 
temperature may affect operations, planning, and infrastructure across the electric, gas, and 
steam segments of Con Edison’s business. 

x Appendix 2 – Humidity, Temperature Variable, and Load: Addresses climate 
variables—humidity (expressed through wet bulb temperature), heat waves, cooling degree-
days, heating degree-days, and the combination of projected changes in wet and dry bulb 
temperatures—that have a direct effect on system loads and reliability. These variables are also 
specifically addressed in specifications and procedures associated with upgrading system 
capacity and maintaining system reliability.  

x Appendix 3 – Changes in Precipitation Patterns: Discusses the potential for climate-
driven changes in rainfall and frozen precipitation in Con Edison’s service territory, and the 
potential impacts of those changes on Con Edison’s assets and operations. 

x Appendix 4 – Sea Level Rise and Changes in Coastal Storm Surge Potential: 
Examines the ways in which changes in sea level may affect operations, planning, and 
infrastructure across the electric, gas, and steam segments of Con Edison’s business. 

x Appendix 5 – Extreme Events: Describes how extreme weather events (hurricanes, 
nor’easters, and heat waves), as well as concurrent or consecutive extreme events, may become 
more frequent and severe due to climate change, and considers their potential impact on 
operations, planning, and infrastructure across the electric, gas, and steam segments of Con 
Edison’s business over the coming century. 
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The forward-looking nature of climate risk assessments imply a myriad of assumptions, 
baselines, inputs and modelling choices that result in a great diversity of methodologies 
ERH�XSSPW�EZEMPEFPI�XS�ƼRERGMEP�MRWXMXYXMSRW��8LMW�MR�XYVR�PIEHW�XS�WSQI�HMƾGYPXMIW�JSV�
banks and investors to make transparent, informative choices on climate risk modelling 
approaches, while standardisation is hampered by the great uncertainty over the most 
appropriate model choices in a forward-looking risk assessment.

Since the publication of UNEP FI’s ‘Changing Course’ report in May 2019, the tools 
EZEMPEFPI�XS�ƼRERGMEP�MRWXMXYXMSRW�XLEX�[MWL�XS�YWI�WGIREVMS�EREP]WMW�XS�VIMRJSVGI�XLIMV�
climate-related risk assessments and disclosures have developed and expanded rapidly. 
This report is intended, not to provide a comprehensive guide to scenario analysis and 
risk assessment, but rather a summary of the key developments of the climate risk 
assessment landscape since May 2019, including new and updated scenarios, meth-
odological tools, key guidelines, as well as an overview of the changing regulatory land-
scape and potential developments into 2021.

This report covers both physical and transition risks, though the headline results on phys-
ical risks have incorporated the results of an analysis of physical risk methodologies 
and data sources in chapters 2 (Data portals) and 4 (Methodologies) of Acclimatise’s 
recently released report, ‘Charting a New Climate’ (2020) developed for UNEP FI’s TCFD 
Banking Pilot Project Phase II. This overview has adopted a two-step process by engag-
ing with methodology developers to provide information on their tools and methodolo-
KMIW��[LMGL�LEZI�FIIR�WYFWIUYIRXP]�ZIVMƼIH�XLVSYKL�SFNIGXMZI�VIWIEVGL��

The report opens with a chapter on the evolving landscape of climate disclosure since 
May 2019, taking a brief look at how new regulations and reporting guidelines have 
emerged, and the increasing regulatory push for climate stress-testing, as well as the 
development of portfolio temperature assessments.

The second and third chapters provide a broad overview of the landscape of scenario 
analysis methodologies for the estimation of transition and physical risks from climate 
change. The intention here is not to provide an endorsement of one methodology over 
another but to present some of the key strengths and differences in approaches.

The report concludes with an overview of advances in scenario development, a review of 
IQIVKMRK�XVIRHW�ERH�[LEX�ƼRERGMEP�MRWXMXYXMSRW�WLSYPH�PSSO�SYX�JSV�MR������
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2.1 6IGIRX�HIZIPSTQIRXW�MR�VIKYPEXMSR
Over the past year, the number of climate risk reports has increased in quality and 
number (Carlin, 2020). However, as highlighted in ‘Changing Course’ and in the TCFD’s 
own 2019 Status Report, scenario analysis remains far from commonplace aside from 
larger, more climate-aware institutions in leading countries (UNEP FI, 2019). Despite the 
VIPEXMZIP]�LMKL�MRXIVIWX�Ɓ�EW�SJ�7ITXIQFIV�����������ƼRERGMEP�MRWXMXYXMSRW�LEH�WMKRIH�
up as supporters of the recommendations of the TCFD (Mitchell et al, 2020) – very few 
ƼRERGMEP�ƼVQW�EVI�EGXMZIP]�HMWGPSWMRK��8LSWI�MRWXMXYXMSRW�XLEX�HS�HMWGPSWI�LEZI�RSX�FIIR�
EFPI�XS�JSPPS[�LEVQSRMWIH�WXERHEVHW�[LMPI�XLI�HMƾGYPX]�SJ�EGGIWWMRK�VSFYWX��LMKL�UYEPMX]�
data and scenarios has compromised the quality and usefulness of their disclosures. 
The COP26 Secretariat’s Financial Coalition Coordination Mechanism is encouraging 
ƼRERGMEP�ƼVQW�XS�GSRHYGX�WGIREVMS�EREP]WMW�ERH�MQTPIQIRX�GPMQEXI�VMWO�VITSVXMRK��[LMPI�
the Principles for Responsible Investment (PRI, 2020) have made reporting on certain 
climate indicators mandatory – though disclosure remains voluntary.

2.1.1. 6MWO�HMWGPSWYVI�QERHEXIW
With the voluntary disclosure framework only providing piecemeal disclosures and 
PMQMXIH�HEXE�SR�XLI�ƼRERGMEP�MQTEGXW�SJ�GPMQEXI�GLERKI�WS�JEV��VIKYPEXSVW��GIRXVEP�FEROW�
and ratings agencies are increasingly under pressure to introduce mandatory climate 
risk disclosure frameworks. Mark Carney, the former chair of the Financial Stability 
Board and catalyst for the establishment of the TCFD, has advocated for a mandate 
(TCFD, 2019), while Ceres has called on the SEC to implement more stringent climate-re-
lated reporting (Ceres, 2020). The Basel Committee on Banking Supervision (BCBS) 
established the Task Force on Climate-related Financial Risks (TFCR) in February 2020, 
XS�QEMRXEMR�XLI�WXEFMPMX]�SJ�KPSFEP�ƼRERGMEP�W]WXIQW�MR�XLI�JEGI�SJ�GPMQEXI�VIPEXIH�VMWOW��
GSQQIRGMRK�[MXL�E�WXSGOXEOI�SJ�QIQFIV�MRMXMEXMZIW�SR�GPMQEXI�VIPEXIH�ƼRERGMEP�VMWOW��-R�
7ITXIQFIV�������XLI�KSZIVRQIRX�SJ�2I[�>IEPERH�FIGEQI�XLI�ƼVWX�GSYRXV]�XS�ERRSYRGI�
QERHEXSV]�GPMQEXI�VIPEXIH�ƼRERGMEP�HMWGPSWYVIW�JSV�TYFPMGP]�PMWXIH�GSQTERMIW�ERH�PEVKI�
FEROW��MRZIWXSVW�ERH�MRWYVIVW��2>1*)������
��8LI�JSPPS[MRK�XEFPI�KMZIW�E�ƽEZSYV�SJ�XLI�
status of the climate-related reporting mandates and voluntary initiatives in selected 
jurisdictions worldwide:
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USA 2020 Commodity Futures 

Trading Commis-

sion (CFTC)

Establishment of Climate-related Market Risk Subcom-

mittee (CRMS) and release of the Managing Climate 

Risk in the U.S. Financial System report (2020) urging 

ƼRERGMEP�VIKYPEXSVW�MR�XLI�9�7��XS�ƈQSZI�YVKIRXP]�ERH�
decisively to measure, understand, and address these 

VMWOWƉ��XEOMRK�EHZERXEKI�SJ�ƈI\MWXMRK�WXEXYXIWƉ�

2019 New York State 

Department of 

Financial Services 

(NYDFS)

2SR�FMRHMRK�I\TIGXEXMSRW�SJ�MRWYVIVW�XS�GSRWMHIV�ƈXLI�
ƼRERGMEP�VMWOW�JVSQ�GPMQEXI�GLERKI�MRXS�XLIMV�KSZIV-
nance frameworks, risk management processes, and 

FYWMRIWW�WXVEXIKMIWƉ�ERH�XS�ƈWXEVX�HIZIPSTMRK�XLIMV�
ETTVSEGL�XS�GPMQEXI�VIPEXIH�ƼRERGMEP�HMWGPSWYVI�Ɖ�
(NYDFS, 2020)

UK 2019 Bank of England, 

Prudential Regula-

tion Authority (PRA)

PRA supervisory statement SS3/19��ƈ)RLERGMRK�FEROWƅ�
ERH�MRWYVIVWƅ�ETTVSEGLIW�XS�QEREKMRK�XLI�ƼRERGMEP�
risks from climate change”

2019 Department for 

Business, Energy 

and Industrial Strat-

egy (BEIS)

Green Finance Strategy: Expectation for all companies 

to disclose in line with TCFD recommendations by 2022 

(BEIS, 2019).

2020 HM Treasury Interim Report of the UK’s Joint Government Regulator 

TCFD Taskforce, publishes a roadmap towards manda-

tory climate-related disclosures by 2025, with the major-

ity of measures implemented by 2023.

European 

Union

2020 Non-Financial 

Reporting Directive 

(NFRD)

Targeted consultation on strengthening reporting of 

sustainability and climate-related information in the 

NFRD (2014/95/EU).

2019 European Banking 

Authority (EBA)

Article 98.8 of the Capital Requirements Directive 

(CRD5) requires EBA to assess the inclusion of ESG 

risks in performance & evaluation.

France 2016 Article 173 2SR�QERHEXSV]�ƼRERGMEP�VITSVXMRK��MRGPYHMRK�GPMQEXI�

Hong Kong 2020 HKEX Mandatory ESG governance and reporting 

New 

Zealand

2020 Ministry for the 

Environment

Mandatory climate risk reporting legislation to be 

presented to Parliament following 2020 general election. 

Disclosure by all registered banks, credit unions, build-

ing societies, managers of investment schemes, and 

licensed insurers with total assets of more than NZ$1bn 

and all equity and debt issuers listed on the NZX by 

2023.

Canada 2020 Bank of Canada

Canada Develop-

ment Investment 

Consortium (CDEV)

Discussion / exploratory paper on scenario analysis.

TCFD reporting mandatory for companies receiv-

ing emergency funding during the pandemic: Large 

Employer Emergency Financing Facility (LEEFF) (CDEV, 

2020)

Japan 2019 Japan TCFD 

Consortium

The Consortium is a public-private partnership to 

promote TCFD disclosure. This has led to higher volun-

tary corporate TCFD reporting than in any other country 

(Ikeda, S., 2020).
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Switzerland 2019 *IHIVEP�3ƾGI�JSV�
the Environment 
(BAFU)

Legal opinion shows that climate-related risks need to 
be taken into account according to existing law (Eggen 
& Stengel, 2019)

Switzerland became a supporter of the TCFD in January 
2021 and has launched a consultation on mandatory 
climate-related risk disclosure.

Australia 2020 Australian Pruden-
tial Regulation 
Authority (APRA)

2021 Climate Risk Vulnerability Assessment, for major 
banks (Australia’s largest deposit-taking institutions, 
ADIs). Climate risk disclosure remains voluntary, 
however (APRA, 2020).

8EFPI����3ZIVZMI[�SJ�QERHEXSV]�ERH�ZSPYRXEV]�HMWGPSWYVI�VIGSQQIRHEXMSRW�SR�
GPMQEXI�VIPEXIH�VMWO�JVSQ�E�WIPIGXMSR�SJ�VIKYPEXSVW�ERH�TSPMG]�QEOIVW�

Some private investors are starting to move the dial, particularly in jurisdictions where 
there has been relatively little regulatory guidance on climate risk disclosure in recent 
years, such as in the United States. BlackRock, the world’s largest asset manager, has 
requested TCFD-aligned climate-related risk disclosures from all their investee compa-
nies by the end of 2020, holding board members of those companies directly account-
EFPI�JSV�VITSVXMRK��*MRO������
��8S�KMZI�SRI�LMKL�TVSƼPI�I\EQTPI�SJ�XLMW�RI[�ETTVSEGL��
&PEGO6SGO�MWWYIH�E�WXEXIQIRX�ZSXMRK�EKEMRWX�)\\SR�1SFMP�HMVIGXSVW�JSV�RSX�XEOMRK�WYƾ-
cient action on TCFD-aligned risk disclosure (BlackRock, 2020). State Street Global Advi-
sors are also threatening voting action against major publicly listed investees that fail to 
improve poor sustainability ratings, based on SSGA’s proprietary R-Factor rating, includ-
ing climate-related risk (SSGA, 2020).

2.1.2. 6MWO�HMWGPSWYVI�WXERHEVHW�ERH�KYMHIPMRIW

*MKYVI����'(4ƅW�Ƅ&YMPHMRK�FPSGOWƅ�VITSVX�
WLS[MRK�LS[�'(7&�ERH�'(4�KYMHIPMRIW�
EPPS[�JSV�XLI�HIZIPSTQIRX�SJ�8'*(�
WXERHEVH�VITSVXW
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Whether mandated or not, climate-related reporting has come under criticism for its lack 
SJ�WXERHEVHMWEXMSR��QEOMRK�MX�HMƾGYPX�XS�GSQTEVI�HMWGPSWYVIW��:SPYRXEV]�VITSVXMRK�JVEQI-
works remain the norm in an absence of mandates. In September 2020, several report-
ing standards organisations, including CDSB, SASB, CDP, GRI and IIRC1 jointly committed 
to align their sustainability reporting requirements (CDP, 2020a), building on CDP’s work 
with CDSB to integrate the recommendations of the TCFD (CDP, 2020b). This is certainly 
a step in the right direction, as they form the basis of voluntary reporting for global 
ƼRERGMEP�ƼVQW��-R�TEVEPPIP��XLI�2IX[SVO�JSV�+VIIRMRK�XLI�*MRERGMEP�7]WXIQ��2+*7
�LEW�
developed technical guidelines to help its members integrate climate-related and envi-
ronmental risks into prudential supervision (NGFS, 2020a), as well as working closely 
with scenario developers to issue a set of standard scenarios (NGFS, 2020b), built on 
existing well-developed Integrated Assessment Models (IAMs),2 allowing for assessment 
of both transition and physical risks. The following table outlines some of the guidelines 
and standards that have been developed in a handful of jurisdictions, often to accom-
pany mandatory or voluntary reporting:

USA 2010 Securities and 
Exchange Commission 
(SEC)

Guidance on Disclosure Related to Climate 
Change. No recent climate-related risk disclo-
sure updates despite recent amendments to risk 
disclosure rules (Herren Lee, 2020)

European 
Union

2020 Disclosures Directive Regulation 2019/2088 requires annual disclosure 
standards.

2020 European Central Bank 
(ECB)

Draft guide on incorporating climate-related and 
environmental risks into existing risk framework 
(ECB, 2020)

2020 European Insurance 
and Occupational 
Pensions Authority 
(EIOPA)

EIOPA is currently holding a consultation on its 
expectations of national competent authorities 
to supervise the integration of climate changes 
scenarios in their ‘Own Risk and Solvency Assess-
ments’ (ORSAs).

Singapore 2020 Monetary Authority of 
Singapore (MAS)

Introducing guidelines on climate risk disclosure, 
currently under consultation (MAS, 2020).

8EFPI����3ZIVZMI[�SJ�WXERHEVHW�ERH�KYMHIPMRIW�SR�GPMQEXI�VIPEXIH�VMWO�JVSQ�E�
WIPIGXMSR�SJ�VIKYPEXSVW�ERH�TSPMG]�QEOIVW

0IEHMRK�GPMQEXI�ƼRERGI�KVSYTW�WYGL�EW�XLI�'PMQEXI�7EJI�0IRHMRK�2IX[SVO��WYKKIWX�XLEX�
IZIR�QERHEXMRK�GPMQEXI�VMWO�HMWGPSWYVI�MW�RSX�IRSYKL�ERH�ƼRERGMEP�MRWXMXYXMSRW�RIIH�XS�
disclose their impact on systemic or planetary climate risks (Vaccaro, 2020) – in other 
[SVHW�ER�ƈMRWMHI�SYXƉ�VMWO�EWWIWWQIRX�VEXLIV�XLER�ER�ƈSYXWMHI�MRƉ�EWWIWWQIRX��

1 CDSB: Climate Disclosure Standards Board; SASB: Sustainability Accounting Standards Board; GRI: 
Global Reporting Initiative; IIRC: International Integrated Reporting Council

2 GCAM, MESSAGEix GLOBIOM and REMIND MAgPIE
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2.1.3. 7XVIWW�XIWXMRK
A handful of central banks are integrating climate change into stress tests to assess the 
WXEFMPMX]�SJ�XLI�ƼRERGMEP�W]WXIQ�XS�XLIWI�QSVI�W]WXIQMG��PSRKIV�XIVQ�VMWOW�

 č The Bank of England has extended its stress testing horizon to 30 years through the 
&MIRRMEP�)\TPSVEXSV]�7GIREVMS��&)7
��8LI�&)7�VIUYMVIW�ƼRERGMEP�ƼVQW�XS�VYR�WGIREV-
ios against their balance sheet exposure and set out management responses. In 
E�WIGSRH�VSYRH��XLI�&S)�QE]�EWO�ƼVQW�JSV�XLIMV�VIWTSRWIW�MR�PMKLX�SJ�W]WXIQ�[MHI�
impacts. The BES is not strictly a stress test as it does not run high-impact scenarios.

 č The Netherlands’ Central Bank (Den Nederlandsche Bank, DNB) conducted an energy 
transition stress test in 2018, which has showed that Common Equity Tier 1 (CET1) ratio 
could drop by over 4 percentage points in a severe but plausible transition scenario.

 č The French central bank’s regulatory authority (L’Autorité de contrôle prudentiel et de 
résolution, ACPR) has developed stress testing based on the NGFS scenarios (see 
���
��ERH�HVMPPMRK�HS[R�XS�I\TPSVI�REXMSREP�QEGVSIGSRSQMG��WIGXSV�ERH�ƼVQ�PIZIP�VMWOW�
using in-house models (ACPR, 2020b).

 č These pilot stress tests by Eurozone national central banks have paved the way 
for the European Central Bank to integrate climate-related stress tests, integrating 
QEGVSIGSRSQMG�JEGXSVW�WYGL�EW�WYHHIR�XVERWMXMSR�VMWOW��GETMXEP�ƽMKLX�JVSQ�GIVXEMR�
sectors/regions).

 č 3YXWMHI�SJ�)YVSTI��WXVIRKXLIRMRK�XLI�ƼRERGI�WIGXSVƅW�VIWMPMIRGI�XS�GPMQEXI�VMWO� MW�
SRI�SJ�XLI�JSYV�TMPPEVW�SJ�XLI�1SRIXEV]�%YXLSVMX]�SJ�7MRKETSVIƅW��1%7
�KVIIR�ƼRERGI�
action plan. Under these proposals, the MAS will include climate-related scenarios in 
MXW�ERRYEP�ƼRERGMEP�WXVIWW�XIWX�F]������

2.2 'SQFMRMRK�TL]WMGEP�ERH�XVERWMXMSR�VMWOW
The physical impacts of climate change are already impacting on our economy and 
society, and further temperature rise is already baked in. Realistically, not even the 
most optimistic transition scenario can ignore the risks from the physical impacts of 
climate change. Therefore, scenario developers and methodology providers are increas-
ingly working towards combined transition and physical risk methodologies to provide 
a complete picture of climate-related risk. Integration of these two approaches is not 
straightforward as physical and transition pathways are strongly dependent on different 
PSGEXMSR��ERH�WIGXSV�WTIGMƼG�ZEVMEFPIW��4L]WMGEP�LE^EVHW�EVI�WXVSRKP]�PSGEXMSR�WTIGMƼG�
and dependent on actual temperature rise, while adaptive capacity can vary between 
WIGXSVW��8VERWMXMSR�VMWO�MW�LMKLP]�WIGXSV�WTIGMƼG�ERH�VIPEXIW�XS�TSPMXMGEPP]�HIXIVQMRIH�QMXM-
gation targets.

The NGFS suite of scenarios aims to bridge the two risk frameworks, with methodolo-
gies being developed over 2020-21 to integrate the two aspects. Consolidation is also 
being delivered by commercial providers, while ratings agencies have moved to inte-
grate climate risk specialists with both physical and transition risk expertise, for example 
Carbon Delta by MSCI and Moody’s Analytics who have brought in physical risk expertise 
from Four Twenty Seven and transition risk specialists, Vigeo-Eiris (V.E), as part of the 
climate focus of the newly formed Moody’s ESG Solutions Group.
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While we focus in this report on scenario-based risk assessments, it must be remem-
bered that the TCFD report also refers to other risks including litigation and reputation. 
UNEP FI’s TCFD Pilot for insurers assesses the exposure of insurers to litigation risk in 
XLI�JEGI�SJ�GPMQEXI�GLERKI�ERH�92)4�*-�EVI�EPWS�EMQMRK�XS�TYFPMWL�E�LMKL�PIZIP�FVMIƼRK�
on litigation risk and climate change adaptation in March 2021.

2.3 1SZMRK�FI]SRH�XLI�GYVVIRX�VMWO� 
HMWGPSWYVI�JVEQI[SVO

Mark Carney has suggested that current disclosure frameworks need to evolve in order 
XS�VIƽIGX�ƼRERGMEP�MRWXMXYXMSRWƅ�GPMQEXI�VIPEXIH�VMWO��RSX�SRP]�XS�XLIMV�S[R�TSVXJSPMSW��[LMGL�
are considered only through the very short-term lens of the investment horizon, but to 
take into account their contribution to systemic or global risks. In his ‘Road to Glasgow’ 
speech in 2020, he posited the need to expand the existing frameworks to adopt more 
active measures to address systemic risk, such as:

i. the net zero alignment of portfolios,
ii. reporting on transition progress, and 
iii. reporting portfolio warming potential.

These approaches could act as a stepping-stone from the current risk assessment para-
digm of the TCFD framework to a more active alignment with the key objective of Article 
����E
�SJ�XLI�4EVMW�%KVIIQIRX�XS�ƈLSPH�XLI�MRGVIEWI�MR�XLI�KPSFEP�EZIVEKI�XIQTIVEXYVI�XS�
well below 2°C above pre-industrial levels and pursuing efforts to limit the increase to 
1.5°C” (UNFCCC, 2015). The TCFD Secretariat are currently exploring how portfolio warm-
ing potential may be integrated into the TCFD framework to better measure the impact of 
business operations on systemic risk, while the Bank of England’s BES adopts a tempera-
ture alignment score. For more details on the different types of alignment and impact 
models, and a discussion on how appropriate these metrics are for measuring portfolio 
alignment, see the recent study by the Institut Louis Bachelier (Reynaud et al, 2020).
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3. 
3ZIVZMI[ɸSJ�
8VERWMXMSR�6MWO�
%TTVSEGLIW
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3.1 -RXVSHYGXMSR�
Developing a tool or methodology that can provide a robust assessment of climate-re-
lated risk, whether transition or physical, is a considerable undertaking. In terms of 
transition risk, it can require access to considerable data on future technology, access 
to a wide range of climate and macroeconomic models, and an understanding of 
forward-looking climate and economic assumptions. A number of proprietary tools and 
methodologies have been developed by commercial service providers. 

This section provides an overview of eighteen transition risk tools and analytics. The 
set of service providers listed and reviewed in this section is certainly not exhaustive, but 
is an attempt to include the principal commercially available methodologies.

Almost all of the assessed methodologies’ principal function is to analyse transition 
risk, using climate hazards and forward-looking carbon policy and technology vari-
ables as inputs in order to calculate the risk to clients, their operations and value chains, 
SJXIR�MR�XIVQW�SJ�ƼRERGMEP�QIXVMGW��%�GSYTPI�SJ�I\GITXMSRW�XS�XLIWI�VMWO�EWWIWWQIRX�
approaches have been included, as they may still be of use in assessing a portfolio’s 
exposure to climate change transition. These are Carbone 4’s Climate Impact Tool, 
which measures the impact of assessed portfolios on climate change, and 2DII’s PACTA 
Stress Test Module, which assesses the level of exposure and potential losses of equity 
and bond portfolios to Paris-aligned transition pathways. Carbon Tracker’s 2 Degrees of 
Separation tool is focused on one single sector (oil & gas), while the others cover all or 
most of the high emissions sectors.

This survey adopts the assessment framework developed in UNEP FI’s Changing 
Course report last year, with some minor changes and including a number of supple-
mentary criteria in order to complement the format of the overview of physical climate 
risk assessment tools in Chapter 4 of UNEP FI’s Charting a New Climate report (pp. 
42-53; UNEP FI, 2020). The information provided in this overview has been obtained 
ƼVWXP]�JVSQ�TYFPMGP]�EZEMPEFPI�WSYVGIW�ERH�WIGSRHP]�JVSQ�WYVZI]�VIWTSRWIW�JVSQ�QSWX�
of the services providers covered below. Only Moody’s Investor Services and PwC failed 
to respond to our survey.

The brevity of this overview does not allow for an in-depth review of each methodol-
ogy. For more comprehensive research, the Swiss Federal Institute of Technology has 
published research on selected transition risk methodologies, including those developed 
F]��(--��'EVFSRI����'PMQEƼR��'PMQEXI;MWI��17'-�'EVFSR�(IPXE��3PMZIV�;]QER��3VXIG�
Finance, PwC/CO-Firm and Vivid Economics (now known as Planetrics) (Bingler & Cole-
santi Senni, 2020).
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3.2 7GIREVMSW
The foundation of forward-looking climate risk assessment is the design of a scenario 
or set of scenarios that best shapes assumptions around the climate, society and 
the economy. Scenarios are built around the core assumption of a global temperature 
target or emissions pathway, with temperature pathways being preferred by the TCFD 
in line with the objectives of the Paris Agreement (TCFD, 2017). However, a number of 
secondary assumptions including carbon pricing, technological development, consumer 
behaviour, resource scarcity, energy demand, discount rates and how quickly those 
EWWYQTXMSRW�GLERKI�LEZI�E�GSRWMHIVEFPI�MRƽYIRGI�SR�LS[�XLSWI�TEXL[E]W�HIZIPST�SZIV�
time. The Changing Course report focused largely on temperature-based scenarios given 
the TCFD’s recommendations. In terms of the highest transition risk, scenarios tended to 
focus on 2°C pathways. Furthermore, the most widely available and granular scenarios 
at the time assumed a considerable contribution from Carbon Dioxide Reduction (CDR), 
or ‘negative emissions’ technology.

The availability of scenarios for transition risk analysis has expanded since last year’s 
Changing Course report, in particular because demand for more aggressive transition 
WGIREVMSW�LEW�FYMPX�EW�ƼVQW�VIWTSRH�XS�MRGVIEWMRK�TVIWWYVI�JVSQ�GPMIRXW��MRZIWXSVW�ERH�
governments to meet the objectives of the Paris Agreement. Only 6 countries have 
implemented net-zero legislation, but many others have committed to Net Zero emis-
WMSRW�XEVKIXW�F]�������ERH�QSWX�WMKRMƼGERXP]�JSV�KPSFEP�IQMWWMSRW��'LMRE�GSQQMXXIH�EX�
the 2020 United Nations General Assembly to ‘net carbon neutrality’ by 2060 (Economist, 
����
��-R�XLI�ƼRERGI�WIGXSV��E�RYQFIV�SJ�ƼVQW�LEZI�GSQQMXXIH�XS�EPMKR�XLIMV�FYWMRIWW�
with the Paris Agreement, for example the Principles for Responsible Banking’s Collec-
tive Commitment to Climate Action, or to net zero emissions by 2050 in the case of the 
Net-Zero Asset Owner Alliance.

4SPMGMIW�EMQMRK�EX�E����q'�TEXL[E]�EVI�XLIVIJSVI�WXEVXMRK�XS�FI�WLETIH�ERH�ƼRER-
cial institutions need to assess this pathway, which poses the greatest transition risk. 
Moving to 1.5°C scenarios implies important changes in the rate and timing of decar-
bonisation, as outlined by Bingler & Colesanti Senni (2020), which will necessarily imply a 
considerable step change in transition risk. It is therefore important that these scenarios 
are adopted by service providers and many have already done so.

The IPCC’s Special Report on Global Warming of 1.5°C (2018) laid out a number of path-
ways (P1 to P4) for achieving net zero emissions by 2050, including a pathway which 
minimises the need for carbon dioxide removal (CDR) technologies, which are currently 
ƈYRTVSZIR�ERH�VIPMERGI�SR�WYGL�XIGLRSPSK]�MW�E�QENSV�VMWO�MR�XLI�EFMPMX]�XS�PMQMX�[EVQ-
ing to 1.5°C” (IPCC, 2018). This Special Report also provides a preview into the Shared 
Socioeconomic Pathways (SSPs), which will be showcased in the IPCC’s 6th Assess-
ment Report (AR6), and will provide more nuanced socioeconomic pathways and there-
fore largely replace the Representative Concentration Pathways (RCPs) outlined in AR5.
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Scaling up ambition to align with the Paris Agreement is also the aim of the One Earth 
Climate Model, which is aiming to set a new standard in identifying a feasible path to 
1.5°C with little or no reliance on CDR technologies. The Principles for Responsible 
Investment (PRI) have also developed a Forecast Policy Scenario, which assumes an 
ƈMRIZMXEFPI�TSPMG]�VIWTSRWIƉ��-46
�XS�RIX�^IVS�MR�XLI�WLSVX�XIVQ��[MXLSYX�RIGIWWEVMP]�QIIX-
ing the 1.5°C temperature target, unless a second, medium-term, policy ratchet is initi-
ated. This attempts to respond to criticisms of other <2°C scenarios as ‘tail scenarios’ 
that set overambitious and unrealistic short-term policy ambitions and whose modelled 
transitions are optimal rather than disorderly (Energy Transition Advisors, 2020).

A further development in scenarios over the past year has been the release of the 
2+*7�VIJIVIRGI�WGIREVMSW��[LMGL�WIX�E�WXERHEVH�JSV�GPMQEXI�WGIREVMSW�JSV�XLI�ƼRERGI�
sector (NGFS, 2020b). These integrate both emissions pathways and shared socioeco-
nomic pathways (SSPs) and thus provide a common set of scenarios for assessing both 
transition and physical risks. The NGFS scenario set includes three principal scenarios:

i. Orderly (1.5-2°C by 2100);
ii. Disorderly (1.5-2°C by 2100, though with greater transition risks than for an orderly 

transition);
iii. Hothouse world (3°C+ based on current policies, which do not meet even current 

Nationally Determined Contributions).

The NGFS scenarios have been based on integrated assessment models (IAMs) devel-
oped by PIK (REMIND-MagPIE), IIASA (MESSAGEix-GLOBIOM) and the University of 
Maryland (GCAM). It is likely that these scenarios will be adopted by central banks and 
VIKYPEXSVW�ERH�[MPP�TVSZMHI�XLI�FEWMW�JSV�JYXYVI�GPMQEXI�WXVIWW�XIWXW�JSV�XLI�ƼRERGI�WIGXSV��
South Pole, Climate Credit Analytics and Oliver Wyman’s Transition Check have already 
added the NGFS scenario set to their analytics.

A summary of available reference scenarios used for transition risk analysis is given in 
the below table:

7GIREVMS�
4VSZMHIV =IEV 2EQI 7IGXSV )WX��MQTPMIH�

XIQT��VMWI &EWMW

IEA World 
Energy 
Outlook 
(WEO) 
 
[updated 
annually]

2020 NZE2050 (Net 
zero emissions 
by 2050)

Energy 1.5°C Outlines necessary technol-
ogy, policies and behaviour 
change necessary to bring 
about net-zero emissions by 
2050.

SDS 2020 
(Sustainable 
Development 
Scenario)

Energy 1.8°C (66%) 
1.5°C (50%)

Takes in to account social 
(SDG) and climate goals

STEPS (Stated 
Policies 
Scenario)

Energy 2.7-3.3°C Takes in to account stated 
policies (replaces the New 
Policies Scenario, NPS)

Delayed Recov-
ery Scenario 
(DRS)

Energy <2.7°C STEPS with a delayed recov-
ery from pandemic
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IEA Energy 
Technology 
Perspec-
tives (ETP) 
 
[2020 
release 
feeds 
into SDS 
scenario]

2017 B2DS (Below 
2 Degrees 
Scenario)

Energy 1.75°C

2DS (2 Degrees 
Scenario)

Energy 2°C

RTS (Reference 
Technology 
Scenario)

Energy 2.75°C Takes into account existing 
energy- and climate-related 
pledges, including NDCs.

IPCC 2014 RCP (Repre-
sentative 
Concentration 
Pathways)

All 
sectors

1.0°C (RCP 2.6)
1.8°C (RCP 4.5)
2.2°C (RCP 6.0)
3.7°C (RCP 8.5)

RCPs outline pathways 
according to different levels 
of radiative forcing in the 
CMIP5

IPCC 2018 SR15 All 
sectors

1.5°C Set of P1-4 pathways to meet 
1.5°C target, building on RCP 
1.9

NGFS 2020 Orderly All 
sectors

<2°C Both orderly and disorderly 
have alternate scenarios 
with limited or full CDR

Disorderly All 
sectors

<2°C Higher transition risk than 
for Orderly scenario

Hot-house 
World

All 
sectors

3°C+ Only current policies imple-
mented, not NDCs, i.e. equiv-
alent to IEA STEPS

OECM 2020 One Climate 
Earth Model

All 
sectors

1.5°C Minimal CDR. Released 
2020.

PRI Inevita-
ble Policy 
Response 
(IPR)

2020 Forecast Policy 
Scenario

All 
sectors

1.5°C Based on the inevitable 
policy response to meeting 
the Paris Agreement.

8EFPI����3ZIVZMI[�SJ�GPMQEXI�ERH�XVERWMXMSR�WGIREVMSW

There are a number of other available scenarios, including IRENA’s Remap, Greenpeace’s 
Advanced Energy [Revolution] and IDDRI/SDSN’s Deep Decarbonisation Pathways, which 
are less widely used in service providers’ models.

In terms of the methodologies surveyed by UNEP FI, all now include a 1.5°C or below 
2°C scenario, demonstrating the shift in transition risk analysis to scenarios which imply 
alignment with the objectives of the Paris Agreement, as well as the 2°C used as the 
basis for high transition risk scenarios in 2019. All methodologies supplement this with 
a 3°C or 4°C scenario to provide a comparison with the ‘business-as-usual’ or ‘stated 
policies’ approach, though Carbon Tracker focuses on oil & gas transition risks by using 
the IEA’s STEPS scenario (~2.7°C) as a proxy for ‘business-as-usual’ by assessing the 
proportion of company expenditure that goes ahead under the STEPS scenario at the 
asset level but falls outside lower demand scenarios.
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IEA scenarios are used by many methodologies, including 2DII, Carbone 4, Carbon 

Tracker, Planetrics, ClimateWise, Moody’s Investor Services (MIS) and South Pole, as the 

IEA provides arguably the most granular scenarios for carbon intensive sectors, such as 

oil and gas, electricity, power generation, heavy manufacturing and automotive. Given 

the IEA’s consistent under-estimation of renewable energy growth and high reliance 

on CDR, a number of providers use IEA scenarios as a basis for their own bespoke 

approaches – for example, Carbone 4 uses IEA SDS as a basis for modelling the elec-

tricity sector only.

NGFS scenarios will become increasingly important and Oliver Wyman’s Transi-

tion Check Tool has integrated these scenarios in its initial release, building on Oliver 

;]QERƅW�GSPPEFSVEXMSR�[MXL�4-/�ERH�--%7%�MR�92)4�*-ƅW�ƼVWX�ERH�WIGSRH�TLEWI�8'*(�
pilot. NGFS scenarios have also been integrated into Oliver Wyman and S&P Global 

Market Intelligence’s Climate Credit Analytics.

Forecast Policy Scenario, based on PRI’s Inevitable Policy Response (IPR) is adopted 

by Vivid Economics and Planetrics alongside IEA and IPCC scenarios to inform its 1.5°C 

transition risk tool.

Bespoke approaches are used in both of Oliver Wyman ’s tools, by MSCI-Carbon Delta, 

in collaboration with PIK, IIASA and GCAM, by Carbone 4, and by Verisk, while Baringa 

Partners offers bespoke approaches in addition to standard scenario sets. Ortec 

Finance have developed 3 transition pathways similar to the NGFS scenario set includ-

ing orderly and disorderly Paris aligned transitions and a business-as-usual, equiva-

PIRX�XS�E�ƄLSXLSYWIƅ�[SVPH��8LI�QEGVSIGSRSQMG�GSRWIUYIRGIW��MRGPYHMRK�+(4��MRƽEXMSR�
and sectoral GVA, of these scenarios are taken from Cambridge Econometrics’ E3ME 

model, and cover countries, sectors and asset class risk return expectations, through a 

top-down approach.

-X�QYWX�FI�RSXIH�XLEX�QER]�QIXLSHSPSKMIW�WXMPP�IQTPS]�WGIREVMSW��FSXL�WIGXSV�WTIGMƼG�
WYGL�EW�XLI�-)%�WGIREVMSW�SV�XLI�-%1W��[LMGL�GSRXMRYI�XS�QSHIP�VIPEXMZIP]�PEXI�IQMW�
WMSR�TIEOW�ERH�'(6. This implies that many risk analyses are still building in a later 

transition, but with a much steeper decarbonisation and reliance on unproven decarboni-

sation technologies. Employing more ambitious 1.5°C aligned scenarios that do not rely 

on CDR, requires confronting technological and societal transformation in a more rapid 

and ordered manner. The continued use of 2°C scenarios or <2°C scenarios with a heavy 

VIPMERGI�SR�'(6�WYKKIWXW�E�PEGO�SJ�GSRƼHIRGI�MR�XLI�EFMPMX]�SJ�IGSRSQMG�KSZIVRERGI�
institutions, businesses and society to confront the low-carbon transition in the medium 

to long term. Even the IEA’s latest Net-Zero Emissions by 2050 scenario estimates that 

about 1,150 Mt of CO2 would have to be removed by 2030, using technology that does 

not yet exist.

Further information on scenario selection can be found in :

 č Pathways to net zero: Scenario architecture for strategic resilience testing and plan-
ning (Energy Transition Advisors for PRI, 2020)

 č Navigating Climate Scenario Analysis (IIGCC, 2019)
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3.3 ,E^EVHW
As in the 2019 Changing Course report, the focus here is on two types of transition 
hazards: 

i. Policy – changes in the counterparty’s policy and legislatory environment, for 
example through direct costs such as carbon pricing, taxation or cap-and-trade, or 
indirect costs such as changes in subsidies, the introduction of renewables obli-
gations, etc.

ii. Technology – changes in the availability and relative costs of technology, for exam-
ple the lowering costs of renewable technologies and energy storage and the high 
GSWXW�SJ�JSWWMP�JYIP�I\XVEGXMSR�JVSQ�WLEPI�VIWIVZSMVW��XEV�WERHW�SV�HIIT�SJJWLSVI�ƼIPHW�

Market hazards are not included in this review, as it is assumed that the market is largely 
shaped by policy and technology, though recently markets have shifted independently 
of technology or policy due to the global pandemic, which impacted the demand for 
fossil fuels in certain sectors. Such changes in demand through changes in behaviour, 
lifestyle or economic model could be taken into account in these methodologies. Some 
methodology providers are accounting for pandemic or public health shocks in their risk 
assessment in response to the considerable demand shock in 2020.

All methodologies employ sector scenarios or integrated assessment models (IAMs) 
that automatically account for both policy (carbon prices) and shifts in technology, so 
almost all the methodologies take into account policy and technology hazards. The 
only exception to this is South Pole’s Risk Screening Tool, which is a ‘quick’ assessment 
tool assessing only carbon price. South Pole do provide a more comprehensive assess-
ment tool that also covers technological change, the Climate Risk Deep-Dive Assessment.

3.4 %WWIWWQIRX�QIXLSHSPSKMIW
(IXIVQMRMRK�ƼRERGMEP�VMWO�EX�XLI�WIGXSV�ERH�ƼVQ�PIZIP��JVSQ�GPMQEXI�WGIREVMSW�ERH�EWWS-
ciated socioeconomic pathways is dependent on the approach the methodology takes. 
The methodology has to assess a range of variables and assumptions that affect the 
economic impact at the macroeconomic or sectoral level and translate those impacts at 
XLI�ƼVQ�PIZIP�ERH�WYFWIUYIRXP]�IWXMQEXI�XLI�ƼRERGMEP�MQTEGX�XS�XLI�ƼRERGMEP�MRWXMXYXMSR�

This report bases its methodological assessment on the framework developed in the 
2019 Changing Course report, which looks at each methodology’s scope and breadth 
of assessment. The scope of an assessment is across four principal impact channels:

i. Macro-environment – economic trends at the macro-level tend to be the starting 
point for top-down analyses. Policy and technology changes at the country and 
sector level could impact macroeconomic indicators such as economic growth, 
the balance of trade and exchange rates, particularly in the case of disorderly tran-
sitions or price shocks. 
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ii. Supply chain – policy or technology shifts could see impacts on the upstream 
or downstream supply chain of counterparties, for example through changing 
costs of electricity generation or increased demand for certain products such as 
electric vehicles.

iii. Operations and assets – this impact channel directly affects the operations of 
counterparties, i.e. scope 1 emissions.

iv. Market – for emissions-intensive industries, most transition impact will be through 
the scope 3 emissions of consumers, so for coal mining or oil & gas production, 
policy or technology changes will lead to changes in market demand.

This overview also looks at three levels of assessment:

i. Exposure – determined by location and sector, and therefore exposure to climate 
policy or technology respectively.

ii. Sensitivity – determined by a counterparty’s emissions intensity per unit of produc-
tion and therefore how far it will be affected by a change in costs, or in supply chain 
terms, by a supplier’s emissions intensity. This also affected by the counterparty’s 
ability to absorb costs or to pass them on to consumers.

iii. Adaptive capacity – determined by a counterparty’s ability to shift away from high 
emissions technology or suppliers (input substitution), or to develop new technol-
ogies or business models through R&D and strategy respectively.

Most of the described methodologies are based on deterministic modelling – where 
they differ is in how the economic modelling is approached: either bottom-up, which 
FYMPHW�XLI�IGSRSQMG�MQTEGXW�YT�JVSQ�XLI�ƼVQ�PIZIP��SV�XST�HS[R��[LMGL�HMVIGXP]�QSHIPW�
economic impacts at the macroeconomic or sector level. Bingler & Colesanti Senni 
give a good description of how these methodologies work (pp. 16-20; 2020). Stochas-
tic modelling is integrated into some of the methodologies, such as Ortec Finance’s 
'PMQEXI1%47��[LMGL�XEOIW�HIXIVQMRMWXMGEPP]�QSHIPPIH�+(4��MRƽEXMSR�ERH�WIGXSV�+'%�
WLSGOW�JVSQ�MXW�IGSRSQIXVMG�QSHIP�ERH�JIIHW�MRXS�XLIMV�WXSGLEWXMGEPP]�HIXIVQMRIH�ƼRER-
cial model.

Bottom-up methodologies provide a more granular assessment with arguably more 
accurate near-term results. They also tend to provide more detailed information at the 
ƼVQ� PIZIP�ERH�XLVSYKL�XLI�WYTTP]�GLEMR��7YGL�ETTVSEGLIW� MRGPYHI�&EVMRKE�4EVXRIVWƅ�
Climate Change Scenario Model, Carbone 4’s Climate Impact, PwC/CO-Firm’s Climate 
Excellence, Planetrics’ Climate Risk Toolkit, Verisk’s Transition Risk Tool and MIS’ Carbon 
Transition Assessment and V.E’s Carbon & Energy Transition metrics.

Top-down approaches measure emissions against the global carbon budget as country 
PIZIP�IQMWWMSRW�HEXE�MW�SJXIR�QSVI�VIPMEFPI�ERH�GSRWMWXIRX�XLER�ƼVQ�PIZIP�IQMWWMSRW�HEXE��
Additionally, top-down approaches capture more readily the networked effects of inter-
acting climate risk drivers, including policy, technology and physical risk. Ortec Finance’s 
ClimateMAPS is an example of this approach.
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Most of the covered assessment methodologies are able to provide macro-economic 
level analysis. The only tool not to cover this aspect at all is Carbon Tracker’s 2 Degrees 
SJ�7ITEVEXMSR�XSSP�[LMGL�MW�JSGYWIH�SR�KVERYPEV�ƼVQ�PIZIP�XVERWMXMSR�VMWO�EREP]WMW�MR�XLI�
oil & gas sector. A majority of the methodologies are able to capture sensitivity and 
adaptive capacity at the macro-level, including Ortec Finance’s top-down analysis and 
Vivid Economics and Planetrics who incorporate top-down macroeconomic assessment 
into their tool through the Vivid Economy-Wide (ViEW) model, while Baringa Partners’ 
model allows for sector-level impact modelling in addition to their bottom-up analy-
sis. Oliver Wyman and S&P Global Market Intelligence’s Climate Credit Analytics also 
captures top-down macroeconomic impacts alongside its bottom-up analysis.

All methodologies are able to measure the transition risk to counterparty operations and 
to the market, while supply chains tend to be better modelled by those methodologies 
with a bottom-up approach that has been extended along upstream and downstream 
value chains. Top-down approaches can model supply-chain effects at a macro-level, 
through international trade impacts, for example. Often, however, supply chain risk, 
otherwise known as second-order or indirect risk, is modelled using proxies such as 
vulnerability indicators. It must be noted that this level of assessment is only as good 
as the visibility of a company along its upstream and downstream supply chains, while 
sector-level estimates of indirect risks are likely to increase the error of risk estimates.

In terms of methodologies’ depth of assessment, exposure and sensitivity to transi-
tion risks are modelled across the board, though South Pole’s ‘light-touch’ methodology 
only covers exposure and not sensitivity or adaptive capacity. Sensitivity tends to be 
modelled across the board by cost-pass through only. Only Oliver Wyman and the PwC/
CO-Firm’s models account for a counterparty’s ability to absorb costs or to outperform 
peers (Bingler & Colesanti Senna, 2020).

Adaptive capacity is less well covered, though methodologies have improved over the 
past year on this score. Adaptive capacity in supply chains, operations and markets is 
RIGIWWEVMP]�QSHIPPIH�EX�XLI�ƼVQ�PIZIP�XLVSYKL�FSXXSQ�YT�ETTVSEGLIW��EW�MX�MW�RIGIW-
WEV]�XS�IMXLIV�YRHIVWXERH�XLI�ƼVQƅW�XIGLRSPSKMGEP�ERH�FYWMRIWW�WXVEXIKMIW��SV�GETEGMX]�
to substitute away from high emissions inputs. Adaptive capacity in supply chains is 
perhaps the greatest challenge to methodologies given the need to model upstream 
and downstream. Currently six of the assessed methodologies are able to provide this 
level of analysis, though a number of other providers are developing this capacity over 
the coming year.

Transition opportunities are an important aspect of any transition assessment and a 
number of the methodologies covered here are able to model either patent data, includ-
ing Carbon Delta’s CVaR model, Planetrics’ Climate Risk Toolkit and V.E’s energy tran-
sition and governance data. Oliver Wyman’s model is able to assess the capabilities of 
banks to respond to technological change through Transition Check, as well as in their 
collaboration with S&P Global Market Intelligence’s Climate Credit Analytics. Top-down 
approaches can also identify sector-level opportunities, for example where, for example, 
transition technologies may drive sector GVA growth. This is perhaps the key element in 
a climate risk analysis enabling banks and investors to identify sectors likely to grow as 
a result of the economic transition, as compared to current focal sectors.
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It is important to note that climate risk analysis must be distinguished from align-
ment, impact or target-setting tools, which have slightly different goals. We continue to 
include 2DII’s PACTA, though in the framing of its recently released Stress Test Module, 
which was developed in partnership with the Bank of England and has been used to pilot 
a climate stress test methodology for UK-based insurers and was recently developed 
and further applied by EIOPA in their climate risk sensitivity analysis. Unlike a risk analy-
sis tool, however, this impact approach focuses on a base case and high transition risk 
temperature scenarios – 3°C and disorderly <2°C. Other PACTA modules are focused on 
portfolio alignment for banks and investors and are not included in this overview, though 
measuring alignment of a portfolio can provide a useful proxy for transition risk.

3.5 3YXTYXW
8LI�QENSVMX]� SJ�QIXLSHSPSK]� TVSZMHIVW� EVI� EFPI� XS� TVSZMHI� UYERXMXEXMZI� ƼRERGMEP�
metrics and have expanded the range of outputs they are able to provide in order to 
QIIX�XLI�RIIHW�SJ�HMJJIVIRX�ƼRERGMEP�MRWXMXYXMSRW – Baringa Partners, South Pole and 
3VXIG�*MRERGI�LEZI�MRHMGEXIH�XLIMV�ƽI\MFMPMX]�MR�HIZIPSTMRK�E�VERKI�SJ�ƼRERGMEP�SYXTYX�
metrics. Moody’s and Ortec Finance can also provide a range of climate-adjusted 
macroeconomic indicators using their top-down macroeconomic approach, including 
GPMQEXI�EHNYWXIH�+(4��MRXIVIWX�
�MRƽEXMSR�VEXI�I\TIGXEXMSRW��VMWO�VIXYVR�EWWIX�GPEWW��GVIHMX�
spreads, risk premia, etc. Value at Risk (VaR) from climate change is a widely used 
output metric used by MSCI-Carbon Delta, Ortec Finance, Planetrics and Verisk, which 
QIEWYVI�XLI�ƼRERGMEP�MQTEGX�SJ�XLI�GPMQEXI�XVERWMXMSR�EKEMRWX�E�FEWIPMRI��7SYXL�4SPIƅW�
Risk Screening Tool provides a PRR metric, while Carbon Tracker’s oil & gas sector focus 
provides an estimate of capital expenditure at risk outside the sector carbon budget. 
Verisk’s Transition Risk analysis also provides metrics oriented towards the insurance 
industry: for example, the Risk Premium Rating.

Some methodologies provide semi-quantitative outputs such as Carbone 4’s Carbon 
Impact Analysis, which provides an overall rating and alignment with 2°C trajectories 
risk rating (A to E), as well as an assessment of forward-looking company strategy (++ 
XS�Ɓ
��FEWIH�SR�UYERXMƼIH�MRHYGIH�ERH�EZSMHIH�IQMWWMSRW��EW�[IPP�EW�JSV[EVH�PSSOMRK�
emissions. MIS’ Carbon Transition Assessment Tool and Verisk provide semi-quantita-
tive emissions intensity scores (0 to 10). 2DII’s PACTA Stress Test Module estimates a 
Loss in Predicted Value, which assesses the level of exposure of equity and corporate 
bond portfolios to Paris-aligned transition pathways.
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Increasingly, methodologies are adopting temperature alignment scores. These 
semi-quantitative outputs provide an indication of a portfolio’s or loan book’s implied 
impact on global warming. This metric is currently being explored by the TCFD Secre-
XEVMEX�EW�ER�EHHMXMSR�XS�XLI�8'*(�VIGSQQIRHEXMSRW�MR�SVHIV�XS�KVEHYEPP]�QSZI�ƼRERGMEP�
institutions from risk assessment to active portfolio management to align portfolios with 
international climate objectives. Carbone 4’s methodology implicitly assesses climate 
impact, while other service providers have added implied temperature scores to their 
services, including Baringa Partners, Moody’s (V.E), MSCI-Carbon Delta, Planetrics, Ortec 
Finance through their ClimateALIGN tool. 2DII’s PACTA methodology implicitly calculates 
the delta with a 2°C scenario, so can be said to calculate a metric alignment. One meth-
odology that is not included in the current assessment as it is not a tool for calculating 
climate risk per se, is Right.based on science’s XDC tool, which directly calculates the 
temperate alignment score for a portfolio.

3.6 6IWSPYXMSR
This is where the difference of top-down vs bottom-up approaches can really come into 
focus. Bottom-up approaches are generally more granular, but as uncertainties around 
EWWIX�ERH�ƼVQ�PIZIP�HEXE�MRGVIEWI�SZIV�XLI�QIHMYQ�XS�PSRK�XIVQ��XST�HS[R�ETTVSEGLIW��
with their sector overview, may be more credible at these longer timescales. Further-
QSVI��FSXXSQ�YT�ETTVSEGLIW�EVI�PMOIP]�XS�FI�QSVI�VIEHMP]�HITPS]EFPI�F]�PEVKIV�ƼRERGMEP�
institutions with the reach and means to access more granular data or those institu-
tions with an intimate knowledge of their investment portfolio. Top-down and bottom-up 
approaches can be complementary allowing for strategic asset allocation through 
top-down approaches and stock or investment level decision-making supported by 
bottom-up approaches. 

,MKL� VIWSPYXMSR�� FSXXSQ�YT� ETTVSEGLIW�[MXL� JEGMPMX]� ERH� ƼVQ� PIZIP� EREP]WMW� MRGPYHI�
Baringa Partners, Climate Credit Analytics, MSCI-Carbon Delta, Planetrics, Vigeo-Eiris, 
South Pole, Verisk and PwC/CO-Firm. Carbon Tracker’s analysis assesses oil and gas 
TVSHYGXMSR�EX�XLI�ƼIPH�PIZIP�XS�IWXMQEXI�XLI�I\XIRX�SJ�EWWIX�WXVERHMRK��'EVFSRI���EWWIWW�
MQTEGX�EX�XLI�ƼVQ�PIZIP��VEXLIV�XLER�EX�XLI�JEGMPMX]�PIZIP��8ST�HS[R�QIXLSHSPSKMIW��WYGL�
as Ortec Finance and PACTA can provide granularity at the company, sector and country 
levels.

3.7 :EPMHMX]
Given the complexity of climate scenarios, socio-economic models and translating these 
QSHIP�SYXTYXW�MRXS�GSRWIUYIRGIW�JSV�ƼRERGMEP�ƼVQW�ERH�XLIMV�GPMIRXW��IEGL�XSSP�LEW�MXW�
S[R�WIX�SJ�EWWYQTXMSRW�ERH�WMQTPMƼGEXMSRW��8LMW�MRIZMXEFP]�PIEHW�XS�ZEVMEXMSRW�MR�XLI�
GEPGYPEXMSR�SJ�ƼRERGMEP�VMWO�QIXVMGW�JSV�E�KMZIR�MRTYX��WS�MX�MW�MQTSVXERX�JSV�ƼRERGMEP�MRWXM-
XYXMSRW�XS�YRHIVWXERH�LS[�XLI�QSHIPW�[SVO�SV�EX�XLI�ZIV]�PIEWX�XS�LEZI�GSRƼHIRGI�MR�XLI�
validity of the tools they are using.



8LI�'PMQEXI�6MWOɸ0ERHWGETI 27
3ZIVZMI[ɸSJ�8VERWMXMSR�6MWO�%TTVSEGLIW

-R�XIVQW�SJ�JYPP�TYFPMG�EGGIWW��SRP]�'PMQEXI;MWI���(--�ERH�'PMQEƼR��EW�I\XIVREPP]�
funded projects, have made their full source code publicly available. Ortec Finance is 
engaged in an initiative led by the Linux Foundation to make an open-source version 
of ClimateMAPS that will be made available on the OS-Climate platform, while their 
ClimateALIGN is based on the SBTi-FI developed open-source temperature scoring 
tool. In the majority of cases where access to the model is restricted, it is important 
XS�IRWYVI�ZEPMHMX]�XLVSYKL�TIIV�VIZMI[�SV��EX�XLI�ZIV]�PIEWX��XS�YRHIVWXERH�XLI�WGMIRXMƼG�
basis of a methodology through its source references. Service providers may make 
elements of the methodologies available to clients under Non-Disclosure Agreements 
in order for users to have an understanding of key assumptions and parameters and 
how metrics are calculated.

3.8 9WEFMPMX]
Further to the scope of last year’s Changing Course report, we provide a brief overview 
of some additional criteria, including accessibility and coverage, and time horizon. 

Accessibility: The majority of these methodologies are fee-based, except for 2DII’s and 
CISL’s tools. Oliver Wyman’s Transition Check is free for UNEP FI members, while the 
results from Carbon Tracker’s tool are free for all, though PRI members have access to 
greater functionality. PACTA’s Stress Test Module is free to explore and use on transition-
monitor.org, as well as access to PACTA’s alignment tools for investors and banks. The 
Cambridge Institute of Sustainability Leadership’s ClimateWise tool can provide a free, 
open-source introduction to scenario analysis. Finally, Carbon Tracker’s oil & gas focused 
tool is free to use for PRI members at 2degreesseparation.unpri.org/. 

Coverage: Almost all tools are described as ‘global’. Ortec Finance’s Climate MAPS, 
which nominally covers 29 countries worldwide, does integrate global interaction and 
impacts given its top-down approach, and other countries can be added into the model 
on a bespoke basis. ClimateWise, which currently only covers the EU, US and India, is 
looking to scale up its offering to China and Australia in 2021.

Horizon: The time horizon of the methodology varies between methodologies and 
care needs to be taken that the methodology chosen provides an adequate balance 
between short-term validity in terms of the estimated uptake of transition-aligned 
TSPMGMIW�ERH�XIGLRSPSKMIW�ERH�XLI�MRZIWXQIRX�LSVM^SR�VIUYMVIH�F]�XLI�ƼRERGMEP�MRWXMXY-
tion. The majority of methodologies provide horizons to 2030-40, with Planetrics and 
ClimateWise also providing nearer term outputs to 2025. Carbone 4 impact analysis 
has a near term horizon of 2025. Longer-term horizons are also provided by Oliver 
Wyman, Baringa Partners, PwC/Co-Firm and Planetrics (2050), Ortec Finance (2060, 
[MXL�REVVEXMZI�SYXPSSOW�XS�����
��:IVMWO������
��'PMQEƼR������
�ERH�7SYXL�4SPI�ERH�8LI�
Climate Service (up to 2100).
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4. 
3ZIVZMI[�SJ�
4L]WMGEP�6MWO�
%TTVSEGLIW
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4.1 -RXVSHYGXMSR
This section provides an overview of nineteen physical risk tools and analytics and 
reproduces the comprehensive overview in Acclimatise’s Charting a New Course report 
(2020) developed for UNEP FI’s TCFD Banking Pilot Project Phase II. The reproduction 
SJ�XLMW�[SVO�MR�XLMW�VITSVX�MW�ƼVWXP]�JSV�GSQTPIXIRIWW��EW�QER]�ƼRERGMEP�MRWXMXYXMSRW�[MPP�
want to assess both their transition and physical risk exposure. Furthermore, a number 
of providers offer both transition and physical risk methodologies and are aiming to 
provide combined risk assessments over the coming year. For a thorough and complete 
overview of physical risk tools and analytics, therefore, it is strongly recommended to 
also refer to Charting a New Course.

7IGSRHP]��MR�SVHIV�XS�VIƽIGX�XLI�WIGXSV�[MHI�WGSTI�SJ�XLMW�VITSVX�[I�LEZI�MRGPYHIH�E�
RYQFIV�SJ�SXLIV�WIVZMGI�TVSZMHIVW��MRGPYHMRK�617�ERH�:IVMWO��8LIWI�EVI�ƼVQW�[LS�LEZI�
traditionally provided historic risk assessments for (re-)insurance services and engineer-
ing projects and who are increasingly scaling their offerings to forward-looking climate 
GLERKI�VIPEXIH�VMWO�EWWIWWQIRX�JSV�XLI�[MHIV�ƼRERGI�WIGXSV��8LIMV�I\TIVXMWI�PMIW�PEVKIP]�
on the analysis of acute physical risk, though they are developing expertise on chronic 
risks, such as RMS’ collaboration with the Natural Capital Alliance on drought scenarios 
for Brazil, Mexico, the US and China. Given their recent entry into the sector of climate 
VMWO�EWWIWWQIRX�JSV�ƼRERGMEP�MRWXMXYXMSRW��FI]SRH�YRHIV[VMXMRK
��XLIMV�SJJIVMRK�MW�FIWX�
suited to products directly associated with physical assets such as mortgages, real 
IWXEXI�ERH�TVSNIGX�ƼRERGI��[LIVI�XLIMV�EREP]XMG�ETTVSEGL�GER�TVSZMHI�LMKLP]�KVERYPEV�
analyses. Other service providers have been able to develop a framework to update 
these natural catastrophe models for climate change – ClimateWise, for example have 
demonstrated this approach for property portfolios.

Like the transition risk overview in chapter 3, the set of service providers listed and 
reviewed in this section is certainly not exhaustive, but we have attempted to include 
the principal commercially available methodologies.

For a detailed overview of the physical risk tools and analytics and a set of case studies 
by banks using a selection of the methodologies, it is strongly recommended to refer to 
Charting a New Climate (UNEP FI, 2020). Hereunder are a few additions to the commen-
tary provided in the previous report.
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4.2 7GIREVMSW
All methodologies surveyed adopt an RCP 8.5 (4°C by 2100) scenario to measure the 
maximum physical risk. There has been discussion as to whether RCP 8.5 can still be 
considered as a business-as-usual scenario, given the advances in scenario modelling 
and the trajectory of the energy transition since AR5 was published in 2014 (Hausfather 
& Peters, 2020; Shwalm, Glendon & Duffy, 2020). A recent study has marginally narrowed 
XLI�VERKI�JSV�KPSFEP�XIQTIVEXYVI�VMWI�F]������XS�E�ƈPMOIP]Ɖ����	�GSRƼHIRGI
�VERKI�SJ�
2.6-3.9°C, but this is not enough to shift the Business-as-usual case to RCP 6 (Sherwood 
et al, 2020).

Unusually, MSCI-Carbon Delta employs a stochastic approach to estimating physical risk, 
based on the 50th and 95th percentile expectancy of a business-as-usual risk distribution, 
rather than comparing a RCP8.5 scenario against a <2°C objective RCP 2.6 scenario. It 
is arguable as to whether this approach accounts for more extreme physical risks in the 
event of tipping points or climate shocks.

4.3 %GYXI�ERH�GLVSRMG�VMWOW
8LI� MRGPYWMSR�SJ�E�RYQFIV�SJ� VMWO�EWWIWWQIRX�ƼVQW�[MXL�I\TIVMIRGI�[SVOMRK� MR� XLI�
(re-)insurance industry, such as RMS and Verisk, opens up the risk assessment space 
XS�ƼVQW�XLEX�LEZI�E�LMWXSV]�SJ�HIZIPSTMRK�LMKLP]�KVERYPEV�TL]WMGEP�VMWO�QSHIPW�[MXL�E�
JSGYW�SR�EGYXI�LE^EVHW�WYGL�EW�I\XVIQI�[IEXLIV�� MRPERH�ERH�GSEWXEP�ƽSSHMRK��[MPH-
ƼVIW��PERHWPMHIW��IXG��;MXL�XLI�VMWI�MR�HIQERH�JSV�GPMQEXI�VMWO�EWWIWWQIRX��XLIWI�ƼVQW�
are rapidly developing forward-looking climate scenarios, which provides them with a 
HMWXMRGX�GSQTIXMXMZI�EHZERXEKI�SZIV�SXLIV�ƼVQW�XLEX�LEZI�HIZIPSTIH�TL]WMGEP�GPMQEXI�
VMWO� EWWIWWQIRXW� JSV� XLI� ƼRERGMEP� WIGXSV�� [LSWI� WXVIRKXLW� PMI� QSVI� MR� QSHIPPMRK�
forward-looking chronic risks and in translating these models into output data of use to 
ƼRERGMEP�ƼVQW�

Chronic risks are a particular challenge. Approaches to chronic risk have focused either 
on quantitative analysis such as RMS’ collaboration with the Natural Capital Alliance 
on drought and water scarcity, or on qualitative evaluation based on a comprehensive 
literature review, for example, by Ortec Finance to assess the impacts of precipitation 
changes and temperature rise, on industrial, labour and agricultural productivity. One 
EVIE�[LIVI�GLVSRMG�MQTEGXW�EVI�TIVLETW�PIWW�SJ�E�GLEPPIRKI�MW�MR�GSEWXEP�ƽSSH�VMWO�HYI�XS�
sea level rise. However, sea-level rise has other effects including salination of agricultural 
land, which is less well modelled.
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4.4 7IGSRHEV]�VMWOW�JVSQ�GPMQEXI�GLERKI
One area for improvement in physical risk models is assessing the impacts from 
secondary climate-change driven effects, whether socio-economic, such as migration 
ERH�GSRƽMGX��SV�IRZMVSRQIRXEP��WYGL�EW�TYFPMG�LIEPXL�WLSGOW��8LIWI�WIGSRHEV]�MQTEGXW�
EVI�HMƾGYPX�XS�QSHIP�KMZIR�XLI�LYQER�FILEZMSYV�IPIQIRX�SJ�WSGMS�IGSRSQMG�WLSGOW��
and the unpredictable nature of public health impacts. However public research funding 
is being directed towards modelling limited climate change-induced impact scenarios, 
WYGL�EW�XLI�'%7'%()7�TVSNIGX��8LMW�)9�ƼRERGIH�MRMXMEXMZI�[MPP�QSHIP�XVEHI�ERH�WYTTP]�
chains, analysing the impact of acute and physical climate change-related hazards on 
EKVMGYPXYVEP�TVSHYGXMSR��IRIVK]�ERH�GSQQSHMX]�QEVOIXW��'SQFMRIH�[MXL�ƈQEGVS�IGS-
nomic modelling, qualitative political analysis and strategic policy simulations”, this will 
enable an assessment of areas of critical concern and potential solutions for Europe 
and beyond.3

3  cascades.eu/
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This review of the available methodologies for physical and transition risk assessment 
[MPP�LSTIJYPP]�FI�SJ�FIRIƼX�XS�ƼRERGMEP�ƼVQW�IQFEVOMRK�SR�GPMQEXI�VIPEXIH�VMWO�EWWIWW-
ment in order to meet the requirements of a TCFD-aligned climate risk disclosure. As 
highlighted previously, more in-depth information is available on physical risk methodol-
ogies and data sources from UNEP FI and on transition risk methodologies from ETHZ.

5.1 (IZIPSTQIRXW�MR�VIKYPEXMSR
Policy makers and regulators are increasingly highlighting the threats from climate 
change and are pointing the way towards mandatory climate risk through the develop-
ment of guidelines and standards. In section 2.1.1, a brief overview shows how central 
banks, regulators and policy makers are responding to climate risk, with New Zealand 
XLI�ƼVWX�GSYRXV]�XS�ERRSYRGI�QERHEXSV]�GPMQEXI�VMWO�HMWGPSWYVI��;MXLMR�XLI�RI\X�]IEV�
the European Union can be expected to release an update to the Non-Financial Report-
ing Directive (NFRD), which is likely to direct member states to implement climate-risk 
VITSVXMRK�VIKYPEXMSR�JSV�ƼRERGMEP�MRWXMXYXMSRW��ERH�XLI�9/ƅW�.SMRX�+SZIVRQIRX�6IKYPEXSV�
TCFD Taskforce has released a strategy and roadmap to mandatory disclosure by 2025 
at the latest, with many requirements in place by 2023 (HM Treasury, 2020).

Central banks and regulators will increasingly pilot and subsequently impose climate 
stress testing on banks. As described in section 2.1.2, a number of central banks in 
western Europe have already piloted climate stress tests and some service providers 
are moving to support the development of these stress tests, such as 2DII in Switzer-
land and Japan. As central banks move away from piloting individual scenarios, they 
will increasingly gauge sensitivity by stress testing against a bank of multiple climate 
scenarios. 2DII have also suggested that stress testing may move away from sector-
PIZIP�WLSGOW�XS�ƈXIGLRSPSK]�SVMIRXIHƉ�WLSGOW��I�K��XS�VIRI[EFPI�IRIVKMIW�SV�XS�GSEP�TS[IV�

Service providers are increasingly pooling resources or are being integrated into 
PEVKIV�ƼRERGMEP�WIVZMGI�TVSZMHIVW� Trucost, an ESG risk consultancy not covered in this 
review, was acquired already in 2016 by S&P Global Indices. Over the last year, MSCI 
purchased Carbon Delta; Willis Towers Watson acquired Acclimatise; 427 and Vigeo-Eiris 
have come under the umbrella of Moody’s Analytics; while 2DII and Carbon Tracker are 
increasingly collaborating. Firstly, this process of consolidation will allow climate risk 
specialists greater access to company data and resources to develop their risk tools. 
Secondly, greater integration will also improve access and usability: for example, Carbon 
Delta’s data will be integrated into MSCI’s ESG Manager platform before the end of 2020, 
while V.E and Four Twenty Seven data is made available on Moody’s CreditView.

5.2 (IZIPSTQIRXW�MR�XIGLRSPSK]
Climate-related risk assessment is still only in its infancy and tools or methodologies are 
being constantly updated to allow for more granular analysis that takes into account a 
broader, more plausible set of scenarios, access to more granular datasets. Commercial 
providers that require a fee to access have a particular incentive to improve their risk 
forecasts. Below are some of the most important forecast developments: 
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Most of the service providers are moving away from the use of one scenario provider, 
if they have not already done so. Up to now, many models have relied on one scenario 
type, particularly IEA given its focus on high carbon emissions sectors. However, IEA 
scenarios have consistently had to be updated to account for low emissions technol-
ogies developing at a faster rate than predicted by the IEA and this is encouraging a 
move towards integrating either multiple or bespoke scenarios. For example, South 
Pole have indicated that they will broaden the scenarios available on their tool, while 
Moody’s ESG Solutions (incorporating Four Twenty Seven and V.E) have indicated that 
they will expand their range of GCMs from 5 to 18, while also including additional scenar-
ios. Oliver Wyman’s online Transition Check tool launched with the three main NGFS 
scenarios, building on their previous use of PIK, IIASA, GCAM scenarios, but the online 
scenario module will, over time, integrate other scenarios including IEA, IRENA, OECM, 
etc. The increasing use of Shared Socioeconomic Pathways (SSPs) is allowing service 
providers to better model socio-economic inputs and impacts – The Climate Service is 
already using SSP3-60 and -45.

A number of scenario developers have already developed a bespoke range of transi-
tion scenarios, often at sector level, based on existing climate models to improve meth-
odological accuracy or to model alternative transition or demand shocks, including 
Carbone 4, MSCI-Carbon Delta, Planetrics and Ortec Finance. Baringa Partners also offer 
bespoke options as well as industry standard scenarios. Bespoke approaches, as well 
EW�XLI�YWI�SJ�STEUYI�VMWO�EWWIWWQIRX�QIXLSHSPSKMIW�QE]�VIHYGI�XLI�EFMPMX]�SJ�ƼRERGMEP�
MRWXMXYXMSRW�SV�ƼRERGMEP�VIKYPEXSVW�XS�YRHIVWXERH�XLI�TEVEQIXIVW�SV�EWWYQTXMSRW�YWIH�
in risk analysis.

Increasing demand for standardisation may move developers towards the use of refer-
ence scenarios. This would help to address growing concerns over the transparency 
and comparability of climate risk assessments (Bingler & Colesanti Senni, 2020). The 
NGFS reference scenarios, released earlier in 2020, are aiming at standardisation and 
have already been adopted by Oliver Wyman in their Transition Check tool, released 
September 2020. It must be noted, however, that the NGFS scenario sets need to be 
further developed to improve granularity at the sector and regional level, as well as 
integrating other market drivers such as technological change and alternative policy 
responses (Pierfederici, 2019).

Transition and physical risk methodologies are being increasingly combined in order 
XS�TVSZMHI�ƼRERGMEP�MRWXMXYXMSRW�[MXL�ER�SZIVEPP�TMGXYVI�SJ�GPMQEXI�VIPEXIH�VMWOW�JSV�IEGL�
scenario. Some providers have already achieved this in-house, such as Ortec Finance. 
Others are pooling resources such as Baringa Partners, who have built on their experi-
ence in the energy sector to develop a transition risk tool, and are partnering with physi-
cal risk specialists, XDI, to provide a holistic climate risk analysis. Bottom-up assessment 
methodologies are perhaps more complex to integrate, but many of the service provid-
ers covered in this report are moving in this direction, including The Climate Service.
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Physical risk models will be able to aggregate greater sources of data, with the use 
of geospatial and remote sensing data, AI and data mining. %VXMƼGMEP�-RXIPPMKIRGI�[MPP�
be of increasing importance in accessing data from various sources. For physical risks 
this could include ‘vision learning’ from geospatial data. This will also help to expand 
the range of physical hazards covered – Four Twenty Seven for example will expand 
XLIMV�SJJIVMRK�XS�MRGPYHI�PERHWPMHIW�ERH�[MPHƼVI�WQSOI��.YTMXIV�-RXIP��RSX�MRGPYHIH�MR�XLMW�
current overview, has built a model for physical risk assessment up to 2100 that is 
constantly updated from real-time satellite and senor data. In terms of transition risk, 
data mining will enable banks to assess climate risks to a wider range of counterparties, 
including SMEs.

Increasing granularity of physical risk analysis. Given the increased access to data 
discussed above, it is likely that physical risk analyses will become far more granular, allow-
ing more accurate risk analysis. Extreme weather and climate hazards are highly location 
HITIRHIRX��IWTIGMEPP]�EGYXI�VMWOW�WYGL�EW�GSEWXEP�ERH�ƽYZMEP�ƽSSHMRK�ERH�[MPHƼVIW��7IZIVEP�
service providers are scaling up their resolution, including risk specialists such as RMS and 
Verisk, and XDI who can differentiate changes in impact at up to 1m scale.

(EXE�MW�PMOIP]�XS�FIGSQI�IEWMIV�XS�EGGIWW�ERH�MR�E�JSVQEX�QSVI�IEWMP]�YWEFPI�F]�ƼRER-
cial institutions, as corporates increasingly report on climate risk and respond to data 
requests, while a number of research projects, including ClimINVEST, are developing 
open source access to physical risk data, such as the EU’s Copernicus Climate Change 
Service (E3CS). The OS-Climate platform (os-climate.org) initiated by the Linux Founda-
tion, is also aiming to make relevant data publicly available, as well as providing some 
open-source analytical tools. Meanwhile increasing data availability and higher granular-
MX]�[MPP�VIHYGI�IVVSVW�MR�VMWO�QIEWYVIQIRX��QEOMRK�MX�QSVI�PMOIP]�XLEX�ƼRERGMEP�MRWXMXYXMSRW�
are able to provide consistent and market-ready disclosures. This will allow analyses 
to move away from qualitative and exposure-based assessments to more quantitative 
vulnerability-focused assessments.
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5.3 'LEPPIRKIW�MR�����
%WMHI�JVSQ�XLI�VIKYPEXSV]�HIZIPSTQIRXW�HIWGVMFIH�EFSZI�MR�������[I�GER�I\TIGX�ƼRER-
cial institutions to be faced with the following challenges: 

Increasing standardisation and mainstreaming: Industry reporting standards CDSB, 
CDP, SASB, GRI, and IIRC are moving to align over the coming year and integrate the 
recommendations of the TCFD, and there will almost certainly be wider uptake of NGFS 
reference scenarios. Standardisation may follow the guidelines in ISO 14097, the inter-
national framework for assessing standards assessing and reporting investments and 
ƼRERGMRK�EGXMZMXMIW�VIPEXIH�XS�GPMQEXI�GLERKI��*MRERGMEP�MRWXMXYXMSRW�[MPP�EPWS�MRGVIEWMRKP]�
[ERX�XS�MRXIKVEXI�GPMQEXI�VMWO�MRXS�XLIMV�ƼRERGMEP�ERH�IGSRSQMG�HIGMWMSR�QEOMRK�XSSPW��
VEXLIV�XLER�VIP]MRK�SR�MRHITIRHIRX�ƄFPEGO�FS\ƅ�QSHIPW�JVSQ�GPMQEXI�VMWO�WTIGMEPMWX�ƼVQW�

Presidential transition in the United States: The election of Joe Biden in November will 
undoubtedly signal a dramatic change in climate policy with the President aiming to: (i) 
invest up to $2tn on low-carbon energy, (ii) re-join the Paris Agreement, and (iii) achieve 
net-zero emissions by 2050. Regarding climate risk reporting, the Vice-President, Kamala 
Harris, is a supporter of climate risk disclosure, e.g. of Sen. Elisabeth Warren’s Climate 
Risk Disclosure Act and Sen. Brian Schatz’s Climate Change Financial Risk Act. The 
GLERKI�MR�HMVIGXMSR�MW�VIƽIGXIH�MR�XLI�*IHIVEP�6IWIVZI�&SEVHƅW�2SZIQFIV������VITSVX��
[LMGL�LMKLPMKLXW��JSV�XLI�ƼVWX�XMQI��XLI�XLVIEX�XS�ƼRERGMEP�WXEFMPMX]�TSWIH�F]�YRGIVXEMR�
JYXYVI�GPMQEXI�GLERKI�MQTEGXW��ERH�XLI�PEGO�SJ�ORS[PIHKI�SR�ƼRERGMEP�WIGXSV�I\TSWYVI��
8LI�VITSVX�VIGSQQIRHW�XLEX��ƈMRGVIEWIH�XVERWTEVIRG]�XLVSYKL�MQTVSZIH�QIEWYVIQIRX�
and disclosure could improve the pricing of climate risks” (FRB, 2020).

Methodologies should all take into account carbon lock-in or ‘expected greenhouse 
gas emissions’, otherwise approaches that only look at present carbon emissions 
will ignore the risk of surpassing carbon budgets. This issue has been highlighted in 
VIWIEVGL�SR�GPMQEXI�VMWO�EWWIWWQIRX�ERH�EPMKRQIRX�F]�ƼRERGMEP�MRWXMXYXMSRW��'EPHIGSXX��
2020; Bingler & Colesanti Senni, 2020) and has been integrated by a number of the meth-
odologies assessed here, including Baringa Partners, PwC, Planetrics, Ortec Finance and 
2DII account for this among the models highlighted here.

Knock-on impacts of climate risk are also under-assessed by the existing set of tools 
and methodologies. Secondary effects of climate change including knock-on economic 
impacts, public health shocks or migration caused by the physical impacts of climate 
change have not been adequately modelled by existing methodologies, which may 
constitute a considerable blind spot in current climate risk methodologies. While there 
is no evidence for a link between the CoVID-19 pandemic and climate change, it is esti-
mated that climate change will increase the range and survival of vectors that transmit 
disease and public health will be impacted by higher temperatures, water scarcity and 
extreme climatic events (Costello et al, 2009).
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Integrating biodiversity risk is the next major environmental risk analytics challenge 
JSV�ƼRERGMEP�MRWXMXYXMSRW��With the 15th Conference of the Parties of the Convention on 
&MSHMZIVWMX]�XEOMRK�TPEGI�XLMW�]IEV��'&(��'34��
�ERH�XLI�KPSFEP�I\XMRGXMSR�SJ�ƽSVE�ERH�
fauna worldwide accelerating, UNEP FI, UNDP, WWF and Global Canopy have launched 
the Taskforce on Nature-related Financial Disclosures (TNFD) together with a working 
group of around a dozen banks and investors. While this Taskforce was not initiated by 
the Financial Stability Board as was the case for the TCFD, it is hoped that the momen-
tum of COP15 and widespread awareness of the links between climate change and 
FMSHMZIVWMX]�QE]�LIPT�82*(�XS�HIZIPST�MRXS�ER�MRHYWXV]�WXERHEVH�JSV�ƼRERGMEP�MRWXMXYXMSRW�
to monitor their impact on biodiversity. Ideally, climate and biodiversity risks should be 
considered together in the same assessment framework, as climate change will have 
WMKRMƼGERX�MQTEGXW�SR�FMSHMZIVWMX]��[LMPI�FMSHMZIVWMX]�MW�E�GVYGMEP�JEGXSV�MR�QMXMKEXMRK�ERH�
adapting to climate change.
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%FFVIZMEXMSRW

2DII 2 Degrees Investing Initiative

%6�� 5th Assessment Report (IPCC)

BCBS Basel Committee on Banking 

Supervision

BES Biennial Exploratory Scenario 

(Bank of England)

CBD The United Nations Convention 

on Biological Diversity

'(6 Carbon Dioxide Removal

CDSB Carbon Disclosure Standards 

Board

CET1 Common Equity Tier 1

CISL Cambridge Institute for 

Sustainability Leadership

COP Conference of the Parties 

(UNFCCC)

':E6� Climate Value-at-Risk

DNB Den Nederlandsche Bank

E3CS EU Copernicus Climate Change 

Service

ESG Environmental, Social and 

Governance

ETHZ Swiss Federal Institute 

of Technology, Zurich 

(Eidgenossische Technische 

Hochschule Zürich)

FSB Financial Stability Board

GCAM Global Change Analysis Model 

(University of Maryland)

GCM General Circulation Model

GDP Gross Domestic Product

+6- Global Reporting Initiative

GVA Gross Value Added

IAM Integrated Assessment Model

-((6-� Institute for Sustainable 

Development & International 

Relations (Institut de 

Développement Durable et de 

Relations Internationales)

IEA International Energy Agency

IIASA International Institute for 

Applied Systems Analysis

IIGCC The Institutional Investors 

Group on Climate Change

--6' International Integrated 

Reporting Committee

IPCC Intergovernmental Panel on 

Climate Change 

-46 Inevitable Policy Response (PRI)

-6)2% International Renewable Energy 

Agency

MAS Monetary Authority of 

Singapore

MIS Moody’s Investor Services

2*6( Non-Financial Reporting 

Directive

NGFS The Network for Greening the 

Financial System

OECM One Earth Climate Model

PACTA Paris Agreement Capital 

Transition Assessment

PIK Potsdam Institute for 

Climate Impact Research 

(Potsdam Institut für 

Klimafolgenforschung)

46- Principles for Responsible 

Investment
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PwC PricewaterhouseCoopers
6'4 Representative Concentration 

Pathway
SASB Sustainability Accounting 

Standards Board
SDSN Sustainable Development 

Solutions Network
SME Small and Medium Enterprises
SSP Shared Socioeconomic 

Pathways
TCFD Task Force on Climate-related 

Financial Disclosures

8*'6 Task Force on Climate-related 
Financial Risks (BCBS)

TNFD Task Force on Nature-related 
Financial Disclosures

UNDP United Nations Development 
Programme

UNEP FI United Nations Environment 
Programme Finance Initiative

UNFCCC UN Framework Convention on 
Climate Change

:E6 Value-at-Risk
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ƼRERGMEP� WIGXSV� XS� QSFMPM^I� TVMZEXI� WIGXSV� ƼRERGI� JSV�
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���� WYTTSVXMRK� MRWXMXYXMSRWƁ� XS� LIPT� GVIEXI� E� ƼRERGMEP�
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XMZI�MQTEGXW��;I�EMQ�XS�MRWTMVI��MRJSVQ�ERH�IREFPI�ƼRER-
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-RXVSHYGXMSR

8LI�MQTSVXERGI�SJ�GPMQEXI�VMWO�EWWIWWQIRXW
7SGMIXMIW��KSZIVRQIRXW��ERH�GSQTERMIW�LEZI�NYWXMƼEFP]�VIGSKRM^IH�XLI�XLVIEXW�GPMQEXI�
change poses to the global economy. Physical risks such as droughts, sea level rise, and 
ƽSSHMRK�EVI�PMOIP]�XS�MRGVIEWI�MR�XLI�GSQMRK�]IEVW��[MXL�GSRWIUYIRGIW�JSV�VIEP�EWWIXW��
supply chains, and business operations. While critical, mitigating global warming poses 
challenges as well. Businesses and countries will experience transition risks in the shift 
from a fossil fuel-driven economy to a low-carbon one. 

8LI�ƼRERGMEP�WIGXSV�LEW�E�GIRXVEP�VSPI�XS�TPE]� MR�QEREKMRK�GPMQEXI�VIPEXIH�VMWOW�ERH�
providing capital for climate resiliency and the low-carbon transition. As a result, a wide 
VERKI�SJ�WXEOILSPHIVW�LEZI�WLS[R�MRXIVIWX�MR�LS[�ƼRERGMEP�MRWXMXYXMSRW�EVI�TVITEVMRK�XS�
confront climate change. 

 č %GXMZMWXW�ERH�GMZMP�WSGMIX]�LEZI�EHHIH�TYFPMG�TVIWWYVI� JSV�ƼRERGMEP� MRWXMXYXMSRW� XS�
demonstrate that their activities are contributing to a sustainable future. 

 č National and local governments that have committed to reducing emissions are look-
MRK�XS�XLI�ƼRERGMEP�WIGXSV�XS�GEXEP]WI�XLI�HIZIPSTQIRX�ERH�HITPS]QIRX�SJ�TVSNIGXW�
that will help them reach those goals. 

 č Financial supervisors and policy-makers around the world are aware of how climate 
GLERKI�GER�XLVIEXIR�ƼRERGMEP�WXEFMPMX]�ERH�LEZI�FIIR�MRGVIEWMRKP]�WIXXMRK�GPMQEXI�
risk management expectations and mandating climate disclosures, climate transition 
plans, and climate stress testing.

 č 7LEVILSPHIVW�MR�ƼRERGMEP�MRWXMXYXMSRW�EVI�IEKIV�XS�YRHIVWXERH�LS[�ƼVQW�EVI�TVITEVMRK�
to confront both physical and transition risks in their portfolios. 

 č -RXIVREP�QEREKIQIRX�[MXLMR�ƼRERGMEP�MRWXMXYXMSRW�[ERX�XS�MHIRXMJ]�XLI�OI]�VMWOW�ERH�
STTSVXYRMXMIW�XLEX�E�GLERKMRK�[SVPH�TVIWIRXW�ERH�IRWYVI�XLEX�XLIMV�ƼVQ�MW�[IPP�TSWM-
tioned. 

-R�VIGIRX�]IEVW��ƼRERGMEP�MRWXMXYXMSRW�LEZI�FIIR�I\TPSVMRK�HEXE��XSSPW��ERH�EREP]XMGW�XLEX�[MPP�
enable them to meet the needs of these stakeholders. While many institutions are devel-
oping in-house climate capabilities, most are also working with outside vendors to obtain 
XLI�WOMPPW��MRJSVQEXMSR��ERH�SYXTYXW�XLI]�VIUYMVI��%W�E�VIWYPX��XLIVI�MW�E�FYVKISRMRK�QEVOIX�
JSV�GPMQEXI�WSPYXMSR�TVSZMHIVW�JSV�ƼRERGMEP�MRWXMXYXMSRW�XS�GLSSWI�JVSQ��8LIWI�TVSZMHIVW�
can range from public data sources from organizations such as the United Nations and 
the World Bank to paid providers who can create bespoke tools for an institution. 



Landscape Review Paper 5
Introduction

4VSKVEQ�ERH�QSHYPI�SZIVZMI[

8'*(�TVSKVEQ�VIXVSWTIGXMZI
The work in this report was carried out as part of UNEP FI’s TCFD programme. Since the 
publication of the FSB’s TCFD recommendations in 2017, UNEP FI has run a series of 
pilot programs to assist members in exploring physical and transition risks and devel-
oping practical approaches for evaluating these risks using climate scenario analyses. 
3ZIV�����ƼRERGMEP�MRWXMXYXMSRW��FEROW��MRZIWXSVW��ERH�MRWYVIVW
�JVSQ�EPP�EVSYRH�XLI�[SVPH�
have participated in these pilots. Participating institutions have been supported by over 
a dozen technical partners including climate modelers and climate risk experts. 

The latest TCFD programme (beginning in March 2021) involved forty-eight global banks 
ERH�MRZIWXSVW��8LI�TVSKVEQ�GSRXEMRIH�X[S�TEVEPPIP�GSQTSRIRXW��8LI�ƼVWX�[EW�E�GPMQEXI�
risk roadmap to empower participants at all stages of their climate disclosure journey. 
The roadmap featured dozens of interactive discussions with regulators, climate model-
ers, climate scientists, as well as peer presentations. The second component was a 
WIVMIW�SJ�ƈQSHYPIWƉ�[LIVI�TEVXMGMTERXW�GSYPH�HMZI�HIITP]�MRXS�WTIGMƼG�EWTIGXW�SJ�GPMQEXI�
risk. These modules explored topics from the economic impacts of climate change to 
conducting a climate stress test.

(IXEMP�SR�XLI�0ERHWGETI�6IZMI[�1SHYPI
The case studies and recommendations for tool providers that comprise this paper were 
completed as the primary output of the module titled: “Landscape Review of Climate 
Risk Assessment Methodologies” or the “Landscape Assessment” module. The Land-
scape Assessment module offered participants hands-on opportunities to learn about 
and demo the latest physical and transition risk assessment tools. The module allowed 
participants to explore the range of climate risk tools and determine their strengths, 
limitations, and areas for potential enhancement. Over a dozen tool and data providers 
gave presentations to the group about their methodologies and analytics. The module 
was also supported by expert guidance and insights from the Centre for Economic 
Research at ETH Zurich. 

The module contained three phases:

1. First phase—background and context
-R�XLI�ƼVWX�TLEWI�SJ�XLI�QSHYPI�XLI�PIEH�EYXLSVW�SJ�92)4�*-ƅW�'PMQEXI�6MWO�0ERHWGETI�
report (UNEP FI 2021) discussed the report’s key messages and conclusions with partic-
ipants. The participants then compared methodologies for transition risk assessment 
based on ETH Zurich’s paper: Taming the Green Swan (ETH, 2020). The ETH sessions 
allowed participants to consider multiple dimensions of existing tools as shown below.
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*MKYVI����%VIEW�SJ�EWWIWWQIRX�MR�)8,�XSSP�EREP]WMW

-� %GGSYRXEFMPMX]

1 4YFPMG�XVERWTEVIRG]

a Model modules, code public

b 7XYH]�UYIWXMSRREMVI�GSQTPIXIH�

2 )QMWWMSR�HEXE�WXVEXIK]

a Data sources reported

b 8LMVH�TEVX]�ZIVMƼIH

c Missing data strategy explained

3 7GMIRGI�FEWIH�ETTVSEGL

a 7GMIRXMƼG�VIJIVIRGIW

b Peer-reviewed

--� (ITXL�SJ�VMWO�EREP]WMW

4 ,E^EVH��WLSGO�WQSSXL�XVRWMXMSR


a 1.5/<2ºC scenario

b Country=differentited

c Sector-differentiated

5 )\TSWYVI

a Current GHG emissions

b Expected GHG emissions

6 :YPRIVEFMPMX]�
�VIWMPMRGI

a 4VSƼXW�XS�GSZIV�GSWXW

b Peers performance. competition

c Cost pass through

7 %HETXEFMPMX]

a Input substitution

b Climate strategy, climatee-ligned R&D or 
future CAPEX plans

8 )GSRSQMG�-QTEGX

a Economic losse and gains

b Macroeconomic development

9 6MWO�EQTPMƼGEXMSR

a 1YXYEP�VMWN�EQTPMƼGEXMSR

b *MRERGMEP�QEVOIX�EQTPMƼGEXMSR

---� 9WEFMPMX]

10 3YXTYX�MRXIVTVIXEFMPMX]

a Model structure, scanarios and assump-
tions reported

b Assumptions-based output communica-
tion

11 9RGIVXEMRX]

a Baseline adaptable

b Scenario-neutal (various risk realistions)

c 4VSƼXEFMPMX]�HMWXVMFYXMSR�MRTYX��XMQMRK


d 4VSƼXEFMPMX]�HMWXVMFYXMSR�SYXTYX��ZEPYIW


*SPPS[MRK�XLIWI�FEGOKVSYRH�WIWWMSRW��TEVXMGMTERXW�[SVOIH�[MXL�92)4�*-�XS�HIƼRI�E�WIX�SJ�
criteria for producing a structured case study on the tools they would pilot in the second 
phase. The agreed-upon structure is referenced in the case study section of this report.
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2. Second phase—tool presentations and demos

*MKYVI����8SSP�ERH�HEXE�TVSZMHIVW�[LMGL�JIEXYVI�MR�XLI�GEWI�WXYHMIW�MR�XLMW�TETIV

-R�XLI�WIGSRH�TLEWI�SJ�QSHYPI�92)4�*-�MRZMXIH�EVSYRH�ƼJXIIR�XSSP�TVSZMHIVW�XS�TVSZMHI�E�
demonstration of their latest climate risk assessment tools to the participants. In these 
interactive sessions, participants were able to ask providers about tool methodologies, 
coverage, and functionality. At the end of these demonstrations tool providers gave 
details on the potential piloting of their tool (e.g., how many participants could pilot, how 
many assets would be assessed, what outputs may look like). 

Following these demonstrations, module participants decided which tools would be 
most appropriate for their institution to pilot. UNEP FI then matched up participants 
with tool providers and held an introductory session to provide the parameters of the 
pilot and to kick off the collaboration between providers and participants. During the 
course of the pilot, providers and participants met bilaterally to discuss topics such as 
HEXE�VIUYMVIH�ERH�MRXIVTVIXEXMSR�SJ�SYXTYXW�

3. Third phase—review and case studies

The third phase of the module allowed participants the opportunity to discuss the piloted 
tools with the wider group. These post-pilot discussion sessions enabled participants to 
compare their experiences in the pilot and discuss the strengths and limitations of the 
tools they had seen. These feedback sessions facilitated the drafting of the case studies 
found within the report. 
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3FNIGXMZIW�SJ�XLMW�VITSVX
+MZIR�XLI�I\TERHMRK�YWI�GEWIW�JSV�GPMQEXI�VMWO�EREP]WIW�MR�XLI�ƼRERGMEP�WIGXSV�ERH�XLI�
growing number of tool providers, over the past few years, UNEP FI has worked to inform 
ƼRERGMEP�MRWXMXYXMSRW�EFSYX�XLI�WXVYGXYVI��GSZIVEKI��ERH�QIXLSHSPSKMIW�SJ�GSQQSRP]�
YWIH�XSSPW��8LMW�VIWIEVGL�LEW�IRGSYVEKIH�ƼVQW�XS�MRXIKVEXI�GPMQEXI�VMWO�EREP]WIW�MRXS�
their operations and ensure they are informed consumers of climate tools and data. 

In 2019, UNEP FI published Changing Course, as an output of the TCFD pilot for investors 
(UNEP FI, 2019). This report covered the climate risk assessment methodology devel-
oped as part of the pilot (in coordination with Carbon Delta), but also explored a selection 
of other methodologies that analytical tools have deployed to assess climate risks.

Since the release of Changing Course, climate risk analysis has gone mainstream. 
(IQERHW� SJ� VIKYPEXSVW� ERH� SXLIV� WXEOILSPHIVW� LEW� HVMZIR� ƼRERGMEP� MRWXMXYXMSRW� XS�
improve their capabilities for conducting physical and transition risk analyses. Finan-
GMEP�MRWXMXYXMSRW�LEZI�EPWS�MHIRXMƼIH�RI[�RIIHW�WYGL�EW�MQTVSZIH�KISKVETLMG�GSZIVEKI�
for physical hazards and 1.5°C-aligned scenarios for assessing transition risk. Tool 
providers have responded by increasing their offerings and developing new approaches 
to generate decision-useful and actionable outputs for their clients. A number of new 
TVSZMHIVW�LEZI�IRXIVIH�XLI�QEVOIX�[LMPI�SXLIVW�LEZI�TEVXRIVIH�SV�FIIR�EGUYMVIH�MR�SVHIV�
to enhance their capabilities. 

Due to the rapidity of change around climate risk tools, in early 2021, UNEP FI released 
8LI�'PMQEXI�6MWO�0ERHWGETI��E�VITSVX�XLEX�QETTIH�GPMQEXI�VIPEXIH�ƼRERGMEP�VMWO�EWWIWW-
ment methodologies. The landscape review summarized key developments across 
third party climate risk assessment providers since the publication of Changing Course, 
including new and updated scenarios, methodological tools, as well as an overview 
of the changing regulatory landscape and potential future developments. The report 
explored almost 40 providers, split between physical and transition risks. These provid-
ers completed a detailed survey to inform key conclusions about the state of third party 
tools. A summary of the assessments is shown below. For physical risk tools, the report 
built on work within UNEP FI and Acclimatise’s 2020 paper, Charting a New Climate 
�92)4�*-�ERH�%GGPMQEXMWI������
��*SV�XVERWMXMSR�VMWO�XSSPW��XLI�VITSVX�FIRIƼXXIH�JVSQ�XLI�
analyses included in ETH’s 2020, Taming the Green Swan, which provided deep method-
ological assessment of existing transition risk tool providers (ETH, 2020). 
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This current report aims to extend the work of The Climate Risk Landscape in a new 
way. Rather than expanding the number of providers explored (a topic for the next 
edition of the landscape paper), this report seeks to catalogue the actual experiences 
XLEX�ƼRERGMEP�YWIVW�LEH�[LMPI�TMPSXMRK�HMJJIVIRX�XSSPW��8LI�HIXEMPIH�GEWI�WXYHMIW�MRGPYHI�
insights into the process, challenges, outputs, and learnings related to using selected 
climate risk tools. These case studies should be seen as a companion to the categoriza-
tions provided within The Climate Risk Landscape. Together, the two reports begin the 
TVSGIWW�SJ�TVSZMHMRK�ƼRERGMEP�YWIVW�[MXL�E�VIWSYVGI�JSV�YRHIVWXERHMRK�FSXL�XLI�XLISVIX-
ical attributes of different tools as well as how they function in practice. 

-R�EHHMXMSR��XLI�GEWI�WXYHMIW�[IVI�HIWMKRIH�XS�MRJSVQ�XSSP�TVSZMHIVW�SR�WTIGMƼG�XSTMGW�
ERH�EWTIGXW�[LIVI�XLIMV�XSSPW�ERH�WIVZMGIW�GSYPH�FIRIƼX�JVSQ�EHHMXMSREP�GSQTSRIRXW��
and where they could be enhanced or complemented with further information and 
features. Finally, the case studies were designed to inform supervisory authorities and 
VIKYPEXSVW�EFSYX�XLI�WXEXYW�UYS�SJ�XSSP�ETTPMGEFMPMX]��TSWWMFPI�I\MWXMRK�KETW�ERH�[E]W�
forward in the near future.

Through this piloting process, participants gained deep familiarity with the tools they 
YWIH�ERH�TVSZMHIH�JIIHFEGO�ERH�VIƽIGXMSRW�SR�XLIMV�I\TIVMIRGIW��8LI�JSPPS[MRK�WIGXMSR�
discusses some of the major trends related to climate risk tools observed by UNEP 
FI and participants as well as areas for further tool development. Given the emerging 
trends towards better comparability and baseline climate risk metrics in climate risk 
HMWGPSWYVIW��XLMW�VITSVX�GSYPH�EPWS�MRJSVQ�EFSYX�XLI�WXEXYW�UYS�SJ�XSSPW�GSZIVEKI�ERH�
performance, and possible issues to be solved by regulatory guidance in the near term.
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/I]�XEOIE[E]W�SR�
GPMQEXI�VMWO�XSSPW

1ENSV�XVIRHW�XS�RSXI
 č Tool creators are partnering and larger players are bolstering their capabilities 

through acquisitions

;MXL�KVS[MRK�HIQERH�JSV�GPMQEXI�VMWO�XSSPW�ERH�HEXE��QIVKIVW�
�EGUYMWMXMSRW�EVI�FIGSQ-
ing ever more common. These partnerships can be between tool developers and data 
providers, such as between Oliver Wyman and S&P Global Market Intelligence to launch 
XLIMV�'PMQEXI�'VIHMX�%REP]XMGW�TPEXJSVQ��8LI]�GER�EPWS�MRGPYHI�EGUYMWMXMSR�SJ�GPMQEXI�
I\TIVXMWI�MRXS�E�PEVKIV�TVSJIWWMSREP�WIVZMGIW�ƼVQ��)\EQTPIW�SJ�XLMW�MRGPYHI�;MPPMW�8S[IVW�
;EXWSRƅW�EGUYMWMXMSR�SJ�%GGPMQEXMWI��1SSH]ƅW�%REP]XMGW�EGUYMWMXMSR�SJ�:MKIS�)MVMW��ERH�
1G/MRWI]ƅW�EGUYMWMXMSR�SJ�:MZMH�)GSRSQMGW��;LIXLIV�XLVSYKL�TEVXRIVWLMT��NSMRX�ZIRXYVI��
SV�EGUYMWMXMSR�� XLI�QSZIW� XS[EVHW�GSPPEFSVEXMSR�ERH�GSRWSPMHEXMSR�QE]�I\TERH� XLI�
VIWSYVGIW�MR�WXERHEVH�ƼRERGMEP�WIVZMGI�TVSZMHIVW�GETEFMPMXMIW�HIZSXIH�XS�GPMQEXI�VMWO�
tool development. This trend is a signal of growing investment in provider capabilities. 

 č Transition and physical risk methodologies are being combined

In the past, many tools focused exclusively on physical risks or transition risks. However, 
EW�ƼRERGMEP�MRWXMXYXMSRW�ERH�WYTIVZMWSVW�PSSO�XS�EWWIWW�SZIVEPP�GPMQEXI�WXVEXIKMIW�ERH�
I\TSWYVI�XS�GPMQEXI�VIPEXIH�VMWOW��E�QSVI�MRXIKVEXIH�ETTVSEGL�LEW�FIIR�VIUYMVIH��8LMW�LEW�
been very much driven by the physical-transition risk-combined reference scenarios of the 
NGFS. Rather than assessing physical risks and transition risks under different scenar-
MSW��WSQI�XSSP�TVSZMHIVW�LEZI�WSYKLX�XS�TVSZMHI�E�LSPMWXMG�ZMI[�SJ�E�ƼVQƅW�GPMQEXI�VIPEXIH�
risks under different scenarios. Providers such as ISS-ESG and Moody’s Analytics offer 
combined assessments for both risk types, while other providers calculate risks sepa-
rately and then aggregate them. While the consideration of interaction effects between 
XVERWMXMSR�TSPMGMIW�ERH�TL]WMGEP�VMWOW�MW�GSQTPI\��XLI�ƼVWX�WXITW�EVI�FIMRK�XEOIR�MR�XLMW�
direction. For example, in the NGFS’s latest climate scenarios, the trade-off of impacts 
between transition and physical risks were incorporated into the reference scenarios.

 č Development of tools to meet regulatory expectations

In 2021, a handful of jurisdictions announced mandatory climate risk disclosures (often 
based on the TCFD framework), climate risk management expectations, and climate 
stress tests. These increased demands represent a growing appreciation of the risks 
XLEX�GPMQEXI�GLERKIW�TSWIW�XS� XLI�ƼRERGMEP�W]WXIQ�ERH�E�HIWMVI� XS�YRHIVWXERH�XLI�
nature and magnitude of those risks. Two of the most comprehensive stress tests have 
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been developed by the Bank of England/Prudential Regulatory Authority and the Euro-
TIER�'IRXVEP�&ERO��8LIMV�I\EQW�VIUYMVI�ƼRERGMEP�MRWXMXYXMSRW�XS�QSHMJ]�I\MWXMRK�WXVIWW�
testing models and create new ones. Third party tool providers have closely observed 
the expectations of these leading central banks in developing offerings to meet the 
RIIHW�SJ�ƼRERGMEP�YWIVW��(EXE�TVSZMHIVW�LEZI�EPWS�FIIR�JSGYWMRK�SR�TVSZMHMRK�HIXEMPIH�
information on counterparties, regions, and industries necessary to generate stress test-
ing outputs.

 č New physical risk data sources and improved granularity

One of the major challenges tool providers seek to address is converting physical and 
XVERWMXMSR�VMWO�HEXE�MRXS�ƼRERGMEP�MQTEGXW��(SMRK�XLMW�IJJIGXMZIP]�HIQERHW�VIEWSREFP]�
KVERYPEV�HEXE�XLEX�GETXYVIW�IPIQIRXW�SJ�ƼRERGMEP�VIPIZERGI��+MZIR�XLEX�QER]�SJ�XLI�SVMK-
MREP�JSVIGEWXW�SJ�GPMQEXI�VIPEXIH�TL]WMGEP�VMWOW�[IVI�HIZIPSTIH�JSV�WGMIRXMƼG�TYVTSWIW��E�
VIGIRX�JSGYW�SJ�HEXE�TVSZMHIVW�LEW�FIIR�SR�XLI�RIIHW�SJ�GSVTSVEXI�ERH�ƼRERGMEP�YWIVW��
Initiatives such as ClimINVEST are developing open source access to physical risk data 
as is the EU’s Copernicus Climate Change Service (E3CS). Alongside E3CS, through the 
Linux Foundation, Open Source Climate (OS-Climate) aims to be a clearinghouse for 
GPMQEXI�HEXE�RIIHIH�F]�ƼRERGMEP�EGXSVW��-R�EHHMXMSR�XS�XLIWI�MRMXMEXMZIW��XLIVI�EVI�EPWS�
emerging collaborations between tool and data providers to enhance the resolution and 
coverage of physical hazard data. 

-QTVSZIH� TL]WMGEP� VMWO� HEXE� EPPS[W� ƼRERGMEP� MRWXMXYXMSRW� XS� EWWIWW� XLIMV� I\TSWYVIW�
against physical risks in various regions. The proliferation of data also means that tool 
TVSZMHIVW� ERH�ƼRERGMEP� MRWXMXYXMSRW�LEZI� WLS[R�E�KVIEXIV� MRXIVIWX� MR� YRHIVWXERHMRK�
asset-level physical risks, which are highly location dependent. The ability to evaluate 
EWWIX�PIZIP�VMWOW�MW�EPWS�IRLERGIH�F]�XLI�MRGVIEWMRK�JVIUYIRG]�ERH�HIXEMP�SJ�GSVTSVEXI�
climate-related risk disclosures. 

 č Growing interest in machine learning, AI, and remote sensing data sources

Big data has been key to improved climate model projections for many years. Typi-
cal simulations of climatological phenomena are highly computationally intensive. As 
GSQTYXMRK�TS[IV�LEW�KVS[R�ERH�RI[�WXEXMWXMGEP�XIGLRMUYIW�LEZI�HIZIPSTIH��GPMQEXI�
risk tools providers are also looking to leverage advanced data collection and analysis 
XIGLRMUYIW��*SV�TL]WMGEP�VMWOW��VIQSXI�WIRWMRK�XIGLRSPSKMIW�GER�TVSZMHI�IEVP]�[EVRMRKW�
of a hazard or can offer a more detailed picture in previously data-scarce regions. For 
transition risks, new technologies can detect methane leaks and other sources of emis-
WMSRW�XS�VIƼRI�IWXMQEXIW�SJ�ƼRERGIH�IQMWWMSRW��

1EGLMRI�PIEVRMRK�ERH�EVXMƼGMEP�MRXIPPMKIRGI�LEZI�FIIR�MRGVIEWMRKP]�YWIH�XS�TSYV�XLVSYKL�
climate-related datasets and derive new insights. For physical hazards, advanced data 
EREP]WIW�LEZI�PIH�XS�XLI�MHIRXMƼGEXMSR�SJ�HVMZIVW�SJ�I\XVIQI�IZIRX�WIZIVMX]�ERH�XLI�TSXIR-
tial for business and supply-chain disruptions. New data sources and AI have also helped 
XSSP�TVSZMHIVW�XS�VIƼRI�JSVIGEWXW�MR�VIEP�XMQI��%R�I\EQTPI�MW�.YTMXIV�-RXIPPMKIRGI��[LMGL�
has developed a physical risk model up to 2100 that is constantly updated through satel-
PMXI�ERH�WIRWSV�HEXE��%PWS��%-�GSYPH�LIPT�XS�I\XVEGX�ƼVQ�PIZIP�GSQQYRMGEXMSRW�SJ�XLIMV�
own climate targets and strategies, which are by some tool providers included in their 
risk analyses.
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 č New transition risk scenarios and a focus on net zero

Earlier transition risk assessments focused on comparisons between current policy 
WGIREVMSW�ERH�4EVMW�EPMKRIH�XVERWMXMSR�WGIREVMSW��FIPS[��£'
��,S[IZIV��MR�XLI�TEWX�JI[�
]IEVW�XLIVI�LEW�FIIR�E�KVS[MRK�JSGYW�SR����£'�WGIREVMSW�ERH�MRGVIEWIH�RYERGI�MR�XLI�
design of transition pathways. 

*MVWX��XLIVI�LEW�FIIR�E�[MHIWTVIEH�VIGSKRMXMSR�SJ�XLI�RIIH�XS�MRGSVTSVEXI����£'�WGIREV-
MSW�MRXS�XSSPW��8LI�KPSFEP�JSGYW�SR����£'�JSPPS[IH�XLI�TYFPMGEXMSR�SJ�XLI�-4''ƅW�7TIGMEP�
6ITSVX�SR����£'�MR������XLEX�WLS[IH�WMKRMƼGERXP]�KVIEXIV�LEVQW�I\TIVMIRGIH�F]�E��£'�
[EVQIV�[SVPH�XLER�E����£'�SRI��-4''������
��8LEX�VITSVX�WTYVVIH�ƼRERGMEP�EGXSVW�XS�GEPP�
JSV�XLI�HIZIPSTQIRX�SJ����£'�WGIREVMSW�JVSQ�PIEHMRK�QSHIPIVW�WYGL�EW�XLI�-)%��[LMGL�
obliged with its net-zero 2050 scenario (IEA, 2021). Climate science indicates that the 
���£'�XLVIWLSPH�VIUYMVIW�VIEGLMRK�RIX�^IVS�'32 emissions by 2050, which has become a 
GIRXVEP�KSEP�SJ�TSPMG]QEOIVW�ERH�ƼRERGMEP�MRWXMXYXMSRW�EPMOI��*SPPS[MRK�'34�����SZIV���	�
of the world’s governments had made preliminary net-zero commitments, and they were 
NSMRIH�F]�SZIV�����ƼRERGMEP�MRWXMXYXMSRW��+*%2>������
��8LI�KPSFEP�GSRWIRWYW�SR�XLI�
RIIH�JSV�RIX�^IVS������ERH�XLI�KSEP�SJ����£'�LEZI�QEHI�MX�MQTIVEXMZI�XLEX�XSSPW�IREFPI�
ƼRERGMEP�MRWXMXYXMSRW�XS�EWWIWW�XLIMV�TIVJSVQERGI�YRHIV�XLIWI�SFNIGXMZIW��

In addition, there has been a growing appreciation that while more ambitious temperature 
targets can increase transition risks, the nature of the transition itself (orderly vs. disor-
derly) can have a major impact on the level of transition risk experienced. In UNEP FI’s 
paper Decarbonisation and Disruption, the effects of a disorderly transition were explored 
for various economic sectors (UNEP FI, 2021). Likewise, the latest NGFS scenarios have 
developed scenario narratives that explore both orderly and disorderly transitions as well 
as the implications of delayed action and regional policy differences (NGFS, 2021). These 
NGFS scenarios provide a more detailed picture of the risks that may result from differ-
IRX�XVERWMXMSR�TEXL[E]W��ERH�XSSP�TVSZMHIVW�ERH�ƼRERGMEP�MRWXMXYXMSRW�LEZI�FIIR�IEKIV�XS�
HIXIVQMRI�XLI�MQTEGXW�SJ�XLIWI�RI[�WGIREVMSW�SR�ƼRERGMEP�TSVXJSPMSW�

 č Rising expectations of tool capabilities from FIs

%W�QSVI�ƼRERGMEP� MRWXMXYXMSRW�YWI�GPMQEXI�VMWO�EWWIWWQIRX�XSSPW�ERH�EVI�JEGIH�[MXL�
growing pressure to disclose and act on their climate risks, tool providers have sought to 
MQTVSZI�XLIMV�SJJIVMRKW��&VSEHP]��ƼRERGMEP�MRWXMXYXMSRW�PSSO�JSV�XSSPW�XS�FI��HIGMWMSR�YWIJYP��
disclosure-useful, and commitment-useful. 

Decision-useful tools enable senior leadership and those in the business to act on the 
outputs produced by the tool. Such outputs can inform overall climate strategy, improve 
client engagement, and spur the development of new policies. Decision-useful outputs 
WLSYPH�FI�GPIEV�ERH�EFPI�XS�ERW[IV�XLI�UYIWXMSRW�TSWIH�F]�YWIVW��

Disclosure-useful tools are developed to meet regulatory or other external disclosure 
VIUYMVIQIRXW��8LI]�GER�FI�YWIH�JSV�GPMQEXI�WXVIWW�XIWXMRK��8'*(�VITSVXMRK��SV�SXLIV�
sustainability disclosures. Multiple tool providers have worked to develop approaches 
XLEX�EPPS[�E�ƼRERGMEP�YWIV�XS�IEWMP]�XVERWPEXI�XLI�SYXTYXW�SJ�XLI�XSSP�MRXS�GSQQSRP]�YWIH�
reporting frameworks. In a sense, these tools work backward from the reporting expec-
tations in order to produce outputs that are likely to align to reporting standards.
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'SQQMXQIRX�YWIJYP�XSSPW�VIGSKRM^I�XLI�PEVKI�RYQFIV�SJ�ƼRERGMEP�MRWXMXYXMSRW�XLEX�LEZI�
QEHI�GSQQMXQIRXW� XS�KVIIR�ƼRERGMRK�ERH�RIX�^IVS� MR� VIGIRX�QSRXLW��8LIWI� XSSPW�
IREFPI�ETTVSTVMEXI�XEVKIX�WIXXMRK�ERH�GER�EPWS�LIPT�ƼRERGMEP�MRWXMXYXMSRW�XS�QSRMXSV�TVSK-
VIWW�EKEMRWX�WTIGMƼG�XEVKIXW��*SV�GSQQMXQIRX�YWIJYP�XSSPW��XLI�QIXLSHSPSK]�YWIH�MR�
the assessment is particularly important as it may need to align with the methodology 
TIVQMXXIH�YRHIV�WTIGMƼG�XEVKIX�WIXXMRK�TVSXSGSPW��

Tools can serve more than one of these functions and often do.

6IGSQQIRHEXMSRW�JSV�JYXYVI�XSSP�IRLERGIQIRX
As the trends above suggest, tools are constantly improving as providers look to meet 
XLI�RIIHW�SJ�XLIMV�ƼRERGMEP�WIVZMGIW�GPMIRXW��,S[IZIV��XLVSYKL�XLI�TMPSXMRK�I\IVGMWI�ERH�
KVSYT�HMWGYWWMSRW��92)4�*-�ERH�XLI�TEVXMGMTEXMRK�ƼRERGMEP�MRWXMXYXMSRW�MHIRXMƼIH�WIZIVEP�
areas for future tool enhancement. These recommendations are geared towards tool 
providers (both third party and within institutions) in hopes of spurring the further devel-
STQIRX�SJ�ETTVSEGLIW�ERH�QIXLSHSPSKMIW�VIUYMVIH�F]�ƼRERGMEP�MRWXMXYXMSRW��8LI]�EVI�
KVSYTIH�MRXS�WTIGMƼG�EVIEW�JSV�IEWI�SJ�VIJIVIRGI�

-RTYX�HEXE�GSZIVEKI
Although new data sources continue to be developed and many tool providers are work-
MRK�[MXL�QSVI�HEXE�XLER�IZIV�FIJSVI��ƼRERGMEP�MRWXMXYXMSRW�WXMPP�MHIRXMJ]�VSSQ�JSV�MQTVSZI-
QIRX��%�GSQQSR�GSRGIVR�JSV�ƼRERGMEP�YWIVW�MW�LS[�ETTVSTVMEXI�E�XSSPƅW�HEXE�MW�JSV�XLIMV�
portfolio. This can include coverage of different asset classes, economic sectors, and 
KISKVETLMG�EVIEW��;LMPI�TVS\MIW�ERH�I\XVETSPEXMSRW�QE]�FI�VIUYMVIH��XLIVI�MW�E�WXVSRK�
desire to ensure that their application is both intuitive and transparent. Through the pilot-
ing exercise, feedback regarding input data coverage pertained to three areas: physical 
risk data, transition risk data, and emissions data.

4L]WMGEP�VMWO�HEXE

6IKMSREP�HEXE�GSZIVEKI
While new sources of data are helping to address gaps in certain regions, much work 
remains to be done. Pilot participants with holdings in Africa, Southeast Asia, and South 
America all raised concerns about the degree of granularity offered by climate risk tools. 
Where data is unavailable, proxies and regional averages are sometimes used. However, 
there is no replacement for good data, and emerging economies continue to experience 
data gaps for physical hazards, transition risks, and emissions data.

Physical asset level data
%�RYQFIV�SJ�GPMQEXI�WXVIWW�XIWXW�LEZI�VIUYMVIH�ƼRERGMEP�MRWXMXYXMSRW�XS�GSRHYGX�GSYR-
terparty level analyses on potential climate risks. Effective counterparty assessment 
VIUYMVIW�HEXE�SR�XLI�I\TSWYVIW�SJ�QENSV�EWWIXW�XS�TL]WMGEP�VMWOW��8LEX�MR�XYVR�HIQERHW�
highly granular data. As noted above, this data is most often lacking in emerging econ-
omies, but in some instances even when available only certain hazards are covered. 
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With a growing interest in asset-level assessments, many tool providers are working to 
improve their level of coverage and granularity.

Additional physical hazard scenarios
Pilot participants noted that physical risk scenarios typically considered representative 
concentration pathways (RCPs) associated with IPCC reports. Participants considered 
XLI�WXVSRK�QMXMKEXMSR��6'4����
�ERH�XLI�RS�EGXMSR��6'4����
�WGIREVMSW�XS�FI�QSWX�VIPIZERX�
in assessing the range of physical risk outcomes. However, within each of the RCPs are a 
variety of different potential pathways for the development of hazards. These pathways 
vary based on the underlying climate model used but can demonstrate that even for a 
KMZIR�6'4�XLI�WTIIH�ERH�WIZIVMX]�SJ�GIVXEMR�LE^EVHW�GER�ZEV]�WMKRMƼGERXP]��4EVXMGMTEXMRK�
ƼRERGMEP�MRWXMXYXMSRW�I\TVIWWIH�MRXIVIWX�MR�WIIMRK�E�KVIEXIV�HMZIVWMX]�SJ�TL]WMGEP�LE^EVH�
scenarios for given RCPs, something that can be integrated into future tool design. 

8VERWMXMSR�VMWO�HEXE
Private company transition plans
In late 2021, the TCFD provided new guidance about the importance of disclosing 
climate transition plans as part of its recommended disclosures (TCFD, 2021). Addi-
tionally, certain jurisdictions (such as the UK), have mandated the disclosure of climate 
transition plans. These plans can provide a wealth of information about a company’s 
preparedness and resiliency during a low-carbon transition. Financial institutions are 
looking at ways to integrate insights from corporate transition plans into their compa-
ny-level assessments. Third party tool providers should also consider how this new infor-
mation can be effectively incorporated into company assessments.

Sectoral assumptions
The transition to a low-carbon economy will affect nearly every sector in unprecedented 
ways. Assumptions around how different sectors will respond and which industries 
will be winners and losers of the transition have major implications for tool outputs. 
When exploring transition risk tools, pilot participants were eager to understand the key 
WIGXSVEP�EWWYQTXMSRW�QEHI�F]�XLI�XSSPW��4EVXMGMTEXMRK�ƼRERGMEP�MRWXMXYXMSRW�[ERXIH�QSVI�
guidance around sectoral assumptions both to understand their effect on outputs and 
also to compare them to their own analyses of sector and industry outlooks. Tool provid-
ers can offer greater detail on the narratives in their scenarios and the implications of 
those scenarios for major emitting sectors such as energy, transportation, buildings, 
and industrials. They can also continue to add nuance to how carbon budgets for these 
sectors and their associated decarbonisation pathways vary across countries. 
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Additional transition scenarios
As noted in the trends section, many tool providers have increased the number of tran-
WMXMSR�WGIREVMSW�EZEMPEFPI�XS�ƼRERGMEP�YWIVW��8LI�EHHIH�JSGYW�SR�RIX�^IVS�TEXL[E]W�ERH�
WGIREVMSW�VIƽIGXMRK�GYVVIRX�ERH�TSXIRXMEP�GPMQEXI�TSPMGMIW�LEW�FIIR�E�TSWMXMZI�HIZIPST-
ment. However, tool providers can go further in adding nuance to different scenarios, 
especially for disorderly transition scenarios. While the comparison of an orderly and 
disorderly transition is useful, a disorderly transition can proceed in many ways. Tool 
providers can work with economic modelers to consider the implications of different 
XVERWMXMSR�TEXL[E]W�SR�WTIGMƼG�WIGXSVW�ERH�XLI�KPSFEP�IGSRSQ]�SZIVEPP�

)QMWWMSRW�HEXE
)QMWWMSRW�HEXE�LEW�FIGSQI�MRGVIEWMRKP]�MQTSVXERX�JSV�ƼRERGMEP�MRWXMXYXMSRW�XS�HIƼRI�
and track their decarbonisation commitments and to assess the transition risk of their 
exposures. While initiatives like CDP have done valuable work in collecting and providing 
self-disclosed data on corporate emissions, coverage is largely limited to public compa-
RMIW��*SV�ƼRERGMEP�MRWXMXYXMSRW�XLEX�PIRH�XS�SV�MRZIWX�MR�WQEPP�ERH�QIHMYQ�IRXIVTVMWIW��
a number of assumptions are needed to address reporting gaps. These extrapolation 
QIXLSHSPSKMIW�QE]�LEZI�QENSV�MQTEGXW�SR�E�TSVXJSPMSƅW�ƼRERGIH�IQMWWMSRW�SV�MXW�XVER-
sition risk, and so should be clear, transparent, and aligned with commonly accepted 
ETTVSEGLIW�JSV�GEPGYPEXMRK�IQMWWMSRW��8LMVH�TEVX]�ZIVMƼGEXMSR�SJ�HEXE�MW�EPWS�MQTSVXERX�
XS�ZEPMHEXI�ERH�MQTVSZI�XLI�UYEPMX]�SJ�WIPJ�VITSVXIH�MRJSVQEXMSR��8SSP�TVSZMHIVW�[MPP�RIIH�
to continue developing methodologies that cover these data gaps in greater detail in 
order to ensure that outputs generated for alignment and risk assessments are consid-
ered credible. 

6MWO�X]TIW�MRGPYHIH
%W�ƼRERGMEP�EGXSVW�ERH�WYTIVZMWSVW�EGORS[PIHKI�XLI�W]WXIQMG�VMWO�SJ�GPMQEXI�VIPEXIH�
HIZIPSTQIRXW�JSV�ƼRERGMEP�WXEFMPMX]��MX�LEW�FIGSQI�MQTIVEXMZI�XS�KEMR�E�GSQTVILIRWMZI�
ZMI[�SJ�E�ƼVQƅW�GPMQEXI�VMWOW��7YGL�E�LSPMWXMG�ZMI[�HIQERHW�XSSPW�XLEX�GETXYVI�TSXIRXMEP�
impacts from a wide range of climate-related phenomena. Pilot participants desired 
tools to capture the broad set of physical hazards they might be exposed to, common 
policy-driven transition risks, and emergent literation risks, interactions between risks, 
ERH�ƼRERGMEP�W]WXIQ�GSRXEKMSR�

4L]WMGEP�VMWOW
Additional hazards
8LI�TL]WMGEP�VMWO�XSSPW�TVSƼPIH�MR�XLI�GEWI�WXYHMIW�SJ�XLMW�VITSVX�GSRXEMR�E�ZEVMIX]�SJ�
different physical hazards. However, as pilot participants noted, the most prominent 
LE^EVHW�QE]�ZEV]�WMKRMƼGERXP]�F]�VIKMSR��ERH�XLIWI�TVSQMRIRX�LE^EVHW�QE]�VIUYMVI�EHHM-
XMSREP�HIXEMP��%R�I\EQTPI�GER�FI�XLI�LE^EVH�SJ�ƽSSHMRK��[LMGL�HITIRHMRK�SR�PSGEXMSR�
QE]�FI�TVIHSQMRERXP]�HVMZIR�F]�GSEWXEP�MRYRHEXMSR��GSEWXEP
��VMZIV�SZIVƽS[��VMZIVMRI
��SV�
rainfall (pluvial) or some combination of these. Some tools already separate hazards into 
different types, but for those that do not, this additional nuance is welcomed. 
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Another area of interest involves indirect hazards of climate change. Pilot participants 
noted that few tools explored topics such as disease burden, water desalinization costs, 
ERH�FMSHMZIVWMX]�PSWW��%�JYPP�TMGXYVI�SJ�GPMQEXI�VMWOW�VIUYMVIW�GSRWMHIVEXMSR�SJ�XLI�VERKI�
of negative outcomes associated with a warming world. Additional work is needed to 
HIXIVQMRI�XLI�ƼRERGMEP�ERH�IGSRSQMG�GSRWIUYIRGIW�SJ�WSQI�SJ�XLIWI�QSVI�MRHMVIGX�
effects of climate change.

Extreme event severities
For physical risks, many tools provide estimates that include both changes in incremen-
XEP�VMWOW�ERH�GLERKIW�MR�XLI�JVIUYIRG]�ERH�WIZIVMX]�SJ�I\XVIQI�IZIRXW��;LMPI�XLI�PMOIPM-
hood and nature of extreme events may be moderated by changing baseline conditions 
�MRGVIQIRXEP�VMWOW
��VMWO�QEREKIVW�[MXLMR�ƼRERGMEP�MRWXMXYXMSRW�EVI�LMKLP]�GSRGIVRIH�[MXL�
the effects of extreme events. However, given different forecasting models there is a 
PEVKI�HIKVII�SJ�ZEVMEXMSR�MR�XLI�JVIUYIRG]�ERH�WIZIVMX]�SJ�XLIWI�I\XVIQI�IZIRXW��4MPSX�
TEVXMGMTERXW�WSYKLX�XS�GSRWMHIV�E�PEVKIV�WIX�SJ�I\XVIQI�IZIRX�JVIUYIRGMIW�ERH�WIZIVMXMIW�
in assessing the performance of their portfolios. One way for tool providers to offer this 
is to show losses under different tail risk events and their associated probabilities (a 
topic discussed in the methodology points raised below).

8VERWMXMSR�VMWOW
Policy risks
During discussions with UNEP FI, pilot participants spoke about their interest in better 
understanding the implications of various policies on their portfolios. While net-zero 
commitments have been made by nations around the world, the implementation of 
this major economic change often remains vague. Different transition scenarios within 
GPMQEXI�VMWO�XSSPW�SJJIV�ƼRERGMEP�MRWXMXYXMSRW�XLI�STTSVXYRMX]�XS�GSRWMHIV�XLI�IJJIGXW�SJ�
various policies and decarbonization strategies. However, among pilot participants, there 
was a strong recommendation that tool providers include more policy-driven scenarios 
MR�XLIMV�XSSPW�ERH�TVSZMHI�GPIEV�REVVEXMZIW�JSV�LS[�XLI�TSPMGMIW�EVI�PMOIP]�XS�MRƽYIRGI�HMJJIV-
ent sectors.

Carbon pricing
;LMPI�GEVFSR�TVMGMRK�GER�FI�GSRWMHIVIH�E�TSPMG]�HIGMWMSR��MX�EPWS�VIƽIGXW�XLI�HIZIPST-
QIRX�SJ�KPSFEP�GEVFSR�QEVOIXW�ERH�XLI�YWI�SJ�MRXIVREP�GEVFSR�TVMGIW�F]�HMJJIVIRX�ƼVQW��
Pilot participants considered the carbon price one of the clearest ways to evaluate the 
performance of portfolios and particular counterparties across a transition scenario. 
Tools that allow users to change the carbon price or compare different carbon prices and 
their effects were particularly desirable to participants. 

0MXMKEXMSR�VMWOW
One area of risk rarely, or only indirectly captured by most tools is climate litigation risk. 
Ƅ'PMQEXI�PMXMKEXMSR�VMWOƅ�MR�XLMW�GSRXI\X�VIJIVW�XS�XLI�ƼRERGMEP�VMWOW�JVSQ�ER]�GEYWI�SJ�EGXMSR��
regulatory investigation, or any dispute, that has a physical or transition risk catalyst. 
Customer and counterparty actions that could, for example, give rise to climate litiga-
tion include: failures to: mitigate emissions, consider climate change impacts, manage 
or disclose material climate risks, make accurate representations about climate risks/
green credentials, or to comply with regulatory adjacencies.
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Climate litigation risks function like other traditional risks in that they can reduce asset 
values or pose credit risks by creating additional costs that corporates must pay. And 
whilst it may be challenging to incorporate such risks into tools, the recent growth 
in litigation in this area means that their consideration is necessary to both fully and 
EHIUYEXIP]�EWWIWW�GPMQEXI�VMWOW�

%HHMXMSREP�XMQI�LSVM^SRW
%JXIV�HEXE�KVERYPEVMX]�ERH�VMWO�GSZIVEKI��XMQI�LSVM^SRW�[IVI�JVIUYIRXP]�FVSYKLX�YT�F]�
pilot participants as an area for future tool enhancement. Some tools designed for regu-
PEXSV]�TYVTSWIW�EHLIVI�XS�XLI�XMQI�LSVM^SRW�VIUYIWXIH�F]�XLI�WYTIVZMWSV]�I\EQW��[LMPI�
others align to the time horizons of the publicly available scenarios they take as inputs. 
8LIWI�HIGMWMSRW�EVI�WIRWMFPI��FYX�EW�TMPSX�TEVXMGMTERXW�RSXIH�MR�XLIMV�HMWGYWWMSRW��ƼRER-
cial institutions need to assess climate risks over a variety of time horizons. This can 
prove challenging given the progressive emergence of physical risks or the time needed 
to adapt the global economy to a low-carbon operating model. However, greater consid-
IVEXMSR�SJ�WLSVX�XIVQ�WLSGOW�GER�EPPS[�ƼRERGMEP�HIGMWMSR�QEOIVW�XS�YRHIVWXERH�XLI�
PS[�TVSFEFMPMX]�LMKL�WIZIVMX]�GSRWIUYIRGIW�SJ�GPMQEXI�GLERKI�SV�XLI�PS[�GEVFSR�XVERWM-
tion on today’s portfolios. In addition, shorter term risk assessments can be more easily 
integrated into strategic planning and turned into actionable policies by business lines.

3YXTYX�ETTPMGEXMSR�MRXIVTVIXEXMSR
While many providers consider their products as multi-solution tools, pilot participants 
were eager to better understand the implications and applicability of tool outputs. In 
order to effectively use the results, participants put a premium on transparency and 
clarity of assumptions. Relatedly, there was a strong desire to understand the range of 
uncertainty around different results. Many tools produce a single answer for a portfolio, 
but according to participants, a range of output values might be as useful if not more 
WS�MR�MRXIVTVIXMRK�XLI�VIWYPXW��4EVXMGMTERXW�EPWS�VIUYIWXIH�EHHMXMSREP�KYMHERGI�SR�LS[�
XS�YWI�XSSP�SYXTYXW�MR�VITSVXMRK�ERH�E�HIWMVI�XS�WII�MPPYWXVEXMZI�I\EQTPIW�XS�GSRƼVQ�XLI�
sensibility of the outputs generated.

+VIEXIV�XVERWTEVIRG]
Participants within the UNEP FI pilot program often serve as critical communicators of 
climate risk insights to the rest of their organization. As a result, these individuals need 
to understand the outputs and the key assumptions of the tools they are using particu-
larly well. The pilot exercise with tool providers received positive feedback from partici-
pants in terms of the transparency and openness shown by the tool providers about their 
methodologies and outputs. However, that transparency was made possible by direct 
meetings between the participants and tool providers. It would be valuable for all tool 
providers to provide accessible documentation that supports a greater understanding 
SJ�XLIMV�XSSPW�ERH�XLI�EWWSGMEXIH�SYXTYX�EQSRK�ƼRERGMEP�YWIVW��;LMPI�XLMW�MRJSVQEXMSR�
WLSYPH�RSX�GSQTVSQMWI�MRXIPPIGXYEP�TVSTIVX]��MX�WLSYPH�IREFPI�ƼRERGMEP�MRWXMXYXMSRW�XS�EGX�
as informed consumers of the various tools they may consider using.
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9RGIVXEMRX]�EVSYRH�VIWYPXW
All tools based on future projections are subject to uncertainty, a fact widely acknowl-
edged by the pilot participants. More details on the range of that uncertainty in outputs 
was considered a high priority by program participants. The IPCC itself uses vari-
ous certainty measures (e.g., highly likely, likely) to connote probabilities of different 
outcomes in the climate projections it uses. Tool providers could also add more clarity 
around which results are more likely and which are more highly uncertain. Uncertainty 
may depend on data considerations, time horizons, and the measures being forecast. 
However, the inclusion of a form of “error bars” would aid in the communication of tool 
VIWYPXW�ERH�KVIEXIV�GSRƼHIRGI�MR�LS[�XS�EGX�SR�XLI�MRJSVQEXMSR�XLI]�TVSZMHI��-R�EHHMXMSR��
users should understand the probabilities associated with different outcomes and where 
those outcomes fall in a distribution, for example, does an output represent a mean 
estimate of losses or a 95th percentile? The topic of probabilistic estimates is explored 
further below.

'PEVMX]�MR�LS[�SYXTYXW�GER�FI�YWIH�XS�QIIX�RIIHW
During the individual tool piloting phase, participants were asked to consider how the 
XSSP�SYXTYXW�GSYPH�FI�YWIH�XLVSYKLSYX�XLIMV�SVKERM^EXMSR��1ER]�TEVXMGMTERXW�VIUYIWXIH�
that tool providers offered additional guidance for how to interpret results and where 
the outputs might be most relevant. In the case of regulatory tools, use cases may be 
clear, but for many outputs, there are a range of potential applications. Tool providers 
GER�GSRWMHIV�LS[�XLIMV�SYXTYXW�QMKLX�FI�YWIH�ERH�EPWS�WXVYGXYVI�XLSWI�SYXTYXW�XS�ƼX�
the needs of these use cases. An example provided by a participant was the challenge 
in transforming the outputs from the tool into a format that could be incorporated in a 
8'*(�VITSVX��%RSXLIV�UYIWXMSR�VIKEVHMRK�XSSPW�MRZSPZIW�LS[�XS�IJJIGXMZIP]�YWI�SYXTYXW�
for internal decision-making.

1IXLSHSPSKMGEP�EWWYQTXMSRW
As outputs of climate risk tools are reported in public disclosures, regulatory exams, and 
internal analyses, methodological considerations around these tools are critical. Through 
HMWGYWWMSRW�[MXL�92)4�*-��XLI�TMPSX�TEVXMGMTERXW�MHIRXMƼIH�QYPXMTPI�EVIEW�[LIVI�IRLERGI-
ments in tool methodologies could increase the realism of results. In most of these 
instances, participants expressed a concern that existing tools and analyses resulted in 
an underestimate of potential climate risks. The fuller incorporation of different hazards, 
tipping points, and tail risk events might present an opportunity to capture the potential 
GSRWIUYIRGIW�SJ�GPMQEXI�VIPEXIH�ƼRERGMEP�MQTEGXW�QSVI�JYPP]��
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%HHMXMSREP�GSQTPI\MX]�VIEPMWQ
Integration of physical and transition risks
As noted previously, some tool providers have begun integrating physical and transition 
risks into their models. However, even for tools that consider both physical and transi-
tion risks, internal consistency may be limited. Rather than applying a single scenario 
that covers both physical and transition risks, a tool may consider the risks separately 
and link them based on RCPs or temperatures, meaning that the underlying assump-
tions between the physical hazards and the transition pathway can come from different 
models. Beyond just using the same underlying models, tool providers should consider 
the interaction effects of both risk types on individual assets and portfolios overall. 
Examples include how coastal real estate may be hit by tropical storms due to climate 
change and also face higher electricity and rebuilding costs due to the low-carbon tran-
sition. On the other hand, a positive synergy might be resiliency measures that also 
MRGVIEWI�IRIVK]�IƾGMIRG]�

Interaction effects between hazards
For physical hazards, interaction effects are critical to understanding the full extent 
of the climate-related risks. A storm that strikes in a location that has suffered from 
GSEWXEP�IVSWMSR�ERH�WIE�PIZIP�VMWI�[MPP�FI�QSVI�HEQEKMRK�XLER�MXW�[MRHWTIIH�ERH�ƽSSH�
heights would indicate. There are often correlations between different hazards that also 
EQTPMJ]�TSXIRXMEP�HEQEKIW��WYGL�EW�[EVQIV�ERH�HVMIV�GSRHMXMSRW�XLEX�QEOI�[MPHƼVIW�
more likely and severe. While these interaction effects may not be directly modelled by 
a climate risk tool, tool providers should move away from considering individual hazards 
in isolation where possible and look for underlying models that consider the relation-
ships between hazards. 

Incorporation of tipping points
'PMQEXI� XMTTMRK� TSMRXW� LEZI� FIGSQI� ER� EVIE� SJ� KVS[MRK� GSRGIVR� HYI� XS� WGMIRXMƼG�
research indicating that many of them may be activated at even modest levels of warm-
ing. Fundamentally, tipping points are non-linearities in a system, which when exceeded 
change that system from one state to another. They can be physical in nature, such 
EW�QIPXMRK�MGI�WLIIXW��SV�IGSRSQMG��WYGL�EW�XLI�GSPPETWI�SJ�GSRƼHIRGI�MR�KPSFEP�GVIHMX�
QEVOIXW�MR�������FYX�VIKEVHPIWW�SJ�[LIVI�XLI]�QERMJIWX��XLI]�EVI�GVMXMGEP�XS�KEMRMRK�ER�
accurate view of climate risks. Few tools explicitly capture tipping points as they relate 
to physical risks, such as marine ecosystem collapses, or as they relate to transition 
risks, such as the collapse of coal power in OECD economies. Given that these non-lin-
earities are where outsized climate risks may be experienced, it is imperative that tool 
providers consider how they can be both integrated into their models and used to inform 
XLI�SYXTYXW�KIRIVEXIH��8LIWI�XMTTMRK�TSMRXW�EPWS�HIQERH�E�TEVEHMKQ�WLMJX�JSV�ƼRERGMEP�
institutions from risk-return management to resilience management. 

Inclusion of second and third order effects
'PMQEXI�VMWO�XSSPW�SJXIR�JSGYW�SR�E�WIX�SJ�LE^EVHW�[LIR�EWWIWWMRK�XLIMV�ƼRERGMEP�MQTEGX�
on a portfolio or individual counterparty. These hazards (both physical and transition) 
are often the direct effects of climate change or of the transition. Examples for physical 
LE^EVHW�MRGPYHI�HEQEKIW�JVSQ�ƽSSHMRK�SV�[MPHƼVI��I\EQTPIW�JSV�XVERWMXMSR�VMWOW�MRGPYHI�
carbon taxes or rising energy costs. However, many climate-related impacts are not the 
direct result of the initial event, but rather the secondary and tertiary effects. The case of 
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Hurricane Katrina is illustrative on this point. While the damage from the storm itself and 
XLI�EXXIRHERX�ƽSSHMRK�[IVI�IWXMQEXIH�EX�SZIV������&2��XLI�2I[�3VPIERW�IGSRSQ]�JIPX�
additional shocks. Businesses that remained closed for months or longer lost revenues 
and customers, the city lost tax revenues, and investments in new projects were repur-
posed to rebuild the damage. Furthermore, over 100,000 residents who left New Orleans 
did not return, leading to a smaller city with lower output than before the storm. Assess-
MRK�XLI�XVYI�GSWXW�SJ�GPMQEXI�GLERKI�VIUYMVIW�IZEPYEXMRK�XLI�PSRK�XIVQ�GSRWIUYIRGIW�SJ�
different events and policies. 

4VSFEFMPMWXMG�IWXMQEXIW�SJ�PSWWIW
1ER]�GPMQEXI�VMWO�XSSPW�TVSZMHI�WTIGMƼG�SYXTYX�ZEPYIW�JSV�E�KMZIR�TSVXJSPMS�ERH�XMQI-
frame. However, the uncertainties inherent within climate modelling mean that climate 
risk is a fundamentally probabilistic challenge. Unfortunately, in some cases, users and 
providers may confuse a scenario with a severity. For physical risks, this may mean 
GSRWMHIVMRK�6'4�����XS�FI�XLI�ƈWIZIVIƉ�WGIREVMS�SV�JSV�XVERWMXMSR�VMWO��MX�QMKLX�FI�GSRWMH-
IVMRK����£'�XS�MRHMGEXI�ƈWIZIVIƉ�XVERWMXMSR�VMWOW��,S[IZIV��IEGL�WGIREVMS�MW�QIVIP]�E�WMRKPI�
potential pathway and the results of a tool are a point estimate of losses or impacts on 
that pathway. 

,S[IZIV��6'4�����QE]�LEZI�[MHIP]�ZEV]MRK�MQTPMGEXMSRW�JSV�HMJJIVIRX�TL]WMGEP�LE^EVHW��
8LMW�MW�IEWMIV�XS�WII�KMZIR�XLI�TVSPMJIVEXMSR�SJ�GPMQEXI�QSHIPW�XLEX�EVI�VYR�JSV�6'4�����
XLEX�QE]�WLS[�HMJJIVIRX�PIZIPW�SJ�ƽSSHMRK��WXSVQW��[MPHƼVIW�ERH�SXLIV�LE^EVHW��8S�PSSO�
at the most severe outcomes, a probabilistic method should be considered which looks 
at these different underlying models and considers hazard severity. As such, the 95th 
TIVGIRXMPI�SJ�ƽSSHMRK�JSV�ER�6'4�����WGIREVMS�WLSYPH�FI�MR�XLI�XST��	�SJ�XLI�[SVWX�ƽSSH-
ing as indicated by different models. For transition risk, this approach is slightly different, 
but relies on macroeconomic probabilities of key variables like growth rates and trade 
balances. It may be more challenging to assign numerical probabilities to different tran-
WMXMSR�WGIREVMSW��FYX�GIVXEMRP]�JSV�E�KMZIR����£'�WGIREVMS��STXMQMWXMG��FEWI��ERH�TIWWMQMW-
tic cases of economic performance can be considered. The modelling community has 
explored some of these different futures through the creation of shared-socioeconomic 
pathways (SSPs). 

;LMPI�XLIWI�GLEPPIRKIW�QE]�VIUYMVI�XLI�MRZSPZIQIRX�SJ�GPMQEXI�QSHIPIVW�ERH�WGIREVMS�
developers, their implications should be contemplated by thoughtful tool providers. 
Looking at the tail risks of different scenarios can provide a better view of downside 
VMWOW�XLEX�ƼRERGMEP�MRWXMXYXMSRW�QYWX�TVITEVI�JSV��ERH�EZSMH�XLI�QMWXEOIR�EWWYQTXMSR�XLEX�
MJ�E�TSVXJSPMS�TIVJSVQW�[IPP�MR�E�GIVXEMR�6'4�����SV����£'�WGIREVMS�XLER�MX�JEGIW�PMQMXIH�
climate risk.
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7XVEXIKMG�KYMHERGI
According to the pilot participants, climate risk tools are already being used to guide 
decisions. However, in addition to the enhancements noted above regarding cover-
age, hazards, outputs, and methodologies, participants want tools to provide guid-
ERGI�EW�[IPP��7TIGMƼGEPP]��TEVXMGMTERXW�EVI�PSSOMRK�JSV�XSSPW�XLEX�GER�MHIRXMJ]�TSXIRXMEP�
climate-related opportunities, improve client engagement, and develop new climate 
strategies. These desires represent a step forward for many climate risk tools that have 
been developed to produce a loss estimate or meet a reporting need. The application 
SJ�JSV[EVH�PSSOMRK�EREP]XMGW�XS�STTSVXYRMXMIW�ERH�WXVEXIKMIW�GER�EPPS[�ƼVQW�RSX�SRP]�XS�
manage their risks but to take advantage and thrive in a changing world.

3TTSVXYRMX]�MHIRXMƼGEXMSR
While recent years have seen a large number of tools marketed to help manage climate 
risk or report on climate alignment, fewer tools appear to focus on the tremendous 
opportunities presented by climate change through mitigation and adaptation solu-
tions. In the UNEP FI pilot program, many participants indicated awareness of potential 
climate-related opportunities, but few mentioned that they were using tools to evaluate 
them. Given the widespread economic shifts that climate change and net zero will bring 
KPSFEPP]��ƼRERGMEP�MRWXMXYXMSRW�LEZI�XLI�STTSVXYRMX]�XS�WYTTSVX�XLI�GVIEXMSR�SJ�E�VIWMPMIRX��
NYWX��ERH�WYWXEMREFPI�JYXYVI�ERH�TVSƼX�[LMPI�HSMRK�WS��*SVIGEWXW�JVSQ�XLI�-)%�ERH�2+*7�
JSV�VIEGLMRK�RIX�^IVS�VIUYMVI�XVMPPMSRW�MR�ERRYEP�JYRHMRK�JSV�XLI�HIZIPSTQIRX�ERH�HITPS]-
ment of clean technologies. Pilot participants expressed an eagerness to see tools that 
helped them identify opportunities most suitable to them and determine how best to 
capitalize on them. 

'PMIRX�IRKEKIQIRX
When asked about how they planned to use the outputs of the pilot analyses, partic-
MTERXW�JVIUYIRXP]�QIRXMSRIH�GPMIRX�IRKEKIQIRX��-RJSVQEXMSR�EFSYX�GPMQEXI�VMWOW�ERH�
MRHMZMHYEP�GSYRXIVTEVXMIW�GER�LIPT�ƼRERGMEP�MRWXMXYXMSRW�HIGMHI�SR�XLI�VIPEXMSRWLMT�XLI�
ƼVQ�[SYPH�PMOI�XS�LEZI�[MXL�XLSWI�GSYRXIVTEVXMIW�MR�XLI�JYXYVI��,S[IZIV��XLIVI�[EW�E�
desire for tools to be developed that even more explicitly focused on client engagement, 
ERH�WTIGMƼGEPP]�MR�LIPTMRK�GPMIRXW�XS�XVERWMXMSR�XS�RIX�^IVS��%�RYQFIV�SJ�TEVXMGMTERXW�LEZI�
made public commitments about supporting client transitions and would welcome the 
creation of tools that allow them to assess transition plans and more effectively commu-
nicate with clients on how they can advance their progress towards net zero.

7XVEXIK]�WIXXMRK
In addition to client engagement, participants also mentioned that pilot outputs could 
be used in determining climate strategy. Many tools provide outputs that are helpful 
MR�HIZIPSTMRK�LMKL�PIZIP�GPMQEXI�WXVEXIKMIW��=IX��JSV�WTIGMƼG�FYWMRIWWIW��XLI�HIWMVI�JSV�
actionable guidance on climate policies demands more granular outputs. Part of the 
challenge involves getting the business line familiar with the outputs of climate tools 
ERH�GSRƼHIRX�MR�XLIMV�YWIJYPRIWW�JSV�HIZIPSTMRK�E�JSV[EVH�PSSOMRK�WXVEXIK]��&I]SRH�XLEX��
XSSPW�KIEVIH�XS[EVHW�WTIGMƼG�FYWMRIWWIW��WIGXSVW��SV�EWWIX�GPEWWIW�GER�TVSZMHI�MRJSVQE-
tion that can be integrated into processes such as underwriting and origination.
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'EWI�WXYH]�WXVYGXYVI
The case study structure was developed in consultation with experts at ETH Zurich 
and covers the major areas noted below to promote comparability of the tools and the 
YWEFMPMX]�SJ�XLI�GEWI�WXYHMIW�EW�E�VIWSYVGI�JSV�XLI�ƼRERGMEP�WIGXSV��-R�XLI�GEWI�WXYHMIW�
that follow, the detail and nature of the criteria below may vary at the discretion of the 
pilot participant. 

*MKYVI����'VMXIVME�MRGPYHIH�[MXLMR�GEWI�WXYH]�EWWIWWQIRXW

-RXVSHYGXMSR
Overview of the piloting exercise
/I]�ƼRHMRKW�SV�GSRGPYWMSRW

4VSGIWW�
The process followed in using the tool, step-by-step
Main challenges encountered 

(EXE�ERH�GSZIVEKI�
Data needed to conduct the analysis

Internal
External

Portfolio coverage
What geographies and sectors can the tool assess?
What was actually assessed in the demo? 
Percentage of portfolio, geography, sector, total exposure? 
Number of counterparties?

6MWO�JEGXSVW�ERH�WGIREVMSW
Key risk factors explored during the demo (e.g., hazard types)
Temperature pathway(s) analyzed
Scenarios used (NGFS, IEA, etc.)

3YXTYXW�ERH�MRWMKLXW�
What outputs were generated?
What learnings came from using the tool?
What are use cases for this type of analysis or for the full tool?
Any future plans to extend the analysis or conduct similar analysis internally?

7YKKIWXIH�IRLERGIQIRXW�JSV�TVSZMHIVW
How easy was the tool to use?
%VI�XLIVI�ER]�QSHMƼGEXMSRW�SV�WYKKIWXMSRW�]SY�LEZI�XLEX�[SYPH�IRLERGI�]SYV�EREP]WMW#
What are areas that you’d like to see the providers explore in the future?
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(IXEMP�SR�XSSP�TVSZMHIVW�ERH�XSSPW
As m

entioned in the acknow
ledgem

ents, UN
EP FI and the pilot participants w

ould like to thank the providers for allow
ing the piloting of 

their tools. The table below
 provides a high-level overview

 of the participating providers and the tools that w
ere piloted. 

4VSZMHIV
(IWGVMTXMSR

*IEXYVIH�XSSP�SZIVZMI[
6MWO�X]TIW�
GSZIVIH�
F]�XSSP

Entelligent
Entelligent is a clim

ate risk analytics platform
 that m

easures 
and m

anages investm
ent exposure to clim

ate risk.
)RXIPPMKIRX�LEW�FYMPX�XIGLRSPSK]�Ƃ

�XLI�ƼVWX�XS�FI�TEXIRXIH�
—

 that leverages m
acroeconom

ic and forw
ard-looking 

clim
ate-scenario m

odels. This allow
s Entelligent’s platform

s 
XS�LIPT�MRWXMXYXMSREP�MRZIWXSVW�Q

EREKMRK�IUYMX]�ERH�GSVTSVEXI�
FSRH�TSVXJSPMSW�XS�Q

E\MQ
M^I�FSXL�ƼRERGMEP�TIVJSVQ

ERGI�
and carbon-em

issions reductions, w
hile m

inim
izing clim

ate 
change transition risk.

Transition 
Risk

ISS-ESG
ISS ESG

 solutions enable investors to develop and inte-
grate responsible investing policies and practices, engage 
on responsible investm

ent issues, and m
onitor portfolio 

com
pany practices through screening solutions.

ISS ESG
 provides clim

ate data, analytics, and advisory 
WIVZMGIW�XS�LIPT�ƼRERGMEP�Q

EVOIX�TEVXMGMTERXW�YRHIVWXERH��
m

easure, and act on clim
ate-related risks across all asset 

classes. In addition, ESG
 solutions cover corporate and coun-

try ESG
 research and ratings enabling its clients to identify 

m
aterial social and environm

ental risks and opportunities.

Physical & 
Transition 
Risk

M
oody’s 

Analytics
1
SSH]ƅW�%REP]XMGW�TVSZMHIW�ƼRERGMEP�VMWO�MRXIPPMKIRGI�ERH�

EREP]XMGEP�XSSPW�WYTTSVXMRK�SYV�GPMIRXWƅ�KVS[
XL��Iƾ

GMIRG]��
and risk m

anagem
ent objectives. The com

bination of 
our unparalleled expertise in risk, expansive inform

ation 
resources, and innovative application of technology helps 
XSHE]ƅW�FYWMRIWW�PIEHIVW�GSRƼHIRXP]�REZMKEXI�ER�IZSPZMRK�
m

arketplace.

M
oody’s Clim

ate Solution suite offers a com
plete fram

ew
ork 

that spans across the overall risk m
anagem

ent fram
ew

ork 
covering clim

ate change analytics across both physical and 
transition risks, a com

prehensive clim
ate scenario analysis 

fram
ew

ork and stress testing, integration to credit risk m
odel-

PMRK�ERH�ƼRERGMEP�Q
IXVMGW�ERH�XSSPW�XS�WYTTSVX�'PMQ

EXI�VIPEXIH�
ƼRERGMEP�HMWGPSWYVIW��
2
SXI�XLEX�XLIWI�WXYHMIW�[

IVI�GSRHYGXIH�TVI�EGUYMWMXMSR�SJ�
RM

S by M
oody’s, therefore, can be enriched to bring the 

FVIEHXL�ERH�HITXL�SJ�GPMQ
EXI�VIPEXIH�ƼRERGMEP�VMWO�EREP]WMW�

XLEX�NSMRX�ƼVQ
W�GER�XSHE]�FVMRK�

Physical & 
Transition 
Risk
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RM
S, A 

M
oody’s 

Analytics 
Com

pany

RM
S, a Risk M

anagem
ent Com

pany at the Forefront of Risk 
Intelligence
At RM

S, Risk M
anagem

ent Solutions is their nam
e and w

hat 
they’ve been building over 30 years: industry-leading risk 
Q
EREKIQ

IRX�WSPYXMSRW�JSV�MRWYVIVW��VIMRWYVIVW��ƼRERGMEP�
services organizations, and the public sector.
Their science, technology, and 300+ catastrophe risk m

odels 
help (re)insurers and other organizations evaluate and 
m

anage the risks of natural and m
an-m

ade disasters.

RM
S has over 200 peril m

odels in nearly 100 countries 
IREFPMRK�MRWYVIVW��VIMRWYVIVW�ERH�SXLIV�SVKERM^EXMSRW�XS�UYER-
tify the potential m

agnitude and probability of econom
ic loss 

from
 catastrophe events.

Physical Risk

O
liver W

ym
an 

and S&P 
G

lobal M
arket 

Intelligence

O
liver W

ym
an is a global leader in m

anagem
ent consulting. 

;
MXL�Sƾ

GIW�MR����GMXMIW�EGVSWW����GSYRXVMIW��3
PMZIV�;

]Q
ER�

com
bines deep industry know

ledge w
ith specialized exper-

tise in strategy, operations, risk m
anagem

ent, and organiza-
tion transform

ation. O
liver W

ym
an is a business of M

arsh 
M

cLennan [N
YSE: M

M
C]. 

S&P G
lobal M

arket Intelligence is a division of S&P G
lobal 

(N
YSE: SPG

I), the w
orld’s forem

ost provider of credit 
ratings, benchm

arks and analytics in the global capital and 
com

m
odity m

arkets, offering ESG
 solutions, deep data and 

insights on critical business factors. 

Clim
ate Credit Analytics—

S&P G
lobal M

arket Intelligence and 
O

liver W
ym

an developed Clim
ate Credit Analytics, a clim

ate 
scenario analysis and credit analytics m

odel suite. These 
tools com

bine S&P G
lobal M

arket Intelligence’s proprietary 
data resources and credit analytics capabilities w

ith O
liver 

W
ym

an’s industry-leading clim
ate scenario and stress-testing 

expertise. This solution provides a com
prehensive, tailored 

approach to assess credit risk on counterparties, invest-
m

ents, and portfolios under m
ultiple clim

ate scenarios, 
including those published by the N

G
FS Phase II fram

ew
ork. 

'SZIVEKI�MRGPYHIW�Q
SVI�XLER�����Q

MPPMSR�TYFPMG�ERH�TVMZEXI�
com

panies globally. 

Transition 
Risk

TCS
The Clim

ate Service is backed by an Advisory Board includ-
ing 4 IPCC N

obel Prize w
inning scientists, and strategic 

partners including Aon, IBM
, the AICPA, and LM

I Consulting.
Their goal is to help investors, com

panies and com
m

unities 
to understand their risks from

 the changing clim
ate, and the 

opportunities from
 the transition to a low

-carbon econom
y.

Their m
ission is to em

bed clim
ate risk data into every deci-

sion on the planet, and facilitate the w
orld’s transition to a 

low
er carbon econom

y.

Subscription to the Clim
anom

ics®
 platform

 enables clim
ate 

risk reporting and disclosure aligned w
ith the Task Force on 

Clim
ate-Related Financial D

isclosures (TCFD
) fram

ew
ork. 

Subscribers use the outputs to m
easure and report their tran-

WMXMSR�ERH�TL]WMGEP�VMWOW�ERH�STTSVXYRMXMIW�MR�ƼRERGMEP�XIVQ
W�

under different clim
ate scenarios.

Physical & 
Transition 
Risk
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W
illis Tow

ers 
W

atson
At W

TW
, they provide data-driven, insight-led solutions in the 

areas of people, risk and capital. Leveraging the global view
 

and local expertise of our colleagues serving 140 countries 
and m

arkets, w
e help you sharpen your strategy, enhance 

organizational resilience, m
otivate your w

orkforce and m
axi-

m
ize perform

ance.

'PMQ
EXI�(MEKRSWXMGƂ

-X�GER�FI�HMƾ
GYPX�XS�GSRGITXYEPM^I�

GPMQ
EXI�GLERKI�EW�E�WTIGMƼG�VMWO�XS�]SYV�SVKERM^EXMSRƂ

�����
or even 2050 can feel far off, talk of sea levels rising by inches 
GER�WSYRH�MRWMKRMƼGERX��ERH�XLI�KPSFEP�IJJIGXW�EVI�FVSEH�ERH�
com

plex. This tool show
s changes in acute hazards such as 

I\XVIQ
I�[

MRH�ERH�ƽSSH�EW�[
IPP�EW�GLVSRMG�WXVIWW�JEGXSVW�PMOI�

sea level rise and heat stress under m
ultiple com

binations of 
clim

ate scenarios and tim
elines. It show

s how
 those changes 

GSYPH�EJJIGX�]SYV�WTIGMƼG�TVSTIVXMIW��'PMQ
EXI�(MEKRSWXMG�GER�

advance your journey to effective clim
ate risk m

anagem
ent.

'PMQ
EXI�5

YERXMƼIH��'5

�MW�;

8;
ƅW�WYMXI�SJ�Q

SHIPW��XSSPW��HEXE-
sets and services to support organizations to identify, assess, 
and respond to physical and transition risk—

for exam
ple 

through clim
ate stress testing of investm

ent portfolios, 
EWWIWWMRK�GSQ

TPMERGI�[
MXL�PIKMWPEXMZI�VIUYMVIQ

IRXW�SV�MHIRXM-
fying opportunities to invest in the transition. Com

bined w
ith 

learning and know
ledge-sharing opportunities, CQ

 supports 
im

plem
entation of strategic responses to clim

ate change.

Physical Risk

JBA Risk 
M

anagem
ent

They are JBA Risk M
anagem

ent, otherw
ise know

n as The 
Flood People.
8LI]�EVI�XLI�SRI�SJ�XLI�KPSFEP�PIEHIVW�MR�ƽSSH�VMWO�WGMIRGI��
helping the insurance and property industries, governm

ents 
ERH�ƼRERGMEP�MRWXMXYXMSRW�XS�YRHIVWXERH�ERH�Q

EREKI�KPSFEP�
ƽSSH�VMWO�

They help the insurance and property industries, governm
ents, 

ERH�ƼRERGMEP�MRWXMXYXMSRW�YRHIVWXERH�ERH�Q
EREKI�KPSFEP�

ƽSSH�VMWO�EGVSWW�E�[
MHI�VERKI�SJ�ƽSSH�WSYVGIW��MRGPYHMRK�VMZIV��

surface w
ater and coastal. O

ur probabilistic (CAT) m
odels 

ERH�ƽSSH�Q
ETW�GSZIV������GSYRXVMIW�MR�XLI�;

SVPH�

Physical Risk

right. based 
on science

8LI�TMSRIIVMRK£'�HEXE�TVSZMHIV��VMKLX��FEWIH�SR�WGMIRGI�
G

m
bH

 (right.) provides transparency on the clim
ate im

pact 
SJ�IGSRSQ

MG�EGXMZMXMIWƂ
TPEMR�
�WMQ

TPI�MR£'��8LIMV�EMQ
�MW�XLEX�

clim
ate-related decisions are guided by the best available 

science. 
7TIGMEPM^IH�ERH�LMKL�UYEPMX]�HEXE�JSV�ZEVMSYW�OI]�WXEOILSPH-
ers: Their softw

are and m
etrics enable actors from

 the real 
IGSRSQ

]��ƼRERGI��ERH�VIEP�IWXEXI�XS�TPSX�TEXL[
E]W�XS����q'�

alignm
ent.

X-Degree Com
patibility (XDC) M

odel—
W

e developed the 
X-Degree Com

patibility (XDC) M
odel to calculate the clim

ate 
MQ

TEGX�SJ�I�K��GSQ
TERMIW��FYMPHMRKW��ERH�ƼRERGMEP�TSVXJSPMSW�

�TVMZEXI�
�PMWXIH�IUYMX]��FSRHW��WSZIVIMKR�FSRHW
��8LI�GIRXVEP�
UYIWXMSR��,

S[
�Q

YGL�KPSFEP�[
EVQ

MRK�[
SYPH�SGGYV�F]������MJ�

XLI�[
LSPI�[

SVPH�TIVJSVQ
IH�EW�XLI�IRXMX]�MR�UYIWXMSR#�6IWYPXW�

are expressed as tangible degree Celsius values, allow
ing 

a direct benchm
arking against the Paris Agreem

ent goal of 
keeping global w

arm
ing to 1.5°C or, at least, w

ell below
 2°C.

Transition 
Risk



Landscape Review
 Paper 

28
C

ase studies

Baringa
Baringa have set out to build the m

ost trusted consulting 
ƼVQ

�MR�XLI�[
SVPH�

They team
 up w

ith their clients to tackle their toughest busi-
ness challenges.
 čTheir w

ork spans the big picture—
vision, strategy, future 

direction—
and the nuts and bolts of the delivery.

 č8LI]�[
SVO�SR�GLEPPIRKIW�PMOI�LIPTMRK�GPMIRXW�HIƼRI�XLIMV�

net strategy, deliver com
plex change, spot the right 

com
m

ercial opportunities, m
ake the m

ove to digital, 
m

anage C
lim

ate risk, or bring their purpose and sustain-
ability goals to life.

They w
ork w

ith everyone from
 FTSE 100 nam

es to bright 
new

 start-ups, in every sector. They have hubs in Europe, 
the U

S, Asia and Australia, and they can w
ork all around the 

w
orld.

C
lim

ate advisory
;
I�EHZMWI�GPMIRXW�EGVSWW�ƼRERGMEP�WIVZMGIW��KSZIVRQ

IRX��VIKY-
latory bodies and w

ider sectors on clim
ate risk and net-zero 

strategy through;
 č

Leading clim
ate scenario and transition m

odelling capabil-
ities

 č
D

eep sectoral expertise in transition to net zero

Physical and 
Transition 
Risk

BlackRock
BlackRock’s purpose is to help m

ore and m
ore people expe-

VMIRGI�ƼRERGMEP�[
IPP�FIMRK��%W�E�ƼHYGMEV]�XS�MRZIWXSVW�ERH�E�

PIEHMRK�TVSZMHIV�SJ�ƼRERGMEP�XIGLRSPSK]��XLI]�LIPT�Q
MPPMSRW�SJ�

people build savings that serve them
 throughout their lives 

by m
aking investing easier and m

ore affordable.

Aladdin C
lim

ate:
C

entral to understanding—
and ultim

ately acting upon—
the 

effects of clim
ate change on investm

ents is a need to 
UYERXMJ]�XLI�ƼRERGMEP�MQ

TEGX�SJ�GPMQ
EXI�VIPEXIH�VMWOW��%PEHHMR�

'PMQ
EXI�[

EW�FYMPX�XS�UYERXMJ]�GPMQ
EXI�VMWOW�ERH�STTSVXYRMXMIW�

MR�ƼRERGMEP�XIVQ
WƂ

FVMHKMRK�GPMQ
EXI�WGMIRGI��TSPMG]�WGIREVMSW��

EWWIX�HEXE��ERH�ƼRERGMEP�Q
SHIPW�XS�EVVMZI�EX�GPMQ

EXI�EHNYWXIH�
valuations and risk m

etrics.

Physical and 
Transition 
Risk

Pricew
ater-

houseC
oopers

Pw
C

's Sustainability practice helps organisations plan, 
WSYVGI��HIPMZIV��ƼRERGI�ERH�Q

IEWYVI�XLI�[
MHIV�MQ

TEGX�SJ�
products and services. They help to future-proof businesses 
by m

aking them
 m

ore resilient, agile and sustainable.

They provide guidance on a w
ide variety of issues, w

orking 
[
MXL�GPMIRXW�JVSQ

�XLI�GSVTSVEXI��TVMZEXI�IUYMX]�ERH�TYFPMG�
sector. They are specialists in how

 organisations can spot 
the risks and harness the opportunities.

Pw
C

's “C
lim

ate Excellence” tool for clim
ate scenario analyses 

supports investors and com
panies in m

aking their port-
JSPMSW�ƼX�JSV�XLI�VMWOW�ERH�STTSVXYRMXMIW�SJ�GPMQ

EXI�GLERKI��
8LMW�IREFPIW�XLIQ

�XS�VIEPM^I�MRGVIEWIW�MR�ZEPYI��EHIUYEXIP]�
m

anage risks, and set up a long-term
 sustainability strategy 

and com
pliant reporting.

Physical and 
Transition 
Risk
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4EVXMGMTERX��

7YWXEMREFPI� 
0IEHIVW�'ETMXEP
4VSZMHIV��
)RXIPPMKIRX

6MWO�X]TIW�GSZIVIH�F]�XSSP��
8VERWMXMSR�VMWO

-RXVSHYGXMSR�
7YWXEMREFPI�0IEHIVW�MW�E�TVMZEXI��IQTPS]II�S[RIH�MRWXMXYXMSREP�MRZIWXQIRX�FSYXMUYI�SJJIV-
ing actively managed thematic and rules-based ESG investment strategies addressing 
IRZMVSRQIRXEP�ERH�WSGMEP�XLIQIW��;I�EMQ�XS�HIPMZIV�WYWXEMREFPI��ƼVWX�GPEWW�MRZIWXQIRX�
performance, and to make a material and positive difference for our clients and society.

Entelligent is a data analytics platform that leverages the  capital markets to make a  posi-
tive impact on climate change mitigation and adaptation.  Entelligent’s climate scenario 
analysis and climate risk approach—which are patented—use sophisticated climate 
models and systems dynamics approaches to project scenarios for the future energy 
mix as the world aligns with the Paris Accord and net-zero commitments. Entelligent’s 
SmartClimate technology scores companies based on climate resiliency, providing data 
that can underpin stock selection for funds and indexes. 
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Bringing together the experienced investment team at Sustainable Leaders and the 
climate science and machine-learning teams at Entelligent, we have built two Paris-
%PMKRIH�RIX�^IVS�WXVEXIKMIW��9�7��ERH�+PSFEP
�XLEX�EVI�STXMQM^IH�XS�QE\MQM^I�ƼRERGMEP�
returns and environmental out performance. These case studies demonstrate a break-
through in terms of enabling investors to better track investments alongside the transi-
tion to a low-carbon economy and lower the carbon in their portfolios, therefore reducing 
climate-related transition risks.
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4VSGIWW
Promethos Capital (now branded Sustainable Leaders for the Entelligent Index and other 
passive index-tracking, rule-based smart beta strategies) and Entelligent partnered to 
build two climate change-focused investment strategies: 1) Paris Aligned Net-zero US 
Large Cap and 2) Paris Aligned Net-zero Global Large Cap. The strategies are designed 
to build investment portfolios that feature inclusive climate transitions toward Paris 
goals. The portfolios are optimized to be climate resilient, have neutral representation 
across sectors and regions relative to the benchmark, and are focused on reducing 
carbon exposure.

SmartClimate is used by asset and fund managers in a joint product development effort. 
Sustainable Leaders selects the global index benchmarks, and Sustainable Leaders 
integrates ESG and mission-oriented strategies with Entelligent’s climate science-based 
transition risk scores1�XS�FYMPH�TSVXJSPMSW�XLEX�WIIO�XS�GVIEXI�WYTIVMSV�ƼRERGMEP�TIVJSV-
mance and environmental outcomes based on TCFD recommended metrics. The steps 
in the process are summarized below:

 č Select global benchmark (Sustainable Leaders)
 č Design ESG and mission-based strategies (Sustainable Leaders)
 č Select climate scenarios (Sustainable Leaders & Entelligent)
 č Project share price returns on the benchmark constituents for the selected scenarios 

(Entelligent)
 č Compute climate risk exposures by estimating share price sensitivity to the range of 

energy transitions, including energy price and demand (Entelligent)
 č Set screening and optimization thresholds for climate resiliency and ESG criteria 

(Sustainable Leaders & Entelligent)
 č Run portfolio strategies and climate optimization (Entelligent)
 č Deliver weights/allocations to Sustainable Leaders (Entelligent)
 č &YMPH�ƼRERGMEP�TVSHYGXW�WIX�XVEHIW�ERH�TVSZMHI�MRZIWXEFPI�YRMZIVWI�XS�ƼRERGMEP�PIEHIVW�

(Sustainable Leaders)

Data 
For climate modeling and inputs, we use data from MIT’s En-ROADS climate and energy 
WMQYPEXSV��)R�63%(W��[LMGL�MRGSVTSVEXIW�W]WXIQW�H]REQMGW��[EW�ƼVWX�YWIH�F]�(SRIPPE�
Meadows in her Limits to Growth report, published by the Club of Rome.2 The model 
uses data from the Internal Energy Agency (IEA), NASA’s Goddard Institute for Space 
Studies (GISS), the Carbon Dioxide Information Analysis Center (CDIAC), the National 
Climatic Data Center (NCDC), the National Ocean Atmospheric Administration (NOAA), 
XLI�QYPXMWIGXSV��QYPXMVIKMSREP��GSQTYXEFPI�KIRIVEP�IUYMPMFVMYQ�QSHIP�SJ�XLI�[SVPH�IGSR-
SQ]��1-8�)44%
��8LI�ƼRERGMEP�HEXE�MW�JVSQ�17'-��7
4�ERH�*EGX7IX��8LI�GEVFSR�HEXE�
SR�7GSTI���ERH���IQMWWMSRW��YWIH�XS�ZEPMHEXI�ƼRHMRKW��MW�TVSZMHIH�F]�-77��8LI�QSHIP�
MW�ZEPMHEXIH�F]�E�XLMVH�TEVX]�;74��8LI�QSHIP�MRTYXW�ERH�SYXTYXW�EVI�MR�XLI�GSRƼHIRGI�

1 More information on Entelligent methodology and score computation is provided here: A demo version of the 
model is available here: https://en-roads.climateinteractive.org/scenario.html?v=2.7.29

2 A demo version of the model is available here: https://en-roads.climateinteractive.org/scenario.html?v=2.7.29
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interval of forecasts from EMF 27 suite, WEO, BP and EIA. The ESG data and compa-
ny-level exclusions were provided by Sustainable Leaders. 

'SZIVEKI�
The selection universe for the Paris Aligned Net-zero US Large Cap strategy is a U.S. 
large cap index tracking 500 major companies. The Paris Aligned Net-zero Global Large 
'ET�WIPIGXW�JVSQ�17'-�[SVPH�PEVKI�GET�ERH�QMH�GET�IUYMX]�YRMZIVWI��

The data produced (E-scores) is forward-looking, action based and does not hedge on 
a particular scenario. The model estimates the deviation of share price forecasts two 
years into the future to estimate climate transition risk. The difference in return forecasts 
under different climate scenarios is taken as a measure of transition risk. The focus of 
the methodology is entirely on the climate scenario resilience of share price estimates. 
Securities with higher area dispersion are more exposed to future policy, technology and 
energy shocks related to climate change mitigation and adaptation. 

There are no bottom-up sustainability factors in our computation. But ISS Scope I 
ERH�7GSTI���HEXE�EVI�YWIH�XS�ZEPMHEXI� XLI�IƾGEG]�SJ� VIWYPXERX� VMWO�EHNYWXIH�TSVXJS-
lios. Carbon reductions are an outcome (value-add) of E-score application to portfolio 
construction for climate-risk minimization, and not inputs to the model. The companies 
that show more resiliency toward climate and energy shocks tend to be more sustain-
able compared to their peers in the same sector and region. The process of score 
computation is fully standardized. It is same for BP, Walmart or Tesla.

8LI�HEXEFEWI�MW�YTHEXIH�IZIV]�UYEVXIV�XS�QEOI�WYVI�XLI�PEXIWX�HEXE��TVMGI�QSZIQIRXW�
and corporate actions are captured. The unit of output is area estimates of dispersion. 
1SVI�WTIGMƼGEPP]��XLI�VE[�YRMXW�EVI�E�X[S�]IEV�WYQQEXMSR�SJ�EFWSPYXI�HIZMEXMSR�SZIV�
expected returns under a max and min carbon scenario.

6MWO�7SYVGIW�
�7GIREVMSW�
8LI�WSYVGIW�SJ�VMWOW�EVI�GPMQEXI�XVERWMXMSRW�WYGL�EW�GEVFSR�XE\��IPIGXVMƼGEXMSR��GLERKIW�
MR�IRIVK]�IƾGMIRG]�� XIGLRMGEP�FVIEOXLVSYKLW�ERH�SXLIV�WSGMS�IGSRSQMG�ERH�IRIVK]�
factors. Each of these factors contributes to a shift in the supply, demand and price of 
energy. This approach considers climate transition risk and chronic physical risk factors 
such as temperature rise, atmospheric concentrations and sea-level rise. The visuals 
and scenario outputs are provided in more detail below. 
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)RXIPPMKIRX�'PMQEXI�7GIREVMSW
;I�YWI�JSYV�HMJJIVIRX�WGIREVMSW�XS�ERW[IV�E�TVIWWMRK�UYIWXMSR� 

What will the world look like in the year 2100?

Our world will be 
1.5–4.5° warmer

Atmospheric CO2 
will increase

Sea levels 
[MPPɸVMWI

Oceans will 
acidify

8EFPI����)�7GSVI�(EXEWIX��(IJEYPX�1MR�
�1E\�7GIREVMS�7IXXMRKW��)RZMVSRQIRXEP�
�
)RIVK]�-QTEGX������


8MQI�SJ�(ITEVXYVI������

BAU 1MR�7GIREVMS� 1E\�7GIREVMS�

Global population in billions ������ ������ ������

Global GDP per capita ���������� ���������� ����������

%ZIVEKI�XSXEP�ƼREP�IRIVK]�MRXIRWMX]�SJ�+(4� 1.52 ����� 1.41 

'EVFSR�MRXIRWMX]�SJ�ƼREP�IRIVK]� 105.01 ������ 103.94 

CO2 emissions from energy ������� ������ 109.25 

Total Final Energy Demand �������� ������� ��������

Atmospheric concentration CO2 ������� ������� �������

)UYMZEPIRX�'32 904.404 ������� �������

Temperature change from preindustrial �������� ����� 4.45 

Fuel price of oil per barrel ������� ������� 201.02 

Market price of electricity in KWh 0.11 ����� 0.15 

Sea level rise (from 2000) �������� 1054.27 ��������

Delta pH levels (from 2000) -0.32 -0.12 -0.25 

3YXTYX�
Entelligent’s SmartClimate platform minimizes portfolio exposure to climate transition  
VMWO�WYFNIGX�XS�HMZIVWMƼGEXMSR�TVMRGMTPIW�WYGL�EW�QMR�QE\�LSPHMRK�WM^I��VIKMSREP�I\TSWYVI��
sector allocation and constituent turnover.
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8LMW�WXVEXIK]�]MIPHW�9�7��ERH�KPSFEP�IUYMX]�TSVXJSPMSW�[MXL�HIGVIEWIH�I\TSWYVI�XS�GPMQEXI�
GLERKI�VMWO�ERH�KVIEXIV�STTSVXYRMX]�JSV�VIWMPMIRX�FYWMRIWW�EGXMZMXMIW��,]TSXLIXMGEP�ƼRER-
cial and environmental performance over a four-year backtest for the global portfolio is 
presented below. 
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ACWI Global Paris Aligned Net Zero

The chart above shows the performance of the Global Paris Aligned Net-zero index 
versus an all-cap world index. The goal of the index, comprised of about 300 companies 
in 23 developed markets and 27 emerging markets, is to reallocate capital toward a 
low-carbon and climate-resilient economy. Index components are developed by screen-
ing out certain weapons, tobacco, coal and fossil fuel companies. Additionally, compa-
nies that are non-compliant with international ESG standards such as the United Nations 
Global Compact Principles are removed. The companies included are projected to have 
the greatest potential for both environmental and valuation impact. 

The tables below show comparative environmental out-performance of the index based 
on TCFD-recommended metrics. Entelligent projects the Sustainability Leaders can 
EGLMIZI�ER���	�MQTVSZIQIRX�SR�GEVFSR�MRXIRWMX]��E����	�MRGVIEWI�MR�VIZIRYIW�TIV�XSRW�
SJ�GEVFSR�MRZIWXIH�ERH�E����	�MQTVSZIQIRX�MR�GEVFSR�JSSXTVMRX��
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'EVFSR�-QTEGX�6IWYPXW 4SVXJSPMS &IRGLQEVO % Better

Carbon intensity 119 597 80%

Carbon revenue/ton 8,373 1,675 400%

Carbon growth percentage -3.4% -3.1% 10%

Average carbon footprint 13.6 35.0 257%

Total carbon emissions/MM 15.5 26.7 172%

Exposure carbon related assets/MM 1.7 13.6 800%

Exposure carbon related assets/% 1% 6% 600%

%RRYEPM^IH�VIXYVR 1 Yr 3 Yr -RGITXMSR

Global Paris Aligned Net Zero ����	 ����	 ����	

ACWI ����	 ����	 ����	

+/- Benchmark ���	 ���	 ���	

Global Paris Aligned Net-Zero Characteristics

Benchmark MSCI ACWI

Position Size �	�1E\MQYQ

Holdings 200

Sector ����	

Region ����	

Top 10 Holdings ��	

Market Cap Large

Tracking Error ����	

Beta ����

Style Core

E-Score 4.95 5.0

-RWMKLXW�KEMRIH�
-X�MW�TSWWMFPI�XS�QE\MQM^I�ƼRERGMEP�VIXYVRW�ERH�IRZMVSRQIRXEP�TIVJSVQERGI�ZME�E�GPMQEXI�
transition strategy. Science-based strategies (such as this) are both effective and scal-
able. The strategies outlined above demonstrate that, when science meets business, we 
GER�ƼRH�STTSVXYRMXMIW�XLEX�EVI�[MR�[MR�JSV�FSXL�MRZIWXSVW�ERH�XLI�IRZMVSRQIRX��
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Working with Entelligent, Sustainable Leaders streamlines the TCFD six-step process for 
applying scenario analysis to climate-related risks and opportunities and into investment 
decision-making processes:

+SZIVRERGI 6MWO�1EREKIQIRX

Metrics & 
targets

Risk  
management

Strategy

Governance č Board oversight of 
climate-related risks and 
opportunities

 č Management's role in 
assessing and managing 
climate-related risks and 
opportunities

 č Organisation's processes 
for identifying and assess-
ing climate-related risks

 č Organisation's processes 
for managing climate-re-
lated risks

 č Integration of the above 
processes into overall risk 
management structure

7XVEXIK] 1IXVMGW�ERH�8EVKIXW
 č Climate-related risks and 

opportunities over the short, 
medium and long term

 č Climate-related risks and 
opportunities on the organi-
sation's businesses, strat-
IK]��ERH�ƼRERGMEP�TPERRMRK

 č Resilience of the organisa-
tion's strategy, considering 
various climate-related 
scenarios, including a 2°C 
or lower scenario

 č Metrics used by the 
organisation to assess 
climate-related risks and 
opportunities in line with its 
strategy and risk manage-
ment process

 č Scope 1, 2, and Scope 3 
greenhouse gas emissions, 
and related risks

 č Targets used to manage 
climate-related risks and 
opportunities and perfor-
mance against targets

i. Sustainable Leaders’ board and management have been directly involved in the 
HIƼRMXMSR�ERH�EHSTXMSR�SJ�GPMQEXI�VIPEXIH�VMWOW�ERH�STTSVXYRMX]�/4-W�JSV�MRZIWX-
ment decision and monitoring. This aligns with the Step 1 governance of TCFD 
recommendations. 

ii. Entelligent’s approach helped Sustainable Leaders’ board and management learn 
how to determine the present-value of the medium- to long-term material impacts 
of climate change—technology, policy and market shocks—to near-term outlooks. 
This involves setting up processes and functions for risk management, per TCFD 
Step 2.

iii. Through a series of climate scenarios (from Paris alignment to 4+ hot world) rele-
vant to Sustainable Leaders investment strategies, selecting climate scenarios and 
investment benchmarks are very close to TCFD’s Step 3 recommendation. 

MZ�� The computed climate risk exposure (Step 4) establishes the important of setting 
YT�WGVIIRMRK�ERH�STXMQM^EXMSR�XLVIWLSPHW�XS�IRWYVI�PSRK�XIVQ�ƼRERGMEP�ERH�IRZM-
VSRQIRXEP�TIVJSVQERGI�MR�PMRI�[MXL�7YWXEMREFPI�0IEHIVWƅ�ƼHYGMEV]�HYX]�

This case study helped us identify key processes and KPIs that should be commu-
nicated to relevant parties to ensure full transparency and accountability. Establish-
MRK�GPMQEXI�XEVKIXW��QIXVMGW�ERH�UYEVXIVP]�QIEWYVMRK�WXERHEVHW�IRWYVI�TSVXJSPMSW�
VIQEMR�EPMKRIH�[MXL�4EVMW�KSEPW��8LMW�EPMKRW�[MXL�XLI�ƼREP�8'*(�VIGSQQIRHIH�
metrics and targets. 
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TCFD states that this exercise can be a useful additional factor in determining how to 
prioritize risk management activities and where to consider making additional allocations.3

9WEFMPMX]�
Sustainable Leaders and Entelligent Paris Aligned Indices are available to asset manag-
IVW�ERH�EWWIX�S[RIVW�XS�GETMXEPM^I�XLIMV�ƼRERGMEP�ERH�WYWXEMREFMPMX]�KSEPW��8LIWI�ETTPM-
cations are highly customizable and can be integrated to multiple investment visions, 
missions, themes and philosophies. We understand the diversity in investment practices, 
and we want to use the power of diversity and inclusion to build Paris and net-zero 
aligned climate solutions. 

7YKKIWXIH�IRLERGIQIRXW�JSV�XLI�XSSP�TVSZMHIVW�
Sustainable Leaders suggests Entelligent include bottom-up data such as carbon emis-
sions, biodiversity, water and physical risk packaged with the existing top-down transi-
tion risk approach. That way, the analysis will be more complete and persuasive. The 
HIZIPSTQIRX�SJ�E�����HIKVII�ZMI[�SR�GPMQEXI�VMWO�ERH�STTSVXYRMX]��[LMGL�QE]�VIUYMVI�
GSPPEFSVEXMRK�EGVSWW�QYPXMTPI�GPMQEXI�WGSVMRK�W]WXIQW��[SYPH�FI�FIRIƼGMEP��)RXIPPMKIRX�
uses Scope 1 and Scope 2 emissions data in the validation of its E-Scores. The next 
iteration of its scoring methodology, known as T-risk, will add Scope 1 and Scope 2 emis-
sions as inputs into the ranking.

3 https://www.tcfdhub.org/scenario-analysis/ 
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4EVXMGMTERX�

8(�%WWIX�1EREKIQIRX
4VSZMHIV� 6MWO�X]TIW�GSZIVIH�F]�XSSP�
-77�)7+ 4L]WMGEP�ERH�XVERWMXMSR�VMWO

-RXVSHYGXMSR
TD Asset Management Inc. (TDAM, a wholly-owned subsidiary of The Toronto-Dominion 
Bank) considers climate change a systemic risk affecting economies, companies, and 
investors. Our approach to climate change is aligned with our overall philosophy of inte-
grating all sources of risk and return in our investment processes.

%W�ER�MRZIWXQIRX�QEREKIV�SJ�HMZIVWMƼIH�EWWIX�GPEWWIW��[I�GSRWMHIV�GPMQEXI�GLERKI�
EW�ER�MQTSVXERX�EVIE�SJ�VIWIEVGL�XS�JYPƼPP�SYV�ƼHYGMEV]�VIWTSRWMFMPMX]�SR�FILEPJ�SJ�SYV�
clients. We actively engage with companies as well as our partners, and leverage our 
asset ownership positions to encourage improvements in company disclosures on 
climate-related risks and opportunities facing their businesses. In addition, we partici-
pate in numerous industry collaborations including Climate Action 100+, Carbon Disclo-
sure Project, and the United Nations Environment Programme Finance Initiative (UNEP 
*-
�8'*(�MRZIWXSV�TMPSXW��[MXL�XLI�ƼVWX�X[S�JYVXLIVMRK�SYV�GSQTER]�IRKEKIQIRX�IJJSVXW��
and the latter developing a better understanding of climate-related investment risks. 
Our approach continues to evolve to help position our portfolios to capitalize on invest-
ment opportunities arising from an accelerated transition to a low carbon economy and 
manage undue climate-related physical and transition risks.

As part of the UNEP FI landscape review module, TD Asset Management Inc. was tasked 
to evaluate a third-party tool used to measure the climate risks of an investment portfo-
lio. We were matched with Institutional Shareholder Services (ISS) ESG (Climate Solu-
tions), a source of corporate governance and responsible investment solutions. We were 
provided with login credentials (usernames and passwords) to access ISS’ proprietary 
DataDesk platform (the “platform”) as well as a brief tour and walk through of the plat-
form to ensure that we would be able to maximize our 4-week trial period.

For our analysis, we turned our attention to the portfolio analysis section of the platform 
which let us generate a PDF report emphasising the key climate risk exposures of the 
portfolio. Notably, all data used to create the report could be conveniently downloaded 
EW�E�'7:�ƼPI�JSV�EHHIH�ƽI\MFMPMX]�ERH�JYVXLIV�I\EQMREXMSR�
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(EXE�ERH�'SZIVEKI
For this exercise, we uploaded the holdings (as of December 31, 2020) of a long-only 
KPSFEP�IUYMX]�TSVXJSPMS�FIRGLQEVOIH�XS�XLI�17'-�%PP�'SYRXV]�;SVPH�-RHI\��8LI�TSVXJSPMS�
held 195 securities from over 30 countries across both developed and emerging markets, 
and leaned toward mid-sized, dividend-paying and low volatility securities from defensive 
sectors such as Utilities and Consumer Staples. 

Uploading the portfolio to the platform was straightforward. We simply had to provide 
XLI�TPEXJSVQ�[MXL�E�'7:�ƼPI�GSQTVMWMRK�XLI�JSPPS[MRK�MRJSVQEXMSR��TSVXJSPMS�REQI��GPMIRX�
MHIRXMƼIV�X]TI��I�K���-7-2
��GPMIRX�MHIRXMƼIV��M�I���XLI�-7-2�ZEPYIW
��QSHIPMRK�GYVVIRG]��MR�SYV�
case, CAD) and weight in percentage. Every security of the portfolio was successfully 
mapped onto the platform. Moreover, all dual-class shares and ADRs were correctly 
mapped to their underlying issuers.

8LI�TPEXJSVQ�GSRXEMRIH�HEXE�JSV������	�SJ�XLI�TSVXJSPMS��F]�[IMKLX
��SV�����SYX�SJ�XLI�
195 securities. It is worth noting that all missing data, as with that of the non-covered 
security, was suitably labelled as either “not applicable”, “not collected” or “not disclosed”, 
to avoid confusion with available but zero or null-valued data points.

6MWO�7SYVGIW�ERH�7GIREVMSW
ISS ESG’s offering can be split into four categories: emission analysis, climate scenario 
alignment analysis, transition risk analysis and physical risk analysis. 

8LI�ƼVWX�GEXIKSV]��IQMWWMSR�EREP]WMW��GSQTVMWIW�GSQQSR�GEVFSR�QIXVMGW��[LIVI�ETTPM-
cable aligned with the TCFD Recommendations and the PCAF Global Standard, such as 
the share of disclosing holdings, carbon emissions (including scope 3 emissions) and 
carbon intensity. An interesting feature of the platform is the emissions “trust” rating. 
This metric estimates the extent to which we can trust a company’s reported carbon 
emissions numbers. For instance, emissions that have been externally audited would 
be rated higher than emissions that have only been estimated. The second category, 
climate scenario alignment analysis, compares current and future portfolio green-
house gas emissions with the carbon budgets from the International Energy Agency 
(IEA) Sustainable Development Scenario (SDS), Stated Policies Scenario (STEPS) and 
Announced Pledges Scenario (APS). The third category, transition risk analysis, focuses 
on green energy generation and fossil fuel reserves (i.e., oil, gas and coal). The fourth 
and last category, physical risk analysis, gauges the impact of the six most costly phys-
MGEP�GPMQEXI�GLERKI�VMWOW�WYGL�EW�ƽSSHW��HVSYKLXW�SV�WXSVQW�SR�XLI�GYVVIRX�ERH�JYXYVI�
overall value of the portfolio.
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3YXTYXW�ERH�-RWMKLXW
For the sake of brevity, we chose to focus solely on the last three categories, namely 
climate scenario alignment analysis, transition risk analysis and physical risk analysis, 
ERH�SRP]�SR�XLI�HEXE�XLEX�[I�HIIQIH�QSWX�MRXIVIWXMRK�XS�YW��EW�WTIGMƼIH�FIPS[�

'PMQEXI�7GIREVMS�%PMKRQIRX�%REP]WMW
For the climate scenario alignment analysis, we concentrated on the IEA’s Sustainable 
Development Scenario (SDS) pathway as it boasted the most comprehensive and intu-
itive data. The SDS charts a GHG emission pathway in line with the Paris Agreement of 
LSPHMRK�[EVQMRK�XS�[IPP�FIPS[��£'�F]�XLI�IRH�SJ�XLI�GIRXYV]��8LI�JSPPS[MRK�GLEVX�TPSXW�
the portfolio’s emission pathway as a percentage of its SDS budget. As it stands, the 
portfolio is misaligned with the SDS scenario by 2050 and is on course to exceed its 
7(7�FYHKIX�F]�������&]�������MX�MW�I\TIGXIH�XS�SZIVWLSSX�MXW�7(7�FYHKIX�F]�RIEVP]����	��
GSVVIWTSRHMRK�[MXL�E�TSXIRXMEP�XIQTIVEXYVI�MRGVIEWI�SJ�RIEVP]��£'�F]������

2020 2032���� ���� 20472023 2035 20442029 2041 2050

4IVGIRXEKI�SJ�7(7�&YHKIX�9WIH

���	

�	

��	

���	

���	

���	

The PDF report generated by the platform highlights the key sectors contributing to the 
misalignment of the portfolio. Having the data readily available outside of the platform 
allowed us to perform additional analysis on the portfolio. For example, we could easily 
single out the sectors, regions or even securities which used most of the SDS budget of 
the portfolio. Namely, we found that most of the SDS budget is used by securities in the 
utilities sector. In particular, we found that a small portion of the portfolio, representing 
roughly half a dozen securities, was responsible for using most of allocated SDS port-
folio budget.
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	�SJ�7(7�%PMKRIH�7IGYVMXMIW�F]�7IGXSV

This information is important because it alerts us to the fact that the portfolio could be 
more closely aligned with the SDS pathway with only minimal changes to the portfolio’s 
holdings. This information also reveals which sectors and/or securities we should target 
our carbon risk reduction efforts on.

8VERWMXMSR�6MWO�%REP]WMW
The transition risk analysis module of the platform emphasizes both power generation 
(demand side) and fossil fuel reserves (supply side) as key to transitioning to a greener, 
decarbonized economy. The rationale is that exposure to “brown” (i.e., non-renewable) 
electricity generation or fossil fuel reserves may eventually lead to higher reputational 
risks, policy and/or regulatory risks as well as stranded asset risks.

The portfolio used in this exercise holds no energy companies and therefore has mini-
mal exposure to fossil fuel reserves. However, it is strongly exposed to traditional util-
MXMIW�GSQTERMIW��ERH�GSRWIUYIRXP]��XS�ƈFVS[RƉ�IPIGXVMGMX]�KIRIVEXMSR��8LI�KVETL�FIPS[�
compares the energy generation mix of the portfolio against the SDS target mix for 2030 
and 2050.
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4S[IV�+IRIVEXMSR�)\TSWYVI
�4SVXJSPMS�ZW��'PMQEXI�8EVKIX


20%

11%

70%

41%

10%

48%

67%

12%

21%

SDS 2050SDS 2030Portfolio
Fossil Fuels Nuclear Renewables

4L]WMGEP�6MWO�%REP]WMW
8LI�TPEXJSVQƅW�TL]WMGEP�VMWO�EREP]WMW�QIEWYVIW�XLI�TSXIRXMEP�ƼRERGMEP�MQTEGX�SJ�XLI�WM\�
QSWX�GSWXP]�REXYVEP�GPMQEXI�LE^EVHW�WYGL�EW�ƽSSHW��HVSYKLXW�SV�[MPHƼVIW�SR�XLI�ZEPYI�
SJ�XLI�TSVXJSPMS��8LI�ƼVWX�QIXVMG�YWIH�XS�EWWIWW�TL]WMGEP�VMWO�MW�E�TSVXJSPMS�PIZIP�GPMQEXI�
value-at-risk. The chart below on the left highlights the potential impact on overall port-
folio value in 2050 based on 2020 risk levels (Risk 2020) and hazards due to climate 
change (Climate Change) for two climate warming scenarios of the Intergovernmental 
Panel on Climate Change (IPCC) (most likely and worst-case scenarios), while the chart 
FIPS[�SR�XLI�VMKLX�LMKLPMKLXW�XLI�GYQYPEXMZI�TSVXJSPMS�ZEPYI�EX�VMWO�JSV�XLI�ƼVWX�����VMWO-
iest securities (based on climate value-at-risk). A striking observation from these two 
GLEVXW�MW�XLEX�RIEVP]���	�SJ�XLI�GPMQEXI�ZEPYI�EX�VMWO�SJ�XLI�TSVXJSPMS�GER�FI�EXXVMFYXIH�XS�
just 30 securities. 

'LERKI�MR�4SVXJSPMS�:EPYI�HYI�XS� 
4L]WMGEP�6MWO�F]�����

'YQYPEXMZI�8SXEP�4SVXJSPMS� 
'PMQEXI�:EPYI�EX�6MWO
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8LI�SXLIV�QIXVMG�YWIH�XS�UYERXMJ]�TL]WMGEP�VMWO�MW�E�TL]WMGEP�VMWO�WGSVI��8LMW�TL]WMGEP�VMWO�
WGSVI�MW�MQTEGXIH�F]�XLI�TVSNIGXIH�GLERKI�MR�ƼRERGMEP�VMWO�HYI�XS�MRHMZMHYEP�LE^EVHW�MR�E�
likely warming scenario. A low (high) score implies a large (small) projected increase in 
TL]WMGEP�VMWOW��8LI�ƼKYVI�FIPS[�GLEVXW�XLI�[IMKLXIH�EZIVEKI�TL]WMGEP�VMWO�WGSVI�JSV�XLI�
six main natural hazards.

4L]WMGEP�6MWO�7GSVI

;MPHƼVIW 71

��

��

��

57

��

Heat stress

'SEWXEP�ƽSSHW

Droughts

Tropical cyclones

6MZIV�ƽSSHW

-X�WLSYPH�FI�RSXIH�XLEX�TL]WMGEP�VMWO�WGSVIW�[IVI�YREZEMPEFPI�JSV�GPSWI�XS�E�UYEVXIV�SJ�XLI�
securities in the portfolio, most of which were in the utilities sector, since the underlying 
asset-level data base is still being scaled up.

Uses Cases 
The platform offers a broad and deep look into potential climate risks, encompassing 
emissions analysis, alignment analysis, transition risk analysis and physical risk analysis. 
This information can be used in security selection, to get a better understanding of the 
climate risks faced by companies under consideration, as well as for portfolio construc-
tion, to lower or cap the portfolio’s overall exposure to climate related risks. It can also 
be a useful tool for reporting purposes.

'SRGPYWMSR�ERH�7YKKIWXMSRW
The platform was approachable, and the web interface was intuitive which made navi-
gation straightforward. The platform included a data dictionary carefully describing the 
various data series which helped along with our exploration of the data at hand. Having 
the ability to download the data in spreadsheet-form was also extremely useful to further 
our understanding of the data and expand our analysis beyond the bounds of the plat-
form. We did encounter minor online formatting issues and glitches that may have been 
due to browser compatibility. For example, highlighting a data column would occasion-
EPP]�HMWTPE]�XLI�[VSRK�HEXE�HIƼRMXMSR��,S[IZIV��RSRI�SJ�XLIWI�MWWYIW�TVIZIRXIH�YW�JVSQ�
successfully using the platform. 
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In a future iteration of the platform, it would be interesting to see more ambitious climate 
alignment scenarios, such as such as net-zero emissions by 2050 (NZE2050). According 
to ISS ESG, this scenario is already on their product roadmap and should be available 
on the platform by the end of 2021. Lastly, many well-know indices and benchmarks 
are available in the screener portfolio of the platform, but without weights. Therefore, 
they cannot be use for portfolio benchmarking in the portfolio analysis section of the 
platform. ISS ESG acknowledged this limitation and advised that it will be discussed 
internally as to whether weighted indices will be included on the platform going forward.

Author: 
Jean-Francois Fortin, Vice-President, TD Asset Management Inc. 
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4EVXMGMTERX�

�(2&�%WWIX�1EREKIQIRX
4VSZMHIV� 6MWO�X]TIW�GSZIVIH�F]�XSSP�
-77�)7+ 4L]WMGEP�ERH�XVERWMXMSR�VMWO

-RXVSHYGXMSR
As part of this UNEP FI-TCFD pilot project, DNB Asset Management (DNB AM) selected 
ISS ESG to conduct a trial of the ESG Carbon and Climate Impact solutions tool. The tool 
is intended to help investors to understand, measure, and act on climate-related risks 
across all asset classes by providing detailed analyses of Scope 1, 2 and 3 emissions, 
transition and physical risks, and climate scenario analysis. The trial was conducted on 
���SJ�(2&�%1ƅW�IUYMX]�TSVXJSPMSW��EPP�SJ�[LMGL�MQTPIQIRX�XLI�(2&�7XERHEVH�JSV�6IWTSR-
sible Investments. This is our investment policy which is intended to ensure that DNB 
does not contribute to the infringement of human or labour rights, corruption, serious 
environmental harm or other actions that could be regarded as unethical. It shall also 
ensure that assessments of risks and opportunities related to ESG (Environment, Social 
and Governance) factors are integrated in the investment management process. Several 
of the funds implement additional exclusion criteria, others have an additional sectoral 
focus, including those which focus on selecting companies providing solutions to 
climate and environmental issues faced throughout the world.

The tool contains the following components:

Data 4SVXJSPMS�%REP]XMGW 6EXMRKW

 č Carbon and Climate Data
 č Potential Avoided Emissions Data

 č Carbon Footprint Report
 č Climate Impact Report

 č Carbon Risk Rating 
 č Fund Rating

While the trial provided access to all components of the ISS’ solution, we chose to focus 
on the Portfolio Climate Impact Report and the accompanying dataset to explore phys-
ical and transition risks, as well as the Climate Scenario Alignment across the selected 
(2&�IUYMX]�TSVXJSPMSW�YWIH�MR�XLI�XVMEP�
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7IGXSVEP�ERH�KISKVETLMGEP�GSZIVEKI
The tool allows for the assessment of both transitional risk and physical risk for the 
uploaded portfolios—with the production of a range of outputs in a single report. As part 
of the transitional risk assessment, the tool considers fossil fuel reserves and renewable 
energy assets contained within the portfolio. As part of the physical risk assessment, the 
XSSP�TVSZMHIW�ER�EWWIWWQIRX�SJ�XLI�TSXIRXMEP�ƼRERGMEP�MQTPMGEXMSRW�SJ�E�VERKI�SJ�GPMQEXI�
hazards on the portfolio value. The analysis uses the median impact of the ensemble of 
QSHIPW�JSVGIH�[MXL�XLI�6'4�����ERH�6'4�����WGIREVMSW��8LI�6'4�����MW�E�ƈQMHHPI�SJ�XLI�
VSEHƉ�IQMWWMSR�WGIREVMS��PMOIP]
�[LMPI�XLI�6'4�����MW�E�LMKL�IQMWWMSR�WGIREVMS��[SVWX�
case). The analysis is done for baseline year 2050 (median of 2025 through 2075). 
Several metrics are provided to offer insights on the physical risk exposure of individual 
issuers and the portfolio, namely Financial Risk metrics, Value at Risk, a Physical Risk 
Score and a Physical Risk Management Score. 

Given we are based in Norway, as are many of our customers, we chose to analyze a 
number of our Norwegian and Nordic funds, to understand the potential transitional 
and physical risks faced. We also chose to assess several our fund products which 
focus on selecting companies providing solutions to climate and environmental issues 
faced throughout the world. These funds assessed include both actively and passively 
QEREKIH�JYRHW��'SZIVEKI�SJ�HEXE�JSV�XLI�JYRHW�EWWIWWIH�VERKIH�FIX[IIR���Ɓ���	�
of constituents. 

%WWIWWQIRX�TVSGIWW
The tool was straightforward to use, and available through the ISS DataDesk platform. 
After logging in, the following steps were undertaken to conduct the assessment:

1. 9TPSEH�JYRH�LSPHMRKW�MRXS�TPEXJSVQ��*SV�IEGL�SJ�XLI�LSPHMRKW��XLI�XSSP�VIUYMVIH�
MRJSVQEXMSR�VIKEVHMRK�XLI�LSPHMRK�MHIRXMƼIV��[IMKLX��ERH�ZEPYIW�SJ�XLI�LSPHMRK�

2. 6ER�Ƅ'PMQEXI�MQTEGX�EWWIWWQIRXƅ�JSV�XLI�JYRHW�MR�UYIWXMSR�
3. 6IZMI[IH�4(*�VITSVX�ERH�XLI�I\GIP�ƼPI�SJ�HEXE�JEGXSVW�TVSHYGIH�F]�XLI�XSSP�
4. Also possible to assess the results in the online tool using the DataDesk screening 

function to deep dive into issuer level analysis of companies. This provided greater 
detail regarding the companies’ commitments and performance relative to targets 
under different scenarios. 

-X�[EW�TSWWMFPI�XS�YRHIVXEOI�EREP]WMW�YWMRK�IUYMX]��Ƽ\IH�MRGSQI�SV�QM\IH�TSVXJSPMSW��
LS[IZIV�JSV�XLI�TYVTSWI�SJ�XLI�GEWI�WXYH]�[I�SRP]�EWWIWWIH�IUYMX]�TSVXJSPMSW��

3YXTYXW�ERH�TSXIRXMEP�YWI�GEWI
As part of the Portfolio Climate Impact report, two outputs of the data are produced: 

'PMQEXI�-QTEGX�%WWIWWQIRX�6ITSVX
This is intended to provide users with a straightforward overview of the information 
produced by the tool. The report includes a range of analyses and metrics across carbon 
emissions, transition risk, and physical risk (by risk type, sector, and company)—a few 
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select elements of the report are outlined below. Broadly the report provides an over-
all assessment of the potential performance of the fund with regards to climate, while 
also highlighting companies most at risk—this information could be fed into a company 
engagement process, and feature as part of investment decision making.

Alignment analysis
The report includes an analysis of the funds’ alignment with the IEA Sustainable Devel-
opment Scenario (SDS), Stated Policies Scenario (STEPS) and the Announced Pledges 
Scenario (APS), based on current and projected future emissions. Comparison is indi-
cated as the percentage of assigned budget used by the portfolio and benchmark, as 
well as an indication in which year the fund will, based on the modelling, exceed the SDS 
budget along with the corresponding potential temperature increase associated with 
the fund (see table in graphic below). The results from this analysis across the funds 
assessed were within our expectations. For the example in the graphic below, given 
the focus of that fund on climate and environmental solutions, we would expect to see 
the fund not exceeding the SDS budget in 2040 or 2050. We anticipate that as more 
companies within the fund begin to set science-based emission reduction targets and 
begin to reduce emissions in line with these targets, that the budget overshoot will be 
lessened. At the same time, our experience with other approaches is that for companies 
providing products and services which lead to emission reductions, these reductions 
GER�FI�HMƾGYPX�XS�UYERXMJ]�ERH�EW�E�VIWYPX�EVI�RSX�WYƾGMIRXP]�GETXYVIH��8LMW�GSYPH�EPWS�
be a consideration here. 

Portfolio and Benchmark Comparison to SDS Budget (Red=Overshoot) 2036 The portfolio exceeds its SDS 
FYHKIX�MR�����2021 2030 2040 2050

Portfolio -57.45% -31.36% -45.70% +213.91%

2.7°C The portfolio is associated with 
a potential temperature increase 
of 2.7°C by 2050.Benchmark -14.41% +15.05% +92.74% +166.23%

As part of this assessment, there is also a visualization of the Portfolio emissions path-
way compared with the carbon budgets of the selected climate scenarios, this could be 
utilized as part of regular assessment of funds’ holdings and climate related risks (both 
physical and transitional). This visual (and the underlying data) may prove useful with 
fund clients interested in the understanding the alignment/misalignment of their funds 
with different climate scenarios—and may be particularly relevant for fund managers 
with public commitments for net-zero or other science-based emission reduction targets. 
The assessment of the alignment could also be a KPI of interest to management/board, 
EW�MX�QE]�TVSZMHI�ER�MRHMGEXMSR�VIKEVHMRK�XLI�TSXIRXMEP�HMVIGXMSR�SJ�XVEZIP�JSV�WTIGMƼG�
funds, different classes of funds, or all holdings. For the example below, the assessed 
fund in its current state is misaligned with the SDS scenario in 2050, while the fund’s 
benchmark is also misaligned.
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4SVXJSPMS�)QMWWMSR�4EXL[E]�ZW��'PMQEXI�7GIREVMSW�&YHKIX
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Climate Targets Assessment
To reach the global climate goal set out by the Paris Agreement—to limit global warming 
to well below 2, preferably to 1.5 degrees Celsius—companies are widely being called 
upon to set public GHG emission reduction targets to ensure they are part of the solu-
tion. These targets should be public to ensure transparency and accountability of the 
companies’ actions. A challenge faced as an investor when assessing companies’ emis-
WMSR�VIHYGXMSR�XEVKIXW�VIPEXIW�XS�XLI�GSQTEVEFMPMX]�SJ�ERH�UYEPMX]�SJ�XLI�XEVKIXW�WIX��%W�[I�
continue to focus on how companies position themselves and manage climate related 
risks, having insight into the targets being set is important. 

The Climate Targets Assessment provides a fund level overview on the targets compa-
nies within the fund are setting. The targets are placed in 5 categories: Approved SBT 
(Science-based target), Committed SBT, Ambitious Target, Non-Ambitious Target, and 
No Target—the chart below is then produced based on the weights of companies in 
the fund and can be compared with the benchmark (see below). This information is 
EPWS�EZEMPEFPI�SR�XLI�GSQTER]�PIZIP�EW�TEVX�SJ�XLI�HEXE�ƼPI��%W�[MXL�XLI�EFSZI�EREP]WMW��
the assessment of the targets could be a KPI of interest to management/board and 
may be particularly relevant for fund managers monitoring emission reduction targets 
of companies within their funds. This will likely be of increasing importance with increas-
MRK�GSQQMXQIRXW�XS�RIX�^IVS��EW�[IPP�EW�JVSQ�MRGVIEWMRK�HMWGPSWYVI�VIUYMVIQIRXW�MR�XLI�
European Union including the Sustainable Finance Disclosure Regulation (SFDR).

Physical Climate Risk Analysis
The assessment of the physical climate risk is comprised of four elements, providing 
insight into the physical risks the fund is potentially exposed to, as well as an assessment 
into how the company is managing these risks. One output is included below, with the left 
GLEVX�TVSZMHMRK�E�UYERXMƼGEXMSR�SJ�XLI�ZEPYI�EX�VMWO�F]�WIGXSV��YRHIV�XLI�6'4����WGIREVMS
��
[MXL�-RJSVQEXMSR�8IGLRSPSK]�GSRXVMFYXMRK���	�SJ�XLI�VMWO��8LI�GLEVX�SR�XLI�VMKLX�TVSZMHIW�
a breakdown of the strength of the physical risk management approaches of companies 



Landscape Review Paper 49
Case studies

within the fund. We found these charts used together provides a clear overview of where 
the potential risks exist within the selected fund from a sectoral perspective, while also 
indicating the portion of companies in the fund managing these risks. 

9RHIVP]MRK�HEXE�ZME�I\GIP��%4-��*84�SV�HEXE�HIWO��
The underlying data for the companies included in the analysis is provided for the 
GSQTERMIW�MR�XLI�TSVXJSPMS��8LI�GSQTER]�WTIGMƼG�HEXE�GER�FI�EREP]^IH�MR�XLI�I\GIP�
spreadsheet or on ISS’ Data Desk, and it is also possible for the data to be delivered by 
API or FTP. 

The data output allows direct integration into internal databases for further internal inte-
gration into the active ownership and investment processes, particularly when compar-
ing companies to peers and the fund relative to the benchmark. Access to granular data 
provides the opportunity to deep dive into the potential performance of the companies 
under different scenarios. The metrics indicating a company’s percentage of the carbon 
budget utilized under three climate scenarios presents an opportunity to assess a 
company’s emissions trajectory and assess scenario alignment at a given point in time. 
The scenarios included are the Sustainable Development Scenario (SDS), the Stated 
Policy Scenario (STEPS), and the Announced Pledges Scenario (APS). When combined 
with other data points regarding targets provides a picture of a company’s commitment 
to decarbonization, and the likelihood of achieving this. This could also be utilized as part 
of TCFD reporting regarding climate scenario analysis. 

3ZIVZMI[�ERH�*YXYVI�TPERW�JSV�XSSP
The opportunity to demo the tool provided some new and useful insights into the poten-
tial climate risk and impact of the selected funds. The tool was straightforward to use 
ERH�TVSHYGIH�XLI�HIWMVIH�VITSVXW�ERH�HEXE�ƼPIW�[MXLSYX�MWWYI��8LI�VIWYPXW�JVSQ�XLI�
analysis were broadly in line with our expectations. We observed for the funds where 
we place a greater emphasis on climate and the environment, were associated with 
temperature increases closer to 1.5 degrees and also lower potential exposure to physi-
cal risks, while funds with greater exposure to sectors or geographies with high emitting 
companies or sectors, were associated with higher temperatures. 
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The assessment of the carbon reduction targets for the companies in the fund and cate-
gorization of targets into SBT-committed/approved, and ambitious and non-ambitious 
targets, is greatly welcomed. This aspect of the analysis presented some unexpected 
results particularly when compared to benchmarks, namely that some funds were with-
out. With the increasing focus on net zero both for companies and for investors, insights 
like this can help to provide focus for engagement and impact the selection decisions.

We provided feedback on suggested enhancements to the company directly, and ISS 
ƽEKKIH�WIZIVEP�JYXYVI�HIZIPSTQIRXW�I\TIGXIH�MR�PEXI������IEVP]�������-RGPYHMRK�

 č Introduction of metrics related to the IEA’s NZE2050 scenario as part of the devel-
opment of their net-zero product. This will utilise the ISS climate data, as well as ISS’ 
voting and engagement services. 

 č %�XVERWMXMSR�:EPYI�EX�6MWO�[MPP�FI�PEYRGLIH�[LMGL�[MPP�VIƽIGX�GEVFSR�TVMGMRK�ERH�WIGXSV�
growth risks.

 č 9THEXI�MXW�GYVVIRX�IWXMQEXMSR�ETTVSEGL�SR�7GSTI���HEXE�ERH�EHH�VITSVXIH�ERH�UYEPMX]�
checked Scope 3 data to the existing dataset. 

 č 4VSZMHI�HIVMZIH�HEXE�MR�I\GIP�ƼPI�JSV�JYVXLIV�YWI�F]�EWWIX�QEREKIVW�MR�MRXIKVEXMSR�SJ�
the data in internal systems.

 č Continued expansion of physical risk assessment, increasing the number of risks 
covered.
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4EVXMGMTERX�

8(�&ERO
4VSZMHIV� 6MWO�X]TIW�GSZIVIH�F]�XSSP�
1SSH]ƅW�%REP]XMGW 4L]WMGEP�ERH�XVERWMXMSR�VMWO

-RXVSHYGXMSR
TD Bank Group (the “Bank”) and Moody’s Analytics worked together in a pilot project in 
1EVGL������XS�I\TPSVI�ER�ETTVSEGL�XS�UYERXMJ]MRK�GPMQEXI�GLERKI�MQTEGXW�SR�EGXYEP�
Bank borrowers and exposures held by the Bank. Moody’s Analytics used its internally 
developed tools to evaluate the climate-related risks for a sample of the Bank’s publicly 
traded Commercial & Industrial (C&I) and U.S. Commercial Real Estate (CRE) obligors 
under three representative Network for Greening the Financial System4 (NGFS) scenar-
ios.

Overall, the Moody’s Analytics models provided meaningful insights into how the Bank 
could approach incorporating climate risk into its credit assessments. It also highlighted 
XLI�WMKRMƼGERX�GLEPPIRKIW�EWWSGMEXIH�[MXL�XV]MRK�XS�UYERXMJ]�XLI�MQTEGXW�SJ�E�QYPXM�HM-
mensional scenario over a long-time horizon, including sensitivity to assumptions and 
QSHIP�ZEPMHEXMSR�GLEPPIRKIW��8(�JIIPW�GSRƼHIRX�MX�GER�YWI�XLI�MRJSVQEXMSR�JVSQ�XLI�TMPSX�
TVSNIGX�XS�LIPT�XLI�&ERO�QSZI�JSV[EVH�SR�MXW�GPMQEXI�VMWO�UYERXMƼGEXMSR�ERH�QEREKI-
ment journey.

4VSGIWW�ERH�(EXE
The initial base for all scenario analysis for both the C&I and CRE models was a set 
of Moody’s Analytics’ proprietary macroeconomic scenarios that align with the NGFS 
WGIREVMSW��8LIWI�WGIREVMSW� VIƽIGX�QER]�SJ� XLI�GLVSRMG�TL]WMGEP�ERH� XVERWMXMSR� VMWO�
impacts with variables including productivity metrics, energy demand, commodity, and 
carbon prices, as well as classic macroeconomic measures like government spending, 
employment by industry, incomes, and output.

'
-�'VIHMX�%REP]WMW
The C&I analysis estimated the individual and combined impacts of physical and tran-
sition risk on each individual borrower’s propensity to default. Both physical and transi-
tion risks were estimated using Integrated Assessment Models (IAMs), which predict 
economic and climate outcomes for the underlying scenarios. For transition risk, the 
-%1�[EW� EYKQIRXIH� XS� MRGSVTSVEXI� ER� SPMKSTSP]�FEWIH�QSHIP� SJ� ƼVQ� GSQTIXMXMSR�

�� %�KPSFEP�KVSYT�SJ�����EW�SJ�%TVMP�����
�GIRXVEP�FEROW�ERH�WYTIVZMWSVW�LIPTMRK�XLI�ƼRERGMEP�WIGXSV�EHHVIWW�XLI�
risks of climate change and support the transition to a resilient economy: https://www.ngfs.net/en/page-som-
maire/governance.
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ERH�TVMGI�WIXXMRK��8LIWI�[IVI�XLIR�I\XVETSPEXIH�MRXS�IUYMX]��EWWIX�ZSPEXMPMX]�ERH�PMEFMPMX]�
MQTEGXW��GYWXSQM^IH�F]�MRHMZMHYEP�ƼVQƅW�GEVFSR�IQMWWMSR�MRXIRWMX]�ERH�IRIVK]�IQMWWMSR�
MRXIRWMX]�XS�HIXIVQMRI�E�'PMQEXI�EHNYWXIH�)\TIGXIH�(IJEYPX�*VIUYIRG]��)(*
�ERH�EWWS-
ciated change to Borrower Risk Ratings (compared to the non-climate-adjusted model).

8LI�QSHIP�EYXSQEXMGEPP]�WSYVGIW�XLI�VIUYMVIH�HEXE�JVSQ�IMXLIV�TYFPMG�WSYVGI��M�I���GSVTS-
VEXI�ƼRERGMEPW
�SV�TVSTVMIXEV]�HEXEFEWIW��M�I���ƼVQ�PIZIP�TL]WMGEP�GPMQEXI�VMWO�WGSVIW5 and 
XSXEP�GEVFSR�IQMWWMSRW
��;LIVI�XLI�VIUYMVIH�HIKVII�SJ�KVERYPEVMX]�MW�RSX�EZEMPEFPI��MRGPYH-
ing for private entities���TVS\MIW�GER�FI�YWIH��*SV�8(ƅW�WEQTPI�SJ����ƼVQW��SRI�ƼVQ�PEGOIH�
E�ƼVQ�WTIGMƼG�TL]WMGEP�GPMQEXI�VMWO�WGSVI�ERH�E�WSZIVIMKR�EZIVEKI�[EW�EYXSQEXMGEPP]�
YWIH�EW�E�TVS\]��7MQMPEVP]��X[S�ƼVQW�PEGOIH�GEVFSR�IQMWWMSRW�HEXE�ERH�MRHYWXV]�EZIV-
ages were used.

'6)�'VIHMX�%REP]WMW
The CRE Climate-adjusted EDF model also sources proprietary physical climate risk data 
EYXSQEXMGEPP]��EX�ZIV]�TVIGMWI�WTEXMEP�KVERYPEVMX]��JSGYWMRK�SRP]�SR�[MPHƼVI�ERH�ƽSSHMRK�
impacts for the TD CRE footprint. Those physical risk impacts are calibrated to historical 
losses for similar building types and locations. The remaining inputs are typical of any 
CRE credit model, principally including loan origination and maturity dates, loan rate and 
outstanding balance, property type, address, value, and net operating income.

'SZIVEKI
The intent of the pilot was to improve TD’s understanding of the capabilities of Moody’s 
Analytics climate risk models, as opposed to a sampling analysis of TD’s entire credit 
portfolio.

8LI����TYFPMG�ƼVQ�'
-�FSVVS[IVW�IZEPYEXIH�MR�XLMW�TMPSX�VITVIWIRXIH�E�ZIV]�WQEPP�JVEGXMSR�
SJ�8(ƅW�GYWXSQIVW��FYX�XLI�WEQTPIH�ƼVQW�HMH�WTER�IMKLX�MRHYWXVMIW�[MXL�LIEHUYEVXIVW�
in two countries (U.S. and Australia). The CRE sample of 55 properties represented less 
XLER���	�SJ�XLI�ZEPYI�SJ�8(ƅW�KPSFEP�'6)�TSVXJSPMS��EPXLSYKL�XLI]�WTERRIH����QIXVS-
TSPMXER�EVIEW�MR�XLI�9�7���ƼZI�TVSTIVX]�X]TIW7, and had varying loan maturities, including 
some exceeding 10 years.

At the time of the pilot, the C&I Climate-adjusted EDF model accommodated only public 
ƼVQW��[LMGL�GSYPH�FI�PSGEXIH�ER][LIVI�MR�XLI�[SVPH��WYFNIGX�XS�XLI�EZEMPEFMPMX]�SJ�ETTVS-
priate macroeconomic scenarios. Climate-adjusted scenarios were then available only 
for the U.S., Canada, UK, and Western Europe.

�� 8LIWI�WGSVIW�MRGPYHI�EGYXI�ERH�GLVSRMG�TL]WMGEPW�VMWOW��[MPHƼVI��G]GPSRI��MRPERH�ƽSSHMRK��LIEX�WXVIWW��[EXIV�
WXVIWW��WIE�PIZIP�VMWI
�XS�EPP�GSVTSVEXI�JEGMPMXMIW�ERH�STIVEXMSRW��EW�[IPP�EW�XS�XLI�ƼVQƅW�WYTTP]�GLEMR�ERH�QEVOIXW�

�� *YRGXMSREPMX]�EPWS�WYTTSVXW�XLI�MRGPYWMSR�YWIV�WYTTPMIH�ƼVQ�GLEVEGXIVMWXMGW�MR�SVHIV�XS�IRLERGI�XLI�EREP]XMGEP�
output for non-public entities.

�� 1YPXMJEQMP]��3ƾGI��6IXEMP��-RHYWXVMEP�ERH�,SXIP�



Landscape Review Paper 53
Case studies

The climate risk impact data used by the CRE Climate-adjusted EDF model are transla-
XMSRW�SJ�WTIGMƼG�TL]WMGEP�VMWO��I�K���MRPERH�ƽSSHMRK
�WGSVIW�JSV�IEGL�1IXVSTSPMXER�7XEXMW-
tical Area, and climate transition risk macroeconomic scenarios. When the pilot project 
was undertaken, coverage was limited to the U.S. data coverage for both the CRE and 
'
-�)(*�QSHIPMRK�ETTVSEGLIW�LEW�WMRGI�I\TERHIH�WMKRMƼGERXP]��

6MWO�WSYVGIW�ERH�WGIREVMSW
This pilot project examined the impact of climate risk on the EDFs of a sample of C&I 
borrowers and CRE loans. The key sources of risk included acute physical climate risks 
�[MPHƼVI��G]GPSRI��ƽSSHMRK
��GLVSRMG�GPMQEXI�VMWOW��WIE�PIZIP�VMWI��LIEX�WXVIWW�ERH�[EXIV�
stress), and transition risks stemming from political, economic, and technological drivers, 
[MXL�ƼVQ�WIRWMXMZMXMIW�HVMZIR�F]�MRHYWXVMEP�WYFWIGXSV�ERH�GYVVIRX�GEVFSR�IQMWWMSRW��*SV�
8(ƅW�WTIGMƼG�'6)�TSVXJSPMS��SRP]�[MPHƼVI�ERH�MRPERH�ƽSSHMRK�[IVI�GSRWMHIVIH�WMRGI�RSRI�
of the properties were subject to cyclone risk.

8LI�TL]WMGEP�VMWO�UYERXMƼGEXMSRW�[IVI�TVSZMHIH�F]�1SSH]ƅW�)7+�7SPYXMSRW��ERH�VIƽIGX�
future potential temperatures based on Representative Concentration Pathway (RCP) 
�����8VERWMXMSR�VMWOW�[IVI�MRXVSHYGIH�XLVSYKL�E�GSRWMWXIRX�WIX�SJ�PSGEP�QEGVSIGSRSQMG�
WGIREVMSW�XLEX�[IVI�JYPP]�EPMKRIH�[MXL�XLI�2+*7�HIƼRMXMSRW�SJ�3VHIVP]��(MWSVHIVP]��ERH�,SX�
House World scenarios.

;LMPI�E�KVIEX�QER]�TEVEQIXIVW�MR�XLIWI�QSHIPW�GER�FI�WTIGMƼIH�SV�QERMTYPEXIH��XLMW�
pilot project focused more on the differences within the loans and borrowers, and across 
the three primary NGFS scenarios.

3YXTYX
Both models produce term structures of EDFs, with annual granularity extending forward 
10 years for the CRE loans and 30 years for the C&I borrowers. One such EDF term 
structure is produced for every loan or borrower, for each of the three NGFS scenarios. 
In addition, EDF term structures are also provided showing the pre-climate adjustment 
EDFs, and a “worst case” EDF (based on the 95th percentile highest temperature path-
[E]
��)\TIGXIH�PSWW�ƼKYVIW�EVI�EPWS�TVSHYGIH�JSV�XLI�'6)�PSERW��[LIVI�SYXWXERHMRK�
balances are available.

One summary view of the climate risk impacts is the overall change in implied ratings at 
a future point in time, and an example of this is shown in Exhibit 1 for TD’s C&I portfolio. 
The physical climate risks to all these obligors produced implied rating deteriorations, 
while the transition impacts produced both risks and opportunities for various obligors. 
In only one case was the upside (transition) risks greater than the physical risk impacts, 
resulting in an overall projected implied rating improvement.

�� %W�SJ�7ITXIQFIV�������TL]WMGEP�GPMQEXI�VMWOW�WGSVIW�ERH�QEGVSIGSRSQMG�WGIREVMSW�[IVI�EZEMPEFPI�KPSFEPP]��ERH�
CRE translations were available for US, Canada, the UK and Western Europe. The C&I model coverage had also 
I\TERHIH�XS�MRGPYHI�TVMZEXI�ƼVQW��KPSFEPP]�
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)\LMFMX����'LERKI�MR����=IEV�%RRYEPM^IH�)(*�-QTPMIH�6EXMRK�JSV�'
-�7EQTPI�7IX

Risk 7GIREVMS ��2SXGL�
-QTVSZI�

QIRX

��2SXGL�
-QTVSZI�

QIRX

No 
'LERKI

��2SXGL�
Deterio�
VEXMSR

��2SXGL�
Deterio�
VEXMSR

���2SXGL�
Deterio�
VEXMSR

Combined Early 
Policy

 �	 ��	 ��	 ��	 ��	

Late 
Policy

�	 ��	 ��	 �	

No Policy ��	 ��	 ��	 ��	

Physical Early 
Policy

��	 ��	  

Late 
Policy

��	 ��	  

No Policy ��	 ��	  

Transition Early 
Policy

 �	 ��	 ��	 �	 �	

Late 
Policy

�	 ��	 �	 �	

No Policy �	 ��	 ��	 �	  ��	

;LMPI�EPP�XLI�SYXTYX�MW�TVSZMHIH�EW�HMKMXEP�ƽEX�ƼPIW��E�ZEVMIX]�SJ�EYXSQEXIH�WSVXMRK��ƼPXIV-
ing, aggregating and mapping functions were also used to better understand the C&I 
exposures. In addition, physical risk output can be compared to a much larger universe 
of borrowers to provide some perspective and relative sense of impact, as shown below 
in Exhibit 2.

)\LMFMX����8(�&SVVS[IV�7EQTPI�ZW�+PSFEP�(EXEWIX9

�� 8LI�KVETL�TPSXW�8(ƅW�WEQTPI�SJ����TYFPMG�ƼVQ�'
-�FSVVS[IVW�EKEMRWX�XLI�KPSFEP�HEXEWIX��SRP]����TSMRXW�EVI�
shown in the graph due to an overlap of two of the TD Sample Obligors.
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-RWMKLXW�KEMRIH
The relatively small fraction of TD’s total portfolio that was analysed precludes drawing 
any conclusions about aggregate impacts to the Bank, but it did highlight the range of 
scenarios and parameters available, and the outputs and metrics that might be useful in 
the future. TD has made several observations about its exposure to various borrowers 
and loans during this pilot project, including:

 č Many of the credit risk impacts, under all scenarios, were relatively small for both the 
CRE and C&I books, but some EDFs were projected to increase dramatically even 
PSSOMRK�JSV[EVH�SRP]��Ɓ���]IEVW��8LMW�QE]� MRHMGEXI�FSXL�XLI�HMƾGYPX]�SJ�YWMRK�E�
top-down evaluation approach, and the opportunity to pinpoint individual loans and 
borrowers that have much higher exposures to climate risk.

 č Where credit deterioration was projected for CRE loans, it was almost exclusively due 
to acute physical risks. In contrast, the impacts to the C&I portfolio being more mixed, 
[MXL�TL]WMGEP�VMWO�HIXIVMSVEXMRK�GVIHMX�UYEPMX]�WSQI[LEX�FVSEHP]�FYX�XVERWMXMSR�VMWO�
GEYWMRK�WMKRMƼGERX�)(*�IVSWMSR�JSV�E�WYFWIX�SJ�FSVVS[IVW�

 č -R�WSQI�GEWIW��FSVVS[IVW�[IVI�TVSNIGXIH�XS�FIRIƼX�JVSQ�XLI�ERXMGMTEXIH�IGSRSQMG�
XVERWMXMSR��HVMZMRK�GVIHMX�UYEPMX]�MQTVSZIQIRX��;LMPI�XLMW�[EW�FVSEHP]�E�JYRGXMSR�SJ�
XLI�MRHYWXV]�WIGXSV��MX�[EW�EPWS�SFWIVZIH�JSV�ƼVQW�[LSWI�IEVRMRKW�[IVI�HIVMZIH�JVSQ�
several industrial sub-sectors, highlighting the value of detailed earnings attributions. 
The clear articulation of winners and losers within industries and regions show the 
potential advantages of a more fulsome credit analysis, incorporating climate risk.

 č The transition risk impacts become evident at the date of a policy announcement, 
driven by the resolution of the uncertainty in investor expectations. For some borrow-
ers those dates markedly increased or decreased creditworthiness which pointed to 
the potential value of exploring alternative policy development timelines or expecta-
tions.

 č More broadly, these insights may be useful in the future for portfolio risk analysis and 
stress testing, as well as individual borrower credit underwriting and loan structuring.

9WEFMPMX]�
As TD continues to strategically build capabilities in climate risk analysis, understand-
ing the nature, content and detail of the analytical results will be critical in developing 
that roadmap. This pilot provided good transparency into the current methodology and 
process and was a foundational step in the Bank’s journey.

8LMW�TMPSX�VIZIEPIH�XLEX�XLI�HMJJIVIRGIW�EGVSWW�PSERW�GSYPH�FI�WYƾGMIRXP]�PEVKI��EX�WSQI�
HEXI�MR�XLI�JYXYVI��XS�[EVVERX�JYVXLIV�EXXIRXMSR��VIZMI[�SV�EGXMSR��5YERXMƼGEXMSR�SJ�WYGL�
risks is growing increasingly important for several use cases, including pricing reviews, 
TSVXJSPMS�EPPSGEXMSR��XLI�TSXIRXMEP�JSV�WXVIWW�XIWXW�ERH�HMWGPSWYVI�VIUYMVIQIRXW�EX�WSQI�
TSMRX��8LI�1SSH]ƅW�%REP]XMGW�QSHIPW�WSYVGIH�XLI�VIUYMVIH�HEXE�EYXSQEXMGEPP]��ERH�[IVI�
thus straightforward in terms of execution, though a more fulsome integration into exist-
ing credit applications has not yet been explored. Model outputs provided the detail 
necessary to “drill-down” and explore the drivers of individual results.
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Ultimately TD’s climate risk management process could provide key metrics for the exec-
utive team, and further enable the Bank to examine and guide the loan portfolios relative 
to the Bank’s risk appetite. A key function of usability will be considerations regarding 
LS[�XS�IWXEFPMWL�ZEPMHEXMSR�XIGLRMUYIW�FI]SRH�XVEHMXMSREP�GVIHMX�VMWO�QSHIPW��RSXMRK�8(�
has historically validated credit risk models against past performance metrics that may 
not be appropriate given the forward-looking nature of the analysis.

7YKKIWXIH�IRLERGIQIRXW
+MZIR�XLI�REWGIRX�REXYVI�SJ�XLI�MRHYWXV]��FSXL�1SSH]ƅW�%REP]XMGW�ERH�8(�LEZI�MHIRXMƼIH�
areas to continue to enhance both the capabilities and the usability of the models.

'ETEFMPMX]�'SRWMHIVEXMSRW
 č Expansion of CRE Physical Risk Model and translation data to global geographies, to 

fully cover the Bank’s CRE portfolio.
 č -RGPYWMSR� SJ� JSVIGEWXIH� JSV[EVH�PSSOMRK� TL]WMGEP� JVIUYIRG]� ERH� HEQEKI� EWWIWW-

ments. The CRE model uses hypothetical scenarios at the user’s discretion, however 
including expected changes would provide a meaningful baseline scenario.

 č 1SVI�KVERYPEVMX]� MR�OI]� MRHYWXVMIW�SV�HEXE�EZEMPEFMPMX]�JSV�TVMZEXI�ƼVQW��0IRHMRK�XS�
publicly traded entities is a small subset of TD’s overall commercial lending expo-
WYVIW��EHHMXMSREP�KVERYPEVMX]� MW�VIUYMVIH��I�K���WYF�MRHYWXV]�IQMWWMSRW�EZIVEKIW
�XS�
more meaningfully differentiate across borrowers within a given industry.

 č &IXXIV�ƽI\MFMPMX]�VIKEVHMRK�MRTYX�WGIREVMSW��8LI�JYRHEQIRXEP�FEWMW�SJ�XLI�1SSH]ƅW�
Analytics’ models is the NGSF scenarios and IAMs; the ability to alter assumptions 
would be useful, primarily to better isolate the impacts of individual assumptions.

9WEFMPMX]�'SRWMHIVEXMSRW
 č Model “validation” guidance—recognizing that traditional approaches to validating this 

credit model may not be effective, additional detail regarding how we can assess the 
appropriateness of the model is necessary to be comfortable the Bank is not intro-
HYGMRK�WMKRMƼGERX�QSHIP�VMWO�

 č Integration with other internal or third-party platforms to minimize duplication of work 
efforts by credit analysts.

 č TD worked directly with Moody’s Analytics to generate the outputs, therefore there 
was limited ability to assess the user interface. However, further data exploration 
tools would be useful, including the ability to view portfolio wide metrics and impacts.

 č Further documentation and training materials, recognizing that this would need to 
be used by individuals at the Bank that are not heavily involved in ESG or climate 
risk matters.
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4EVXMGMTERX�

%�)YVSTIER�&ERO
4VSZMHIV� 6MWO�X]TIW�GSZIVIH�F]�XSSP�
1SSH]ƅW�%REP]XMGW 4L]WMGEP�ERH�XVERWMXMSR�VMWO

-RXVSHYGXMSR
Banks can be impacted by climate change in different business lines, overlapping oppor-
XYRMXMIW�ERH�VMWOW��3YV�+VSYT�MW�E�KPSFEP�GSQQIVGMEP�ƼRERGMEP�MRWXMXYXMSR�[MXL�TSWMXMSRW�MR�
Europe and South America. Our engagement in this pilot aimed at investigating leading 
practices on tools covering the physical and transition impacts of climate risk applied 
to some of our portfolios. This pilot provided us with a comprehensive view into how 
Moody’s tool could be used to assess physical and transition risks and opportunities. 

4VSGIWW
Moody’s tool offers a complete framework that spans across the overall risk manage-
ment framework covering climate data analytics across both physical and transition 
risks, climate scenario analysis and stress testing, integration to credit risk modelling, 
ERH�ƼRERGMEP�QIXVMGW�ERH�XSSPW�XS�WYTTSVX�'PMQEXI�VIPEXIH�ƼRERGMEP�HMWGPSWYVIW��

Moody’s structural approach combined with ESG, transition risk, physical risk and macroeconomic 
analysis allows to:
1. HIƼRI�ETTVSTVMEXI�GPMQEXI�WGIREVMSW
2. link the climate scenarios to the climate risk impact channels
3. XVERWPEXI�VMWO�MRXS�ƼRERGMEP�ERH�IGSRSQMG�WGIREVMSW
4. estimate the climate adjusted risk metrics.
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It can also leverage reference climate scenarios (such as the NGFS) as well as support 
the bank’s vision based on the level of desired complexity, granularity in scenario analy-
sis through its tailored approach. 

(EXE�MRTYXW�'SZIVEKI
Moody’s pilot analysis started with the assessment of a representative portfolio of our 
Group: 

1. Retail & Wholesale Real estate Collaterals in several geographies in Europe and 
7SYXL�%QIVMGER�GSYRXVMIW��PSGEXMSR�WTIGMƼGEXMSR

2. 'SVTSVEXI� �PMWXIH
� MR� 7TEMR� ERH� 1I\MGS�� -7-2W� [IVI� WYƾGMIRX� XS� TIVJSVQ� XLI�
complete climate credit risk analysis on the entities.

3. *M\IH� -RGSQI� 
� )UYMXMIW� +PSFEP� �PMWXIH
�� -7-2W� [IVI� WYƾGMIRX� XS� TIVJSVQ� XLI�
complete climate credit risk analysis on the entities.

4. 71)��7TEMR
�ERH�'SVTSVEXI��TVMZEXI�ƼVQW
��1SSH]ƅW�EWWIWWIH�TL]WMGEP�VMWO�I\TS-
WYVI�FEWIH�SR�PSGEXMSR�WTIGMƼG�MRTYXW�XLVSYKL�MXW�'PMQEXI�SR�(IQERH�VIEP�EWWIX�
ETTPMGEXMSR��&ERO�EPWS�TVSZMHIH�WIGXSV�PIZIP��KVERYPEV�2%')�GPEWWMƼGEXMSR
��FEWIPMRI�
VEXMRK��4(
�XS�EREP]WI�XLI�GPMQEXI�EHNYWXIH�GVIHMX�VMWO�QIXVMGW�ERH�ƼRERGMEP�EREP]WMW��

-R�WYQQEV]��������-7-2W�SJ�QSVI�XLER�������PMWXIH�IRXMXMIW�[IVI�EREP]WIH�MR�XLI�WEQTPI��
Moody’s also conducted a full analysis on climate physical risks across 1 million collat-
erals in Spain, and in two South American geographies. 

6MWO�JEGXSVW�ERH�WGIREVMSW�
The methodology assesses policy, market upstream, market downstream and technol-
ogy risks associated with climate transition scenarios and includes physical risk expo-
sure scores for listed entities with detailed analytics for six climate hazards (extreme 
VEMRJEPP�ERH�MRPERH�ƽSSHMRK��LIEX�WXVIWW��[EXIV�WXVIWW��LYVVMGERIW�
�X]TLSSRW��WIE�PIZIP�
VMWI�ERH�[MPHƼVIW
�EW�[IPP�EW�ER�SZIVEPP�WGSVI�ERH�FIRGLQEVO�QIEWYVIW�SJ�WYTTP]�GLEMR�
risk and market risk. 

The physical risk methodology leverages highly granular raw climate data from global 
climate models and applies them to a broad range of asset classes for listed compa-
RMIW��TVMZEXI�IUYMX]��VIEP�IWXEXI��WSZIVIMKRW��ERH�WYF�WSZIVIMKRW�

3R�XVERWMXMSR�VMWO��1SSH]ƅW�TVSZMHIW�IQMWWMSR�TVSƼPIW�ERH�IRIVK]�XVERWMXMSR�VMWO�WGSVIW�
JSV� GSYRXIVTEVXMIW��8LI� WGSVI� TVSZMHIW� ER� STMRMSR� SR� XLI� UYEPMX]� SJ� XLI� GSQTER]ƅW�
management of risks and opportunities related to the transition to a low carbon econ-
omy and its capacity to reduce its future carbon footprint. These risks and opportunities 
EVI�WTIGMƼG�XS�IEGL�WIGXSV�ERH�XLI�GSQTER]ƅW�STIVEXMSRW�

Moody’s collects issuer’s emissions data following the GHG protocol for all scopes. 
When emissions data is not publicly disclosed, Moody’s estimates Scope 1 and Scope 2 
emissions using its own proprietary models.

%X�XLI�ƼVQ�PIZIP��TL]WMGEP�ERH�XVERWMXMSR�VMWOW�EVI�QSHIPPIH�F]�PMROMRK�XLI�GPMQEXI�WGIREV-
MSW�XS�XLI�OI]�HVMZIVW�SJ�E�1IVXSR�WX]PI�WXVYGXYVEP�QSHIP�JVEQI[SVO��8LYW��IEGL�ƼVQƅW�
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Earnings and Asset Values are considered to be affected by each scenario through infor-
mation obtained by carbon footprint and transition risk assessment, as well as by the 
physical risk exposure scores. 

7GIREVMSW
Moody’s tool can support Climate Change Scenario Analysis in line with reference prac-
tices, including and not limited to:
 č Orderly/Immediate 2C with CDR (Carbon Dioxide Removal), Emission peak year as 

2025, net-zero-year 2050 CO2 only 
 č Disorderly/Delayed 2°C with limited CDR, Emission peak year as 2030, net-zero year 
�����'32 only 

 č Hot House/No additional policy, Emissions continue to rise till 2100
 č Alternative scenarios SR�TL]WMGEP�VMWO�ZME����q'��[MXL���	�TVSFEFMPMX]
Ƃ2+*7�-QQI-
HMEXI�����[MXL�'(6��-4''�6'4������������ERH������

In addition, physical risk scenarios can be provided by either directly specifying a path 
of global expected economic damage from physical risk or specifying an emissions 
path from an IAM or other assumptions. 

Moody’s is committed to updating reference scenarios (like NGFS) in its solutions as 
they become available.

Time horizons�����]IEV�XMQI�LSVM^SR�GSRWMHIVIH�[LMPWX�XLIVI�MW�JYPP�ƽI\MFMPMX]�XS�GLERKI�MX��
such as nearer-term or longer-term to 2100. 

3YXTYXW�ERH�-RWMKLXW�
8LI�EREP]WMW� VIWYPXW�[IVI�TVSZMHIH�EX�ƼVQ�EWWIX� PIZIP� �SYXTYX� JSV� XLI�VIXEMP�TSVXJSPMS�
is based on mortgage collateral location and SME production site location) and the 
FSXXSQ�YT�QIXLSHSPSK]�GETXYVIW�ƼVQ�EWWIX�WTIGMƼG�JEGXSVW�XS�HMJJIVIRXMEXI�EGVSWW�
WIGXSVW��GSYRXVMIW��WTIGMƼG�PSGEXMSR�SJ�JEGMPMXMIW�WYTTP]�GLEMRW�QEVOIX�GSRXI\X�ERH�IQMW-
WMSR�TVSƼPIW��7GSTI�����ERH�JSV[EVH�PSSOMRK
�SJ�GSYRXIVTEVXMIW��8LI�WEQI�QIXLSHSPSK]�
MW�ETTPMIH�JSV�XLI�71)�ERH�TVMZEXI�ƼVQ�YRMZIVWI��HITIRHMRK�SR�XLI�HEXE�MRTYXW�TVSZMHIH��

A short summary of outputs that were provided for the bank Fixed Income, Corporate & 
Private Firm portfolios, where possible:

 č 4VSFEFMPMX]�SJ�(IJEYPX��)(*81
Ƃ)\TIGXIH�(IJEYPX�*VIUYIRG]��GLERKI��HYI�XS�GPMQEXI�
risk), Probability of Default (climate risk-adjusted) 

 č Credit Rating change (due to climate risk), Credit Rating (climate risk-adjusted)
 č EBITDA change (due to climate risk) where Moody’s use Free Cash Flow to the Firm 

as a measure of earnings, EBITDA (climate risk-adjusted)
 č Expected value (e.g. mean estimate—high probability, estimated impact) 
 č Extreme value (e.g. tail estimates—low probability, high impact)

Moody’s provided a set of climate risk assessments for physical risk and transition risk 
and trial access to its Climate on Demand application for real assets where our Group 
was able to analyse at granularity the physical risk exposure against key hazards. In 
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addition, Moody’s also conducted a full analysis on climate physical risks across more 
than 1 million collaterals in Spain, and some thousands in South American geographies 
during the pilot and provided results.

-RWMKLXW��

'SPPEXIVEPW��VIXEMP�
�[LSPIWEPI
�������TL]WMGEP�VMWOW�VIWYPXW�FEWIH�SR�XLI�6'4�����
WGIREVMS�JSV���QMPPMSR�GSPPEXIVEPW�MR�7TEMR�F]�GPMQEXI�LE^EVH�

A similar analysis was conducted in some South American countries (where the larg-
est mortgage exposure is concentrated). The climate hazards exposure differs in each 
VIKMSR��*SV�I\EQTPI��LYVVMGERI�ERH�X]TLSSR�VMWO�MW�RSX�VIPIZERX�MR�7TEMR��FYX�MX�MW�WMKRMƼ-
cant in some countries of South America. 

7YKKIWXIH�IRLERGIQIRXW�JSV�XLI�TVSZMHIV
3ZIVEPP��SYV�+VSYT�[EW�WEXMWƼIH�[MXL�1SSH]ƅW�XSSP�ERH�1SSH]ƅW�XIEQ��8LI�HIQS�[EW�
effective at demonstrating the climate risk analysis capabilities of Moody’s tool for 
several asset types. The tool is easy to understand, and the methodology document 
and overview provided were very helpful. 

We have developed a wish list of enhancements related to data, scenarios and method-
ology that could be advisable: 

 č 8LI�TL]WMGEP�VMWO�WGSVMRK�QSHIP�MW�PMQMXIH�XS�XLI������XMQI�TIVMSH�ERH�XLI�6'4����
scenario. It would be useful to be able to compare results with the baseline and other 
time periods, as well as other IPCC warming scenarios in the long term. 

 č While there are some sensitivity/mitigating factors implemented for some types of 
assets, there is room for improvements to be able to customize other adjustment 
factors in the physical risk scoring. 
 Č 8LI�QIXLSHSPSK]�YWIH�JSV�XLI�EWWIWWQIRX�SJ�[MPHƼVI�VMWO�F]�1SSH]ƅW�XSSP�MW�ZIV]�

much designed for large rural areas (low resolution 25x25 km), extrapolating the 
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most common type of vegetation to all the area, and does not take into account 
other factors such as urban infrastructure and vulnerability by sector. These limita-
tions should be taken into account when assessing the results (which could be 
overestimated in some cases). 

 Č Sensitivity factors based on the asset types or industry activity of the asset (such 
as collaterals) or clients (such as corporates or SMEs) are not taken into account, 
aside from some sensitivity adjustments based on activity for real assets. It does 
not consider the resilience/sensitivity of clients based on their production activity 
(not only sector), supply chain characteristics, and initiatives aimed at mitigating 
physical risks. 

 č Regarding how transition and physical risk impact the risk parameters such as PD and 
LGD for the mortgage portfolio, there was a limitation of local historical data in certain 
geographies. In addition to the NGFS scenarios and existing methodologies, extensive 
preparation is needed to develop tailored models for each geography (such as the 
ones created for the USA and UK). This effort was left out of the scope of this pilot.

In general, we also believe transparency when accessing internal parameterisation and 
scoring rules should be a priority for future developments, for Moody’s tool and for any 
other platform.

Due to time constraints, our Group did not access the broader suite of Moody’s solutions, 
and there are some aspects of the tool that couldn’t be tested, such as the Moody’s ESG 
7GSVI�TVIHMGXSV�[LMGL�I\TERHW�GPMQEXI�TVSƼPMRK�GSZIVEKI�XS�XLI�YRGSZIVIH�YRMZIVWI��I�K��
SME credit, on-demand scoring to address further any geocoding issues (transforming 
postal addresses to coordinates), the outcome visualization within the tool (heatmaps, 
KISKVETLMGEP�HMWXVMFYXMSRW��4(�MQTEGXW��IXG
��SV�XLI�TSXIRXMEP�HEXE�GSRRIGXMSR�VIUYMVIH�XS�
GSRRIGX�MRXIVREP�ƼRERGMEP�HEXE�[MXL�XLI�VIWYPXW�

2SXI�XLEX�XLIWI�WXYHMIW�[IVI�GSRHYGXIH�TVI�EGUYMWMXMSR�SJ�617�F]�1SSH]ƅW�%REP]XMGW��
which expands the depth and breadth of physical risk capabilities (direct/indirect risk 
(cost) factors, scenario sets and time spans and impact analysis across broader asset 
GPEWWIW
�XLEX�NSMRX�ƼVQW�GER�XSHE]�TVSZMHI��
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4EVXMGMTERX�

-RXIWE�7ERTESPS
4VSZMHIV� 6MWO�X]TIW�GSZIVIH�F]�XSSP�
6MWO�1EREKIQIRX�7SPYXMSRW��
-RG���617


4L]WMGEP�VMWO

-RXVSHYGXMSR
As part of the UNEP-FI TCFD pilot program, Intesa Sanpaolo selected Risk Management 
Solutions, Inc. (RMS®) as the supplier to participate in the case study. 

8LI�617�GPMQEXI�GSRHMXMXSRIH�GEXEWXVSTLI�VMWO�QSHIPW�[IVI�YWIH�MR�SVHIV�XS�UYERXMJ]�
XLI�ƽSSH�VMWO�VIPEXIH�XS�E�WQEPP�WEQTPI�SJ�XLI�-RXIWE�7ERTESPS�-XEPMER�QSVXKEKI�TSVXJS-
lio.10 In particular, the RMS climate change Europe Inland Flood HD Models were used in 
this case study considering the Region interested and the type of risk.

The results of the analysis show losses at sample portfolio level comparing today’s risk 
XS������YWMRK�6'4�����ERH�6'4�����WGIREVMSW�ERH�VIPEXIH�TVSZMRGI�PIZIP�IWXMQEXIW�11

Differences in the “climate-adjusted” Probability of Default (PD) and Loss Given Default 
(LGD) are also provided with different return period losses.

*PSSH�VMWO�QIXLSHSPSKMGEP�JVEQI[SVO
8LI�617�QSHIPPMRK�JVEQI[SVO�GSRWMWXW�SJ�ƼZI�OI]�QSHYPIW��[LMGL�EVI�HIXEMPIH�FIPS[�

 č Stochastic: the stochastic module contains thousands of simulated events for a 
given peril. For example, the Europe Inland Flood HD Models’ stochastic event set 
WXIQ�JVSQ�E�GSRXMRYSYW�WMQYPEXMSR�SJ�TVIGMTMXEXMSR�ERH�EPP�WYFWIUYIRX�L]HVSPSKMGEP�
processes over a period of 50,000 years. These events have been created to represent 
XLI�JYPP�VERKI�SJ�TSWWMFPI�ƽSSH�I\XIRXW�ERH�WIZIVMXMIW��FSXL�JVSQ�TPYZMEP�ERH�ƽYZMEP�
ƽSSHMRK��XLEX�GER�MQTEGX�)YVSTI��

10� 8LI�617�QIXLSHSPSK]�MW�GSQQSRP]�YWIH�F]�KSZIVRQIRXW��ƼRERGMEP�MRWXMXYXMSRW�ERH�XLIMV�GSVTSVEXI�GPMIRXW�XS�
manage their exposure to extreme events and has over 200 peril models in nearly 100 countries enabling orga-
RM^EXMSRW�XS�UYERXMJ]�XLI�TSXIRXMEP�QEKRMXYHI�ERH�TVSFEFMPMX]�SJ�IGSRSQMG�PSWW�JVSQ�GEXEWXVSTLI�IZIRXW��JVSQ�
IEVXLUYEOIW�ERH�LYVVMGERIW�XS�ƽSSH�ERH�[MPHƼVI
��%�GSQFMREXMSR�SJ�WGMIRGI��XIGLRSPSK]��IRKMRIIVMRK�ORS[PIHKI��
and statistical data is used to simulate the impacts of natural and man-made perils in terms of damage and loss.

11� 4VSZMRGI�PIZIP�GSMRGMHIW�[MXL�XLI�2987���GPEWWMƼGEXMSR��2SQIRGPEXYVI�SJ�WXEXMWXMGEP�XIVVMXSVMEP�YRMXW�SJ�XLI�)9
�
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 č Hazard: XLI�LE^EVH�QSHYPI�HIXIVQMRIW�XLI�ƽSSH�I\XIRX�ERH�WIZIVMX]�JSV�IEGL�IZIRX�
in the stochastic set. It simulates each precipitation event and determines how these 
EVI�XVERWPEXIH�MRXS�ƽSSHMRK�MR�WTEGI�ERH�XMQI�GSRWMHIVMRK�EPP�VIPIZERX�TVSGIWWIW��WYGL�
as topography, hydrology, built-up areas, antecedent conditions, to just name a few. 
*PSSH�LE^EVH�MW�I\TVIWWIH�F]�XLI�I\XIRX�ERH�ƽSSH�HITXLW�SJ�IEGL�ƽSSH�IZIRX��

 č Exposure: exposure is information about the assets at risk in a given study area. This 
information is captured in an exposure database. The exposure database contains 
information on the type, location, value and additional characteristics of each property 
asset. During the modeling process, the locations of exposed assets are overlaid with 
the hazard footprint of each stochastic event to determine the severity of the hazard 
each asset is subjected to;

 č Vulnerability:�ZYPRIVEFMPMX]�MW�XLI�VIPEXMSRWLMT�FIX[IIR�LE^EVH��I�K��ƽSSH�LIMKLX
�ERH�
HEQEKI��I�K����	�SJ�E�FYMPHMRK�WXVYGXYVI�HEQEKIH
��8LI�ZYPRIVEFMPMX]�SJ�ER�EWWIX�MW�
HITIRHIRX�SR�MXW�TL]WMGEP�EXXVMFYXIW��ERH�GER�ZEV]�F]�TIVMP��I�K���ƽSSH��I\XVIQI�[MRHW
��
The models store vulnerability information for thousands of asset types in the form of 
vulnerability curves, which link hazard values to damages;

 č Financial: the hazard experienced at an asset location is linked to damage to that 
EWWIX�MR�XLI�ZYPRIVEFMPMX]�QSHYPI��8LI�ƼRERGMEP�PSWW�JVSQ�XLMW�HEQEKI�MW�XLIR�GEPGY-
PEXIH� �JSV� IEGL� WXSGLEWXMG� IZIRX� ERH� JSV� IEGL� EWWIX
� YWMRK� XLI� ƼRERGMEP�QSHYPI��
Losses are then aggregated across all assets included in the analysis, taking into 
EGGSYRX�ER]�ETTPMGEFPI�TVSXIGXMSRW��TL]WMGEP�SV�ƼRERGMEP
�[LMGL�QE]�FI�MR�TPEGI�SV�
under consideration.

-X�JSPPS[W�XLEX�GEXEWXVSTLI�QSHIPW�GER�FI�YWIH�XS�HIPMZIV�MRWMKLXW�MRXS�LS[�JVIUYIRXP]�E�
location is to be impacted by different hazard levels. For example, they can be used to 
HIXIVQMRI�LS[�JVIUYIRXP]�E�KMZIR�PSGEXMSR�GER�FI�I\TIGXIH�XS�FI�MQTEGXIH�F]�ƽSSHMRK�MR�
I\GIWW�SJ��JX��SV�SXLIV�XLVIWLSPHW�SJ�MRXIVIWX��8LIWI�MRWMKLXW�GER�XLIR�FI�YWIH�XS�MRJSVQ�
decisions such as top elevations for new seawalls, or road elevation standards for new 
infrastructure developments.

;LIR�YWIH�MR�GSQFMREXMSR�[MXL�XLI�I\TSWYVI��ZYPRIVEFMPMX]�ERH�ƼRERGMEP�QSHYPI��XLI�
QSHIP� GER� EHHMXMSREPP]� EWWIWW� XLI� JVIUYIRG]� ERH� WIZIVMX]� SJ� XLI� IGSRSQMG� MQTEGX�
GEYWIH�F]�E�WTIGMƼG�TIVMP��WYGL�EW�ƽSSHMRK�

8LMW�MQTEGX�MW�UYERXMƼIH�F]�WYFNIGXMRK�XLI�PSGEXMSR��MXW�EWWSGMEXIH�ZYPRIVEFMPMX]�ERH�ƼRER-
cial value of exposed assets to the corresponding hazard severity for each simulated 
event. This economic impact analysis is particularly useful to objectively compare levels 
SJ�TSXIRXMEP�PSWW�XS�ƼRERGMEP�EWWIXW�EX�HMJJIVIRX�PIZIPW�SJ�PMOIPMLSSH�12 

12� %W�QIRXMSRIH��XLI�617�)YVSTI�-RPERH�*PSSH�,(�'PMQEXI�'LERKI�1SHIPW�[IVI�YXMPM^IH�XS�UYERXMJ]�XLI�MQTEGXW�SJ�
climate change under different potential future states. This climate change model framework allows a selection 
FIX[IIR�JSYV�HMJJIVIRX�6ITVIWIRXEXMZI�'SRGIRXVEXMSR�4EXL[E]W��6'4W
��EW�HIƼRIH�F]�XLI�-4''��https://www.ipcc.
ch/
��EX�ƼZI�]IEV�MRXIVZEPW�YRXMP�XLI�]IEV������XS�YRHIVWXERH�XLI�TL]WMGEP�VMWO�SJ�GPMQEXI�GLERKI�MR�XLI�TSVXJSPMS�
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(EXE�ERH�GSZIVEKI
The case study was made on a limited sample of the Intesa Sanpaolo mortgage portfolio 
MR�-XEPMER�PSGEXMSRW�[MXL�XLI�EMQ�XS�IWXMQEXI�XLI�VIPEXIH�ƽSSH�VMWO��

A sample consisting of 1,200 positions within the Intesa Sanpaolo mortgage portfolio 
�����	�SJ�XLI�QSVXKEKI�TSVXJSPMS
�[EW�WIPIGXIH�JSV�XLMW�GEWI�WXYH]��8LI�XSXEP�ZEPYI�SJ�
XLI�GSPPEXIVEP�XS�[LMGL�XLIWI�TSWMXMSRW�VIJIV��MW�IUYEP�XS�E�XSXEP�SJ�Ɲ�����1R������	�SJ�XLI�
GSPPEXIVEPM^IH�TSVXJSPMS
�ERH����SYX�SJ�����-XEPMER�TVSZMRGIW��2987���PIZIP�GPEWWMƼGEXMSR
�
are represented. The key information of the sample is represented below.

6MWO�HVMZIVWƅ�GSQTSWMXMSR�SJ�XLI�WIPIGXIH�WEQTPI��WSVXIH�F]�4VSFEFMPMX]�SJ�(IJEYPXW


4SWMXMSRW�WSVXIH�F]�4(W %ZIVEKI�4( %ZIVEKI�0+(

PD <= 0.1% ����	 ����	

0.1% < PD <= 0.5% ����	 �����	

0.5% < PD <= 1% ����	 �����	

1% < PD <= 3% ����	 �����	

PD > 3% ����	 �����	

-XEPMER�TVSZMRGIW�MRGPYHIH�MR�XLI�WEQTPI��MR�VIH
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6MWO�JEGXSVW��WGIREVMSW�ERH�SYXTYXW
8LI�617�QSHIP�[EW�ETTPMIH�XS�FSXL�XLI�6'4�����ERH�XLI�6'4�����WGIREVMSW��GSRWMHIVMRK�
2040 as the reference year for the projections. The application of the model resulted in 
XLI�HIƼRMXMSR�SJ�E�LEMVGYX�SR�XLI�ZEPYI�SJ�XLI�GSPPEXIVEP�[MXL�E�TVSTSVXMSREP�MRGVIEWI�MR�XLI�
expected LGD. The graphs and tables below show the effect of the model assumptions 
in relation to an inertial baseline view and two commonly used climate projections (RCP 
����ERH�6'4����
�GSRWMHIVIH�MR�XIVQW�SJ�MQTEGX�SR�

1. the probability curves related to the gross value loss caused by the event damages 
and in relation to different return periods;

2.  the average return period annual losses, reported in percentage changes with 
respect to the baseline view, in the most important Italian provinces.

4SVXJSPMS�4VSFEFMPMX]�'YVZIW��7EQTPI�4SVXJSPMS�+VSWW�0SWWIW


%ZIVEKI�6IXYVR�4IVMSH�%RRYEP�0SWWIW��QSWX�TSTYPEXIH�4VSZMRGIW


4VSZMRGI
%ZIVEKI�%RRYEP�0SWW� 

�	�ZW�&EWIPMRI


'LERKI�6��C����

Rome 3ZIV���	

Milan 9RHIV���	

Naples 3ZIV���	

Turin 9RHIV���	
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Based on the analysis, Intesa Sanpaolo calculated the impact on Loss Given Default 
(LGD) and the effect on the Probability of Default (PD) was deduced by exploiting the 
relationship between PDs and LGDs (following the approach proposed by J. Frye and M. 
Jacobs Jr., 2012 [1]).

The underlying general premise behind the Frye-Jacobs model is that LGD is an increas-
MRK�JYRGXMSR�SJ�HIJEYPX�VEXI��ERH�GSRWIUYIRXP]�SJ�XLI�4(��[LMGL�IWWIRXMEPP]�QIERW�XLEX�MJ�
the default rate increases, the LGD also increases approximately in a similar proportion 
and vice versa. 

Once all steps were performed, the LGDs and PDs implied in the different stress scenar-
ios were estimated for all counterparties of the given sample. The following table 
summarizes the results taking into account the initial risk drivers’ composition of the 
FSVVS[IVW��MR�XIVQW�SJ�4(W��ERH�E�VIXYVR�TIVMSH�IUYEPW�XS���SR�����]IEVW�PSWWIW��JSV������
YRHIV�6'4����
�EW�E�[SVWX�WGIREVMS��8LI�MQTEGXW�SR�4(W�ERH�0+(W�EVI�WYFWXERXMEP�ERH�
ZEV]�JVSQ��	�XS���	�[MXL�VIWTIGX�XS�XLI�MRMXMEP�ZEPYIW�

1EMR�MQTEGXW�SJ�WGIREVMSW�EREP]WMW�SR�XLI�QSVXKEKI�WEQTPI�WIPIGXIH��WSVXIH�F]�
4VSFEFMPMX]�SJ�(IJEYPXW


4SWMXMSRW�WSVXIH�F]�
PDs

-RMXMEP 
%ZIVEKI�

PD

7XVIWWIH�
PD

-RMXMEP 
%ZIVEKI�

0+(

7XVIWWIH�
0+(

7XVIWWIH�
PD 

�\�XMQIW


7XVIWWIH�
0+(�

�\�XMQIW


PD <= 0.1% ����	 ����	 ����	 ����	  1.19x  1.13x 

0.1% < PD <= 0.5% ����	 ����	 �����	 �����	  1.23x  1.39x 

0.5% < PD <= 1% ����	 ����	 �����	 �����	  1.25x �����\�

1% < PD <= 3% ����	 ����	 �����	 �����	  1.09x �����\�

PD > 3% ����	 ����	 �����	 �����	  1.04x  1.10x 

*MREP�GSRWMHIVEXMSRW�ERH�WYKKIWXIH�IRLERGIQIRXW
Regarding the relationship between climate scenarios and credit methodologies, it is 
certainly true that this tool represents a useful opportunity for understanding the impact 
SJ�ƽSSH�VMWO��IWTIGMEPP]�EJXIV�XLI�VIGIRX�)'&�+YMHI�SR�GPMQEXI�ERH�IRZMVSRQIRXEP�VMWOW��
2020 [2]).

Nevertheless, there is a potential for further enhancements for assessing the risks 
related to the mortgage portfolio.13 Below some key points and general considerations: 

1. E�WEQTPI�SJ�XLI�QSVXKEKI�TSVXJSPMS�HIIQIH�WYƾGMIRXP]�WMKRMƼGERX� MR�XIVQW�SJ�
territorial diffusion, collateral values, duration of the loan to provide an acceptable 
SYXTYX�JSV�XLI�ETTPMGEXMSR�SJ�XLI�QSHIP�[EW�GLSWIR��8LI�VIWYPXW�ETTIEV�XS�FI�UYMXI�
satisfactory, despite the need to verify their consistency by expanding the scope 
of application;

13 RMS is working on methodologies to integrate damage and loss output from RMS cat models with Moody’s 
credit models
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2. EPXLSYKL�GSPPEXIVEP�TVSTIVXMIW�EVI�MHIRXMƼIH�F]�XLI�TL]WMGEP�EHHVIWW�SJ�XLI�FYMPHMRK��
it has not always been easy to bring them back to NUT 3 level;

3. the choice of the correct time horizon for the risk models used should be consis-
tent with the long term strategies of the institution and in line with the reallocation 
portfolio decisions; 

4. MR�XLMW�TVIPMQMREV]�TLEWI��XLI�QSWX�HMVIGX�[E]�XS�HIƼRI�E�GSVVIPEXMSR�FIX[IIR�XLI�
results of the model and the credit parameters was to evaluate the impact in terms 
of LGD and, through the relationship between PD and LGD (Frye-Jacobs approach), 
obtain an impact also in terms of PD. Although the results showed a good level of 
VEXMSREPMX]��JYVXLIV�VIƼRIQIRXW�WLSYPH�FI�HIZIPSTIH�

5. this case study primarily focused on acute physical risk from climate change. The 
EREP]WMW�WLSYPH�FI�IRLERGIH�F]�GSRWMHIVMRK�SXLIV�MWWYIW�WYGL�EW�XLI�IRIVK]�Iƾ-
GMIRG]�GIVXMƼGEXIW��)4'
�XLEX�GLEVEGXIVM^I�IZIV]�WMRKPI�GSPPEXIVEP�ERH�XLI�VIPEXIH�
impact on PD, the possible macroeconomic effects deriving from an indirect effect 
of a natural catastrophe (e.g., the unemployment rate) and the possible mitigation 
IJJIGXW�HIVMZMRK�JVSQ�XLI�TVIWIRGI�SJ�WTIGMƼG�MRWYVERGI�TSPMGMIW�EX�IEGL�GSYRXIV-
party level.

The proposed approach should therefore be considered as an attempt to assess the 
TSXIRXMEP�MQTEGX�SR�XLI�QSVXKEKI�TSVXJSPMSW�SJ�XLI�ƽSSH�VMWO�MR�-XEP]�JVSQ�XLI�TSMRX�SJ�
ZMI[�SJ�XLI�ƼRERGMEP�W]WXIQ��XS�FI�VIƼRIH�XMQI�F]�XMQI�[MXL�XLI�RI[�QIXLSHSPSKMIW�ERH�
enrichment of data that will gradually become available.

6IJIVIRGIW
[1] J. Frye, M. Jacobs Jr., Credit loss and systematic loss given default, The Journal of 
'VIHMX�6MWO�:SP�����Ɓ����7TVMRK�����

[2] European Central Bank, Guide on climate-related and environmental risks—Supervi-
sory expectations relating to risk management and disclosure, November 2020

RMS is a trademark of Risk Management Solutions, Inc.
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4EVXMGMTERX�

&ERSVXI�*MRERGMEP�+VSYT
4VSZMHIV� 6MWO�X]TIW�GSZIVIH�F]�XSSP�
6MWO�1EREKIQIRX�7SPYXMSRW�
�617


4L]WMGEP�6MWO

-RXVSHYGXMSR
Banorte is participating in the third phase of the TCFD-UNEP FI 2021 program for banks, 
in which we involved various business areas (including risk, credit, specialized areas, 
sustainability, insurance, and innovation) in developing capabilities to identify, manage, 
and disclose climate-related risks and opportunities. To better understand and assess 
climate and physical risks to our portfolios, Banorte began by focusing on our loan port-
folio. This was an introductory study to establish a baseline view of risk. The intent of 
the study was to explore using RMS models to better understand Banorte’s exposure to 
climate and environmental risks. RMS models have the ability to show the baseline risk 
and climate change risk from hurricane, and as a next step, we will explore opportuni-
ties to examine future climate change risk against our baseline. We chose RMSTM from 
amongst several suppliers to participate in a demo that focused on the physical risk of 
real assets from our clients across all territories in which Banorte has provided a credit.

RMS is a very well-known provider of physical risk evaluation solutions. The company 
has performed several assessments for the insurance and reinsurance industry in 
Mexico. In fact, one of the reasons we chose RMS is because the company has been 
evaluating our region for more than 20 years. The RMS demo focused on sectors such 
as metal and mineral processing, business services, agriculture, and manufacturing of 
cement, lime, and plaster. The demo covered our Commercial Bank Loan book, which 
VITVIWIRXW���	�SJ�SYV�TSVXJSPMS�

Because we did not have the exact location and detailed characteristics of the facilities 
and assets included in the exercise, we gave RMS only the ZIP code, city, and state as 
an approximation to the location, the asset amount, and the sector. RMS performed its 
analysis based on this data. 
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4VSGIWW�
RMS consulting ran all of the model and communicated to us how their model would 
[SVO��3RGI�[I�LEH�EKVIIH�SR�XLI�HEXE�XLEX�617�VIUYMVIH�XS�VYR�XLI�&ERSVXI�TSVXJSPMS��[I�
worked internally to team up with different areas of our loan department. 

3YV�PSER�HITEVXQIRX�ERH�SYV�MRWYVERGI�WYFWMHMEV]�LIPTIH�YW�ƼRH�XLI�MRJSVQEXMSR�[I�
needed. We realized that our insurance subsidiary had the exact location of the clients 
we chose for the analysis, because all loans must be protected by an insurance policy. 
8LMW�WMKRMƼGERXP]�I\TIHMXIH�HEXE�GSPPIGXMSR���8LI�KVIEXIWX�GLEPPIRKI�[I�LEH�FIIR�JEGMRK�
[EW�VIPEXIH�XS�SZIVGSQMRK�MRXIVREP�PIKEP�VIUYMVIQIRXW�WS�XLEX�[I�GSYPH�WLEVI�MRJSVQE-
tion with providers’ and customers’ exact geolocation.

(EXE�ERH�GSZIVEKI�
(YVMRK�XLI�EREP]WMW��617�VIUYIWXIH�HEXE�JVSQ�SYV�GPMIRXW�XS�PSEH�MRXS�XLIMV�TPEXJSVQ��
Our clients provided this data via a spreadsheet that shared their sector, location, and 
total assets. To increase the granularity of the analysis, our clients also provided their 
ZIP codes.

8EFPI����(EXE�WLS[IH�F]�617�YWMRK�XLIMV�TPEXJSVQ�

Top 10 locations by Asset Value

0SG�RYQ State City 4SWXSHI 3GGYTERG] 8-:
����� Guanajuato El Liano ����� Metal & Minerals processing �������������
����� Jalisco Marina Vallarta ����� Business Services 2,504,000,000
����� Distrito Federal Polanco II Sección 11530 Metal & Minerals processing 2,177,000,000
����� Distrito Federal Moctezuma Segunda Sección 15530 Business Services �������������
����� Tamaulipas Roma ����� Metal & Minerals processing 1,371,000,000
����� Quintana Roo Tulum ����� Agriculture 1,230,000,000
����� Sinaloa Bachigualato ����� Agriculture �������������
����� Nuevo León Pedregal de Escobedo ����� Agriculture 700,000,000
����� Distrito Federal Sector Naval ���� Business Services �����������
����� Puebla Guadalupe ����� Metal & Minerals processing 509,000,000

8EFPI����)\EQTPI�SJ�MRJSVQEXMSR�TVSZMHIH�SR�&ERSVXIƅW�FILEPJ�

7XEXI�
�7IGXSV� >MT�'SHI Total Assets USD*

&ENE�'EPMJSVRME�7YV   

Hotels and similar accommodation 23403 140

2YIZS�0EVIHS�   

Hospital activities ����� 302

Manufacture of cement, lime and plaster ����� 1371

1MRMRK�ERH�UYEVV]MRK�R�I�G� ����� 12

Rental and operating of own or leased real estate ����� ��

Waste collection ����� 303
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617

Internal 1. Sector
2. Location
3. Total assets

&IGEYWI�&ERSVXI�SRP]�LEW�STIVEXMSRW�MR�1I\MGS��SYV�EWWIWWQIRX�JSGYWIH�SR�WTIGMƼG�
locations within the country. We shared data of 25 clients representing 10 percent of our 
portfolio and have commercial activities in the following sectors:

1. Hotels and similar accommodation
2. Hospital activities
3. Cement manufacturing
4. Lime and plaster
5. 1MRMRK�ERH�UYEVV]MRK�
6. Rental and operation of own or leased real estate
7. Waste collection
8. Growing of perennial crops 
9. Structural metal manufacturing
10. Motor vehicle manufacturing
11. Electric motor manufacturing
12. Generators
13. Electricity distribution and control
14. Monetary intermediation
15. 3ƾGI�EHQMRMWXVEXMZI�ERH�WYTTSVX�
16. Real estate activities on a fee or contract basis
17. Architecture and engineering  
18. 3ƾGI�EHQMRMWXVEXMZI�ERH�WYTTSVX�
19. Meat processing and preserving.
Number of companies: 25
8SXEP�������FMPPMSRW

'SZIVEKI�1I\MGER�XIVVMXSV]
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6MWO�JEGXSVW�ERH�WGIREVMSW
RMS provided us with an analysis that focused on physical hazards such as windstorms 
ERH�IEVXLUYEOIW��8LMW�EREP]WMW�YWIH�XLI�JSPPS[MRK�EWWYQTXMSRW�

 č Asset value is building only.
 č Construction class, year built, and number of stories: unknown (based on inventory 

database in the model).
 č RMS has construction assumptions included in their model data.
 č Temperature pathway(s) analyzed: none. It was an exercise with current climate 

conditions. 
 č Scenarios used (NGFS, IEA, etc.)

Because this was an exercise with current climate conditions, the scenarios were 
based on three situations: 

1. Baseline current physical building risks (what is used today for insurance)
 Č )EVXLUYEOI�ERH�[MRHWXSVQ
 Č 25 locations

)EVXLUYEOI�VIWYPXW��
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2. &SVVS[�IUYMX]�GETXYVIW�I\TSWIH�VMWO�XS�FERO
 Č Made assumption to show how one could model LTV
 Č 9WIH�E���	�08:�EWWYQTXMSR
 Č 7LS[W�PSWW�EQSYRXW�EJXIV���	�FSVVS[IV�IUYMX]�MW�GSRWMHIVIH

6IWYPXW��
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3. Insurance modeling projects losses after insurance is applied
 Č %WWYQIH�XLEX�MRWYVERGI�PMQMX�MW���	�SJ�IEGL�TVSTIVX]�ZEPYI
 Č 1SHIPIH�RIX�PSWWIW�XS�FERO�EJXIV�FSVVS[IV�IUYMX]�ERH�MRWYVERGI�MW�GSRWMHIVIH

6IWYPXW��

7YQQEV]�SJ�;MRHWXSVQ�)\GIIHERGI�4VSFEFMPMX]�0SWW�6IWYPXW�[MXL�	�7GIREVMS�'LERKI

)\GIIHERGI�
4VSFEFMPMX]

6IXYVR�4IVMSH &EWIPMRI 7GIREVMS�� 7GIREVMS��

����	 50,000 ��FR� �����	 ������	

����	 10,000 ��FR� �����	 ������	

����	 5,000 ����FR������FR �����	 ������	

����	 1,000 ������������FR �����	 ������	

����	 500 ��FR������FR ������	 ������	

����	 250 ����1�����1 ������	 ������	

����	 200 ����1�����1 ������	 ������	

�	 100 ����1�����1 ������	 ������	

�	 50 �������1 ������	 ������	

�	 25 �������1 ������	 ������	
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The outputs generated form RMS included Loss Outputs on each scenario they provided 
and the following metrics:

EP (Exceedance Probability): Probability that the single largest event loss in a year will 
exceed a loss threshold.

Return Period: Refers to a point on a loss curve (for example, an occurrence exceedance 
probability or aggregate exceedance probability curve) that describes the likelihood of 
exceeding a loss threshold from the single largest event (OEP) or the aggregation of one 
SV�QSVI�IZIRXW��%)4
��-X�MW�HIƼRIH�EW�XLI�MRZIVWI�SJ�XLI�ERRYEP�I\GIIHERGI�TVSFEFMPMX]��
For example, a return period of 100 years corresponds to an annual exceedance proba-
bility of 1.

AAL (Average Annual Loss): Sometimes called Pure Premium or Burn Cost, AAL is the 
expected value of the modeled loss distribution. It is the average loss one would expect 
XS�WII�MR�E�]IEV��8LI�EGXYEP�ERRYEP�PSWWIW�[MPP�ƽYGXYEXI�EVSYRH�XLI�%%0�MR�ER]�KMZIR�]IEV��
%%0�HSIW�RSX�MRGPYHI�I\TIRWIW��RSR�QSHIPIH�PSWW��TVSƼX��SV�VMWO�PSEH�

RMS can assess physical risk under actual conditions. They are working on a model to 
incorporate climate change to simulate future possible conditions. It would be possible 
to run climate change views for hurricane risk using any of the above scenario perspec-
XMZIW��WTIGMƼGEPP]�,YVVMGERI
��

 č We believe that using this type of analysis helps us to assess physical risk under 
actual conditions.

 č RMS displays clients graphically, exposing the distribution of assets by geolocation, 
exposure, and sector.

 č Within the results of the model, RMS shows which states of our republic have the 
KVIEXIWX�VMWO�SJ�PSWW�JSV�LYVVMGERI�ERH�IEVXLUYEOI�

 č Results could be displayed per client to see how different scenarios affect them indi-
vidually.

7YKKIWXIH�IRLERGIQIRXW�JSV�TVSZMHIVW
 č How easy was the tool to use? 

It was easy to gather the information for the exercise because RMS told us we could 
use an approximation of the geolocation. They only needed three indicators: sector, 
location (ZIP code), and total assets.

 č (S�]SY�LEZI�ER]�QSHMƼGEXMSRW�SV�WYKKIWXMSRW�XLEX�[SYPH�IRLERGI�]SYV�EREP]WMW#�

Because we did not provide details of the assets evaluated by RMS, they used some 
assumptions to perform the analysis:

Asset value is building only construction class, year built, and number of stories: 
unknown (based on inventory database in the model)

RMS includes construction assumptions in their model data.

For the reasons already explained, having more details of the assets we gave RMS 
[SYPH�LEZI�VIWYPXIH�MR�E�QSVI�VIƼRIH�EREP]WMW�
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 č What are the areas you would like to see the providers explore in the future?

This study did not include running RMS climate change catastrophe models. In the 
next phase, RMS will have the opportunity to demonstrate the capabilities of their 
climate change catastrophe models with detailed exposure data as part of the anal-
ysis. It would be important to see the recent capabilities they have developed around 
GPMQEXI�GLERKI��8LMW�RI[�JIEXYVI�[EW�NYWX�FIMRK�ƼRMWLIH�EX�XLI�XMQI�[I�RIIHIH�XS�
get the results to comply with the TCFD deadlines. We would like to explore it and we 
agreed on a demo because the new feature assesses: 

 č Mexico Windstorm baseline vs. RMS climate change views.
 č 617�GPMQEXI�GLERKI�ZMI[W�FEWIH�SR�JSYV�6'4�WGIREVMSW��������������������
�ERH�SV�E�

2o C increase.
 č 0SWW�IWXMQEXIW�JVSQ���XS����]IEVW�JSV[EVH��MR���]IEV�MRGVIQIRXW
��)\EQTPI�SYXTYX�

shows 2030 and 2050.

617�MW�E�XVEHIQEVOW�SJ�6MWO�1EREKIQIRX�7SPYXMSRW��-RG�
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4EVXMGMTERX�

&13�*MRERGMEP�+VSYT
4VSZMHIV� 6MWO�X]TIW�GSZIVIH�F]�XSSP�
3PMZIV�;]QER�7
4�+PSFEP�
1EVOIX�-RXIPPKIRGI

8VERWMXMSR�6MWO

-RXVSHYGXMSR
As part of the Landscape Review exercise, BMO Financial Group worked with Oliver 

Wyman and S&P Global Market Intelligence to demo Climate Credit Analytics, a climate 

scenario analysis and credit analytics model suite. Climate Credit Analytics is a turnkey 

WSPYXMSR�XLEX�IREFPIW�FSXXSQ�YT�EREP]WMW�SJ�ƼZI�LMKL�GEVFSR�IQMXXMRK�WIGXSVW��SMP�ERH�
gas, metals and mining, power generation, airlines and automotive) as well as a general-

ized approach for all other sectors. For the purposes of the demo, the Bank focused on 

the metals and mining sector. 

The scenario analysis tool is used to assess the credit risks associated with the tran-

sition to a low carbon economy. Climate Credit Analytics assesses the credit rating 

impact of climate scenarios on a counterparty or portfolio level by calculating climate 

EHNYWXIH�ƼRERGMEP�WXEXIQIRXW��8LI�XSSP�PIZIVEKIW�7
4�+PSFEP�1EVOIX�-RXIPPMKIRGIƅW�HEXE�
VIWSYVGIW��MRGPYHMRK�ƼRERGMEP�ERH�MRHYWXV]�WTIGMƼG�HEXE��GVIHMX�WGSVMRK�QIXLSHSPSKMIW�
and Trucost environmental data. This is combined with Oliver Wyman’s climate scenario 

and stress-testing expertise. 

4VSGIWW�
Climate Credit Analytics can be accessed through two interfaces: an Excel version or an 

Application Programming Interface (API) version. 

To generate results through Climate Credit Analytics, the user follows a few simple steps:

 č Search or upload portfolio companies in Climate Credit Analytics

 Č 8SSP�EYXSQEXMGEPP]�TSTYPEXIW�VIUYMVIH�ƼRERGMEP�ERH�IRZMVSRQIRXEP�HEXE�
 č Select scenarios to run and interval period of results (either at 5-year intervals or 

annually) 

 č Select the S&P Global rating model that will be used to re-rate the companies

 Č Internal rating model can also be used 

 č Adjust or override model parameters, if desired 

 Č 8LI�TEVEQIXIVW�EZEMPEFPI�XS�EHNYWX�VERKI�JVSQ�ƼRERGMEP�TEVEQIXIVW��I�K��PIZIP�SJ�
HMZMHIRHW�TEMH��PIZIVEKI�VEXMS
�XS�WIGXSV�WTIGMƼG�TEVEQIXIVW�ERH�WGIREVMS�ZEVMEFPIW
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 č Run the model
 Č Results presented in two ways:

 Č Single entity view: focuses on a single company, showing the evolution of the 
ƼRERGMEP�WXEXIQIRXW�ERH�XLI�VEXMRK�ERH�TVSFEFMPMX]�SJ�HIJEYPX�GLERKIW

 Č &EXGL�ZMI[��KMZIW�XLI�JYPP�ƼRERGMEP�WXEXIQIRX�ERH�VEXMRK�VIWYPXW�JSV�EPP�GSYR-
terparties selected to run in the model to allow for further portfolio analysis 
internally by the user

8LI�QSHIP�XVERWPEXIW�GPMQEXI�WGIREVMS�ERH�WIGXSV�WTIGMƼG�WYTTP]�ERH�HIQERH�IPEWXMGM-
XMIW�ERH�QEVOIX�H]REQMGW�MRXS�HVMZIVW�SJ�ƼRERGMEP�TIVJSVQERGI�XS�TVSZMHI�ƼRERGMEP�WXEXI-
ment forecast, impact on credit score and probability of default. Core metals and mining 
assumptions include:

 č Price: as demand for coal decreases prices will likely fall, while other minerals see an 
increase in price as the scenario emissions costs are passed through to consumers

 č Volume: demand for coal falls in the transition while demand for energy transition 
QMRIVEPW�MRGVIEWIW�[MXL�IPIGXVMƼGEXMSR��):�EHSTXMSR��3XLIV�QMRIVEPW�KVS[�[MXL�XLI�
economy

 č Unit cost: mining production costs increase due to the carbon price and emissions 
intensity of production for each mineral

 č Capital expenditure: coal capex is expected to decrease along with demand as high 
cost mines close, while increasing for other minerals to meet rising production levels 

&EWIH�SR�XLMW�MRJSVQEXMSR��XLI�QSHIP�GEPGYPEXIW�WGIREVMS�EHNYWXIH�ƼRERGMEP�WXEXIQIRXW�
�I�K��� MRGSQI� WXEXIQIRX�� FEPERGI� WLIIX� ERH� GEWL� ƽS[� WXEXIQIRX
�� -X� XLIR� PMROW� XLI�
WGIREVMS�EHNYWXIH�ƼRERGMEP�WXEXIQIRXW�XS�7
4ƅW�GVIHMX�VEXMRK�QSHIP�XS�GEPGYPEXI�WGIREV-
MS�EHNYWXIH�GVIHMX�WGSVIW��SV�VEXMRKW��8LI�YWIV�GER�EPWS�PMRO�XLI�WGIREVMS�EHNYWXIH�ƼRER-
cials to internal risk rating models. 

Data
A sample of North American and European publicly traded metals and mining counter-
TEVXMIW�[EW�EWWIWWIH��8LI�HEXE�VIUYMVIH�JSV�XLI�EREP]WMW�MW�MRGPYHIH�MR�XLI�'PMQEXI�'VIHMX�
%REP]XMGW�XSSP��'PMQEXI�'VIHMX�%REP]XMGW�GSZIVW�����QMPPMSR�TYFPMG�ERH�TVMZEXI�GSQTERMIW�
across all geographies. If a company is not included in the S&P Global dataset, the user 
GER�YTPSEH�XLI�VIUYMVIH�HEXE�ZME�XLI�%4-��

Climate Credit Analytics segments metals and mining production into three catego-
ries: fossil fuel minerals, energy transition minerals and other minerals and models the 
impact related to demand and emissions. Fossil fuel minerals include thermal/steam 
coals used for electricity generation and metallurgical coal used in steel making. Energy 
transition minerals are critical to electrical vehicle battery production and include lith-
ium, cobalt, nickel, manganese and copper. Other minerals include iron, silver, uranium, 
aluminium, zinc, gold, molybdenum, diamonds, lead, platinum/PGM and titanium. 
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6MWO�JEGXSVW�ERH�WGIREVMSW
Climate Credit Analytics enables analysis of climate transition reference scenarios 
published by the Network for Greening the Financial System (NGFS). NGFS scenarios 
extend to 2050 and are loaded in the model. These scenarios cover temperature path-
[E]W�VERKMRK�JVSQ����q'�XS��q'��ERH�LEZI�SZIV������WIGXSV�WTIGMƼG�ERH�QEGVS�ZEVM-
ables, e.g., GDP. Credit risk can also be analysed under a global carbon tax scheme that 
is enacted over a three-year period (e.g., 2020–2022). Users also have the option to run 
customized scenarios. 

The key transition risk factors explored in the demo were technology and carbon pricing. 
The following NGFS transition scenarios were assessed:

 č Immediate 2°C with carbon dioxide removal (CDR) technologies 
 č -QQIHMEXI����q'�[MXL�PMQMXIH�'(6��0MQMXIH�'(6�WGIREVMSW�VIUYMVI�PEVKIV�VIHYGXMSRW�

in fossil fuel use as CDR technology cannot be relied on

3YXTYXW�ERH�MRWMKLXW
'PMQEXI�'VIHMX�%REP]XMGW�KIRIVEXIW�JYPP�WGIREVMS�EHNYWXIH�ƼRERGMEP�WXEXIQIRXW��-RGSQI�
Statement, Balance Sheet, Cash Flow Statement) at a counterparty level on an annual 
basis. The model also generates climate adjusted credit ratings and probabilities of 
default using an embedded rating model from S&P Global. Counterparty level outputs 
can then be aggregated at a portfolio level.

-QQIHMEXI��q'��[MXL�'(6
 č (MZIVWMƼIH�QMRIVW�EVI�I\TIGXIH�XS�QEMRXEMR�TVSƼXEFMPMX]�EW�PSWWIW�MR�GSEP�EVI�SJJWIX�F]�

growth in other minerals, e.g., energy transition and other minerals 
 č %W�XLI�HIQERH�JSV�XVERWMXMSR�QMRIVEPW�MRGVIEWIW��TVSƼXEFMPMX]�WLSYPH�KVS[�JSV�GSQTE-

nies with no coal production 
 č The average rating impact for the sample of counterparties was limited. This is 

attributed to nature of the companies included in the sample

-QQIHMEXI����q'��PMQMXIH�'(6
 č (MZIVWMƼIH�QMRIVW�EVI�I\TIGXIH�XS�QEMRXEMR�TVSƼXEFMPMX]�HYI�XS�KVS[XL�SJ�RSR�GSEP�
QMRIVEPW�TVSZMHIH�XLI]�LEZI�WYƾGMIRX�TVSƼX�QEVKMRW�

 č Margins expected to shrink for companies with no coal production as growth in 
volume of transition and other minerals is counteracted by increased unit costs of 
IQMWWMSRW�JSV�QMRMRK�XLIWI�QMRIVEPW��LS[IZIV�XLI]�WLSYPH�VIQEMR�TVSƼXEFPI�TVSZMHIH�
XLI]�LEZI�WYƾGMIRX�WXEVXMRK�QEVKMRW

 č The average rating impact for the sample of counterparties was limited. This is 
attributed to nature of the companies included in the sample
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The following illustrates how counterparty ratings can change under a transition 
WGIREVMS��2SXI�XLI�VIWYPXW�HITMGXIH�HS�RSX�VIƽIGX�HIQS�VIWYPXW�

(IQS�VIWYPXW�EVI�GSRWMWXIRX�[MXL�[LEX�[I�[SYPH�I\TIGX��REQIP]�XLEX�HMZIVWMƼIH�GSQTE-
nies are better positioned to navigate transition risk. The ratings impact is aligned with 
exploratory analysis that we have conducted internally on the same sample of coun-
terparties. Climate Credit Analytics outputs can inform discussions on transition risk 
implications. 

Climate Credit Analytics is user friendly and easy to navigate and results are generated 
UYMGOP]��-X�EYXSQEXMGEPP]�TSTYPEXIW�XLI�RIGIWWEV]�MRTYX�HEXE�JSV�EREP]WMW�[LMGL�WEZIW�
WMKRMƼGERX�XMQI�ERH�IJJSVX�MR�WSYVGMRK�HEXE��8LI�MRXIKVEXMSR�SJ�2+*7�ERH�GEVFSR�WGIREV-
ios in the model and the ability to customize scenario parameters further contributes to 
the ease of use. 
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4EVXMGMTERX�

(IWNEVHMRW�+VSYT
4VSZMHIV� 6MWO�X]TIW�GSZIVIH�F]�XSSP�
The Climate  
7IVZMGI��8'7


4L]WMGEP�ERH� 
XVERWMXMSR�VMWO

-RXVSHYGXMSR�
As part of the UNEP FI TCFD pilot programme, Desjardins selected The Climate Service 
(TCS) as one of its preferred potential suppliers to participate in a demo. The Climanom-
ics® platform of TCS provides screening-level climate risk analysis and enables users 
to identify physical and transition risks across their portfolio of real assets. Desjardins 
provided a sample of 50 real assets from different sectors (residential, industrial, and 
corporate) to upload into the platform and interpret results. The platform models abso-
PYXI�GPMQEXI�VMWO���1
�ERH�VIPEXMZI�GPMQEXI�VMWO��	
��VITSVXIH�EW�TIVGIRX�SJ�EWWIX�ZEPYI��
3ZIVEPP��XLI�WEQTPI�TVSZMHIH�F]�(IWNEVHMRW�JEGIW�XLI�LMKLIWX�TL]WMGEP�VMWO�JVSQ�ƽYZMEP�
ƽSSHMRK�ERH�XLI�LMKLIWX�XVERWMXMSR�VMWO�JVSQ�GEVFSR�TVMGMRK�MR�XLI�����W��MR�FSXL�6'4�����
ERH�����WGIREVMSW��8LMW�JEGX�VIQEMRW�XVYI�XS������[MXL�QSWX�TL]WMGEP�VMWOW�ERH�XVERWMXMSR�
risks increasing over time. At the asset level, most impacted assets are those with high 
emissions, as a result of carbon pricing over time in both scenarios. Renewable energy 
assets have the lowest total risk in both scenarios. The platform also offers a high- level 
EREP]WMW�SJ�XLI�STTSVXYRMXMIW�VIPEXIH�XS�GPMQEXI�GLERKI��LS[IZIV��SYV�JSGYW�JSV�XLMW�ƼVWX�
assessment was on climate risks. 

4VSGIWW�
8LI�'PMQERSQMGWo�TPEXJSVQ�MW�EGGIWWMFPI�F]�GVIEXMRK�E�YWIV�TVSƼPI�MR�climanomics.com. 
Once the user has logged into the platform, the user will be given an option to access the 
6IEP�%WWIXW�SV�XLI�0MWXIH�)UYMXMIW�TPEXJSVQ��3YV�HIQS�[EW�JSGYWIH�SR�XLI�6IEP�%WWIXW�
TPEXJSVQ��[MXL�HEXE�TVSZMHIH�MR�ER�)\GIP�ƼPI��WII�(EXE�ERH�GSZIVEKI�WIGXMSR
�ERH�8'7�
GSRHYGXMRK�XLI�YTPSEH��2SXI�XLEX�VIKYPEV�YWIVW�GER�HMVIGXP]�YTPSEH�HEXE�XLVSYKL�ƼPIW�SV�
an Application Programming Interface (API). 

Once the user has entered the platform, a view of the aggregated portfolio risk is seen 
with the option to drill down to the asset level. All assets have been geolocated and 
are visible on a map. Risk factors analyzed are listed to the left of the screen with the 
calculated absolute risk and relative risk, with toggles to provide values for both RCP 4.5 
ERH�����EX�HIGEHEP�MRXIVZEPW��JVSQ�����W�XS�����W
��8LI�VIPEXMZI�VMWO�MW�WLS[R�MR�KVIIR�MJ�
MX�MW�FIPS[���	�VMWO��]IPPS[�MJ�MX�MW�FIX[IIR���	�ERH���	�ERH�MR�VIH�MJ�MX�MW�EFSZI���	�XS�
JEGMPMXEXI�QEXIVMEPMX]�EREP]WMW��8LI�VERKIW�JSV�XLMW�GSPSYV�GSHMRK�GER�FI�QSHMƼIH�YTSR�
VIUYIWX�XS�XLI�8'7�XIEQ��
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For a given asset, a deeper analysis is provided for each risk, with a chart showing the 
evolution of the hazard (e.g. temperature increase per decade compared to baseline) 
and the associated impact function (e.g. production loss per additional degree of daily 
max temp). The user has the option to navigate from the risk tab to the opportunities 
XEF�[LMGL�LEW�E�ZIV]�WMQMPEV�JSVQEX��8LI�TPEXJSVQ�EPWS�LEW�E�UYMGO�EGGIWW�XS�XLI�QIXL-
odology document. 

Our main challenge with the platform during this demo is external to TCS and completely 
related to our institution’s strict IT security processes. While we were able to create 
E�TVSƼPI�MR�XLI�'PMQERSQMGWo�TPEXJSVQ�[IFWMXI��[I�[IVI�RSX�EFPI�XS�EGGIWW�XLI�VIEP�
assets platform for several weeks. This issue is completely external to TCS but other 
ƼRERGMEP�MRWXMXYXMSRW�[MXL�WXVMGX�WIGYVMX]�TVSGIWWIW�QE]�JEGI�WMQMPEV�MWWYIW�[LIR�IRKEK-
ing potential suppliers of climate risk tools. Even though the data provided for this demo 
LEH�EPVIEH]�FIIR�EWWIWWIH�EW�RSRGSRƼHIRXMEP��EGGIWWMRK�XLI�TPEXJSVQ�JVSQ�(IWNEVHMRWƅW�
IRZMVSRQIRX�VIUYMVIH�E�XLSVSYKL�-8�WIGYVMX]�EREP]WMW��8LI�8'7�XIEQ�[EW�ZIV]�WYTTSVXMZI�
HYVMRK�XLMW�TVSGIWW��ERH�XLI]�IZIR�HIZIPSTIH�E�ƼRHMRKW�HSGYQIRX�XLEX�IREFPIH�YW�XS�
visualize and better understand the results. 

(EXE�ERH�GSZIVEKI�
To conduct this analysis, Desjardins provided a list of 50 portfolio assets, along with 
name, value in USD millions, reported/estimated GHG emissions, and location (address 
or latitude and longitude). All asset data was provided by Desjardins (this included inter-
nal data and data collected from data suppliers and desktop research.) No additional 
HEXE�[EW�VIUYMVIH�XS�GSRHYGX�XLI�TL]WMGEP�ERH�XVERWMXMSR�VMWO�EREP]WMW�[MXL�XLI�'PMQE-
nomics® platform software platform. 

-R�XIVQW�SJ�TSVXJSPMS�GSZIVEKI��(IWNEVHMRW�LEW�97�����FMPPMSR�MR�XSXEP�EWWIXW�ERH�SYV�
PMWX�SJ����EWWIXW�YWIH�MR�XLMW�HIQS�VITVIWIRXW�PIWW�XLER��	�SJ�SYV�MRZIWXQIRXW�SV�PSER�
books. Our sample included assets primarily in Canada but also in the United States, 
)YVSTI��%YWXVEPME�ERH�%WME��WII�ƼKYVI�FIPS[
�[MXL�E�ZEVMIX]�SJ�WIGXSVW�VITVIWIRXIH�MRGPYH-
ing, agriculture, renewable energy, fossil fuels, manufacturing, retail, corporate and resi-
dential real estate. 
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*MKYVI����0SGEXMSRW�SJ�XLI����VIEP�EWWIXW�EREP]^IH�MR�XLMW�HIQS�[MXL�GSPSV�GSHMRK�
VITVIWIRXMRK�VIPEXMZI�GPMQEXI�VMWO�

6MWO�JEGXSVW�ERH�WGIREVMSW 
The Climanomics® platform conducts physical and transition risk hazard modelling. The 
risk hazards included in the assessment are shown in the table below: 

8EFPI����4L]WMGEP�ERH�8VERWMXMSR�LE^EVHW�MR�XLI�'PMQERSQMGWo�TPEXJSVQ

4L]WMGEP�LE^EVHW� 8VERWMXMSR�LE^EVHW�

Temperature Carbon pricing 

Drought Litigation 

;MPHƼVI� Reputational damage 

'SEWXEP�ƽSSHMRK� New technology 

*PYZMEP�FEWMR�ƽSSHMRK� Markets 

Tropical cyclones  

Water stress  

The platform currently reports risks for 10-year increments and the user can view the 
QSHIPPIH�EZIVEKI�ERRYEP� PSWW� �1%%0
�� XLEX� MW� XLI�WYQ�SJ�I\TIGXIH�ƼRERGMEP� PSWWIW�
resulting from climate change for the designated period by selecting the desired decade 
MR�XLI�HVST�HS[R�QIRY��WII�ƼKYVI�FIPS[
��%�HVSTHS[R�QIRY�MW�EZEMPEFPI�XS�WIPIGX�XLI�
HIWMVIH�6'4�WGIREVMS������SV����
��8LI�VIWYPXMRK�1%%0�MR�EFWSPYXI�ERH�TIVGIRXEKI�XIVQW�
will be shown per risk, with aggregated values for physical and transition risks overall. 
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*MKYVI����'PMQERSQMGWo�HEWLFSEVH�ZMI[�ERH�QSHIPIH�EZIVEKI�ERRYEP�PSWW�FVIEOHS[R�

The Climanomics® platform includes scenarios based on the Representative Concen-
tration Pathways (RCPs) from the International Panel on Climate Change (IPCC). Two 
WGIREVMSW�EVI�GYVVIRXP]�MRGPYHIH�MR�XLI�TPEXJSVQ��6'4�����ERH������SXLIV�WGIREVMSW��6'4�
����ERH�6'4����
�EVI�GYVVIRXP]�FIMRK�MRXIKVEXIH�XS�XLI�TPEXJSVQ�ERH�EVI�WGLIHYPIH�XS�
be available by the end of September 2021. According to the Climanomics® platform 
QIXLSHSPSK]�HSGYQIRX��XLI�6'4�����WGIREVMS�GSRWXMXYXIW�XLI�LMKL�IQMWWMSRW�WGIREVMS�
with an assumption that no major global efforts are made to limit emissions resulting in 
a global mean surface temperature that will be in the range of 4.2 to 5.4°C. On the other 
hand, the RCP 4.5 constitutes the lower emissions scenario by implying coordinated 
action to limit emissions and achieve a global temperature warming limit of about 2°C; 
the estimated mean surface temperature used for this scenario is 1.7 to 3.2°C. 

Shared Socioeconomic Pathways (SSP) are integrated in the platform to model carbon 
TVMGMRK��*SV�XLI�6'4�����WGIREVMS��XLI�'PMQERSQMGWo�TPEXJSVQ�YWIW�WGIREVMS�774������
SSP3 scenarios assume high challenges to both adaptation and mitigation at different 
degrees. The price is available at the regional level, for 5 regions: OECD, REF, ASIA, MAF 
and LAM.14�8LI�774�����WGIREVMS�WLS[W�GEVFSR�TVMGIW�WXEVXMRK�EX����XSRRI�'32e in 
�����ERH�MRGVIEWMRK�XS�����XSRRI�'32e by 2100. On the other hand, for the RCP4.5 
WGIREVMS��XLI�'PMQERSQMGWo�TPEXJSVQ�YWIW�WGIREVMS�774�����[MXL�TVMGIW�WXEVXMRK�EX����
tonne CO2I�MR������ERH�MRGVIEWMRK�XS������XSRRI�'32e by 2100. Among other sources, 

14 Organisation for Economic Co-operation and Development and EU member states and candidates (OECD), 
Reforming Economies of Eastern Europe (REF), Asian countries with the exception of the Middle East, Japan 
and Former Soviet Union states (ASIA), Middle East and Africa (MAF) and Latin America and the Caribbean 
(LAM) 
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these scenarios are available at the SSP Database from the International Institute for 
Applied Systems Analysis (IIASA). The platform calculates carbon pricing risk for each 
asset depending on their location and the GHG emissions data entered. 

3YXTYXW�ERH�MRWMKLXW�
The Climanomics® platform generates an aggregated portfolio result and an asset-level 
result. Overall, the highest physical risks faced by Desjardins based on the sample data 
TVSZMHIH�MW�ƽYZMEP�ƽSSHMRK�ERH�XLI�LMKLIWX�XVERWMXMSR�VMWO�MW�GEVFSR�TVMGMRK��&SXL�XST�VMWOW�
increase over time at different degrees for both RCP scenarios. The high-level results 
from the asset sample uploaded for this demo can be found in the table below for the 
2030s 10-year window. 

Priority 6'4�����ƈ,MKL�IQMWWMSRWƉ� 6'4�����ƈ0S[�IQMWWMSRWƉ�

8ST�  č The highest physical risk overall is faced 
JVSQ�ƽYZMEP�ƽSSHMRK�ERH�XLI�LMKLIWX�XVER-
sition risk is faced from carbon pricing in 
the 2030s. 

 č 8[S�REXYVEP�KEW�ƼVIH�TS[IV�TPERXW�JEGI�
the highest total risk in the 2030s. 

 č The highest physical risk overall is 
JEGIH�JVSQ�ƽYZMEP�ƽSSHMRK�ERH�XLI�LMKL-
est transition risk is faced from carbon 
pricing in the 2030s. 

 č 8[S�REXYVEP�KEW�ƼVIH�TS[IV�TPERXW�JEGI�
the highest total risk in the 2030s. 

1IHMYQ�  č Drought poses the second highest 
physical risk, while Technology poses 
the second highest transition risk in the 
2030s 

 č Drought poses the second highest 
physical risk, while Technology poses 
the second highest transition risk in the 
2030s. 

0S[�  č Wind farm 1 has the lowest total risk in 
the 2030s. 

 č Wind farm 2 has the lowest total risk in 
the 2030s. 

*MKYVI����6MWO�MR�����W�6'4������PIJX
�ERH�6'4������VMKLX


-R�������XLI�6'4�����WGIREVMS�WLS[W�E�WPMKLXP]�LMKLIV�SZIVEPP�VMWO�XLER�6'4�����TVMQEVMP]�
FIGEYWI�SJ�LMKLIV�TL]WMGEP�VMWO�[MXL�1%%0�EX�������Q�����	
�GSQTEVIH�XS������������	
��
3R�XLI�SXLIV�LERH��XLI�6'4�����WGIREVMS�WLS[W�E�WPMKLXP]�PS[IV�XVERWMXMSR�VMWO�XLER�6'4�
����[MXL�������Q�����	
�GSQTEVIH�XS�������Q�����	
��XLMW�HMJJIVIRGI�MW�HYI�XS�LMKLIV�
carbon pricing projected in RCP 4.5, despite slightly higher reputation and litigation risk 
JSV�(IWNEVHMRW�MR�XLMW�HIGEHI�[MXL�6'4������8LMW�XVIRH�GSRXMRYIW�XS�XLI�����W��[MXL�TL]W-
MGEP�VMWOW�FIMRK�LMKLIV�MR�6'4�����ERH�XVERWMXMSR�VMWOW�LMKLIV�MR�6'4������%W�WLS[R�MR�XLI�
ƼKYVI�FIPS[��XLI�MRGVIQIRXEP�VMWO�SJ�GEVFSR�TVMGMRK�MR�6'4�����WYVTEWWIW�XLI�VMWO�SJ�TL]W-
MGEP�VMWOW�MR�6'4������VIWYPXMRK�MR�ER��	�1%%0�GSQTEVIH�XS�E����	�MR�XLI�����W��
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*MKYVI����6MWO�MR�����W�EX�6'4������PIJX
�ERH�6'4������VMKLX


The results of this demo and the lessons learned are aligned with our current climate 
change risks analysis perspectives. We are using this experience to learn about the 
QIXLSHSPSKMIW�EZEMPEFPI�ERH�HIGMHI�LS[�XS�FIWX�GSRHYGX�XLMW�X]TI�SJ�UYERXMXEXMZI�EREP-
ysis for different sets of assets, faster and at a larger scale than our capabilities allow. 
The outputs generated by the Climanomics® platform and other similar platforms might 
MRJSVQ�HIGMWMSR�QEOMRK�JSV�PSRKIV�XIVQ�MRZIWXQIRXW�ERH�ƼRERGMRK�MR�QYPXMTPI�WIGXSVW��
The results further validate our net-zero strategy and the need to expand our nascent 
climate change adaptation analysis. We will also showcase internally a comparative 
view of carbon-intensive assets versus ones with low emissions to continue to build 
E[EVIRIWW�SR� XVERWMXMSR� VMWO��%W�TEVX�SJ�SYV�GPMQEXI�EGXMSR�TPER��[I�LEZI� MHIRXMƼIH�
carbon intensive sectors for which we are engaging with our clients to support their tran-
sition to low carbon scenarios. The outcomes and ease of use of this tool can support 
HMWGYWWMSRW�[MXL�GPMIRXW�MR�XLIWI�WIGXSVW�[LS�LEZI�RSX�EPVIEH]�UYERXMƼIH�XLIMV�TSXIRXMEP�
transition risk. 

%WWIX�PIZIP�SYXPSSO�JSV�E�HEMV]�JEVQ�ERH�E�WSPEV�JEVQ�MR�XLI�����W
Dairy Farm:Dairy Farm:  Located about 1.5 hours northeast from Located about 1.5 hours northeast from 
Montreal at an elevation 110 meters and close to a river, Montreal at an elevation 110 meters and close to a river, 
the dairy farm will face a modeled average annual loss the dairy farm will face a modeled average annual loss 
(MAAL) of 6.7% to 8.5%, for RCP 4.5 and RCP 8.5, respec-(MAAL) of 6.7% to 8.5%, for RCP 4.5 and RCP 8.5, respec-
tively. The highest risks faced are from temperature tively. The highest risks faced are from temperature 
I\XVIQIW��JSPPS[IH�XS�E�PIWWIV�HIKVII�F]�ƽYZMEP�ƽSSHMRK�I\XVIQIW��JSPPS[IH�XS�E�PIWWIV�HIKVII�F]�ƽYZMEP�ƽSSHMRK�
and drought at both the RCP 4.5 and RCP 8.5 scenarios. and drought at both the RCP 4.5 and RCP 8.5 scenarios. 
The largest difference among the two is temperature The largest difference among the two is temperature 
extremes representing a 5.7% MAAL in RCP 8.5 and 3.9% extremes representing a 5.7% MAAL in RCP 8.5 and 3.9% 
MAAL in RCP 4.5. Regarding transition risks, at this point, MAAL in RCP 4.5. Regarding transition risks, at this point, 
with the emissions estimated for the farm, there are no with the emissions estimated for the farm, there are no 
WMKRMƼGERX�VMWOW��,S[IZIV��MJ�EGXYEP�IQMWWMSRW�EVI�LMKLIV�WMKRMƼGERX�VMWOW��,S[IZIV��MJ�EGXYEP�IQMWWMSRW�EVI�LMKLIV�
than estimated, or if carbon prices are higher, transition than estimated, or if carbon prices are higher, transition 
VMWOW�QE]�FIGSQI�WMKRMƼGERX��VMWOW�QE]�FIGSQI�WMKRMƼGERX��

Solar Farm:Solar Farm:  Located between the cities of Toronto and Located between the cities of Toronto and 
Montreal at an elevation of 140 meters, this solar farm Montreal at an elevation of 140 meters, this solar farm 
will face a MAAL of 0.6% to 1.8% for RCP 4.5 and RCP 8.5, will face a MAAL of 0.6% to 1.8% for RCP 4.5 and RCP 8.5, 
VIWTIGXMZIP]��1SWX�SJ�XLI�VMWO�JEGIH�[MPP�FI�JVSQ�ƽYZMEP�VIWTIGXMZIP]��1SWX�SJ�XLI�VMWO�JEGIH�[MPP�FI�JVSQ�ƽYZMEP�
ƽSSHMRK�MR�FSXL�6'4�����ERH�6'4�����WGIREVMSW��8VERWM-ƽSSHMRK�MR�FSXL�6'4�����ERH�6'4�����WGIREVMSW��8VERWM-
tion risks are very close to zero, primarily because esti-tion risks are very close to zero, primarily because esti-
mated emissions are zero. Overall, and when compared mated emissions are zero. Overall, and when compared 
with other assets, the solar farm faces very low risk. To with other assets, the solar farm faces very low risk. To 
put things into perspective, for the same time period, a put things into perspective, for the same time period, a 
REXYVEP�KEW�ƼVIH�TS[IV�TPERX� MR�'EREHE� MR�SYV�WEQTPI�REXYVEP�KEW�ƼVIH�TS[IV�TPERX� MR�'EREHE� MR�SYV�WEQTPI�
asset list will face a MAAL of 32.2% and 64.6% for RCP asset list will face a MAAL of 32.2% and 64.6% for RCP 
8.5 and RCP 4.5, respectively. This very high risk is almost 8.5 and RCP 4.5, respectively. This very high risk is almost 
entirely dependent on the high amount of emissions entirely dependent on the high amount of emissions 
generated by the asset and the projected carbon pricing.generated by the asset and the projected carbon pricing.
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7YKKIWXIH�IRLERGIQIRXW�JSV�TVSZMHIVW�
The demo was effective at demonstrating the climate risk analysis capabilities of the 
Climanomics® platform for several asset types. The tool is easy to understand, and the 
methodology document and overview provided were very helpful. The data entry func-
tion is user-friendly as well as the navigation throughout the platform. For physical risks, 
the methodology is perceived as robust by our team with a good coverage of hazards. 
The two RCP scenarios included are good options to test assumptions. Transition risk 
analysis is more complicated to conduct and utilize as there are multiple variables to 
GSRWMHIV�ERH�WGIREVMS�HEXE�MW�PMQMXIH��3YX�SJ�XLI�ƼZI�LE^EVHW��GEVFSR�TVMGMRK�MW�XLI�SRP]�
hazard linked to a shared data scenario (SSP3) with a key limitation being that SSPs 
are done at the regional level, as explained above in Risk factors and scenarios. Upon 
HMWGYWWMSR�[MXL�XLI�8'7�XIEQ��[I�[IVI�MRJSVQIH�XLEX�GEVFSR�TVMGMRK�GER�FI�QSHMƼIH�XS�
MRGPYHI�QSVI�KVERYPEV�TVSNIGXMSRW�JSV�[LMGL�HEXE�MW�EZEMPEFPI��YTSR�VIUYIWX�JVSQ�XLI�YWIV��
It would certainly be an enhancement for this and other platforms to provide carbon pric-
ing projections at the national/sub-national level. The other transition hazards, including 
litigation, reputational damage, new technology and markets are calculated with a high-
PIZIP�ETTVSEGL�XLEX�[MPP�FI�VIƼRIH�EW�HEXE�ERH�KVERYPEV�ETTVSEGLIW�FIGSQI�EZEMPEFPI��
Automating a granular transition risk analysis seems to be a key challenge for this type 
of tools currently and in the near future. 

3ZIVEPP��(IWNEVHMRW�[EW�WEXMWƼIH�[MXL�XLI�'PMQERSQMGWo�TPEXJSVQ�ERH�XLI�8'7�XIEQ��
Since this is an evolving science, we will continuously explore the methodologies and 
data used to improve the accuracy of the projections. 

Lastly, we have developed a wish list of enhancements that could be good additions to 
the Climanomics® platform or to other similar climate risk analysis platforms: 

 č A variable to incorporate remaining asset life (years) per asset or update the projected 
portfolio every 10–20 years 

 č A variable to incorporate projected emissions reduction per asset or asset type 
 č A variable to incorporate planned adaptation measures impacting the vulnerability per 

asset or asset type 
 č A benchmarking view on how the risk level is distributed for similar assets modelled 
�I�K��VMWO�GYVZI��SV�\	�SJ�WMQMPEV�EWWIXW�MR�XLI�WEQI�VIKMSR�SV�[SVPH[MHI�QSVI�PIWW�
exposed). This benchmarking capability is in development by TCS. 

 č Heatmaps to indicate where some risks (physical and transition) are higher for each 
asset type. This capability is in development by TCS. 

 č Guidance and practical examples on how to best incorporate results into existing risk 
EREP]WMW�QSHIPW�MR�XLI�ƼRERGMEP�WIGXSV�

 č %�UYEPMXEXMZI�HIWGVMTXMSR�I\TPEMRMRK�XLI�VIWYPXMRK�1%%0�TIV�LE^EVH�EX�XLI�EWWIX�PIZIP��
*SV�MRWXERGI��ER�EYXSQEXMG�XI\X�FS\�XLEX�GSYPH�ERW[IV�XLI�UYIWXMSR�ƈ[L]�MW�XLMW�TEVXMG-
YPEV�JEVQ�QSVI�I\TSWIH�XS�ƽSSHMRK�ERH�HVSYKLX�XLER�XLMW�SXLIV�JEVQƉ#�
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4EVXMGMTERX�

8(�%WWIX�1EREKIQIRX
4VSZMHIV� 6MWO�X]TIW�GSZIVIH�F]�XSSP�
The Climate  
7IVZMGI��8'7


4L]WMGEP�VMWO

-RXVSHYGXMSR
TD Asset Management Inc. (TDAM, a wholly-owned subsidiary of The Toronto-Dominion 
Bank) considers climate change a systemic risk affecting economies, companies, and 
investors. Our approach to climate change is aligned with our overall philosophy of inte-
grating all sources of risk and return in our investment processes.

%W�ER�MRZIWXQIRX�QEREKIV�SJ�HMZIVWMƼIH�EWWIX�GPEWWIW��[I�GSRWMHIV�GPMQEXI�GLERKI�EW�
ER�MQTSVXERX�EVIE�SJ�VIWIEVGL�XS�JYPƼPP�SYV�ƼHYGMEV]�VIWTSRWMFMPMX]�SR�FILEPJ�SJ�SYV�GPMIRXW��
We actively engage with companies as well as our partners, and leverage our asset 
ownership positions to encourage improvements in company disclosures on climate-re-
lated risks and opportunities facing their businesses. In addition, we participate in 
numerous industry collaborations including Climate Action 100+, Carbon Disclosure 
4VSNIGX��ERH�XLI�92)4�*-�8'*(�MRZIWXSV�TMPSXW��[MXL�XLI�ƼVWX�X[S�JYVXLIVMRK�SYV�GSQTER]�
engagement efforts, and the latter developing a better understanding of climate-related 
investment risks. Our approach continues to evolve to help position our portfolios to 
capitalize on investment opportunities arising from an accelerated transition to a low 
carbon economy and manage undue climate-related physical and transition risks.

%FSYX�8(%1ƅW�+PSFEP�6IEP�)WXEXI�7XVEXIK]
TDAM’s Global Real Estate Strategy was seeded in 2019. The strategy is invested 
MR�SZIV�����TVSTIVXMIW�MR������GMXMIW�XLVSYKLSYX�XLI�9RMXIH�7XEXIW��)YVSTI��ERH�
XLI�%WME�4EGMƼG��8LMW�TVSZMHIW�FVSEH�HMZIVWMƼGEXMSR�KPSFEPP]�F]�VIKMSRW��TVSTIVX]�
type, and risk strategy (core, value-add and opportunistic). The strategy focuses on 
HIZIPSTIH�QIXVSTSPMXER�EVIEW�ERH�YVFER��XVERWMX�PMROIH��SƾGI��QYPXM�YRMX�VIWMHIR-
tial, retail, and logistics/distribution-oriented industrial assets. The comprehensive 
HMZIVWMƼIH�I\TSWYVI�SJ�E�KPSFEP�RSR�PMWXIH�VIEP�IWXEXI�TSVXJSPMS�GER�EHH�WMKRMƼGERX�
HMZIVWMƼGEXMSR�FIRIƼXW�XS�QYPXM�EWWIX�GPEWW�TSVXJSPMSW�

These risks and opportunities are present within all our portfolios, but are especially 
notable within non-listed real estate investments. Physical buildings play an integral 
role in climate change since properties not only contribute to, but are impacted by, their 
environment and their communities. However, the commercial real estate industry is at 
XLI�FIKMRRMRK�SJ�MXW�NSYVRI]�XS�QIEWYVI�ERH�EHETX�XS�XLI�JYPP�ƼRERGMEP�ERH�STIVEXMSREP�
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impacts of climate change. Governments and tenants, increasingly concerned about 
physical property’s contributions to climate change, are likely to mandate changes. And 
these changes are happening concurrently with an increase in the acute and chronic 
physical risks that threaten buildings. As a result, building owners are likely to be 
presented with additional costs, risks, and opportunities. 

Part and parcel of deeply understanding risks residing in the portfolios we manage, we 
ƼVWX�WIIO�XS�YRHIVWXERH�XLI�XSSPW�ERH�QIXLSHSPSKMIW�EZEMPEFPI��ERH�XLIR�MRGVIEWI�E[EVI-
ness around the strengths and potential gaps in such evaluations. As part of our efforts, 
members of TDAM’s Investment Risk team participated in the UNEP FI Landscape 
Review module to gain insight into climate-related physical asset risks for a portion 
of our Global Real Estate Fund. We were paired with The Climate Service (TCS), who 
TVSZMHIH�ER�IWXMQEXI�SJ�XLI�ƼRERGMEP�MQTEGXW�SJ�XLI�TL]WMGEP�VMWOW�HYI�XS�GPMQEXI�GLERKI�
JSV�E�WEQTPI�SJ�EWWIXW�JVSQ�XLI�JYRHƅW�RSR�PMWXIH�MRHMVIGX�%WME�4EGMƼG�6IEP�)WXEXI�MRZIWX-
ments. Risk was estimated as an annual loss, for each decade from the 2020s to the 
2090s, across two climate scenarios.

3ZIVEPP��XLI�VIWYPXW�SJ�XLI�EREP]WMW�[IVI�MRWMKLXJYP�ERH�IREFPIH�XLI�REQMRK�ERH�UYER-
XMƼGEXMSR�SJ�ZYPRIVEFMPMXMIW�EX� XLI�EWWIX��QIXVS��ERH� VIKMSR� PIZIP��IRGSYVEKMRK� JYVXLIV�
PSGEPI�WTIGMƼG�VIWIEVGL�ERH�GSRZIVWEXMSRW�[MXL�SYV�MRZIWXQIRX�XIEQW�ERH�JYRH�QEREK-
ers. The trial also highlighted a handful of potential improvements which could enhance 
the accuracy and applicability of the results.

4VSGIWW�3ZIVZMI[
%JXIV�FIMRK�TEMVIH�[MXL�8'7��[I�QIX�[MXL�XLIQ�XS�VIZMI[�WGSTI�ERH�HEXE�VIUYMVIQIRXW��ERH�
WYFWIUYIRXP]�TSTYPEXIH�ER�I\GIP�FEWIH�XIQTPEXI�[MXL�MRXIVREPP]�WSYVGIH�EWWIX�HEXE��%JXIV�
some processing time, we were provided logins to their web-based platform (Climanom-
ics®) and met with TCS to review the results. We performed an exploration of the results 
within their platform as well as loaded the raw data into an internal database, performing 
SYV�S[R�TSVXJSPMS�PIZIP�EREP]WMW��;I�XLIR�VITSVXIH�SYV�ƼRHMRKW�XS�MRXIVREP�WXEOILSPHIVW�

(EXE�ERH�'SZIVEKI
8'7�VIUYIWXIH�QEVOIX�ZEPYI��IQMWWMSRW��TVSTIVX]�X]TI��ERH�PSGEXMSR�MRJSVQEXMSR�JSV�IEGL�
asset participating in the trial. For location, we submitted latitude and longitude, but they 
would have also accepted a street address, from which a latitude and longitude could 
FI�HIVMZIH��)PIZEXMSR�[EW�EPWS�E�VIUYMVIH�MRTYX�ERH�[EW�GEPGYPEXIH�EYXSQEXMGEPP]�F]�XLI�
Climanomics® platform.

We were able to source all data internally, except for emissions data. For emissions data, 
we sourced it from the GRESB platform, within which some of our managers make infor-
mation available to us as investors. However, mapping the data from GRESB to internal 
HEXE�[EW�ER�EVHYSYW�TVSGIWW��4VSTIVX]�X]TIW�EPWS�VIUYMVIH�XVERWPEXMSR�JVSQ�MRXIVREP�
types to TCS sub-types.
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The number of assets we could include in the trial was limited. Because of this, we 
REVVS[IH�SYV�JSGYW�XS�XLI�%WME�4EGMƼG�VIKMSR�SJ�SYV�+PSFEP�6IEP�)WXEXI�*YRH��;MXLMR�
that region we selected 75 assets from the 200+ available. They spanned the industrial, 
SƾGI��LSXIP��QYPXM�YRMX�VIWMHIRXMEP��ERH�VIXEMP�TVSTIVX]�X]TIW��-R�SVHIV�XS�EGLMIZI�GSZIVEKI�
across metros and property types, we selected at least one asset per metro and type. In 
the event there were multiple that met these criteria, we selected based on value and/or if 
there was something else of interest, like having high intensity greenhouse gas emissions, 
being close to sea level, or having a large weight in the region. This selection method 
IREFPIH�YW�XS�EGLMIZI����	�GSZIVEKI�SR����SYX�SJ�XLI����%WME�4EGMƼG�QIXVSW�XS�[LMGL�
SYV�JYRH�MW�I\TSWIH��ERH�SZIV���	�SJ�XLI�ZEPYI�SJ�XLI�%WME�4EGMƼG�VIKMSR�SJ�XLI�TSVXJSPMS�

6MWOW�JEGXSVW�ERH�WGIREVMSW�
At a high-level, TCS covered global transition risks, physical risks, and opportunities for 
physical assets such as real estate, energy and power generation infrastructure, trans-
TSVXEXMSR��ERH�EKVMGYPXYVI��1SVI�WTIGMƼGEPP]��XLI�VMWOW�ERH�STTSVXYRMXMIW�GSZIVIH�MRGPYHIH�

 č Physical risks:�I\XVIQI�XIQTIVEXYVI��HVSYKLX��[MPHƼVI��[EXIV�WXVIWW��GSEWXEP�ƽSSHMRK��
ƽYZMEP�FEWMR�ƽSSHMRK��ERH�XVSTMGEP�G]GPSRIW

 č Transition risks: carbon pricing, litigation, reputational damage, new technology, and 
markets

 č Opportunities:�VIWSYVGI�IƾGMIRG]��IRIVK]�WSYVGI��TVSHYGXW�ERH�WIVZMGIW��QEVOIXW�
and resilience

We opted to focus exclusively on physical risks since we were participating in a parallel 
UNEP FI module focused on transition risks.

At the time of the trial, TCS supported two Intergovernmental Panel on Climate Change 
�-4''
�6ITVIWIRXEXMZI�'SRGIRXVEXMSR�4EXL[E]W��6'4
�WGIREVMSW��6'4�����ƈ,MKL�)QMW-
WMSRWƉ�ERH�6'4�����ƈ0S[�)QMWWMSRWƉ��8LI�6'4�����WGIREVMS�EWWYQIW�XLEX�XLIVI�[MPP�FI�RS�
major global effort to limit greenhouse gas emissions and the RCP 4.5 scenario implies 
a coordinated action to limit greenhouse gas emissions such that global warming is 
limited to approximately 2°C. TCS plans to add two additional climate scenarios, RCP 
����ERH�6'4������F]�XLI�IRH�SJ�7ITXIQFIV������

3YXTYXW�ERH�MRWMKLXW
The principal output of TCS’s platform was Modeled Average Annual Loss, represented in 
X[S�JSVQW��E�UYERXMXEXMZI�HSPPEV�EQSYRX��MR�QMPPMSRW��97(
�ERH�ER�ERRYEP�PSWW�TVIWIRXIH�
as a percent of total asset value. Both measures were estimated for each decade, up-to 
ERH�MRGPYHMRK�XLI�����W��JSV�FSXL�XLI�6'4�����ERH�6'4�����WGIREVMSW��:EPYIW�[IVI�EZEMP-
able via the web-based Climanomics® platform as well as a machine-readable format.

Internal analysis of the results revealed multiple insights. First, at an aggregate level, the 
TVMQEV]�GSRXVMFYXSVW�XS�TL]WMGEP�VMWO�[MXLMR�XLI�EWWIXW�[IVI�GSEWXEP�ERH�VMZIVMRI�ƽSSHMRK��
EW�GER�FI�WIIR�MR�*MKYVI����'SQFMRIH��XLIWI�X[S�VMWOW�GSQTVMWIH���	�SJ�EPP�TL]WMGEP�VMWOW��
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*MKYVI����%PP�XMQI�GYQYPEXMZI�TL]WMGEP�VMWOW�JSV�EPP�XVMEP�EWWIXW��6'4����

7SYVGI�8(%1��8'7

Second, by classifying the assets by their cumulative risks, we observed that there were 
WMKRMƼGERX�TL]WMGEP�VMWO�I\TSWYVIW�EW�IEVP]�EW�XLI�GYVVIRX�HIGEHI��8LMW�MW�VIEHMP]�ETTEV-
IRX�MR�XLI�EWWIXWƅ�TL]WMGEP�VMWO�ƈƼRKIVTVMRXWƉ�WIIR�MR�*MKYVI����-R�XLIWI�PS[�VIWSPYXMSR�
plots, time is along the horizontal axis and percentage risk is represented on the vertical 
axis. The Present Risk (High) class sees exposures commencing in the current decade 
whereas in the Future Risk (Medium) class, they commence mid-century. The majority 
SJ�XLI�EWWIXW�[IVI�GPEWWMƼIH�EW�0S[�6MWO�[LIVI�XLI�TL]WMGEP�VMWOW�EVI�PS[�XLVSYKLSYX�
the century.

*MKYVI����7EQTPI�SJ�XVMEP�EWWIX�TL]WMGEP�VMWO�ƼRKIVTVMRXW��F]�VMWO�GPEWW��6'4����

7SYVGI�8(%1��8'7

The third insight we gained was with respect to location. By aggregating the individual 
assets’ risks by metro, we were able to see which metropolitan areas were the most 
ZYPRIVEFPIƂWTIGMƼGEPP]��7ISYP��8SO]S�ERH�3WEOE��EW�WLS[R�FIPS[�MR�*MKYVI����
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*MKYVI����1IXVSTSPMXER�EVIE�GSRXVMFYXMSR�XS�VMWO�MR�%WME�4EGMƼG

7SYVGI�8(%1��8'7

&IMRK�TVIWIRXIH�[MXL�XLIWI�XLVII�MRWMKLXW�PIH�YW�XS�EWO�UYIWXMSRW�SJ��ERH�WIIO�EHHMXMSREP�
information about each metro:

 č What geographic and topological features were driving the risks in each metro? 
 č What adaptations measures are currently in place or being planned? 
 č %VI�PSGEP�KSZIVRQIRXW�EHETXMRK�XS�XLI�I\TIGXIH�MRGVIEWIW�MR�JVIUYIRG]�ERH�MRXIRWMX]�

of events? If so, how? 

7IIOMRK�ERW[IVW�XS�XLIWI�UYIWXMSRW�MW�MRWXVYGXMZI�MR�XLI�WIRWI�XLEX�MX�MW�XLIWI�JEGXSVW�XLEX�
ought to be considered in our investment decisions.

Lastly, we calculated a region-level risk measure. Because the trial was limited to only 
75 of 200+ assets in the region, it was necessary to extrapolate values for the portion 
of the portfolio that was not included in the trial. To accomplish this, we calculated the 
average risk for each metro and then applied that average to each out-of-trial asset 
before weighting the assets by their investment exposure. This method was not partic-
YPEVP]�WSTLMWXMGEXIH��FYX�MX�WIVZIH�EW�E�KSSH�IRSYKL�ƼVWX�SVHIV�ETTVS\MQEXMSR��,EZMRK�E�
region-level measure enabled us to contextualize its magnitude by contrasting it against 
the region’s cash dividend yield. This demonstrated that impacts due to climate change 
have the potential to be material to the fund’s long-run income return.

9WI�GEWIW
Within the investment decision making and management processes, information like 
that which TCS provided can be useful at two levels.

First, it can be useful at the asset level. Knowing how an asset is physically vulnerable 
focuses our attention by moving our understanding from the nebulous “physical risks” to 
XLI�WTIGMƼG��PMOI�ƈVMZIVMRI�ƽSSHMRKƉ��8LMW�ORS[PIHKI�YRHIVTMRW�TVSHYGXMZI�GSRZIVWEXMSRW�
EFSYX�EWWIX�WTIGMƼG�EHETXEXMSRW�ERH�VIWMPMIRGI�

7XMPP�EX�XLI�EWWIX�PIZIP��[I�WII�MX�EPWS�FIMRK�SJ�YXMPMX]�HYVMRK�HYI�HMPMKIRGI�[LIR�EGUYMVMRK�
ER�EWWIX��/RS[MRK�XLI�WTIGMƼG�VMWOW�QEOIW�MX�TSWWMFPI�XS�EX�PIEWX�WTIGYPEXI�EFSYX�XLI�



Landscape Review Paper 92
Case studies

costs of potential adaptation measures and what impact the costs of physical risks 
might have on a potential asset’s long-run investment returns. While the Modeled Aver-
age Annual Loss�GERRSX�FI�YWIH�HMVIGXP]�MR�E�HMWGSYRXIH�GEWL�ƽS[�TVSNIGXMSR�WMRGI�MX�
does not account for municipal/building adaptations or insurance, it provides at least a 
starting point from which we can perform sensitivity analysis. 

Second, information can be useful at a metropolitan level or “locale”. Commercial real 
estate assets are typically located in major metropolitan centers, which means that most 
assets within that locale are subject to similar physical risks, driven by the geography 
ERH�XSTSPSK]��*SV�I\EQTPI��FSXL�8SO]S�ERH�3WEOE�EVI�GSEWXEP��WMXYEXIH�SR�EPPYZMEP�ƽSSH-
TPEMRW��ERH�EVI�XLYW�IRHYVMRKP]�ZYPRIVEFPI�XS�GSEWXEP�ERH�VMZIVMRI�ƽSSHMRK��/RS[MRK�XLMW�
directs our focus on civic planning and governance issues related to local adaptations 
and resilience measures. 

Although we did not explore them, additional uses could include stress testing as well as 
meeting disclosure obligations. 

8SSP�%TTVSEGLEFMPMX]
TCS offered both a web-based platform as well as a Microsoft Excel data-download of 
all risk estimates for each asset, for each decade, and for each scenario. The website 
[EW�GPIEV��WMQTPI�XS�YWI��ERH�IREFPIH�FEWMG�EREP]WMW�ERH�MHIRXMƼGEXMSR�SJ�MRHMZMHYEP�EWWIX�
vulnerabilities. Information could be viewed at a variety of levels of detail, including at the 
asset or portfolio levels. If tags were provided with the data, they could be further viewed 
EPSRK�XLSWI�YWIV�HIƼRIH�HMQIRWMSRW��-R�EHHMXMSR��XLIMV�[IF�FEWIH�TPEXJSVQ�IQFIHW�
methodology details alongside the measures, which enabled interpretation of the results.

However, the amount of time we spent within the web platform was limited since we 
have internal analytics capabilities and gravitated towards performing our analysis using 
them. Importantly, TCS enabled this not only by contractually allowing it, but by provid-
ing a methodology document and then arranging to meet with us to review it within the 
context of their platform. Having this understanding made it possible for us to inde-
pendently validate how we were using their data by proving we could calculate aggre-
gate values as they appeared in their website.

Throughout the duration of the trial, TCS was notably transparent with respect to their 
modeling methodology. This transparency enabled us to tune and interpret the results 
SJ�XLI�QSHIPMRK�[MXL�KVIEXIV�YRHIVWXERHMRK�ERH�GSRƼHIRGI�

7YKKIWXIH�)RLERGIQIRXW
Over the course of the trial, a handful of potential enhancements within the platform 
emerged. We reviewed and discussed each of these with TCS. They acknowledged the 
limitations and indicated that improvements were either already in progress, or on their 
product roadmap:

1. 7YTTSVX�JSV�XLI�6'4�����WGIREVMS
With the policymakers around the world advancing commitments and changes neces-
WEV]�XS�QIIX�XLI�SFNIGXMZIW�SJ�XLI�4EVMW�%KVIIQIRX��MRWMKLXW�JVSQ�XLI�6'4�����WGIREVMS��
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which is a low physical risk/high transition risk scenario, would complement the other 
WGIREVMSW�EPVIEH]�WYTTSVXIH��8'7�TPERW�XS�MRGSVTSVEXI�X[S�EHHMXMSREP�WGIREVMSW��6'4�����
ERH�6'4������F]�XLI�IRH�SJ�7ITXIQFIV������

2. 8VSTMGEP�G]GPSRI�VMWO�MR�XLI�2SVXL[IWX�4EGMƼG�FEWMR
Although tropical cyclone risk was covered in the Atlantic Basin (eastern North and 
'IRXVEP�%QIVMGER�GSEWXW
��MX�[EW�RSX�]IX�GSZIVIH�MR�XLI�LMKLP]�EGXMZI�2SVXL[IWX�4EGMƼG�
basin (Japan, China, South Korea, Singapore, etc.) where our in-trial assets were located. 
8'7�TPERW�XS�I\XIRH�XLI�XVSTMGEP�G]GPSRI�QSHIP�XS�XLI�4EGMƼG�FEWMR�F]�XLI�IRH�SJ�7ITXIQ-
ber 2021.

3. *PEWL�ƽSSHMRK�VMWO
8'7�LEH�GSZIVEKI�JSV�FSXL�VMZIVMRI�ERH�GSEWXEP�ƽSSHMRK��FYX�RSX�JSV�ƽEWL��E�O�E��TPYZMEP�SV�
MRPERH
�ƽSSHMRK�HYI�XS�I\XVIQI�TVIGMTMXEXMSR��8LI�EWWIXW�[I�WYFQMXXIH�JSV�XLI�XVMEP�[IVI�
MR�XLI�%WME�4EGMƼG�VIKMSR�[LIVI�ƽEWL�ƽSSHMRK�MW�E�WYFWXERXMEP�VMWO�

4. ��OQ�XLVIWLSPH�JSV�GSEWXEP�ƽSSH�VMWO
%X� XLI� XMQI�SJ� XLI� XVMEP��8'7ƅW� GSEWXEP� ƽSSHMRK�QSHIP� LEH�E� ��OQ�GYX�SJJ� JVSQ� XLI�
coastline where any asset beyond that point was assigned a risk of zero. Some of the 
assets submitted for the trial were in Tokyo and Osaka. These are coastal metropolitan 
EVIEW�WMXYEXIH�SR�EPPYZMEP�ƽSSHTPEMRW��QIERMRK�QSWX�SJ�XLI�XIVVMXSV]�MW�RIEV��EX��SV�FIPS[�
sea-level. These factors combined to create some curious results, such as having two 
EWWIXW�EX�STTSWMXI�IRHW�SJ�XLI�WEQI�WXVIIX��SRI�[MXL�E�ZIV]�LMKL�GSEWXEP�ƽSSHMRK�VMWO��
ERH�XLI�SXLIV�[MXL�RS�GSEWXEP�ƽSSHMRK�VMWO�EX�EPPƂFIGEYWI�MX�[EW�NYWX�FI]SRH�XLI���OQ�
XLVIWLSPH��8'7�LEW�ER�IRLERGIH�GSEWXEP�ƽSSH�QSHIP�MR�HIZIPSTQIRX�[LMGL�[MPP�VIQSZI�
this limitation and be released later in 2021. 

5. 'SEWXEP�ERH�VMZIVMRI�ƽSSHMRK�VMWO�GIMPMRK
;MXLMR�8'7ƅW�QSHIP��FSXL�GSEWXEP�ERH�VMZIVMRI�ƽSSHMRK�VMWOW�EVI�QIEWYVIH�EW�XLI�TVSF-
EFMPMX]�XLEX�E���MR�����]IEV�ƽSSH�IZIRX�SGGYVW�[MXLMR�E�KMZIR�]IEV��,S[IZIV��XLI�QSHIP�
stops calculating additional impacts once the annual probability of such an event 
VIEGLIW����	��GIVXEMRX]
��8LEX�MW��XLI�VMWO�MQTEGXW�LEZI�E�GIMPMRK��EW�GER�FI�WIIR�MR�
Figure 5.
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*MKYVI����)\EQTPI�SJ�ƽSSHMRK�VMWO�GIMPMRK

7SYVGI�8(%1��8'7

6. 5YERXMƼGEXMSR�SJ�YRGIVXEMRX]
TCS’s primary measure, the Modeled Average Annual Loss, is currently only available as a 
point estimate. They have plans to make the distribution of potential outcomes available 
to end-users.

7. ƈ1MWWMRK�HEXEƉƂ[LIR�RS�HEXE�ZEPYI�MW�EZEMPEFPI
The data exported from the platform was in a standard format except for when a risk 
was not available for an asset. For example, in the case of tropical cyclones, which were 
not yet covered in the region of the trial assets, the risk was assigned a value of zero. 
This resulted in ambiguities where a value of zero could be due to the risk actually being 
zero, or because the risk was not available. The only way to tell these apart was to review 
the asset manually within the web-based platform, where a note and explanation could 
be seen. 

'SRGPYWMSR
Participating in the UNEP FI Landscape Review module was a valuable experience that 
allowed us to identify assets at highest risk, begin to pinpoint the causes of that risk, and 
advance a conversation about how to mitigate those risk causes. Our participation in the 
module has also provided us an opportunity to raise awareness within both TDAM and 
the commercial real estate industry on the importance of understanding, measuring and 
mitigating climate risks. We look forward to continuing to build on the progress achieved 
over the past several months and collaborating with our internal and external partners to 
advance the conversation on the impacts of climate change. 
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4EVXMGMTERX�

*SPOIXV]KHJSRHIX��*8*

4VSZMHIV� 6MWO�X]TIW�GSZIVIH�F]�XSSP�
;MPPMW�8S[IVW�;EXWSR��;8;
�
ERH�.&%�6MWO�1EREKIQIRX

4L]WMGEP�VMWO

-RXVSHYGXMSR
In this piloting exercise, we focused on various physical climate risks and assessing how 
these affect a selected portfolio of Fixed Income real estate investments. We chose to 
analyze a portfolio of real estate companies with a primarily Nordic scope. The analysis 
was done in two steps; 1. analyzing how various climate hazards evolve from the pres-
IRX�HE]�XS�JYXYVI�XMQI�TIVMSHW�MR�WTIGMƼG�TVSTIVX]�PSGEXMSRW�YRHIV�HMJJIVIRX�XIQTIVEXYVI�
WGIREVMSW��ERH����%WWIWWMRK�LS[�XLI�OI]�GPMQEXI�LE^EVH�MHIRXMƼIH�MR�WXIT����EJJIGXW�
TVSTIVX]�ZEPYI�ERH�FYWMRIWW�MRXIVVYTXMSR��XLI�PEXXIV�VIƽIGXIH�EW�PSWW�SJ�VIRXEP�MRGSQI�
and relocation expenses.

The piloting exercise enabled us to look at the evolution over time of climate hazards 
XLEX�GER�MQTEGX�VIEP�IWXEXI��-R�XLI�X[S�XIQTIVEXYVI�WGIREVMSW��[I�ƼRH�XLEX�I\XVIQI�
TVIGMTMXEXMSR�ERH�ƽSSHMRK�EVI�X[S�OI]�LE^EVHW�XLEX�IQIVKI�ERH�GER�GEYWI�HMWVYTXMSR�SJ�
FYWMRIWW�EGXMZMX]�EW�[IPP�EW�PSWW�SJ�QEVOIX�ZEPYI��8LI�ƼRHMRKW�QEOI�GPIEV�[LEX�XLI�OI]�
climate hazards are in the Nordic region, and thus provides guidance on what measures 
real estate companies should focus on to mitigate the negative effects of these climate 
hazards.

4VSGIWW 
The piloting exercise consisted of a two-step approach. First, we looked more high-level 
at various hazards for the real estate investments in our Fixed Income portfolio. The 
second step entailed a more detailed focus on one real estate company and the impact 
SJ�XLI�QSWX�MQTSVXERX�LE^EVH�I\TVIWWIH�MR�ƼRERGMEP�XIVQW�

-R�XLI�ƼVWX�WXIT��[I�YWIH�XLI�'PMQEXI�(MEKRSWXMG�XSSP�JVSQ�;MPPMW�8S[IVW�;EXWSR��;8;
��
to pilot a physical climate stress test for the portfolio sample, with diagnostics and 
VEROMRK�SJ�GPMQEXI�LE^EVHW��-R�XLI�WIGSRH�WXIT��[I�YWIH�TVSFEFMPMWXMG�GEXEWXVSTLI�ƽSSH�
models from JBA and analysis provided by WTW.

The Climate Diagnostic tool was applied to the real estate portfolio, and the geographic 
coverage was primarily the Nordic region, and some additional locations. The exer-
GMWI� MRGPYHIH�E�[MHI�VERKI�SJ�GMXMIW��8LI�GPMQEXI�ZEVMEFPIW�IZEPYEXIH�[IVI�ƼVI��LIEX�
WXVIWW��LIEZ]�TVIGMTMXEXMSR��ERH�VMZIV�ƽSSH�JSV�XLI�TVIWIRX�HE]�ERH�XLI�����W�YRHIV�X[S�
temperature scenarios.
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-R�XLI�WIGSRH�WXIT��XS�UYERXMJ]�TVSTIVX]�HEQEKI�ERH�FYWMRIWW�MRXIVVYTXMSR�MR�ƼRERGMEP�
XIVQW�JSV�XLI�HIIT�HMZI�EREP]WMW�SJ�SRI�VIEP�IWXEXI�GSQTER]��.&%ƅW�ƽSSH�QSHIPW�JSV�
7GERHMREZME�[IVI�YWIH��8LI�SFNIGXMZI�[EW�XS�UYERXMJ]�XLI�I\TIGXIH�TL]WMGEP�GPMQEXI�
PSWWIW�JVSQ�EWWIX�HEQEKI�ERH�FYWMRIWW�MRXIVVYTXMSR�HYI�XS�ƽSSHMRK��8LI�QSHIPW�WMQY-
PEXIH�XLSYWERHW�SJ�IZIRXW�XS�UYERXMJ]�XLI�VERKI�SJ�TL]WMGEP�HEQEKI�ERH�FYWMRIWW�MRXIV-
ruption losses which the company’s properties could experience, under present-day 
conditions and future climate scenarios.

(EXE�ERH�GSZIVEKI�
For the piloting exercise, we used publicly reported company data on property locations, 
market values, occupancy classes, and average rental values. WTW used their own data-
base for the Climate Diagnostic modeling, based on locations for each property. The JBA 
probabilistic modelling used data based on four elements: exposure, hazard, vulnerability, 
ERH�ƼRERGMEP�MRJSVQEXMSR�

The Climate Diagnostic tool can cover a wide range of sectors and is global in coverage. 
For this piloting exercise, the portfolio selection was narrowed down, due to the chal-
lenges of data collection and accessibility for our portfolio. Web scraping software was 
used by WTW to identify property locations for each real estate company, for input into 
Climate Diagnostic.

For the JBA probabilistic modelling, one company was selected for a deep dive analysis 
SJ�ƽSSHMRK��[LMGL�'PMQEXI�(MEKRSWXMG�LEH�HIQSRWXVEXIH�MW�XLI�OI]�LE^EVH�JSV�XLI�PSGE-
tions of the company’s investments. The modelling looked at property damage and busi-
RIWW�MRXIVVYTXMSR�HYI�XS�ƽSSHMRK�ERH�UYERXMƼIH�XLI�MQTEGX�MR�ƼRERGMEP�XIVQW��4VSTIVX]�
damage assumes losses related to the reconstruction costs, including costs for material 
and labor. Tax values were used as a proxy for market value as real estate companies 
don’t report market values per property, but rather they report value on an aggregated 
level. Since tax values are not an ideal representation for actual market losses, we chose 
to focus on business interruption as a metric and expression of climate risk. The input 
for business interruption estimates were calculated by WTW from the total area of each 
TVSTIVX]�QYPXMTPMIH�F]�XLI�EZIVEKI�VIRXEP�ZEPYI��7)/�WU�Q
�JSV�HMJJIVIRX�VIKMSRW�ERH�
occupancy classes. For business interruption, the residential losses are estimated costs 
for relocation expenses, while for commercial assets the model estimates possible loss 
of earnings and downtime.

&SXL�XSSPW��'PMQEXI�(MEKRSWXMG�ERH�.&%ƅW�ƽSSH�QSHIP
�GER�FI�ETTPMIH�XS�E�VERKI�SJ�WIGXSVW�
and geographic locations. The selected real estate portfolio for this exercise totaled 14 
GSQTERMIW��GSRWXMXYXMRK�ETTVS\MQEXIP]����	�SJ�XLI�XSXEP�*8*�*M\IH�-RGSQI�TSVXJSPMS�
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6MWO�JEGXSVW�ERH�WGIREVMSW
8LI�GPMQEXI�ZEVMEFPIW�MRGPYHIH�MR�XLI�ƼVWX�TEVX�SJ�XLI�TMPSX��'PMQEXI�(MEKRSWXMG
�[IVI�ƼVI��
LIEX�WXVIWW��LIEZ]�TVIGMTMXEXMSR��ERH�VMZIV�ƽSSH��'PMQEXI�(MEKRSWXMG�GSZIVW�E�FVSEHIV�
VERKI�SJ�ZEVMEFPIW��FYX�RSX�EPP�[IVI�VIPIZERX�JSV�XLI�TSVXJSPMS�WIPIGXMSR��.&%ƅW�ƽSSH�QSHIP�
GSZIVIH�WGIREVMSW�VIPEXIH�XS�ƽSSHMRK��8LI�JSPPS[MRK�GPMQEXI�WGIREVMSW�JSV�����W�[IVI�
assessed:

 č 2£C (Representative Concentration Pathway, RCP 4.5)
 č 4.5£'��6'4����


3YXTYXW�ERH�MRWMKLXW�
-R�XLI�ƼVWX�WXIT��XLI�'PMQEXI�(MEKRSWXMG�XSSP�QIEWYVIH�GPMQEXI�LE^EVHW�JSV�MRZIWXQIRX�
locations in the present and future scenarios. The hazards were ranked 0–5 in terms of 
severity of their impact.

In Norway, the primary hazards from the present-day to the 2050s under the two scenar-
MSW��[IVI�LIEZ]�TVIGMTMXEXMSR��[LMGL�GER�PIEH�XS�WYVJEGI�[EXIV�ƽSSHMRK
�ERH�VMZIV�ƽSSH��
We saw increased heavy precipitation in Bergen, Sandvika and Baerum under both scenar-
MSW��ERH�XLI�PEXXIV�X[S�EPWS�LEH�MRGVIEWIH�VMWO�SJ�ƽSSH�YRHIV�XLI�6'4�����WGIREVMS��8LIVI�
[EW�E�QSHIWX�MRGVIEWI�MR�ƼVI�LE^EVH�YRHIV�XLI�6'4�����JSV�EVIEW�WYGL�EW�0EVZMO��8LI�
ƼKYVI�FIPS[�WLS[W�XLI�GPMQEXI�LE^EVHW�MR�2SV[E]�JSV�XLI�����W��VEROIH�F]�MQTSVXERGI�

-R�7[IHIR��ƽSSH�MW�XLI�TVMQEV]�LE^EVH�EX�TVIWIRX��ERH�VIQEMRW�LMKL�YRHIV�JYXYVI�GPMQEXI�
WGIREVMSW��8LIVI�MW�QSHIWX� MRGVIEWI�MR�LIEX�WXVIWW�YRHIV�6'4�����JSV�GMXMIW�WYGL�EW�
Malmo.

-R�*MRPERH��XLI�TVIHSQMRERX�LE^EVH�MW�VMZIV�ƽSSH�MR�8YVOY��8LIVI�[IVI�RS�QENSV�GLERKIW�
MR�GPMQEXI�LE^EVH�JEGXSVW�F]�XLI�����W��FYX�QSHIWX�MRGVIEWIW�MR�ƼVI�LE^EVH�ERH�LIEZ]�
TVIGMTMXEXMSR�[IVI�MHIRXMƼIH�MR�WIPIGXIH�GMXMIW�

-R�WXIT�X[S��.&%ƅW�TVSFEFMPMWXMG�ƽSSH�QSHIPPMRK�[EW�YWIH�SR�SRI�GSQTER]�XS�EREP]^I�
MR� HIXEMP� ERH� UYERXMJ]� I\TIGXIH� TL]WMGEP� GPMQEXI� PSWWIW� MR� ƼRERGMEP� XIVQW� EW� EWWIX�
damage and business interruption. The model provided annual average losses (AAL) 
ERH���MR�����]IEV�VIXYVR�TIVMSH�PSWWIW��8LI�ƼKYVI�FIPS[�WLS[W�XLI�TIVGIRXEKI�GLERKI�MR�
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property damage as market value loss, and business interruption as relocation expenses 
and earnings loss, in an RCP 4.5 2050s scenario compared to the present day.

4VSTIVX]�HEQEKI��%%0�ERH�
��MR����64�	�MRGVIEWI�F]����W��
6'4����GSQTEVIH�XS�GYVVIRX

&YWMRIWW�MRXIVVYTXMSR��%%0�ERH�
��MR����64�	�MRGVIEWI�F]�����W��
6'4�����GSQTEVIH�XS�GYVVIRX

��	 ��	

��	 ��	
��	 ��	

��	 ��	

��	 ��	

�	 �	

�	
AAL AAL1-in-200 1-in-200

�	

RCP4.5-2050s RCP4.5-2050s

��	

��	

We found this pilot to be an important tool for understanding climate risk and how these 
risks play out in different scenarios. The models used have provided us with a starting 
TSMRX�JSV�PSSOMRK�QSVI�GPSWIP]�EX�XLI�GSRRIGXMSR�FIX[IIR�GPMQEXI�VMWO�ERH�ƼRERGMEP�VMWO�

8LI�I\IVGMWI�LEW�EPWS�MHIRXMƼIH�E�QEMR�GLEPPIRKI�EW�MX�VIPEXIW�XS�XLI�PEGO�SJ�KVERYPEVMX]�
of reported company data. For the real estate sector in the Nordic region, most report-
ing on property values is done on an aggregated level. Therefore, we don’t have correct 
values for each property, and so we used tax values as a proxy instead. The output of the 
QSHIPW�HSIW�XLIVIJSVI�RSX�VIƽIGX�EGXYEP�TVSTIVX]�ZEPYI�PSWW�MR�QSRIXEV]�XIVQW�FYX�HSIW�
LS[IZIV�QSVI�GPIEVP]�VIƽIGX�GLERKI�MR�PSWW�MR�TIVGIRXEKI�XIVQW��-R�KIRIVEP��[I�VIGSK-
nize that lack of granular portfolio data remains the main obstacle to properly evaluating 
XLI�ƼRERGMEP�MQTEGXW�SJ�GPMQEXI�GLERKI�SR�SYV�TSVXJSPMS�

8LI�XSSPW�TVIWIRXIH�MR�XLMW�GEWI�WXYH]��[IVI�UYMXI�GSQTPI\��FYX�SYV�YRHIVWXERHMRK�SJ�
the tools was facilitated by the thorough presentations given by the team at WTW. The 
modelling was done by WTW and JBA, so our time was spent more on understanding 
the tools themselves and the output generated for this pilot. A challenge due to time 
constriction for the pilot is that it did not allow for much time for us to test the tools for 
ourselves. We are therefore not familiar with the full extent of the tools and its coverage 
and scope. The portfolio selection was narrowed down to balance the extensive data 
GSPPIGXMSR�ERH�EREP]WMW�VIUYMVIH�EKEMRWX�XLI�PMQMXIH�WGSTI�ERH�XMQI�EX�SYV�HMWTSWEP�JSV�
this pilot. For this reason, we were not able to test the entire portfolio, however, the 
selected portfolio gave a good representation of the possibilities of the tools tested. 

The pilot has connected us with industry experts, and insightful discussions have given 
us a better understanding of the impact of climate risks on real estate and key climate 
hazards in the Nordic region. This pilot is a good starting point for gaining a better under-
WXERHMRK�SJ�GPMQEXI�VMWOW�ERH�XLI�RIKEXMZI�ƼRERGMEP�MQTEGX�MX�GER�GEYWI��%W�WYGL��XLMW�
pilot has been a valuable learning experience. 
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4EVXMGMTERX�

1ERYPMJI�-RZIWXQIRX�
1EREKIQIRX
4VSZMHIV� 6MWO�X]TIW�GSZIVIH�F]�XSSP�
;MPPMW�8S[IVW�;EXWSR��;8;
 8VERWMXMSR�VMWO

-RXVSHYGXMSR�
Global decarbonization efforts are underway, with a long journey ahead for both inves-
tors and issuers. Developing tools that can assist in providing clarity around the impact 
of decarbonization pathways is critically important, as transition risk has been shown 
to carry a high likelihood of negatively, or in few cases positively, affecting companies’ 
ƼRERGMEP�WXEXIQIRXW��

This is the second UNEP FI pilot project in which Manulife Investment Management has 
participated. As part of the pilot, we participated in a climate tool demonstration using 
WillisTowersWatson’s (WTW) climate transition analytics tool. 

7XITW�XEOIR�F]�1ERYPMJI�-RZIWXQIRX�
1EREKIQIRX�JSV�XLMW�GEWI�WXYH]
 č Provided a list of global large-cap stocks across multiple industries; some are held in 

existing portfolios and some are not
 č Analyzed an abbreviated compilation of output 
 č Held discussions with WTW to review the original output, take a deeper dive into the 

methodology, run trade simulation impacts, and review revised output

3FNIGXMZI�SJ�XLI�XSSP
WTW’s climate transition analytics tool is designed to help portfolio managers under-
stand the explicit and unintended risks of the climate transition in an investment portfo-
lio. It elevates the risk awareness at a company, industry, and sector level, which in turn 
enables the portfolio manager to create a more climate resilient portfolio through more 
risk-aware security substitution and/or hedging activities. The tool allows for sensitivity 
EREP]WMW�FEWIH�SR�XLI�JEGXSVW�SJ�WIGYVMX]�[IMKLX�ERH�WIPIGXMSR��'SRWIUYIRXP]��E�TSVXJSPMS�
manager can model and change the portfolio, and thereby avoid unintentionally betting 
against the high likelihood of the global decarbonization. 
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9RHIVWXERHMRK�XLI�QIXLSHSPSK]�
A core functionality of the tool is its methodology to measure the climate transition 
ZEPYI�EX�VMWO��GPMQEXI�:E6
�SJ�TYFPMGP]�PMWXIH�GSQTERMIW��������TVMQEV]�PMWXMRKW�JVSQ����
countries). Climate VaR represents the difference between the discounted free cash 
ƽS[��('*
�ZEPYEXMSR�SJ�XLI�FYWMRIWW�YRHIV�ƈGYVVIRX�QEVOIX�I\TIGXEXMSRWƉ��EOE�&YWMRIWW�
as Usual or BAU) and a climate transition scenario (CTS) consistent with a well below 
2 degrees outcome (WB2C). The approach taken to estimate a company’s climate VaR 
depends mostly on its industry, as illustrated in Figure 1, which shows how commodi-
ty-focused companies are modelled through a fundamental analysis of their underlying 
commodities and valuation impact to the applicable resource(s). Companies outside the 
resources space with direct exposure in carbon intensive businesses are modelled by 
business segment, assessing the potential shrinkage of the market driven by less carbon 
intensive alternatives. 

*MKYVI��

7SYVGI��;MPPMW8S[IVW;EXWSR�������

8LI�VIWYPXMRK�HEXEWIX�SJ��HIFX�ERH�IUYMX]
�GPMQEXI�:E6W�MW�I\TPSMXIH�F]�XLI�XSSP�MR�QYPXMTPI�
ways, notably to:

1. Construct and periodically rebalance proprietary climate transition indices (CTIs)
2. Create and manage hedging investment solutions (e.g., partial clones of CTIs)
3. Improve a portfolio’s resilience to climate transition risks 

As previously mentioned, total decarbonization of emissions is the long-term goal, but 
MXƅW� MQTSVXERX� XS�ETTVIGMEXI� XLI�QEVOIX�ERH�ƼRERGMEP� MQTEGXW�[MPP�RSX�FI� PMRIEV��8LI�
severity, as well as the growth opportunities, will become greater over time by orders 
of magnitude. Figure 2 below provides the climate VaR for the energy sector across 
MRHYWXVMIW�EW�[IPP�EW�XLI�WIKQIRXEXMSR�SJ�XLI�MQTEGX�F]�XMQI�TIVMSHW��8LI�UYERXMƼGEXMSR�
of climate VaR can be particularly helpful to investors as they try to assess current valu-
EXMSR�[MXLMR�WTIGMƼG�XMQI�LSVM^SRW��
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*MKYVI���
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7SYVGI��;MPPMW8S[IVW;EXWSR��������2SX�HIVMZIH�JVSQ�1ERYPMJI�-RZIWXQIRX�1EREKIQIRX�XIWX�TSVXJSPMS�

(EXE��GSZIVEKI��ERH�SYXTYX
8LI�XSSP�GSZIVW�SZIV�������TVMQEV]�PMWXMRKW��������MR�2SVXL�%QIVMGE��������MR�)YVSTI������
in Japan, and the remaining geographically spread out across multiple countries, includ-
ing Australia and emerging markets. 

At the individual security level, the output from the tool consists of 4 sections:

1. A climate transition risk tab, which reports:
 č (IFX�ERH�IUYMX]�GPMQEXI�:E6�JSV�E�KMZIR�XVERWMXMSR�WGIREVMS
 č Underlying CTCs (whenever applicable) 
 č Market index vs. climate transition index weights

2. A signals tab, which covers:
 č *YRHEQIRXEP�EXXVEGXMZIRIWW��ƼXRIWW��ZEPYI��QSQIRXYQ
�ERH�GSRXVSZIVW]�PIZIPW
 č +PSFEP�QEGVS�TVSƼPI�ERH�WIRWMXMZMXMIW
 č Miscellaneous information (business description, brokers’ view, peer group, etc.) 

3. A signal timeline tab, which provides a visual representation of the above over time
4. Another side tab, which offers a perspective from the point of view of the inves-

tor taking the other side of one’s trade (e.g., bull/bear arguments, top institutional 
buyers/sellers). 

4SVXJSPMS�PIZIP�SYXTYX
At a portfolio level, the tool offers insight into historical performance and return attribu-
tion on the one hand, and prospective risk/return on the other, with two notable features:

 č “Mitigate” function: The tool singles out the largest detractors from the portfolio’s 
climate VaR, suggests investment candidates to rotate into, and simulates the impact 
of the resulting turnover on the portfolio’s fundamental and climate characteristics
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 č “Tracking error impact”: which helps visualize turnover-tracking error trade-offs and 
run portfolio optimizations that minimize downside tracking error relative to a CTI 
under set constraints (mandate, turnover, minimum trade, etc.).

1EVOIX�PIZIP�SYXTYX
At a market level, the tool provides proprietary signals aimed at complementing the 
bottom-up, forward-looking security/portfolio analytics described above. This consists 
SJ�E�XST�HS[R�ƈRS[GEWXƉ�SJ�I\TIGXEXMSRW�TVMGIH�MR�F]�ƼRERGMEP�QEVOIXW��[LMGL�MRJSVQW�
asset allocation and factor exposure decisions. 

4SVXJSPMS�QEREKIQIRX�ZMI[TSMRXW15 
For the model portfolio we provided, the WTW climate transition analytics tool calculated 
the average transition climate VaR to be higher than that of the (Europe CTI) benchmark, 
[MXL�ER�EZIVEKI�SJ���	�JSV�XLI�TSVXJSPMS��*MKYVI��
��-R�XLI�FSXXSQ�GLEVX��&4�40'�ERH�)RM�
7�T�E��GSRXVMFYXI�XLI�KVIEXIWX�GPMQEXI�I\TSWYVI��-R�EHHMXMSR��SJ�XLI�XST�ƼZI�GSRXVMFYXSVW��
four of them are in the energy industry. 

*MKYVI��

7SYVGI��;MPPMW8S[IVW;EXWSR�������

To mitigate the difference between the benchmark and the portfolio, these energy 
companies could be replaced to reduce climate VaR—for example, by divesting from BP 
and Royal Dutch Shell (Figure 4). 

15 Analysis provided for illustrative purposes only to demonstrate a potential approach to understand the explicit 
and unintended risks of the climate transition in an investment portfolio. It is not a recommendation to buy or 
sell any security.
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8LI�XVERWMXMSR�XSSP�EPWS�MHIRXMƼIW�SXLIV�EGXMSRW�E�TSVXJSPMS�QEREKIV�GSYPH�IQTPS]�XLEX�
would reduce climate VaR as well as tracking error (Figures 4 and 5). In this example, 
selling WM Morrison and Safran will reduce climate VaR and reduce the tracking error of 
the portfolio simultaneously. 

*MKYVI��

7SYVGI��;MPPMW8S[IVW;EXWSR�������

The tool enables easy optimizations to achieve certain objectives. In this example, by 
VSXEXMRK���	�SJ�XLI�TSVXJSPMS��[LMGL�IUYEXIW�XS���	�XYVRSZIV��XLI�XVEGOMRK�IVVSV�HIGPMRIW�
JVSQ����	�XS����	��*MKYVI��
�
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*MKYVI��

7SYVGI��;MPPMW8S[IVW;EXWSR�������

-R�EHHMXMSR��[MXL�XLMW�STXMQM^EXMSR��XLI�TSVXJSPMSƅW�GPMQEXI�:E6�MW�VIHYGIH�JVSQ���	�XS�
����	��*MKYVI��
�

*MKYVI���

7SYVGI��;MPPMW8S[IVW;EXWSR�������
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4SXIRXMEP�IRLERGIQIRXW�JSV�XLI�GPMQEXI�XVERWMXMSR�EREP]XMGW�XSSP
There are several enhancements to consider for the tool. In particular, we think it could 
be helpful to expand the tool’s integration of proprietary climate research insights: 

)\TERHMRK�WXSGO�GSZIVEKI
 č Consideration should be given to increase the number of individual stocks modelled 

bottom-up by sector analysts relative to the number of stocks whose climate VaRs 
are estimated by the tool’s machine learning application. As of September 2021, 
��	�SJ�XLI�;SVPH�'8-�[IMKLXW�[IVI�WIX�YWMRK�GPMQEXI�:E6W�EWGIVXEMRIH�F]�WIGXSV�
EREP]WXW��[LMGL�QIERW���	�[IVI�IWXMQEXIH�F]�XLI�XSSP�YXMPM^MRK�QEGLMRI�PIEVRMRK��
*VSQ�1ERYPMJI�-RZIWXQIRX�1EREKIQIRXƅW�TIVWTIGXMZI��[I�HSRƅX�LEZI�LMKL�GSRƼHIRGI�
MR�IWXMQEXIH�GPMQEXI�:E6W��LS[IZIV��[I�LEZI�RS�UYERXMXEXMZI�IZMHIRGI�XS�WYTTSVX�ER]�
particular shortcomings associated with the tool’s estimates. 

-RXIKVEXMRK�TL]WMGEP�GPMQEXI�VMWO�HEXE
 č By integrating WTW physical climate risk models with the model of climate transition 

risk, the tool could offer a comprehensive climate risk picture that could also account 
for climate transition scenario assumptions. Note that Manulife Investment Manage-
ment did not review the physical climate risk models and so cannot speak to their 
IƾGEG]�SV�UYEPMX]��
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4EVXMGMTERX�

+07�&ERO
4VSZMHIV� 6MWO�X]TIW�GSZIVIH�F]�XSSP�
VMKLX��FEWIH�SR�WGMIRGI 8VERWMXMSR�VMWO

-RXVSHYGXMSR�
%W�E�WSGMEP�IGSPSKMGEP�FERO��+07�&ERO�MW�ƼVQP]�GSQQMXXIH�XS�XLI�KSEP�SJ�PMQMXMRK�KPSFEP�
warming to 1.5°C above pre-industrial levels. Providing full and detailed impact transpar-
ency (“Wirkungstransparenz”) is a core promise we make to our customers. 

We therefore partnered with right. based on science GmbH (right.) to calculate the 
climate impact of our “GLS Bank AktienfondsƉ� �()���%�;�'/�
�� E�QM\IH� JYRH� SJ�
QEMRP]�IUYMXMIW�ERH�FSRHW�JVSQ�TEVXMGYPEVP]�GPMQEXI�JVMIRHP]�GSQTERMIW��VMKLX��HIZIP-
oped the X-Degree Compatibility (XDC) Model, which is recognized by the Task Force on 
Climate-Related Financial Disclosures (TCFD). The XDC Model calculates the impact a 
company, a portfolio or any other economic entity has on global warming and expresses 
MX�MR�E�HIKVII�'IPWMYW��q'
�ZEPYI��8IQTIVEXYVI�%PMKRQIRX
��-X�ERW[IVW�XLI�UYIWXMSR��ƈ;LEX�
degree of global warming would occur by 2050 if everyone behaved as the company/
IRXMX]�MR�UYIWXMSR#Ɖ�

Our aim with this analysis was to assess whether our GLS Bank Aktienfonds already 
meets the 1.5°C target, identify where action is still needed and potentially use the infor-
mation as a basis for active engagement. The results were insightful. However, the close 
collaboration on this analysis also revealed the need for additional emission data, for a 
methodology to measure the emissions of a green bond, easier integration of emission 
reduction goals, as well as the “fair” consideration of scope 2 and 3 emission data. 

4VSGIWW�
We analysed the Temperature Alignment/climate impact of “GLS Bank Aktienfonds” by 
using right.’s “XDC Portfolio Explorer”, a web-based software built on the XDC Model. It 
can be accessed by registering directly on the website. Once the user is logged in, a 
portfolio must be uploaded for analysis.

1. ;I�GVIEXIH�ERH�YTPSEHIH�E�GWZ�ƼPI�GSRXEMRMRK�XLI�-7-2�GSHIW�ERH�TSVXJSPMS�[IMKLXW�
of all securities in the “GLS Bank Aktienfonds”.
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2. The software then calculated XDC metrics for the fund itself as well as each secu-
rity, providing 
 č Temperature Alignment values (XDCs) for the fund as well as each security, 
 č an indication of alignment/misalignment to a 1.5°C, 1.75°C as well as a 2.0°C 

scenario,
 č sector benchmarks (Sector XDCs) for each company in the fund as well as the 

fund itself.

3. ;I�HS[RPSEHIH�XLI�VIWYPXW��EKEMR�EW�E�GWZ�ƼPI�
4. We analysed the results and had a deeper look especially at those companies not 

yet aligned with the Paris Agreement in order to see whether (1) there are other 
reasons (e.g. on the social side) to keep them within the fund, (2) they have a 
climate strategy and thus in a scenario-based approach would be aligned or (3) 
could/should be replaced.

1EMR�GLEPPIRKIW�IRGSYRXIVIH�
%X�+07�&ERO�[I�LEZI�SYV�S[R�WIGXSV�GPEWWMƼGEXMSR��,S[IZIV��XLI�<('�1SHIP�ERH�<('�
4SVXJSPMS�)\TPSVIV�QEOI�YWI�SJ�XLI�GPEWWMƼGEXMSR�EGGSVHMRK�XS�2%')��7XEXMWXMGEP�'PEW-
WMƼGEXMSR�SJ�)GSRSQMG�%GXMZMXMIW�MR�XLI�)YVSTIER�'SQQYRMX]
��8LMW�GVIEXIH�E�RIIH�XS�
GS�HIZIPST�E�GYWXSQM^IH�WIGXSV�GPEWWMƼGEXMSR�XS�QIIX�SYV�VIUYMVIQIRXW�

%RSXLIV�QEMR�GLEPPIRKI�[EW�XLI�UYIWXMSR�SJ�HIEPMRK�[MXL�7GSTI���IQMWWMSRW�ERH�XLI�
VMWOW�SJ�HSYFPI�GSYRXMRK��%W�E�HIJEYPX��XLI�XSSP�GSYRXW�7GSTI���EX����	��ERH�7GSTIW���
ERH���EX���	�IEGL�XS�GSQTIRWEXI�JSV�HSYFPI�GSYRXMRK��7MRGI�7GSTI���IQMWWMSRW�YWYEPP]�
make up the largest share of a company’s carbon footprint, excluding these emissions 
from the analysis would mean a blind spot, neglecting all upstream and downstream 
EGXMZMXMIW�EW�[IPP�EW�XLI�WMKRMƼGERGI�SJ�MRXIKVEXMRK�XLI�JYPP�ZEPYI�GLEMR�MR�XLI�XVERWMXMSR��
Including Scope 3 emissions brings concerns of double-counting, since these emis-
sions are not solely attributable to one company. We decided to follow the XDC Portfolio 
)\TPSVIV�HIJEYPX�LIVI�ERH�MRGPYHI�7GSTI���EX���	��

(EXE�ERH�GSZIVEKI�
We used the XDC Portfolio Explorer to analyse the contribution to global warming of 
the “GLS Bank Aktienfonds” (i) at security level (102 companies) as well as (ii) at portfo-
PMS�PIZIP��8LI�HEXE�VIUYMVIH�JVSQ�SYV�WMHI�[IVI��YRMUYI�MHIRXMƼIVW��-7-2W
�ERH�TSVXJSPMS�
[IMKLXW�JSV�EPP�WIGYVMXMIW��TVSZMHIH�MR�E�GWZ�ƼPI��

The analysis draws on additional data to calculate the XDC metrics. These are all 
sourced by right. and integrated in the XDC Portfolio Explorer software:

'SQTER]�PIZIP�HEXE
 č Current economic productivity, as measured by gross value added (GVA). Source: 

FactSet Research Systems.
 č Current greenhouse gas emissions for scopes 1, 2, and 3. Source: Urgentem.
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+PSFEP�IGSRSQ]�HEXE
 č Current economic productivity as measured by GVA. Source: World Bank.

+VS[XL�VEXIW��ƈ1MHHPI�SJ�XLI�6SEH�'YVVIRX�8VIRHW�'SRXMRYIƉ�WGIREVMS

 č Annual growth rate of the entity’s emissions and GVA. Source: Shared Socioeconomic 

Pathways (SSPs) or E3ME (by Cambridge Econometrics).

The tool covers all geographies and sectors. Wherever XDC values could not be calcu-
PEXIH��XLMW�[EW�MRHMGEXIH�MR�XLI�WSJX[EVI������	�SJ�WIGYVMXMIW�MR�SYV�TSVXJSPMS�[IVI�GSZIVIH�
(102 out of 105). The remaining three securities were excluded from the analysis.

To project the future developments from the base year until 2050, the XDC Model works 
with assumptions derived from socio-economic and climate mitigation scenarios, as 
well as macro-economic data. Geographically, the XDC Model and XDC Portfolio Explorer 
MRGPYHI�FSXL��M
�GSYRXV]�WTIGMƼG�EWWYQTXMSRW�JSVETTVS\MQEXIP]�����GSYRXVMIW�EW�[IPP�EW�
�MM
�ƼZI�[SVPH�VIKMSRW��3)'(��%WME��1MHHPI�)EWX�
�%JVMGE��0EXMR�%QIVMGE��ERH�6IJSVQMRK�
Economies. 

8LI�WIGXSV�MW�HIƼRIH�F]�E�2%')�GSHI��RSVQEPP]�IMXLIV�E����SV���HMKMX�2%')�GSHI��I\GITX�
in special circumstances where a higher granularity may also be used. All International 
)RIVK]�%KIRG]��-)%
�WIGXSVW�EVI�GSRWMHIVIH�XS�HIVMZI�WIGXSV�WTIGMƼG�XEVKIX�TEXL[E]W�
from the IEA mitigation scenarios. The IEA sectors are then converted to the more 
HIXEMPIH�2%')�WIGXSV�GPEWWMƼGEXMSR�W]WXIQ�

6MWO�JEGXSVW�ERH�WGIREVMSW
The temperature alignment analysis used here mainly focuses on the “inside-out” risk 
perspective of double materiality. This concept was stated by the EU Commission 
in June 2019 in a supplement to its Guidelines on Non-Financial Reporting (NFRD): 
Complementary to the “outside-in” perspective, the “inside-out” perspective describes 
XLI�MRƽYIRGI�SJ�E�GSQTER]�SR�XLI�GPMQEXI��[LMGL�GER�FI�ƼRERGMEPP]�QEXIVMEP�ERH�XLIVI-
fore also has to be reported. 

By this, we also followed TCFD recommendation 1 on “Portfolio Alignment”��

;I�VIGSQQIRH�EPP�ƼRERGMEP�MRWXMXYXMSRW�QIEWYVI�ERH�
HMWGPSWI�XLI�EPMKRQIRX�SJ�XLIMV�TSVXJSPMSW�[MXL�XLI�
KSEPW�SJ�XLI�4EVMW�%KVIIQIRX�YWMRK�JSV[EVH�PSSOMRK�
QIXVMGW��,IRGI��XLI�OI]�VMWO�JEGXSV�I\TPSVIH�[EW�XLI�
EPMKRQIRX�SJ�SYV�ƈGLS Bank AktienfondsƉ�[MXL�XLI�
4EVMW�%KVIIQIRX��

�� Consultation just ended. LXXTW���EWWIXW�FFLYF�MS�GSQTER]�WMXIW�����������������8'*(�4SVXJSPMSC%PMKRQIRXC
8IGLRMGEPC7YTTPIQIRX�THJ 
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The target scenarios used in XDC Portfolio Explorer are based on International Energy 
Agency (IEA) mitigation scenarios “2°C Scenario” (2DS), “Beyond 2°C Scenario” (B2DS) 
(corresponding to max. 1.75°C global warming), and “Net Zero by 2050” (NZE2050) 
(corresponding to max. 1.5°C global warming). The focus of the analysis conducted here 
was the 1.5°C benchmark. Further target benchmarks based on mitigation scenarios 
from the Network for Greening the Financial System (NGFS) and the One Earth Climate 
Model (OECM) are also available, but were not employed by us. 

The baseline scenario used to project future development until 2050 is derived from 
Shared Socio-Economic Pathway 2 (SSP2), also known as the “Middle of the Road” or 
“Current Trends Continue” scenario. Soon, all SSPs will be available with the XDC Portfo-
lio Explorer.

3YXTYXW�ERH�MRWMKLXW�
For the fund as well as each security, a range of metrics were calculated by the tool and 
provided for download:

8EFPI����<('�QIXVMGW�ERH�VIWYPXW�

3YXTYX 9RMX (IWGVMTXMSR

Baseline XDC °C The expected degree of global warming if the entire world were 
XS�STIVEXI�EX�XLI�WEQI�)GSRSQMG�)QMWWMSR�-RXIRWMX]��))-
��EW�XLI�
company/fund until 2050. 

Target XDC °C 8LI�WIGXSV�WTIGMƼG�XIQTIVEXYVI�FIRGLQEVO�JSV�XLI�GSQTER]�
to be aligned to the selected target scenario (in our case 1.5°C 
based on IEA NZE2050).

Sector XDC °C The expected degree of global warming if the entire world were 
to operate at the same Economic Emission Intensity (EEI) as the 
ƄX]TMGEPƅ�GSQTER]�[MXLMR�E�WTIGMƼG�WIGXSV��WIGXSV�QIHMER
�YRXMP�
2050.

XDC Gap ±°C The difference between Baseline XDC and Target XDC—it shows 
by how much the portfolio or the single security is aligned/
misaligned with the selected scenario. 

Alignment 
assessment

Aligned/Not 
aligned

Summary of the analysis.

�))-�MW�HIƼRIH�EW�IQMWWMSRW�SZIV�KVSWW�ZEPYI�EHHIH��'32I�444�


Further results provided were Baseline XDC and Target XDC values per emission scope 
for each security (see Fig. 1) as well as a dashboard overview of the portfolio’s sector 
breakdown and the Top/Bottom Five securities in the portfolio by XDC Gap (see Fig. 2). 
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*MKYVI����%REP]XMGW�8EF�SJ�<('�4SVXJSPMS�)\TPSVIV�[MXL�VIWYPXW�JSV�+07�&ERO�
%OXMIRJSRHW��VIHEGXIH


*MKYVI����3ZIVZMI[�8EF�SJ�<('�4SVXJSPMS�)\TPSVIV�[MXL�VIWYPXW�JSV�+07�&ERO�
%OXMIRJSRHW��VIHEGXIH


The information retrieved from this analysis provides information is a strong basis 
for engagement with those portfolio companies that are not yet aligned to the 1.5°C 
target. As companies are the ultimate entities that cause emissions, this is where 
WSPYXMSRW�XS�WMKRMƼGERXP]�VIHYGI�IQMWWMSRW�QYWX�FI�JSYRH�ERH�MQTPIQIRXIH��8LI�<('�
1SHIP�MW�EPVIEH]�YWIH�F]�GSQTERMIW�ERH�XLI�QIXLSHSPSK]�[EW�ƼVWX�HIZIPSTIH�JSV�
ETTPMGEXMSR�MR�XLI�VIEP�IGSRSQ]��8LMW�EPPS[W�YW��EW�E�ƼRERGMEP�MRWXMXYXMSR��XS�ƄWTIEO�XLI�
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same language’ tocompanies and track progress in the transition with one shared 
approach—at the same time, this is the language that climate science and global 
TSPMG]�LEZI�EPVIEH]�WIX�SYX�£'�

While this example analysis was conducted as a snapshot view of the Temperature 
Alignment/Paris Alignment of the fund, we see great potential for integrating the use of 
XDC Portfolio Explorer in the earlier stages of the investment process, informing deci-
sions about e.g. portfolio allocation and optimization. The software allows fund manag-
ers to test in advance how rebalancings would affect overall Portfolio Alignment. This 
enables active steering towards the 1.5°C goal we have determined for the fund. The 
forward-looking nature of the analysis (developments until 2050) is also a key factor here.

;I�EX�+07�&ERO�EVI�UYMXI�JEQMPMEV�[MXL�ƈMQTEGX�XVERWTEVIRG]Ɖ��Wirkungstransparenz) and 
the challenges it poses. In this case, a key learning—although it almost goes without 
WE]MRKƂMW�XLEX�XLI�WMQTPMƼGEXMSR�SJ�TSVXJSPMS�EPMKRQIRX�QIXVMGW�WYGL�EW�XLI�<('�GERRSX�
capture the full complexity of climate change and earth system processes. However, 
WGMIRGI�FEWIH�EPMKRQIRX�QIXVMGW�I\TVIWWIH�MR£'ƂWYGL�EW�XLI�<('�1SHIPƂLEZI�E�KVIEX�
TSXIRXMEP�XS�GPSWI�XLI�KET�FIX[IIR�EFWXVEGX�GPMQEXI�GLERKI�ERH�ƼRERGMEP�EGXSVƅW�TIVGIT-
tion of how they can contribute to reaching the goal of the Paris Agreement. We have 
already extended the XDC analysis to include our own investment portfolio (treasury) and 
other investment funds, our credit portfolio, customer portfolios and our own operations.

As the XDC Model allows for conducting forward-looking scenario analysis by adapting 
the input data for the calculation along chosen assumptions at security level (e.g. high-
growth projections, net-zero targets, transition to green energy etc.), we aim to analyse 
the climate strategies of our portfolio companies. This will allow us to determine the 
transition companies in our portfolio and to actively engage with them on setting emis-
sion reduction targets that are ambitious enough to align with 1.5°C.

7YKKIWXIH�IRLERGIQIRXW�JSV�TVSZMHIVW
Once familiarized with the various XDC metrics (see Table 1), the tool is very intuitive to 
YWI��8LI�HEXE�VIUYMVIQIRXW�EVI�QMRMQEP�ERH�WMRGI�XLI�WSJX[EVI�MW�[IF�FEWIH��RS�MRWXEP-
lation or setup is needed.

The XDC Portfolio Explorer should support steering towards below 2°C through engage-
ment or divestment by suggesting alternative securities to portfolio managers that 
would be suitable to replace a security which has a detrimental impact on portfolio 
alignment. 

While the XDC Model can cover various asset classes and multi-asset portfolios, includ-
MRK��M
�TYFPMG�PMWXIH�IUYMX]���MM
�TVMZEXI�IUYMX]���MMM
�TVMZEXI�HIFX���MZ
�GSVTSVEXI�FSRHW���Z
�
sovereign bonds and (vi) Real Estate, not all asset classes are available yet in the soft-
ware. This would allow for more comprehensive analyses. 

;I�[SYPH�EPWS�PMOI�XS�WII�ER�YRGIVXEMRX]�UYERXMƼGEXMSR�SJ�XLI�<('�1SHIP��'YVVIRXP]�XLMW�
MW�FIMRK�[SVOIH�SR�F]�VMKLX��FYX�MW�RSX�]IX�ƼREPM^IH��
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4EVXMGMTERX�

7XERHEVH�'LEVXIVIH�&ERO
4VSZMHIV� 6MWO�X]TIW�GSZIVIH�F]�XSSP�
&EVMRKE�ERH�&PEGO6SGO 8VERWMXMSR�VMWO

-RXVSHYGXMSR�
In 2021, a number of regulatory stress tests were planned (e.g. Hong Kong Monetary 
Authority and Bank of England) to focus on climate change and the associated risks to 
ƼRERGMEP�MRWXMXYXMSRW��-R�SVHIV�XS�WYTTSVX�MXW�GPMQEXI�VMWO�GETEFMPMX]�JSV�WGIREVMS�EREP]WMW��
Standard Chartered Bank (Standard Chartered) worked with Baringa, using a Climate 
Change Scenario Model.

In June 2021, BlackRock and Baringa announced a long-term partnership focused on 
MRRSZEXMSR�ERH�SRKSMRK�GS�HIZIPSTQIRX�SJ�XVERWMXMSR�VMWO�QSHIPW��&PEGO6SGO�EGUYMVIH�
Baringa’s Climate Change Scenario Model and integrated it within Aladdin Climate. This 
'PMQEXI�'LERKI�7GIREVMS�1SHIP�MW�YWIH�F]�ƼRERGMEP�MRWXMXYXMSRW�ERH�GSVTSVEXIW�[MXL�
QSVI�XLER�����XVMPPMSR�SJ�EWWIXW�EVSYRH�XLI�[SVPH�XS�LIPT�XLIQ��M
�YRHIVWXERH�XLI�GPMQEXI�
risk exposure and the value that may be lost from balance sheet or investment assets; 
(ii) how deployed capital and investments are impacting the climate with comparisons 
against benchmarks; and (iii) identify opportunities to re-allocate capital to improve 
impact on climate and make commercial returns. The Climate Change Scenario Model 
is designed to provide full integration of both physical and transition risk modelling 
across a range of assets. It is modularised to enable clients to select those components 
relevant to them and to enable straight-forward integration of third-party scenarios and 
physical risk analysis. 

This case study focuses on the Standard Chartered pilot in early 2021 of 100 corporate 
clients to run though the Climate Change Scenario Model to determine Probability of 
Default and Temperature Alignment. Under the 2-degree orderly scenario, it showed that 
energy clients were the most susceptible to transition risk with Weighted Average Proba-
FMPMX]�SJ�(IJEYPXW�VMWMRK�XS�SZIV��	�F]�������GSQTEVIH�XS� �	�EW�EX�������9WMRK�XLI�WEQI�
clients, analysis produced an average temperature alignment of 3.14°C, which indicates 
that Standard Chartered’s portfolio is broadly in line with global trends. Since the pilot, 
Standard Chartered has extended the Climate Change Scenario Model coverage across 
its corporate and sovereign portfolios, augmented its scenario analysis and has used 
the insight in their 2021 TCFD Report.
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'SPPEFSVEXMSR�TVSGIWW�
It is possible to choose several integration options with the Climate Change Scenario 
Model. For a swift implementation, Standard Chartered utilised the Climate Analytics 
Service (CAS) which provides Data-as-a-Service output capabilities. This is where Stan-
HEVH�'LEVXIVIH�TEWW�XLI�VIUYMWMXI�MRTYX�ƼPIW�GSRXEMRMRK�GSQTER]�IQMWWMSRW��ƼRERGMEPW�
ERH�TVSHYGXMSR�HEXE��EW�HIƼRIH�F]�XLI�'PMQEXI�'LERKI�7GIREVMS�1SHIP�MRTYX�HEXE�HMGXMS-
nary, to Baringa for ingestion into the model. Once Baringa has executed a modelling run 
ERH�UYEPMX]�EWWYVERGI��5%
�LEW�FIIR�TIVJSVQIH��XLI�VIWYPXW�EVI�WLEVIH�FEGO�XS�7XERHEVH�
'LEVXIVIH�ZME�SYXTYX�ƼPIW��EW�HIƼRIH�F]�XLI�'PMQEXI�'LERKI�7GIREVMS�1SHIP�SYXTYX�HEXE�
dictionary. 

The Climate Change Scenario Model is now integrated within BlackRock’s Aladdin 
Climate, where it is available both as an integrated Software-as-a-Service offering and 
Climate Analytics Service (CAS) offering for banks, asset managers, asset owners and 
corporates to support a range of investment and climate disclosure needs.

The data dictionaries and QA act as preventive and detective control layers in the run 
process. Furthermore, to help ensure the integrity of the model, rigorous internal and 
external validation has taken place. 

The external validation was performed by Kroll, and Professor Steve Pye of the UCL 
Energy Institute. 

*MKYVI����*PS[GLEVX�WLS[MRK�1SHIP�I\IGYXMSR

SCB creates input 
ƼPIW�EW�TIV�HEXE�

dictionary
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2I[�ƼPI�GVIEXIH�MJ�
charges required

Baringa executes 
model against SCB 

inputs
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explanation

3YXTYXW�ERH�MRWMKLXW
One of the key outputs Standard Chartered used was the evolution of Probability of 
(IJEYPX��,IVI��XLI�QSHIP�EWWIWWIW�XLI�GLERKIW�MR�GSQTER]�ƼRERGMEPW��ERH�GSRWIUYIRX�
changes in credit ratings and probability of default under orderly and disorderly tran-
sition scenarios. From the preliminary scenario analysis work, aggregated results on 
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100 corporate clients, the below chart shows how Probability of Default changes over 
the 30-year time horizon across the different client sectors. The pathway of Probabil-
ity of Default is driven by changes to underlying company earnings and debt which 
is modelled within Climate Change Scenario Model based on the 2 Degrees scenario 
(explored further under Risk Factors and Scenarios section). This Probability of Default 
UYERXMƼIW�XLI�XVERWMXMSR�VMWO�JSV�IEGL�MRHMZMHYEP�GPMIRX�ERH�EX�E�TSVXJSPMS�PIZIP�JSV�7XERHEVH�
Chartered. The results from the below chart highlight the largest transition risk sectors; 
Energy and Manufacturing. 

*MKYVI����4VSFEFMPMX]�SJ�(IJEYPX�YRHIV�SVHIVP]���HIKVIIW�XVERWMXMSR�WGIREVMS
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This chart is sourced from Standard Chartered’s 2020 TCFD report

Another key output from the Climate Change Scenario Model is Temperature Alignment. 
8IQTIVEXYVI�EPMKRQIRX�MW�E�[E]�SJ�UYERXMXEXMZIP]�EWWIWWMRK�E�GSQTER]ƅW�MQTEGX�SR�XLI�
climate and is calculated based on emissions intensities, and volume of hydrocarbon 
produced. In 2021, Standard Chartered applied the Climate Change Scenario Model to 
around 2000 of its clients within the corporate portfolio. Standard Chartered’s portfolio 
Temperature Alignment is 3.10C, with Utilities and Oil & Gas sectors scoring the highest 
(furthest from Paris Agreement alignment). This allows Standard Chartered to assess 
how their portfolio compares with global and regional economies to track its progress 
on supporting a net-zero pathway.
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*MKYVI����8IQTIVEXYVI�EPMKRQIRX

This chart is sourced from Standard Chartered’s 2021 TCFD report: https://av.sc.com/
corp-en/content/docs/tcfd-climate-change-disclosure.pdf

*MKYVI����'SQTER]�IZSPYXMSRW�EGVSWW���WGIREVMS�����Ɓ����

(EXE�ERH�GSZIVEKI�
For the initial pilot, Standard Chartered wanted to conduct scenario analysis against 
100 corporate lending clients assessing transition risk, it was later extended to around 
2000 clients. The data which Standard Chartered provided covered individual company 
ƼRERGMEPW�ERH�IQMWWMSRW�

To get the richest results, Standard Chartered provided additional data points for Oil & 
+EW�ERH�)PIGXVMG�9XMPMXMIW�GSQTERMIW�[LMGL�HIXEMPIH�XLIMV�TVSHYGXMSR�ƼKYVIW��3YXTYXW�
MRGPYHI�VIQSHIPPIH�GSQTER]�ƼRERGMEPW��IUYMX]�ZEPYEXMSRW��4VSFEFMPMX]�SJ�(IJEYPX�IZSPY-
tion and temperature alignment per company. In addition to these services, the Climate 
Change Scenario Model also covers other asset classes such as corporate bonds, 
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sovereign bonds, property and vehicles. The Climate Change Scenario Model can ingest 
physical risk outputs from other providers to create a combined view of transition and 
physical risk.

6MWO�JEGXSVW�ERH�WGIREVMSW�
To assess the transition risk of their corporate clients, Standard Chartered utilised three 
scenarios: Baringa Orderly 2 Degrees, Baringa Disorderly 2 Degrees and Baringa 4 
Degrees. As Standard Chartered commented in their TCFD 2020 report, these scenarios 
use assumptions focused on government policies, availability and deployment of tech-
nologies to limit emissions to a certain target. Outputs from scenario analysis indicate 
how variables such as energy demand and supply, economic activity, macroeconomic 
ERH�SXLIV�WSGMS�IGSRSQMG�JEGXSVW�[MPP�IZSPZI��FEWIH�SR�XLI�WTIGMƼIH�WIX�SJ�YRHIVP]-
MRK�WGIREVMS�EWWYQTXMSRW��*YVXLIVQSVI��WTIGMƼG�WIXW�SJ�EWWYQTXMSRW�JSV�XVERWMXMSR�VMWO�
scenarios usually surround technological advancement, timing and ambition levels of 
policy actions and societal preference. 

To assess the temperature alignment of the Standard Chartered portfolio, the Climate 
Change Scenario Model uses historical emissions or production data to evaluate how a 
company’s emissions intensity will evolve into the future. The model maps future emis-
sions intensity and hydrocarbon production against sub-industry/region benchmarks to 
compute company Temperature Alignment. 

*MKYVI����&IRGLQEVOMRK�SJ�7XERHEVH�'LEVXIVIHƂ&EVMRKE�WGIREVMSW�XS�I\XIVREP�
WGIREVMSW



Landscape Review Paper 117
Case studies

9WI�GEWIW
Standard Chartered utilised the Climate Change Scenario Model outputs initially to feed 
into TCFD 2020 disclosures where aggregated Probability of Default and Temperature 
Alignment were shown for the selected 100 corporate clients. Standard Chartered has 
since applied the Climate Change Scenario Model to almost 2000 of its corporate clients. 

Beyond this, the Climate Change Scenario Model, now integrated within Aladdin Climate, 
has many business use cases, including:

 č Probability of Default and Temperature Alignment
 č )UYMX]�ERH�HIFX�ZEPYEXMSR�GLERKIW
 č Contribution into external reporting such as TCFD and other climate/sustainability 

disclosures
 č Multi-jurisdictional regulatory stress tests e.g. Bank of England, Hong Kong Monetary 

Authority
 č Internal stress testing, credit and market risk assessments
 č Sensitivity analysis and supports net-zero business planning.

Standard Chartered uses the Probability of Default output from the Climate Change 
7GIREVMS�1SHIP�MR�MXW�GPMQEXI�WXVIWW�XIWXMRK�ERH�EW�E�VMWO�MHIRXMƼGEXMSR�QIXVMG�ERH�TVS\]�
for gross transition risk. Client level climate risk assessments are being integrated into 
Standard Chartered credit underwriting processes. At Standard Chartered, the Tempera-
XYVI� %PMKRQIRX� WGSVI� LIPTW� TVSZMHI� E� UYERXMXEXMZI�QIEWYVI�[LIR� IZEPYEXMRK� TSXIR-
tial climate related reputational risks and is used in client and transaction reviews for 
selected clients operating in some high carbon sectors. For more information on how 
7XERHEVH�'LEVXIVIH�YWIW�XLI�'PMQEXI�'LERKI�7GIREVMS�1SHIP�MR�MXW�VMWO�MHIRXMƼGEXMSR�
processes, refer to the Standard Chartered 2021 TCFD report.17 

7YKKIWXIH�IRLERGIQIRXW�JSV�TVSZMHIVW�
As with all models, development is ongoing and we continue to explore ways in which to 
enhance and expand our functionality and coverage. These can be broadly characterized 
into three main areas of focus within the development roadmap to enhance the:

 č FVIEHXL�SJ�WIGXSVW�GSZIVIH�F]�WTIGMƼG�QSHIPW
 č GPMQEXI� WTIGMƼG� JYRGXMSREPMX]� [MXLMR� XLI�QSHIP�� MRGPYHMRK� IRLERGMRK� GSQTIXMXMZI�

dynamics and the impact of company transition plans and costs of abatement
 č STIVEXMSR�SJ�FEPERGI�WLIIX��GEWL�ƽS[��HIFX�ERH�GETMXEP�JYRHMRK�H]REQMGW�EGVSWW�XLI�

long term modelling horizon

Authors 
Ian Clarke, Expert in Banking, Baringa

17 av.sc.com/corp-en/content/docs/tcfd-climate-change-disclosure.pdf 
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4EVXMGMTERX�

)YVSTIER�&ERO
4VSZMHIV� 6MWO�X]TIW�GSZIVIH�F]�XSSP�
4VMGI[EXIVLSYWI'SSTIVW��4['
 4L]WMGEP�ERH�8VERWMXMSR�6MWO

-RXVSHYGXMSR
As part of the UNEP-FI TCFD pilot programme, we as a bank performed a climate risk 
analysis of our loan portfolio with the help of PwC. The Climate Excellence Tool of PwC 
allows us to perform a climate risk screening, enabling us to identify physical and transi-
tion risks on a sectoral, portfolio and individual asset level. These screenings can subse-
UYIRXP]�FI�YWIH�XS�GEPGYPEXI�ƼRERGMEP�MQTEGX�SR�EWWIX�PIZIP�EW�[IPP�EW�EKKVIKEXIH�SR�
portfolio level. Within Climate Excellence, we can review the overall risk to the selected 
TSVXJSPMS�EGVSWW�XMQI�ERH�WIGXSV�I\TSWYVI�EW�[IPP�EW�I\TPSVI�GSQTER]�WTIGMƼG�ZYPRIVE-
bilities and resilience in a given scenario. The entire corporate client loan portfolio was 
analyzed. The analyses returned that the portfolio faces elevated physical risk from 
HVSYKLXW�ERH�GSEWXEP�ERH�ƽYZMEP�ƽSSHMRK�EGVSWW�VIKMSRW��8VERWMXMSR�VMWO�MR�XLI�EREP]WMW�
depended on the hypothetical adaption activities of companies (inaction, mainstream, 
achiever). Under the inaction scenario, agriculture, mining, manufacturing, electricity, and 
VIEP�IWXEXI�EPP�JEGIH�WMKRMƼGERX�XVERWMXMSR�VMWOW��&EWIH�SR�XLIWI�VIWYPXW��JYVXLIV�WIGXSVEP�
HIIT�HMZIW�[IVI�TVSTSWIH�JVSQ�4['�XS�EREP]WI�XLI�EWWIX�WTIGMƼG�MQTEGX�[MXLMR�WIGXSVW��

4VSGIWW�
1. In an onboarding session, the dashboard is introduced, including the different 

possible views for the relevant stakeholders to learn about the tool functions and 
JIEXYVIW��WYGL�EW�XLI�WGIREVMS�ERH�XMQI�ƼPXIVW��XLI�HMJJIVIRX�ZMI[W�SR�EHETXMZI�
capacity pathways of companies etc.) 

2. In a next step, we choose the preferred scenarios (both for transition and physical 
VMWOW
�ERH�XLI�WGSTI�JSV�XLI�EREP]WMW��XMQI�LSVM^SR��HITXL�SJ�EREP]WMW��HIƼRI�XLI�
portfolio for analysis) 

3. After the log-in to the Climate Excellence Tool, we can see a template for preparing 
the portfolio in the according structure for the upload 

4. After uploading the portfolio, the results can be analyzed on different levels within 
XLI�XSSP��8LI�XSSP�MW�WXVYGXYVIH�XST�HS[R�JSV�HMJJIVIRX�YWI�GEWIW��%X�ƼVWX��XLIVI�MW�E�
portfolio overview showing the different sectors present in the portfolio as well as 
ER�SZIVEPP�QEXIVMEPMX]�EWWIWWQIRX�EX�XLI�WIGXSV��SV�VIKMSR�PIZIP�JSV�XLI�MHIRXMƼGE-
tion of risk and opportunity hotspots in the portfolio. On the next window, individ-
ual companies can be benchmarked across or within sectors and lastly individual 
companies’ results can be split into the different risk drivers (e.g. what sectoral 
activities, geographies or also technologies (transition) and hazards (physical) 
drive the changes). 
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5. The Climate Excellence Tool provides the option to download the scenario analysis 
results for further evaluation and integration into the bank’s processes.

6. 8S�EMH�XLI�MRXIVTVIXEXMSR�SJ�VIWYPXW��E�HIKVII�SJ�YTJVSRX�IJJSVX�MW�VIUYMVIH�XS�JSWXIV�
understanding on the different levels of the analysis and the underlying model 
assumptions and scenario narratives. Furthermore, for the successful integration 
in the internal processes, additional effort and collaboration across departments 
is highly recommended.

*MKYVI���'SRGITXYEP�MQEKI�SJ�'PMQEXI�)\GIPPIRGI�EREP]WMW

(EXE�
�'SZIVEKI
 č Data upload: For the analysis with Climate Excellence, the loan portfolio data is 
VIUYMVIH�XS�FI�XVERWJSVQIH�EGGSVHMRK�XS�XLI�TVSZMHIH�XIQTPEXI��*YVXLIVQSVI��MJ�RSX�
EZEMPEFPI�MRXIVREPP]�EPVIEH]��XLI�MRXIVREP�WIGXSV�GPEWWMƼGEXMSR�RIIHW�XS�FI�XVERWPEXIH�XS�
the NACE sector logic. 

 č Input required: The entire corporate loan portfolio was analyzed and the following 
HEXE�JSV�XLI�TSVXJSPMS�[EW�VIUYMVIH��

 Č 'SQTER]�-HIRXMƼIV��-7-2��0)-�36�'SQTER]�2EQI�
 Č 'PEWWMƼGEXMSR��1EMR�2%')�'SHI�ERH�GSYRXV]�SJ�STIVEXMSRW�
 Č Exposure: Loan Amount

 č Coverage of the analysis: 

 Č ��	�SJ�XLI�EREP]^IH�TSVXJSPMS�SJ�SYV�GSVTSVEXI�GPMIRXW�[EW�GSZIVIH�MR�XLI�XSSP�

 Č The Climate Excellence tool covers all NAICS (translation into NACE sectors is 
performed and used in the Tool) sectors up to the most granular level (given NAICS 
MW�XLI�QSWX�KVERYPEV�WIGXSV�GPEWWMƼGEXMSR�W]WXIQ
�ERH�EPP�[SVPH�VIKMSRW�EVI�GSZIVIH��

 Č The results for the high-emitting sectors are based on granular sector models, 
while the results for sectors with lower relevance are based on factor models (e.g. 
price changes), which are in turn derived from the high-impact sectors. 
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6MWO�X]TIW Time 
LSVM^SR

7GIREVMSW 7IGXSVEP�
GSZIVEKI

6IKMSREP�
GSZIVEKI�

%HHM�
XMSREP�
Feature

8VERWMXMSR Market, 
technology, 
regulation 

2025, 
2030, 
2040, 
2050

���q'�����q'��
3.0°C

Full sectoral 
coverage 

Worldwide 
cover-
age, with 
regional 
partly 
national 
granularity

Company 
WTIGMƼG�
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data with 
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4L]WMGEP� Both acute 
and chronic: 
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Thunder-
storms, 
Droughts, 
Hurricanes, 
Flood, sea 
PIZIP�VMWI��ƼVI

2030, 
2050, 
2100

2.0°C, 3.0°C, 
4.0°C

Full sectoral 
coverage

Worldwide 
cover-
age, with 
national 
granularity

Company 
WTIGMƼG�
analysis

8EFPI����'PMQEXI�)\GIPPIRGI�'SZIVEKI�

 č Results integration: The scenario analysis results in Climate Excellence provide 
WYƾGMIRX�HITXL�SJ�EREP]WMW�ERH�E�LMKL�HIKVII�SJ�TSVXJSPMS�GSZIVEKI� JSV�TSXIRXMEP�
WYFWIUYIRX�MRXIKVEXMSR�MR�XLI�YWIVƅW�SVKERM^EXMSR��I�K��MR�4VSFEFMPMX]�SJ�(IJEYPX��4(
�
calculations. 

6MWOW�JEGXSVW�ERH�WGIREVMSW�
During the trial period demo, the key risk drivers for high-risk sectors were analyzed in 
focused sector deep dives 
 č We are able to see the sectoral, regional and technological drivers for individual compa-

nies: the analysis happens down to NACE-level 4, depending on materiality, further 
results are presented, with a driver analysis (e.g. on the sector, country and technology 
level (transition) and hazard-level (physical), where applicable and meaningful 

 č Technology-level outputs are based on Asset-Level Data and the technological mix 
of the company (e.g. for a steel company it’s the mix of different steel ovens in the 
company’s portfolio) 
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*MKYVI���'PMQEXI�)\GIPPIRGI�8VERWMXMSR�3YXTYXW
 
Temperature pathways and scenarios analyzed: 

Focus during trial period on one scenario for transition and physical risks respectively: 

 č ���q'��XVMKKIVMRK�XVERWMXMSR�VMWOW
�FEWIH�SR�-)%�)84�&�(7�ERH�)84�;)3�7(7�
 č ���������q'��XVMKKIVMRK�TL]WMGEP�VMWOW
�FEWIH�SR�-4''�6'4�����

3YXTYXW�ERH�MRWMKLXW�
Output
 č During the trial period, the focus was on EBITDA changes compared to the base year 

for individual counterparties 
 č Where data availability does not allow for granular counterparty analysis EBITDA 

results are based on sector-geography combinations 
 č Sales (for transition) and EBIT (for physical) are also available as additional output 

variables 

*MKYVI���-PPYWXVEXMZI�VIWYPXW�ZMI[�SR�TSVXJSPMS�PIZIP
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 č 8LI�XSSP�TVSZMHIW�MRWMKLXW�MRXS�XLI�SVHIV�SJ�QEKRMXYHI�ƼRERGMEP�MQTEGXW�[MXLMR�ERH�
across scenarios 

 č 7IGXSV��ERH�WGIREVMS��SV�IZIR�KISKVETL]�WTIGMƼG�VMWO�HVMZIVW�[MXL�WMKRMƼGERX�ƼRERGMEP�
impacts based on changes to revenues and costs 

 č 9RHIVWXERHMRK�SJ�XLI�GSQTER]���TVSNIGX���TPERX��SV�TVSHYGX�WTIGMƼG�GLEVEGXIVMWXMGW�
that imply vulnerability 

 č The combination of physical and transitory risks helped us a lot in classifying the risks 
and contributed to a very good understanding of a scenario future world.

Insights on integration options 
 č Company results as EBITDA change (and Sales) can, for example, be integrated in the 

respective Probability of Defaults (PD) and Loss given Default (LGD) models of the 
individual institutions. In this way, for example, a risk premium and its variance can 
be determined via the modelled adjustment capabilities of companies. Alternatively, 
based on company results, clusters of risk factors can be integrated.

 č Based on the analysis, knowledge is built up across the bank w.r.t. to sector-spe-
GMƼG�XVERWMXMSR�ERH�TL]WMGEP�VMWOW��'SRXIRX�MRWMKLXW�EVI�YWIH�JSV�WIGXSVEP�SYXPSSOW�ERH�
YRHIVWXERHMRK�SJ�XLI�VIUYMVIH�GLERKIW�MR�E�PS[�GEVFSR�JYXYVI��-RWMKLXW�EVI�GSRHIRWIH�
ERH�YWIH�XS�EWO�JYVXLIV��GPMQEXI�VIPEXIH�UYIWXMSRW�MR�XLI�GVIHMX�TVSGIWWIW��%HHMXMSREPP]��
results are included in future steering concepts.

 č The analysis can be directly linked to our Net Zero strategy, thereby covering both 
sides of the double materiality.

 č 3TXMSREP�I\XIRWMSR��)ZEPYEXMSR�SJ�GETI\�VIUYMVIQIRXW�SZIV�XMQI��WII�TEVEPPIP�TVSNIGX��
Pathways to Paris) and also embed this for PD and LGD considerations 

7YKKIWXIH�)RLERGIQIRXW�JSV�XLI�XSSP�TVSZMHIV
The performed analysis of the Financial Institution’s portfolio provided a comprehen-
sive geographic and sectoral overview over transition and physical risks within the time 
period of 2020–2050 and 2020–2100 respectively. The procedure and methodology 
were well-documented and easy to understand. Outputs provided by the Climate Excel-
lence Tool were integrated within a wider scenario narrative to aid interpretation. Climate 
)\GIPPIRGI�JSGYWIW�SR�XLI�ƼRERGMEP�MQTEGX��XLYW�VMWOW�ERH�STTSVXYRMXMIW�JVSQ�GPMQEXI�
scenarios. In future versions, the impact side could be included in the tool. 

As of now (31.12.2021), PwC has extended the functionality of Climate Excellence 
modules and now includes the IEA NZE 1.5°C scenario, as well as various Network for 
Greening the Financial System (NGFS) scenarios. Also, an upgrade of functionality to 
allow for the analysis of combined impact (thus aggregate transition and physical risk) is 
available. The analysis’ backend has been fed with more recent portfolio data to improve 
XLI�FEWIPMRI�ƼHIPMX]�SJ�MXW�SYXTYXW��%PWS��XLI�'PMQEXI�)\GIPPIRGI�SYXTYX�LEW�FIIR�MRXI-
grated to generate a climate risk score based on the client’s PD model.

An extension to include more extensive analyses of other parts of the client’s portfolio, 
e.g. commercial real estate and mortgages will follow.



United Nations Environment Programme Finance Initia-
tive (UNEP FI) is a partnership between UNEP and the 
KPSFEP�ƼRERGMEP�WIGXSV�XS�QSFMPMWI�TVMZEXI�WIGXSV�ƼRERGI�
for sustainable development. UNEP FI works with more 
than 450 members—banks, insurers, and investors—and 
SZIV�����WYTTSVXMRK�MRWXMXYXMSRWƂXS�LIPT�GVIEXI�E�ƼRERGMEP�
sector that serves people and planet while delivering posi-
XMZI�MQTEGXW��;I�EMQ�XS�MRWTMVI��MRJSVQ�ERH�IREFPI�ƼRER-
cial institutions to improve people’s quality of life without 
compromising that of future generations. By leveraging 
XLI�92ƅW�VSPI��92)4�*-�EGGIPIVEXIW�WYWXEMREFPI�ƼRERGI��
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Summary 
 
The Bureau of Reclamation (Reclamation) has prepared this final environmental impact statement 
(FEIS) to analyze the environmental impacts of continuing to implement the Rio Grande Project 
Operating Agreement (OA) through 2050. The OA is a written agreement describing how 
Reclamation allocates, releases from storage, and delivers Rio Grande Project (RGP) water to 
diversion points (headings) of the Elephant Butte Irrigation District (EBID) in New Mexico, the 
El Paso County Water Improvement District No. 1 (EPCWID) in Texas, and the Republic of 
Mexico (herinafter Mexico). In addition, Reclamation will use this FEIS to evaluate the 
environmental effects of a proposal to renew a contract to store San Juan–Chama Project water in 
Elephant Butte Reservoir.  

Purpose and Need for Action 

Operating Agreement   
The purpose for action is to meet contractual obligations to EBID and EPCWID and comply with 
applicable law governing water allocation, delivery, and accounting. These obligations are 
currently fulfilled under the 2008 OA (Appendix A). The need for action is to resolve the long 
and litigious history of the RGP and enter into mutually agreeable, operational criteria that 
comply with applicable law, court decrees, settlement agreements, and contracts. These include 
the 2008 Compromise and Settlement Agreement among Reclamation, EBID, and EPCWID and 
contracts between the U.S. and EBID and EPCWID.  

San Juan–Chama Project Storage   
The purpose and need for a similar action is to respond to a request to renew a multiyear storage 
contract of San Juan–Chama Project water in Elephant Butte Reservoir in accordance with Public 
Laws 97-140 and 87-483.  

The Rio Grande Project and Geographic Scope 
The study area for this FEIS is the RGP in southern New Mexico and far western Texas in the 
Rincon, Mesilla, and El Paso Valleys (Figure 1). The study area begins in the north with Elephant 
Butte Reservoir and extends southward and downstream along the Rio Grande to the El Paso-
Hudspeth County line in Texas. The study area includes the service areas of the two irrigation 
districts and also includes deliveries to Mexico at the Acequia Madre at El Paso, Texas.  

Cooperating Agencies 
Reclamation is the lead Federal agency in the preparation of this FEIS. Cooperating agencies 
include the U.S. Section of the International Boundary and Water Commission (USIBWC), the 
Colorado Division of Water Resources, EBID, EPCWID, and the Texas Rio Grande Compact 
Commissioner.  
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Changes since the Draft EIS 
Reclamation published a notice of availability of the draft EIS (DEIS) in the Federal Register (81 
Fed. Reg. 14886) on March 18, 2016. Notice of the availability of the DEIS was published in 
newspapers, on Reclamation’s internet web page, social media, and e-mail. Reclamation held two 
public hearings during the comment period to give the public an opportunity to learn more about 
the alternatives and impacts and to comment on the DEIS. After receiving multiple requests to 
extend the public comment period, the period was extended to June 8, 2016.  
 
During this draft public comment period, Reclamation received 148 comments in 24 comment 
documents from Federal, state, and local agencies, and the public. Appendix E of this FEIS 
includes the comments received and responses. In assessing and considering these comments, 
Reclamation revised this FEIS. One of the comments pointed out an error in the hydrology 
model, so the FEIS includes some revised water resources data in Chapter 4 and Appendix C. 
Chapter 4 was reorganized by resource rather than by alternative to clarify the differences due to 
the alternatives versus climate change. Information for most resources was edited to better define 
and explain potential impacts, and cumulative actions and impacts were placed in a separate 
chapter. In response to comments, the No Action Alternative was changed from Alternative 1 to 
Alternative 5, as described below and in Chapter 2 and Appendix E. Alternative 1 has been 
selected as the agency’s preferred alternative.   

Alternatives 
The Council on Environmental Quality’s (CEQ) regulations for implementing the National 
Environmental Policy Act (NEPA) require that all EISs include the alternative of no action. CEQ 
(1981; 46 Fed. Reg. 18026) says there are two distinct interpretations of no action. The first 
interpretation is “no change from current management direction” and is typically applied to 
management plans. CEQ explains that this interpretiation of no action involves continuing with 
the present course of action or management until the action is changed. The second interpretation 
of no action is where a proposed activity would not take place and the resulting environmental 
effects from taking no action would be compared with the effects of permitting the proposed 
activity or an alternative activity to go forward. This is typically applied to construction actions. 
 
Following CEQ’s first interpretation of no action, the DEIS identfied Alternative 1 as the No 
Action Alternative because it involves continuation of the OA and San Juan-Chama storage 
contracts. The DEIS considered four other alternatives that vary in inclusion or exclusion of the 
allocation and accounting procedures established by the OA, the diversion ratio adjustment and 
carryover accounting , and storing San Juan-Chama Project water in Elephant Butte Reservoir. In 
the DEIS and this FEIS, Alternative 5 is consistent with past management practices prior to the 
OA, but based on comments received on the DEIS (see Appendix E, “Alternatives, No Action 
Alternative”), for this FEIS, Reclamation relabeled Alternative 5 as the No Action Alternative, 
applying CEQ’s second interpretation of no action.  The alternatives are summarized here and 
presented in detail in Chapter 2. 

Alternative 1: Continuation of OA and San Juan-Chama Storage Contract, 
Preferred Alternative 
Alternative 1 is Reclamation’s preferred alternative. Alternative 1 includes continued 
implementation through the year 2050 of the operating procedures defined in the OA and 
corresponding Rio Grande Project Water Operations and Accounting Manual (Operations 
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Manual). Under Alternative 1, RGP allocation and accounting procedures would continue to 
include the diversion ratio adjustment and carryover accounting established by the OA and 
Reclamation would renew a contract to store up to 50,000 acre-feet of San Juan–Chama Project 
water in Elephant Butte Reservoir.  

Alternative 2: No San Juan–Chama Project Storage 
Alternative 2 is the same as Alternative 1 except that Reclamation would not store San Juan–
Chama Project water in Elephant Butte Reservoir. 

Alternative 3: No Carryover Provision 
Alternative 3 is the same as Alternative 1 except that carryover accounting established by the OA 
would be excluded from RGP allocation and accounting procedures.  

Alternative 4: No Diversion Ratio Adjustment 
Alternative 4 is the same as Alternative 1 except that the diversion ratio adjustment established by 
the OA would be excluded from RGP allocation and accounting procedures.  

Alternative 5: Prior Operating Practices, No Action Alternative 
Alternative 5 (No Action) would eliminate both carryover accounting and the diversion ratio 
adjustment from RGP allocation and accounting procedures.  

Selection of the Preferred Alternative 
Based upon the analysis presented in this FEIS and after reviewing the comments and concerns of 
agencies, organizations and individuals (Appendix E), Reclamation’s responsible official, the 
Regional Director of the Upper Colorado Region, selected Alternative 1 as the preferred 
alternative. At least 30 days after publishing a notice of availability of this FEIS, the Regional 
Director will sign a Record of Decision selecting an alternative and allowing implementation to 
proceed.  

Major Conclusions  
Based on the analysis of impacts of these alternatives in Chapters 4 and 5, major conclusions of 
the FEIS are as follows: 

• EBID’s Annual Allocated Water. Alternatives 1 and 2 would provide an average of 213,110 
acre-feet under the central tendency climatic scenario. Alternative 3 would provide an 
average of 264,752 acre-feet; Alternative 4 would provide 272,269 acre-feet. Alternative 5 
(No Action) would provide 314,327 acre-feet to EBID.  

• EPCWID’s Annual Allocated Water. Alternatives 1 and 2 would provide an average of 
224,049 acre-feet under the central tendency climatic scenario. Alternative 3 would provide 
an average of 267,973 acre-feet; Alternative 4 would provide 207,296 acre-feet. Alternative 5 
(No Action) would provide 239,317 acre-feet to EPCWID. 

• Total Storage. Alternative 1 would provide an average of 483,445 acre-feet of total storage 
under the central tendency climatic scenario. Alternative 2 would provide an average of 
455,233 acre-feet; Alternative 3 would provide 493,743 acre-feet; Alternative 4 would 
provide 465,907 acre-feet; and Alternative 5 (No Action) would provide 483,425 acre-feet.  

• Elephant Butte Reservoir Elevation. Under the central tendency climate scenario, the 
average Elephant Butte Reservoir elevations would be 4,326 to 4,327 feet under all 
alternatives except that Alternative 2 would average 4,319 feet due to not storing San Juan-
Chama Project water. As shown in Section 4.3, the differences in elevation would be greater 
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(10 to 12 feet) due to the projected effects of future climate change than due to 
implementation of the alternatives.  

• Special Status Species. Reclamation concluded that implementation of Alterantive 1 “may 
affect, and is likely to adversely affect” the Southwestern willow flycatcher (Empidonax 
traillii extimus) and Western yellow-billed cuckoo (Coccyzus americanus occidentalis). A 
“may affect, and is likely to adversely modify” determination for flycatcher critical habitat 
and cuckoo proposed critical habitat is based on water resources modeling presented in 
Sections 4.13-4.14 that shows that reservoir filling would inundate this habitat. The U.S. Fish 
and Wildlife Service (Service) concurred with these findings in a biological opinion issued on 
May 25, 2016.  

• Regional Economic Impacts. Under the central tendency climate scenario, the regional 
economic impacts in Doña Ana and Sierra Counties, New Mexico, where EBID is located, 
would decrease compared to Alternative 5 for all action alternatives. The regional economic 
impacts estimated for El Paso and Hudspeth Counties, Texas, where EPCWID is located, 
would increase for all action alternatives compared to Alternative 5. Changes (positive and 
negative) would be small compared to the entire regional economies of the New Mexico and 
Texas and there would be no high or disproportionate adverse impacts on environmental 
justice communities.  

Environmental Commitments 
The EIS process will end with completion of a Record of Decision (ROD). The ROD shall 
explain the agency’s decision and discuss plans for mitigating potential environmental effects and 
monitoring those commitments. Should Alternative 1 become the selected alternative, the 
following future commitments would be implemented.   

• Under Alternative 1, Reclamation would continue to work with the USIBWC, EBID, and 
EPCWID to assess and determine the available supply, the release from storage, and delivery 
of RGP water. 

• Under unforeseen or adverse conditions, Reclamation would continue to work with the 
USIBWC, EBID, and EPCWID under the parameters of the OA to resolve issues in an 
adaptive management framework.  

• Reclamation has accepted the Service’s biological opinion dated May 25, 2016 and would 
continue to monitor vegetation and listed species in coordination with the USIBWC.  
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1 Purpose of and Need for Action 

1.1 Introduction 
The Bureau of Reclamation (Reclamation) has prepared this FEIS to analyze the environmental 
effects of continuing to implement the OA for the RGP through the year 2050. The OA is a 
written agreement describing how Reclamation allocates, releases from storage, and delivers RGP 
water to two irrigation districts, the EBID and EPCWID, and to Mexico. In addition, Reclamation 
will use this FEIS to evaluate the environmental effects of a request to renew a multiyear contract 
for storing San Juan–Chama Project water in Elephant Butte Reservoir.  
 
This FEIS has been prepared in compliance with NEPA, CEQ’s NEPA implementing regulations 
(40 CFR 1500-1508), the U.S. Department of the Interior’s NEPA regulations (43 CFR 46), and 
other relevant Federal and state laws, regulations, and policies.  

1.2 Rio Grande Project Operating Agreement 
The OA is a written agreement describing how Reclamation allocates, releases from storage, and 
delivers RGP water to irrigation district diversion points (headings) of the EBID in New Mexico, 
EPCWID in Texas, and Mexico. The OA is Appendix A of this FEIS. It is described in Section 
1.4.2.3 and in Chapter 2. The proposed action analyzed in this FEIS is continuing to implement 
the OA for the RGP for its remaining term, through 2050. 

1.3 Rio Grande Project 
The RGP is located in southern New Mexico and western Texas in the Rincon, Mesilla, and El 
Paso Valleys. Its facilities include the Elephant Butte and Caballo Dams and Reservoirs, a power 
generating plant, the Percha, Leasburg, Mesilla, American, and International Diversion Dams; 
141 miles of canals, 462 miles of lateral ditches, and 457 miles of drains (Fig. 1). A sixth 
diversion dam, Riverside, was damaged by flood flows and was removed in 2003 to reduce flood 
hazards associated with further breaching. 
  



 

Rio Grande Project Operating Agreement FEIS  
  2 

Figure 1. Rio Grande Project in New Mexico and Texas. 
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Congress authorized the RGP under the authority of the Reclamation Act of 1902 and the Rio 
Grande Project Act of February 25, 1905, to serve lands in New Mexico and Texas. RGP water is 
made available to irrigate a variety of crops and for municipal and industrial (M&I) water uses. 
RGP water is also diverted to Mexico under the Convention between the United States and 
Mexico: Equitable Distribution of the Waters of the Rio Grande (Convention of 1906).  
 
In 1907, Congress appropriated $1,000,000 to pay for the portion of the RGP necessary to 
provide storage of water for fulfillment of the Convention of 1906. As for funding the rest of the 
RGP, under the Reclamation Act of 1902, Congress intended that water projects would be self-
supporting:  each would generate sufficient revenue to cover the costs of construction, operation 
and maintenance, and the total estimated costs would be equitably borne by project beneficiaries. 
Therefore, EBID and EPCWID were required to enter into contracts with Reclamation under 
which they would cover these costs. The Reclamation Act of 1902 further states that the right to 
use RGP water “shall be appurtenant to the land irrigated and beneficial use shall be the basis, the 
measure, and the limit of the right” (32 Stat. 390; 43 USC Sections 372 and 383). The contracts 
among Reclamation, EBID and EPCWID establish the allocation of water between the two 
districts based on the irrigable acreage within each district.  
 
A history of the RGP may be found in the Rio Grande Project (Autobee 1994) and Appendix C 
of Reclamation (2013a). 

1.4 Background 

1.4.1 Operations Overview  
The RGP provides surface water for irrigation in southern New Mexico and for irrigation and 
M&I use in western Texas. It also provides for the delivery of surface water to Mexico under the 
Convention of 1906. The RGP also provides hydropower generation as a secondary function. 
Operation of the RGP involves four primary functions: 

• Capture and storage of Rio Grande streamflow in Elephant Butte and Caballo Reservoirs 
• Allocation of RGP water to EBID, EPCWID, and Mexico 
• Release of RGP water to satisfy delivery orders from EBID, EPCWID, and the USIBWC on 

behalf of Mexico 
• Diversion of RGP water from the Rio Grande and delivery of RGP water to headings and 

municipal water treatment facilities for beneficial use 

The Rio Grande Compact contains a schedule for water that must be delivered to Elephant Butte 
Reservoir every year. In addition, Reclamation allows storage of San Juan–Chama Project water 
in Elephant Butte Reservoir currently under annual contracts with the Albuquerque-Bernalillo 
County Water Utility Authority (ABCWUA).  

1.4.1.1  Surface Water Supply 
At the beginning of the calendar year and prior to the onset of the irrigation season, Reclamation 
determines the total water in RGP storage. Total storage includes Rio Grande Compact deliveries, 
which are comprised of any accumulated inflows, less evaporative losses in Elephant Butte and 
Caballo Reservoirs. Reclamation then calculates the total usable RGP water by subtracting all 
non-RGP storage, including San Juan–Chama Project water and Rio Grande Compact credit 
water, from the total water in storage.  
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In years when the total usable RGP water at the beginning of the calendar year is not sufficient to 
provide a full allocation, Reclamation reevaluates RGP storage each month during the irrigation 
season until a final allocation is reached.  

1.4.1.2  Allocation of Rio Grande Project Water 
Reclamation allocates RGP water supplies such that the diversion allocations to EBID and 
EPCWID are proportionate to each district’s respective acreages. EBID includes 90,640 acres 
authorized to receive RGP water in the Rincon and Mesilla Valleys of New Mexico. EPCWID 
includes 69,010 acres authorized to receive RGP water in the Mesilla and El Paso Valleys of 
Texas. Of the 159,650 acres, 57 percent of the acreage is in EBID and 43 percent is in EPCWID.  
 
The annual diversion allocation is the quantity of RGP water that is allocated each year for 
delivery to EBID, EPCWID, and Mexico at their respective diversion headings. The annual 
diversion allocation is calculated based on the amount of RGP water in storage available for 
release and the estimated amount of water available for diversion at river headings accounting for 
canal bypass, drainage return flows, and other inflows or losses to the Rio Grande between 
Caballo Dam and International Dam. 
 
In addition to their allocations of surface water from the RGP, irrigators within EBID and 
EPCWID have historically relied on groundwater pumping for supplemental irrigation. It is 
recognized that groundwater pumping in the Rincon and Mesilla Valleys depletes RGP surface 
water supplies by increasing seepage losses from the Rio Grande and decreasing groundwater 
discharge to the Rio Grande and to the network of drains that extends throughout the RGP. The 
magnitude of surface water depletions due to groundwater pumping is currently being studied. 
While groundwater is used for supplemental irrigation in both EBID and EPCWID, estimates of 
pumping for irrigation within EBID are an order of magnitude larger than corresponding 
estimates for EPCWID.  
 
To determine how to provide each district with its annual diversion allocation, EBID and 
EPCWID do most of the water monitoring in the river and of water coming into the river from 
drains and other sources. These data are shared between parties and are used to schedule RGP 
orders, releases, and deliveries. Reclamation then executes the releases determined by the 
districts. Under the Convention of 1906, the U.S. is obligated to deliver 60,000 acre-feet of water 
annually in a full allocation year. In drought years when the full allocation is not available, the 
allocation to Mexico is reduced in the same proportion as water delivered to the districts.  

1.4.1.3  Release and Diversion of Rio Grande Project Water 
Reclamation delivers water to each district’s diversion headings based on their water orders. Each 
district then distributes water through its conveyance system to its water users for irrigation or 
M&I use. The two districts use RGP water to irrigate a variety of crops, including lettuce, chilies, 
onions, cotton, sorghum, and pecans. Through contracts with EPCWID, El Paso Water1 also 
receives RGP water. These contracts allow irrigation water to be converted to M&I uses. El Paso 
Water owns or leases farmland with first class water rights by which it is able to convert the 
associated irrigation water to M&I uses (Texas Water Development Board 2016). 
 
Drainage and tailwater from RGP lands at the terminus of the RGP (the El Paso-Hudspeth County 
line) provides supplemental water to 18,000 acres in the Hudspeth County Conservation and 
                                                      
1 El Paso Water is the new official name for what used to known as El Paso Water Utilities. See 
http://www.epwu.org/public_information/news_releases/nr_160630-01.html. They are a utility that delivers 
water to residents of the City of El Paso.  

http://www.epwu.org/public_information/news_releases/nr_160630-01.html
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Reclamation District No. 1 (HCCRD) in Texas. Because HCCRD only receives seepage and 
drainage water through a contract with Reclamation by way of the EPCWID irrigation system and 
does not receive a direct allocation of RGP water, deliveries to HCCRD do not affect primary RGP 
operations. 
 
The USIBWC carries out and schedules the deliveries at the request of Mexico. RGP water 
allocated to Mexico under the Convention of 1906 is officially delivered in the bed of the Rio 
Grande at the point adjacent to the head works of the Acequia Madre in Ciudad Juárez, about two 
miles downstream of the point where the river becomes the international border. 

1.4.2 Historic Operations 

1.4.2.1  Project Initiation to 1979-1980 
From 1908 through 1979, Reclamation operated the RGP. Reclamation determined the annual 
allotment of RGP water per acre of authorized land and delivered the annual allotment to farm 
headgates and to the Acequia Madre for Mexico.  
 
In 1937, Congress authorized the execution of amended repayment contracts with EBID and 
EPCWID. These contracts reduced the repayment obligations and established a corresponding 
right of use to a proportion of the annual water supply, based on an established irrigated acreage 
in each district:  57 percent to EBID and 43 percent to EPCWID, as explained in Section 1.4.1.2. 
 
The districts’ amended repayment contracts also required three changes to occur to historical 
operations. First, once the two districts paid the total reimbursable costs for the RGP, they were 
required to take over the day-to-day responsibility for operating and maintaining the irrigation 
delivery and drainage system. Second, once this transfer of operation and maintenance occurred, 
Reclamation and the two districts agreed to formalize a set of operating procedures that would 
govern the operations of transferred project works. Third, on transfer, Reclamation would no 
longer calculate, allocate, and deliver water to project land; instead, it would deliver an annual 
diversion allocation to each district’s headings. 
 
In 1979-1980, the two districts paid off their construction obligations to the U.S. In 1979, 
Reclamation contracted with EBID to assume responsibility for operating and maintaining the 
Percha, Leasburg, and Mesilla Diversion Dams in New Mexico. In 1980, Reclamation contracted 
with EPCWID to transfer operation and maintenance for the Riverside Diversion Dam (removed 
in 2003) and the distribution and downstream drainage system in Texas, which delivers tailwater 
to the HCCRD. Both contracts required Reclamation and the districts to create a mutually 
agreeable, “detailed operational plan…setting forth procedures for water delivery and 
accounting.” 

1.4.2.2  Operations from 1980 to 2007 
Beginning in 1980, Reclamation determined annual diversion allocations to each district and 
delivered water to the authorized points of diversion. The districts were then responsible for 
conveying water from the point of diversion to individual farm gates. Until a mutually agreeable 
operations plan was in place, Reclamation imposed ad hoc operating procedures to govern 
operations. It modified these procedures as needed between 1980 and 2007. During that time, 
Reclamation calculated, allocated, and delivered each district’s annual diversion allocation; 
however, it modified and optimized the methods, equations, and procedures according to real-
time water conditions. The lack of an operations plan led to conflicts and litigation during this 
period.  
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1.4.2.3  Operations from 2008 to Present 
In 2008, EBID, EPCWID, and Reclamation agreed to execute and implement the OA as a 
settlement of the litigation then pending and filed by both districts. The three parties are the 
signatories of the OA. The term of the resulting 2008 OA is from January 1, 2008, until 
December 31, 2050 (Appendix A).  
 
As a part of the OA, the three parties prepared the RGP Water Accounting and Operations 
Manual (Reclamation 2012d) that contains more detailed information regarding the methods, 
equations, and procedures used to implement the OA. The Operations Manual is an addendum to 
the OA and is found in Appendix B. It is consistent with the OA and does not modify the 
provisions in the OA. The parties to OA consult with each other to review the Operations Manual. 
The most recent revision was in 2012.  
 
1.4.2.3.1 The OA, Operations Manual, and Diversion Ratio   
The OA largely reflects historical operation of the RGP, with two key changes. First, the OA 
provides carryover accounting for any unused portion of the annual diversion allocations to EBID 
and EPCWID. Under historical operations prior to the OA, the unused portion of a district’s 
annual allocation balance contributed to the total amount of usable water available for allocation 
to both districts during the following year. As a result, a portion of one district’s unused 
allocation became part of the other district’s annual allocation the following year. Under the OA, 
any unused portion of the annual diversion allocations to EBID and EPCWID, based on a 
regression line reflecting past delivery performance, referred to as the D-2 Curve, is carried over 
to that district’s allocation balance the following year. The carryover provision of the OA is 
designed to encourage water conservation in the RGP by allowing each district to retain its 
unused allocation up to a specified limit. 
 
Second, the OA adjusts the annual allocations to EBID and EPCWID to account for changes in 
RGP performance2, as characterized by the diversion ratio. The diversion ratio is calculated as the 
sum of net allocation charges (i.e., sum of allocation charges minus allocation credits) to EBID, 
EPCWID, and Mexico divided by the total (cumulative) Project release from Caballo Dam over a 
specified period. The diversion ratio provision of the OA was developed to adjust the annual RGP 
allocations to the districts so as to provide RGP deliveries to EPCWID consistent with historical 
operations, prior to substantial increases in groundwater pumping within EBID and corresponding 
decreases in RGP performance. The annual RGP allocation to EBID is then adjusted to reflect 
current-year RGP performance as represented by the diversion ratio. When the diversion ratio is 
high, greater than one (>1.0), EBID generally receives an increase in allocation compared to 
historical RGP operations. When the diversion ratio is low, less than one (<1.0), EBID generally 
receives a decrease in RGP allocation compared to historical RGP operations. 
 
While numerous factors affect RGP performance, recent changes in performance are 
predominantly driven by the actions of individual landowners within the EBID service area. 
These changes are: 

• Crop selection and related effects on crop irrigation requirement 
• Irrigation practices and related effects on farm irrigation efficiency 

                                                      
2 By “performance”, we mean historical performance of the RGP. While this may not have been called 
“diversion ratio” in the past, historically Reclamation calculated the amount of water that was delivered to 
lands in relation to the amount that was released from storage to determine if there was enough water to 
increase the allocation to lands and Mexico.   
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• Widespread use of groundwater for supplemental irrigation, as permitted and regulated by the 
State of New Mexico 

The diversion ratio provision of the OA ensures that annual allocations and deliveries to 
EPCWID are consistent with historical performance. Moreover, it ensures that deviations in 
performance relative to historical conditions would be accounted for by adjusting the annual 
allocation to EBID. 
 
Under the diversion ratio provision, the annual project allocation to EPCWID is equal to the 
district’s historical diversion allocation, based on a regression line reflecting past delivery 
performance, as defined by the D-2 Curve (Appendix A, Section 2.5). The annual allocation to 
EBID is adjusted to reflect current year (actual) project performance, as reflected by the project 
diversion ratio. Again, when the diversion ratio is high relative to the baseline delivery 
performance defined by the D-2 Curve, EBID generally receives an increase in annual allocation 
compared to its diversion allocation under prior operating practices. When the diversion ratio is 
low relative to the D-2 Curve baseline, EBID generally receives a decrease in project allocation 
compared to prior operating practices. 
 
1.4.2.3.2 Principles Underlying the Operating Agreement 
The provisions adopted in the OA for the RGP reflect Reclamation and the two districts’ interest 
in equitable distribution of RGP water. These include Rio Grande surface waters and 
hydraulically connected groundwater in New Mexico and the portion of the Mesilla Valley in 
Texas. Implementing the OA fulfills contractual obligations among Reclamation and the two 
irrigation districts and resolves litigation in compliance with the legal settlement (Reclamation 
2013a).  
 
Surface Water/Groundwater Interaction 
The interaction between the surface water and groundwater is a critical factor in understanding 
the OA. Previous studies (Conover 1954, Hanson et al. 2013, Haywood and Yager 2003, S.S. 
Papadopoulos & Associates, Inc. 2007 [henceforth SSPA 2007], Stringham et al. 2016) indicate a 
strong hydraulic connection between the Rio Grande and underlying groundwater aquifers in the 
areas served by the RGP, particularly in the Rincon and Mesilla Basins. Groundwater recharge 
via seepage and deep percolation of RGP water would continue under any alternative. In years 
when there is an increase in RGP allocation and delivery to EBID, there is a corresponding 
increase in recharge via seepage and deep percolation within EBID, as well as a decrease in 
demand for supplemental irrigation by groundwater pumping within EBID. Conversely, when 
there is a decrease in allocation, recharge and deep percolation decrease, demand for 
supplemental irrigation water increases, which may result in increased groundwater pumping 
within the district under permits issued by the State of New Mexico (Reclamation 2013a). 
 
When groundwater elevations adjacent to the Rio Grande or a given drain segment are above the 
surface water elevation in the channel, the hydraulic gradient drives groundwater flows toward 
the channel (Fig. 2a). In this situation, groundwater discharge to the channel increases the 
available surface water supply. When groundwater elevations adjacent to the Rio Grande or a 
given drain segment are below the water elevation in the channel, the hydraulic gradient drives 
groundwater flow away from the river (Fig. 2b). In this situation, seepage from the channel into 
the underlying aquifer decreases the available surface water supply. In the event that groundwater 
elevations adjacent to a given channel segment fall substantially below the channel elevation, the 
channel may become hydraulically disconnected from the underlying aquifer (Fig. 2c). In this 
situation, seepage from the channel reaches a maximum rate and is no longer affected by 
fluctuations in groundwater elevation (Winter et al. 1998). 
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While numerous factors affect groundwater in the Rincon and Mesilla Valleys, groundwater 
pumping for supplemental irrigation is a primary driver of groundwater declines. In addition, 
irrigators within both the New Mexico and Texas portions of the RGP often supplement RGP 
surface water deliveries with groundwater from privately owned wells. Supplemental 
groundwater pumping is authorized and managed by the states, independently of the RGP and is 
currently the subject of litigation.   
 
D-1 and D-2 Curves 
The RGP serves irrigated lands in the Rincon, Mesilla and El Paso Valleys, as well as providing 
water to the City of El Paso for M&I uses. EBID provides water to 90,640 acres in the Rincon 
and Mesilla Valleys of New Mexico. EPCWID provides water to 69,010 acres in the Mesilla and 
El Paso Valleys of Texas (Fig. 1). Groundwater pumping in the El Paso Valley portion of 
EPCWID does not affect RGP deliveries (Reclamation 2015c). This is because the effects of 
pumping occur downstream of RGP diversion points for the El Paso Valley portion of EPCWID.  
 
The OA represents mutually agreeable procedures for water delivery and accounting by 
Reclamation to satisfy objections by both districts in how deliveries were provided starting in 
1980. The D-1 and D-2 Curves used by Reclamation to determine annual RGP allocations 
represent the effects of inflows and losses within the RGP on historical RGP performance.  
 
The D-1 and D-2 Curves were developed from operations data from 1951 to 1978. They reflect 
historical project performance during those years, including the effects of losses and inflows on 
project deliveries. The climatic and hydraulic conditions during these years ranged from low-flow 
drought conditions to high-flow full water supply.  The D-1 Curve, used for making the allocation 
to Mexico, is a linear regression equation that represents the historical relationship between the 
total annual release from RGP storage and the total project delivery to lands within the U.S., plus 
delivery in the bed of the river at the point adjacent to the head works of the Acequia Madre. The 
D-2 Curve, used for making the water allocation to the districts, is a linear regression equation 
that represents the historical relationship between the total annual release from project storage 
and the total project delivery to canal headings on the Rio Grande. It includes delivery to all 
authorized points of diversion for EBID, EPCWID, and Mexico. 
 
Adaptive Management  
The OA and Operations Manual are intended to establish the overarching approach for 
management of the RGP, but it is recognized that they do not cover every possible contingency 
and may require adjustment.  Under the principle of adaptive management (Holling 1978, Walters 
1986), when unforeseen conditions or events occur in the future, the parties to the OA, consisting 
of Reclamation, EBID, and EPCWID, would consult and use their professional judgement and 
experience to adaptively manage the operations of the project.  
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Figure 2. Surface water and groundwater interaction; a gaining stream; b losing stream; c 
disconnected stream.    
 
a. Gaining stream 
 

 
 
 
 
b. Losing stream 

 
 
 
c. Disconnected stream 

 
 
Source: Winter et al. (1998). 
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1.4.3 San Juan-Chama Storage Contract 
This FEIS evaluates the environmental effects of renewing multiyear contracts for storing San 
Juan–Chama Project water in Elephant Butte Reservoir, under the authority of Public Law 97-140 
(95 Stat. 1718). The San Juan–Chama Project was authorized as a participating project of the 
Colorado River Storage Project Act in 1956. It consists of a system of diversion structures, trans-
basin tunnels, and a storage reservoir to transfer water from the San Juan River in the Colorado 
River Basin to the Rio Chama in the Rio Grande Basin. San Juan–Chama Project repayment 
contractors receive their annual water allocations with no provisions for carryover; therefore, 
these contractors may benefit by storing unused annual allocations in Elephant Butte Reservoir 
for future use. 

1.5 NEPA Analyses History  

1.5.1  Operating Agreement 
Two NEPA documents were prepared for the OA before this FEIS. In 2007, Reclamation 
prepared an environmental assessment (EA) to evaluate the effects of the OA through 2012. This 
EA committed Reclamation to gather data over the first five years of implementation to evaluate 
effects on the environment (Reclamation 2007).  
 
In 2013, Reclamation supplemented the 2007 EA (SEA). This SEA was initially intended to 
analyze the potential impacts of implementing the OA through 2050. However, given the 
uncertainties of persisting drought and the need to improve analytical tools, Reclamation 
determined that analysis of a longer period would have been of limited use (Reclamation 2013a, 
b). In 2013, Reclamation began developing and refining modeling tools to thoroughly analyze the 
effects of implementing the OA through 2050, as documented in this FEIS. 

1.5.2 San Juan–Chama Storage Contract 
In 2010, Reclamation prepared an EA for a 40-year contract for storing ABCWUA’s San Juan–
Chama Project water in Elephant Butte Reservoir. The long-term contract was never implemented 
because information became available that rendered the associated Finding of No Significant 
Impact obsolete.  Since 2010, Reclamation has been executing an annual contract with 
ABCWUA to store up to 50,000 acre-feet of San Juan–Chama Project water in Elephant Butte 
Reservoir, covered by categorical exclusions. Once stored, San Juan–Chama Project water is not 
included in the total RGP storage for purposes of allocations, but is maintained as a separate pool 
until exchanged upstream. The ABCWUA has proposed extending the contract to store San Juan-
Chama Project water in Elephant Butte Reservoir through 2050. 

1.6 Proposed Action 
Reclamation is proposing to continue implementing the 2008 OA for the RGP for its remaining 
term, through 2050. In addition, it is proposing a similar action (as defined at 40 CFR 
1508.25(a)(3)) of implementing long-term contracts for storing San Juan–Chama Project water in 
Elephant Butte Reservoir. The proposed action and alternatives are described in Chapter 2.  
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1.7 Purpose and Need for Action 

1.7.1 Operating Agreement 
The purpose for action is to meet contractual obligations to EBID and EPCWID and comply with 
applicable law governing RGP water allocation, delivery, and accounting. The purpose is also to 
provide a method to mitigate for the effects on the RGP of groundwater interaction in the Rincon 
and Mesilla Valleys. The need for action is to resolve the long and litigious history of the RGP by 
having mutually agreeable, detailed operational criteria.  

1.7.2 San Juan–Chama Project Storage 
The purpose and need for a similar action is to respond to a request to renew a multiyear storage 
contract of San Juan–Chama Project water in Elephant Butte Reservoir in accordance with the 
Act of December 29, 1981, Public Law 97-140. A similar action is defined by CEQ’s regulations 
(40 CFR 1508.25(a)(3)) as actions that, when viewed with a proposal, have similarities such as 
common timing or geography that provide a basis for evaluation together. The analysis of a long-
term contract for storing San Juan–Chama Project water in Elephant Butte Reservoir is a 
potentially similar action sharing common timing and geography with the OA. It is considered 
along with the proposed action of continuing to implement the 2008 OA. 

1.8 Compliance with Other Authorities  
In addition to meeting the requirements of NEPA, this FEIS documents compliance with other 
environmental laws and policies such as:  

• Endangered Species Act (ESA) 
• National Historic Preservation Act (NHPA)  
• Executive Order 12898, Federal Actions to Address Environmental Justice in Minority 

Populations  
• Executive Order 13007, Indian Sacred Sites 
• Executive Order 13112, Invasive Species 
• Executive Order 13175, Tribal Consultation 

1.9 Public Scoping 
Public scoping began with publication of a notice of intent to prepare an EIS in the Federal 
Register (79 FR 2691) on January 15, 2014. The public was notified of the start of the NEPA 
review and scoping by: 

• Placing newspaper advertisements in the Santa Fe New Mexican on January 27 and 28, 2014, 
the Albuquerque Journal on January 26, 2014, the Las Cruces Sun News on January 26, 2014, 
and the El Paso Times on January 26, 2014 

• Announcing the public scoping meetings via Reclamation’s social media sites and the project 
website (http://www.usbr.gov/uc/albuq/rm/RGP/) 

Scoping meetings were held on both weekday and weekend dates and during both daytime and 
evening. Reclamation held three public scoping meetings at each of the following locations: 

http://www.usbr.gov/uc/albuq/rm/RGP/
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• Thursday, January 30, 2014, 3:00 p.m. to 5:00 p.m.—Reclamation, Albuquerque Area Office, 
555 Broadway NE, Suite 100, Albuquerque, New Mexico  

• Friday, January 31, 2014, 6:00 p.m. to 8:00 p.m.—Elephant Butte Irrigation District, 530 South 
Melendres Street, Las Cruces, New Mexico  

• Saturday, February 1, 2014, 9:00 a.m. to 11:00 a.m.—Reclamation, El Paso Field Division, 
10737 Gateway West, Suite 350, El Paso, Texas  

Reclamation staff conducted the meetings, prepared the handouts, and answered questions. 
Persons attending the Albuquerque and Las Cruces meetings were primarily representatives of 
government agencies, but only Reclamation staff attended the meeting in El Paso. (Therefore, a 
hearing on the DEIS was not held in El Paso.) 
 
Two comment letters were received during the scoping process, one from the New Mexico 
Interstate Stream Commission and the other from the City of Las Cruces. More information on 
the scoping process, including comments received, may be found in the NEPA Scoping Summary 
Report (Reclamation 2014c), which is also available on the project website 
(http://www.usbr.gov/uc/albuq/rm/RGP/). Reclamation took these comments into consideration in 
preparing this FEIS. In addition, comments received on the DEIS were considered in finalizing 
the FEIS.  

1.10 Key Issues 
Key issues or resources relevant to the analysis were identified based on the SEA (Reclamation 
2013a), public comments and concerns raised during scoping, from internal scoping, and outreach 
to Federal, state, and local agencies and tribal governments; and legal, regulatory or policy 
requirements. The following issues or resources are analyzed in detail in this FEIS.  

• Water Resources: total storage, Elephant Butte Reservoir elevations, allocation, releases, net 
diversion, farm surface water deliveries, farm groundwater deliveries, groundwater 
elevations, water quality 

• Biological Resources: vegetation communities including wetlands, wildlife, aquatic species, 
and special status species and critical habitat 

• Cultural Resources: historic properties, Indian sacred sites, and resources of tribal concern 
• Socioeconomic Resources: Indian trust assets, recreation, hydropower, regional economic 

impacts and economic benefits, and environmental justice. 
  

http://www.usbr.gov/uc/albuq/rm/RGP/
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2 Alternatives 
This chapter describes five alternatives analyzed in detail in this FEIS. This chapter also explains 
the criteria for selecting the preferred alternative and discusses alternatives that were considered, 
but not analyzed in detail.  

2.1 Alternatives Development Process 
Formulation of alternatives began in the fall of 2014 and continued through early 2015. 
Reclamation received suggestions for alternatives during scoping and these were considered 
during the alternatives development process. Additional alternatives were proposed during the 
public comment period for the FEIS in 2016.  
 
A key step in the alternatives development process was a workshop held on November 4, 2014, at 
Reclamation’s office in El Paso, Texas. Reclamation staff, contractors, and representatives of the 
cooperating agencies at that time:  EBID, EPCWID, USIBWC, the City of Santa Fe, and the Rio 
Grande Compact Commission’s Texas Commissioner—participated in the workshop in person or 
remotely. Workshop participants reviewed and discussed the purpose and need statement to 
assess where there was discretion for considering alternatives to current practices. The workshop 
included facilitated discussions of the alternatives. It also clarified the difference between annual 
implementation of the Operations Manual and the overall water supply allocation process 
described in the OA.  
 
Reclamation reviewed the output of the screening exercise and outlined the elements of the 
alternatives to be carried forward for further review. Reclamation determined that the carryover 
provision and the diversion ratio adjustment were the basis of the settlement agreement and 
represented variables or elements for creating a reasonable range of alternatives. Reclamation 
also determined that due to similar geography and timing, the environmental effects of storing 
San Juan–Chama Project water in Elephant Butte Reservoir should be analyzed in the EIS.  

2.2 Description of Alternatives 
The alternatives were derived from the methods, equations, and procedures that Reclamation, 
EBID, and EPCWID use in determining the annual diversion allocation and water accounting for 
the RGP. As shown in Table 2-1, the alternatives vary in inclusion of the diversion ratio 
adjustment, carryover accounting, and the San Juan-Chama storage contract.  

2.2.1 Operational Elements Common to All Alternatives 
Some elements of project operations are common to all alternatives and would not vary. 
Reclamation would continue to store, allocate, release, and deliver RGP water for authorized uses 
in the U.S. and for delivery to Mexico under all alternatives. Reclamation would continue to 
determine annual allocations based on the usable water in RGP storage available for release 
during the current year. This includes usable water in storage at the start of the year. Added to this 
is any usable water that becomes available during the year as inflow to RGP storage or as 
relinquishment of Rio Grande Compact credit waters. 
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Under all alternatives, annual diversion allocations to EBID, EPCWID, and Mexico would 
continue to be based on two linear regression relationships between RGP releases and RGP 
deliveries, referred to as the D-1 and D-2 Curves, as described in Section 1.4.2.3.2 of Chapter 1. 
Reclamation and the USIBWC developed the D-1 Curve in 1980 to calculate the annual 
allocation to Mexico when less than a full supply is available. In accordance with the Convention 
of 1906, the annual RGP allocation to Mexico is 60,000 acre feet per year (AFY), except in years 
of extraordinary drought or serious accident to the U.S. irrigation system. The water for Mexico is 
officially delivered in the bed of the Rio Grande at the point adjacent to the head works of the 
Acequia Madre, in cooperation with the USIBWC.  
 
The D-2 Curve represents the total (gross) amount of water available for diversion from the Rio 
Grande by EBID, EPCWID, and Mexico during the year under historical RGP performance 
conditions. The amount of water available for diversion in the U.S. by EBID and EPCWID would 
be determined by subtracting the annual allocation to Mexico from the total volume of water 
available for diversion during the year, as calculated by the D-2 Curve. EBID would then be 
allocated 88/155ths (57 percent) of the volume of water available for diversion and EPCWID 
would be allocated 67/155ths (43 percent).  
 
The annual diversion allocations to EBID, EPCWID, and Mexico would continue to be based on 
the D-1 and D-2 Curves. RGP releases would continue to be scheduled and managed to meet 
delivery orders submitted by EBID, EPCWID, and USIBWC on behalf of Mexico. 

2.2.2 Alternatives 
Five alternatives are carried through detailed analysis in this FEIS. Table 0-1 highlights the 
differences among alternatives.   

Alternative 1—Continuation of OA and San Juan-Chama Storage Contract, 
Preferred Alternative 

• Continue to implement the diversion ratio adjustment provision of the OA in computing 
annual diversion allocations 

• Continue to implement the carryover accounting provisions of the OA, which allows 
carryover of unused allotment balance from one year to the next 

• Continue to store up to 50,000 acre-feet of San Juan–Chama Project water in Elephant Butte 
Reservoir 

Alternative 1 is the continued implementation through 2050 of the operating procedures defined 
in the OA and Operations Manual, as amended for any given year. Under these operating 
procedures, the carryover accounting and diversion ratio provisions would continue. Reclamation 
would continue to implement a contract through 2050 with the ABCWUA to store up to 50,000 
acre-feet of San Juan–Chama Project water in Elephant Butte Reservoir. Details of data, inputs, 
and calculations used in the allocation procedure are described in Table 4 of the OA (Appendix 
A). Additional details on allocation calculations are provided in the Operations Manual 
(Appendix B).  
 
Under the OA,  representatives of EBID, EPCWID, and Reclamation consult to establish the 
monthly and final water allocations for the year for each district and Mexico and review the 
Operations Manual. The manual was last updated in 2012 to clarify calculations used in the 
allocation procedure and to optimize operations (Reclamation 2012e). 
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Alternative 2—No San Juan–Chama Project Storage 

• Continue to implement the diversion ratio adjustment provision of the OA in computing 
annual diversion allocations 

• Continue to implement the carryover accounting provisions of the OA, which allows 
carryover of unused allotment balance from one year to the next 

• Do not store any San Juan–Chama Project water in Elephant Butte Reservoir 

Alternative 2 is the same as Alternative 1, except Reclamation would not continue with contracts 
to store San Juan–Chama Project water in Elephant Butte Reservoir. Alternative 2 allows 
Reclamation to model and determine the effects of storing San Juan-Chama Project water in the 
RGP. 
 
Alternative 3—No Carryover Provision  

• Continue to implement the diversion ratio adjustment provision of the OA in computing 
annual diversion allocations 

• Do not implement the carryover accounting provisions of the OA  
• Eliminate the carryover allocations and relinquish the unused allotment balance at the end of 

each calendar year 
• Continue to store up to 50,000 acre-feet of San Juan–Chama Project water in Elephant Butte 

Reservoir 

Alternative 3 is the same as Alternative 1, except Reclamation would not implement the 
carryover accounting provisions of the OA. Alternative 3 allows Reclamation to model and 
determine the effects of the carryover provision. 

Alternative 4—No Diversion Ratio Adjustment 

• Do not implement the diversion ratio adjustment provision of the OA 
• Compute annual diversion allocations based only on the D-1 and D-2 regression equations 

without adjusting for variations in RGP performance 
• Continue to implement the carryover accounting provisions of the OA, which allows 

carryover of unused allotment balance from one year to the next 
• Continue to store up to 50,000 acre-feet of San Juan–Chama Project water in Elephant Butte 

Reservoir 

Alternative 4 is the same as Alternative 1, except Reclamation would not implement the diversion 
ratio adjustment provision of the OA. Alternative 4 allows Reclamation to model and determine 
the effects of the diversion ratio adjustment provision.  

Alternative 5—Prior Operating Practices, No Action Alternative 

• Do not implement the diversion ratio adjustment provision of the OA 
• Compute annual diversion allocations based only on D-1 and D-2 Curves regression 

equations that reflect historical conditions  
• Do not implement the carryover accounting provisions of the OA 
• Eliminate the provision for carryover allocations for each district  
• Continue to store up to 50,000 acre-feet of San Juan–Chama Project water in Elephant Butte 

Reservoir 
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For this FEIS, Alternative 5 is the No Action Alternative. It allows a comparison through 2050 of 
operations under the OA and a simulation of procedures prior to the OA which did not apply the 
carryover allocation accounting for each district and diversion ratio adjustment provisions in the 
calculation of the allocation to EBID. Alternative 5 is the best possible representation of prior 
operating practices in a modeling context and is based on strict application of the D-1 and D-2 
Curves.  
 
Table 2-1 Key elements of alternatives 

Alternative  
Continue Diversion Ratio 

Adjustment 
Continue Carryover 

Accounting 

Continue Storage of San 
Juan–Chama Project 

Water 
1    
2    
3    
4    
5    

 
 
Because they are not part of the OA, the alternatives do not include the following: 

• Changes to the dams, storage facilities, the power generating plant, diversion facilities, and 
delivery points 

• Negate obligations under the Convention of 1906 and the Rio Grande Compact or compliance 
with various court decrees, settlement agreements, and contracts 

• Construction of new facilities or other actions that are physically different from or that 
exceed the bounds of historic operations within the RGP 

• Changes to the basic operation of the dams and other RGP facilities  
• Changes to the channel capacity  

 
The alternatives analyzed in this FEIS vary in including or excluding the carryover provision, 
diversion ratio adjustment, and the San Juan-Chama storage contract. The range of alternatives is 
designed to determine whether these elements would result in environmental impacts when 
simulated using a hydrology model described in Section 4.1 of Chapter 4.  
 
Continuing to implement the OA is part of the settlement of litigation between Reclamation and 
the two districts. Since 1979 and 1980, Reclamation, EBID, and EPCWID have had contractual 
obligations resulting from the transfer of the irrigation and drainage facilities from Reclamation 
to each district to agree on a detailed operational plan, setting forth procedures for allocation, 
delivery, and accounting of RGP water. This need was finally satisfied in 2008 when the three 
parties entered into the 2008 settlement agreement, which required implementing the OA and the 
Operations Manual (Reclamation 2014c). Alternative 1 represents the operational procedures in 
place since 2008 and an existing agreement among Reclamation and the districts to continue 
implementing the OA through 2050. Alternative 5 represents the No Action Alternative. 

2.2.2.1 Carryover Provision  
The carryover provision of the OA provides for carryover accounting for the unused allocation 
balances remaining on EBID’s and EPCWID’s respective RGP water accounts at the end of each 
year. If either district does not use all of its total diversion allocation during a given year, for 
purposes of modeling for this FEIS, the corresponding quantity of water that would have been 
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released from RGP storage to satisfy the unused portion of the district’s allocation instead would 
remain in storage at the end of the year.  
 
Each district may accrue and maintain carryover balance for any period of years up to 60 percent 
of its respective full annual allocation under the OA. EBID, therefore, may accrue carryover 
balance up to a limit of 305,918 acre-feet and EPCWID may accrue carryover balance up to 
232,915 acre-feet. In the event that either district accrues carryover balance in excess of their 
respective limit, the excess balance would be transferred to the other district’s RGP water 
account.  
 
The carryover provision of the OA does not affect the procedure used to determine the annual 
RGP allocation to Mexico. In accordance with the Convention of 1906, the allocation to Mexico 
would be 60,000 AFY, except in years of extraordinary drought or serious accident to the U.S. 
irrigation system. During extraordinary droughts, the annual allocation to Mexico would be 
determined based on the total release from storage and annual delivery to lands within EBID and 
EPCWID, plus total deliveries to the heading of the Acequia Madre, as calculated using the D-1 
Curve. (See Section 1.4.2.3.2.) 

2.2.2.2 Diversion Ratio Adjustment  
As described in Section 1.4.2.3, the diversion ratio represents the amount of diversion allocation 
that is used per unit release of RGP water from Caballo Dam. It is a measure of RGP performance 
in meeting delivery obligations to EBID, EPCWID, and Mexico. The OA provides the method for 
determining the initial annual diversion allocations to EBID and EPCWID. It also includes the 
methods for adjusting these allocations based on RGP performance, as measured by the diversion 
ratio, which is affected by groundwater levels, and return flows to the Rio Grande.  
 
As described in Section 1.4.2.3.1, Reclamation uses the diversion ratio to adjust allocations to 
EBID and EPCWID to account for changes in RGP performance. This is done to account for the 
effects of groundwater and surface water conjunctive use by irrigators in the Rincon and Mesilla 
Basins, on current year RGP performance. The diversion ratio adjustment ensures that the annual 
RGP allocation to EPCWID is consistent with historical RGP performance, as characterized by 
the D-2 Curve. It also ensures that deviations in RGP performance are accounted for by adjusting 
the annual RGP allocation to EBID. 
 
Calculating annual allocations to EBID and EPCWID under the OA involves additional 
adjustments under some conditions. A positive adjustment (increase) is applied to both districts’ 
allocations when the usable water available for current-year allocation is greater than 600,000 
acre-feet and current (actual) RGP performance exceeds the historical D-2 baseline. A negative 
adjustment (decrease) is applied to both districts’ allocations during extreme droughts. These are 
defined as consecutive years where RGP releases are below 400,000 AFY.  
 
The OA implemented a minor modification to the application of the D-2 Curve. The 763,842 
acre-feet for a full allocation release was increased to 790,000 AFY as specified as the normal 
release in the Rio Grande Compact. 

2.2.2.3 San Juan–Chama Storage  
Alternatives 1, 3, 4, and 5 include storing San Juan–Chama Project water in Elephant Butte 
Reservoir. The ABCWUA is seeking to renew a multiyear contract for storage of up to 50,000 
acre-feet of San Juan–Chama Project water in Elephant Butte Reservoir through 2050.  
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2.3 Alternatives Eliminated from Detailed Study 
This section discusses alternatives that were considered but eliminated from detailed study and 
explains the reasons for their elimination.  

2.3.1 Removing Credits and Charges and Using Actual Deliveries of 
Water in Accounting 

The New Mexico Interstate Stream Commission submitted an alternative during scoping and 
again during the DEIS comment period requesting analysis of an alternative to remove credits and 
charges in water accounting for the RGP. Allocation charges reflect the volume of surface water 
diverted from the Rio Grande; allocation credits reflect the volume of water bypassed or returned 
to the Rio Grande and available for diversion at a downstream diversion point. In general, 
allocation charges are computed as the greater of the volume of water ordered for diversion at a 
specified diversion point and the volume of water actually diverted; alternatively, allocation 
credits are computed as the lesser of the volume of water ordered or bypassed at specified bypass 
points and the actual volume of water bypassed or returned to the Rio Grande. Depending on the 
allocation charges and credits on corresponding RGP water orders promotes efficient operation of 
the RGP by creating an incentive to divert all water ordered or available. This was not carried 
forward for several reasons. First, because it would remove the incentives for efficient operations 
which would increase water use throughout the project area and reduce the amount of allocation 
for EBID due to a reduction to the diversion ratio. Second, charges are a method of tracking 
allocation use. If charges were removed, then there would be no way to track the allocation used 
by each district. This would be contrary to contracts among Reclamation and the two districts. 
Largely because of the second reason, i.e., being contrary to contracts, it means this alternative 
would not meet the purpose and need for action.   

2.3.2 Change the Rio Grande Compact Accounting Point to San Marcial 
During scoping, a request was made to change the Rio Grande Compact accounting point back to 
San Marcial. This alternative was not carried forward because it does not meet the purpose of and 
need for the proposed action. Specifically, changing the Compact accounting point is beyond 
Reclamation’s authority. Such a change would require a resolution of the Rio Grande Compact 
Commission, such as the change that was made in 1948 which changed the accounting point from 
San Marcial Station to storage in Elephant Butte Reservoir. 

2.3.2 Add Point of Diversion for La Mancha Wetlands 
During the comment period, the Southwest Environmental Center request a new diversion point 
on the river to divert surface water to the La Mancha wetlands. This alternative was not carried 
forward because it does not meet the purpose of and need for action. It is also beyond 
Reclamation's authority to grant this request. New diversions on the river would require 
coordination with the USIBWC, EBID, and others.   

2.3.3 Change Carryover Accounting to Reflect Actual Conservation 
Reclamation considered a suggestion to analyze changing carryover accounting to reflect 
conservation. Conservation is not how carryover is determined. Accumulation of carryover in 
each district’s account is not only dependent on conservation, but it is a summation of the water 
allotted at the point of diversion against the water diverted and charged against their account.   

2.3.4 Changes in Drought Factor and Evaporation Calculations 
Reclamation considered alternative elements to address how evaporation losses are calculated and 
potentially adjusting the drought factor. These elements were not carried forward as part of the 
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final alternatives because they are potential adjustments that could be made by revising the 
Operations Manual.  

2.3.5 Climate Change and Compact Modeling and Analysis Assumptions 
Reclamation received requests for new alternatives to account for changes in RGP efficiency 
caused by climate change and alternatives looking at Rio Grande Compact credit water 
accounting. These requests are not true alternatives, but are modeling and analysis assumptions or 
parameters contributing to the effects analysis in Chapters 4 and 5.  

2.3.6 Impairment from Groundwater Pumping  
A proposal was submitted to consider taking action if impairment from groundwater pumping 
depletes the RGP water supply. Actions which Reclamation may take outside the OA are outside 
the scope of the proposed action and are too speculative to attempt to analyze in this FEIS.   

2.3.7 Mimic Natural Hydrograph 
During the public comment period on the DEIS, two comments were made requesting new 
alternatives of modifying releases to mimic the natural flow regime, with higher water released in 
spring and lower water released in summer and fall to benefit native plants and wildlife. The 
alternative to release water for such purposes is beyond Reclamation’s authority and does not 
meet the purpose and need for action for this FEIS.   

2.3.8 Mitigation Measure to Revegetate  
A request was made during the public comment period on the DEIS to add a mitigation measure 
of planting cottonwoods and willows in the reservoir pool following reservoir drawdowns. 
Reclamation considered this request, but given the cycles of filling and drawdown of the 
reservoirs, there would be natural regeneration occurring and such proposed revegetation would 
not be required. However, Reclamation has committed to monitor vegetation changes and meet 
with the Service to assess the habitat (cottonwoods, willows, and tamarisk) available for the 
Southwestern willow flycatcher and the Yellow-billed cuckoo. Revegetation would be considered 
in the future as needed to comply with the ESA.  

2.3.9 San Juan–Chama Storage Alternative Contract Options 
During scoping, Reclamation considered various alternatives for differing amounts or durations 
of storage of San Juan–Chama Project water in Elephant Butte Reservoir. While working on the 
DEIS, the ABCWUA requested renewal of a long-term contract for storing up to 50,000 acre-
feet. Analysis under Alternative 2 allows comparison of the effects of this proposed San Juan–
Chama Project storage.  
 
During the public comment period on the DEIS, Reclamation received several comments 
suggesting expansion of the geographic scope of analysis to analyze the effect of future 
exchanges of San Juan-Chama Project water upstream. The modelling approach used to evaluate 
the San Juan-Chama Project storage provides a reasonable analysis of environmental effects 
within the scope of this FEIS. Any environmental effects related to San Juan-Chama Project 
water above Elephant Butte Reservoir or exchanges are out-of-scope for this FEIS. Any 
environmental effects related to San Juan-Chama water flowing downstream or exchanges 
upstream are out-of-scope for this FEIS, but will be analyzed when such actions are ripe for 
analysis.  This FEIS analyzes the effects of storage of San Juan-Chama water and the resulting 
higher water elevations in Elephant Butte Reservoir as a result of ABCWUA’s proposed contract.   
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2.3.10 Store Project Water in Higher Elevation Reservoirs Upstream 
An environmental organization requested evaluation of an alternative of storing water in upstream 
reservoirs that have lower evaporation rates and could offer benefits to riparian and riverine 
habitats.  The Rio Grande Compact (Article IV) requires New Mexico to deliver water to 
Elephant Butte Reservoir.  The Compact contemplates storage of water in upstream reservoirs 
and actually requires such storage of water in upstream reservoirs to the extent of any 
accumulated debit in Compact deliveries, consistent with the physical limitations of such 
reservoirs.  Article VII, however, generally prohibits increases in storage in upstream reservoirs 
constructed after 1929 when there is less than 400,000 acre feet of water stored in Elephant Butte 
Reservoir.  Upstream storage does not meet the purpose and need for action and this would 
require a Compact amendment. Therefore, this is not analyzed in this FEIS. 

2.4 Comparison of Alternatives and Selection of Preferred 
Alternative 

Table 2-1 illustrates the differences among alternatives. The preferred alternative is Alternative 1. 
It incorporates carryover accounting, the diversion ratio provision, and the storage of San Juan-
Chama water in Elephant Butte Reservoir. The preferred alternative is the alternative 
Reclamation believes would fulfill its statutory mission and responsibilities, considering 
environmental, technical, economic, and other factors described in Chapters 4 and 5, and best 
meets the purpose and need for action. See Chapters 4 and 5 for comparisons of effects of the 
alternatives.  
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3 Affected Environment 
This chapter describes the water resources, biological, cultural, and socioeconomic resources that 
would be affected by implementation of the alternatives presented in Chapter 2 or whose review 
is required by law, regulation, or policy.  

3.1  Resources Considered  
Resources or resource topics analyzed and not analyzed in this FEIS are presented in Table 3-1. 
The resources considered but not analyzed may not be present in the study area or they may not 
be relevant to the scope of the Federal action. In other cases, any potential to affect the resource 
may be negligible or speculative. This determination is based on scoping, input from cooperating 
agencies,  prior NEPA review (Section 1.5), and the experience of interdisciplinary team 
members. 
 

Table 3-1 Resources and issues analyzed in the FEIS 
Resource Relevance Agency Determination 
Aesthetics Not 

included 
This resource issue is not relevant to the scope of the action. 

Agriculture, 
Farmlands 

Included  Socioeconomic analysis includes economic benefits and 
impacts related to agriculture, but Farmland Protection 
Policy Act compliance is not required because of the 
assumption of a constant cropping pattern and no change in 
farm numbers or acreage. Contract freeze RGP acreage at 
159,650 acres. Furthermore, RGP delivers water to the 
headings and not individual farms. 

Air quality  Not 
included  

There would be no effects to air quality related to the 
alternatives and no compliance with the Federal Clean Air 
Act is required.  

Biological 
resources  

Included Aquatic species, vegetation and wetlands, and wildlife and 
special status species, and invasive species are relevant to the 
scope of the action and are included in the FEIS. 

Climate change Included  The alternatives would not affect climate change, but climate 
change would affect other resources and is included in the 
water resources modelling presented in Chapter 4. 

Cultural resources Included  Historic properties, Indian sacred sites, and resources of 
tribal concern are relevant to the scope of the action. 

Environ-mental 
justice 

Included  This is relevant to the scope of the Federal action based on 
the presence of minority and low-income communities in the 
study area per Executive Order 12898. 

Geology, soils,  
paleontology 

Not 
included  

There would be no effects on geology and soils related to the 
alternatives. Although paleontological resources have been 
found within Elephant Butte Reservoir, there is negligible 
potential to affect paleontological resources based on the 
scope of the action.  

Indian trust assets  Included There are no Indian trust assets in the project area; however, 
Secretarial Order 3335 and Reclamation policy require 
description of this resource. 
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Noise Not 
included 

There are no effects on noise related to the action.  

Hydro-power, 
Energy 

Included  CEQ regulations at 40 CFR 1502.16 require consideration of 
energy requirements of alternatives. Hydropower is relevant 
due to generation at the Elephant Butte Powerplant.  

Recreation Included  Relevant due to public recreational opportunities provided by 
RGP reservoirs, state parks, and the river.  

Socio-economics Included  Relevant to the scope of the Federal action due to potential 
economic benefits and regional economic indicators.  

Solid and 
hazardous waste 

Not 
included 

There would be no generation of solid or hazardous wastes 
related to the action. 

Traffic  Not 
included  

There would be no effects on traffic or transportation related 
to the action. 

Water resources Included  Surface water and groundwater are relevant to the scope of 
the action.  

Water quality  Included  Water quality is relevant to the scope of the action.  

3.2 Geographic Scope  
Geographic areas of analysis vary by resource or resource issue. For all resources, the geographic 
area of analysis begins with Elephant Butte Reservoir in the north and extends downstream along 
the Rio Grande to the El Paso-Hudspeth County line. Reservoirs located upstream of Elephant 
Butte Reservoir are operated independently of the RGP and any environmental effects related to 
operations of these reservoirs or the effects of San Juan-Chama water flowing downstream to 
Elephant Butte Reservoir have either been analyzed in prior NEPA reviews or would be analyzed 
in the future depending on the alternative selected and when such actions would be ripe for 
analysis.  
 
The El Paso-Hudspeth County line forms the southern boundary for the analysis because it marks 
the downstream end of RGP facilities and effects of the alternatives are not measurable beyond 
this line.  
 
Implementation of the alternatives would not involve constructing new facilities or other actions 
that are physically different from or that exceed the bounds of historical operations of the RGP. 
The alternatives would not change the structure of the storage or diversion dams nor change 
obligations under the Convention of 1906, the Rio Grande Compact, or compliance with various 
court decrees, settlement agreements, and contracts.  

3.2.1 Rio Grande Project 
As shown in Fig. 1, the RGP is located in southern New Mexico and western Texas. The 
constructed features of the RGP are the Elephant Butte and Caballo Dams and Reservoirs, six 
diversion dams, 139 miles of canals, 457 miles of laterals, 465 miles of drains, and a 
hydroelectric powerplant. Reclamation and multiple entities own and operate the facilities and 
distribution infrastructure of the RGP.  
 
As described in Section 1.4.1.2, Reclamation allocates RGP water proportionate to the districts’ 
respective acreages. EBID includes 90,640 acres authorized to receive RGP water in the Rincon 
and Mesilla Valleys of New Mexico. EPCWID includes 69,010 acres authorized to receive RGP 
water in the Mesilla and El Paso Valleys of Texas. RGP water allocated to Mexico under the 
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Convention of 1906 is delivered in the bed of the Rio Grande at the point adjacent to the head 
works of the Acequia Madre in Cuidad Juárez, Mexico.  
 
The HCCRD, below the RGP boundary in Texas, uses excess flows from the RGP. Under a Warren 
Act contract between HCCRD and Reclamation, HCCRD has used drainage and wastewater from 
the RGP since 1925. The contract extends only to the return water; it does not obligate the RGP or 
Reclamation to deliver specific amounts of water. 

3.3  Water Resources 
This section summarizes existing water resources, including surface water, groundwater, and 
water quality. The study area includes Elephant Butte and Caballo Reservoirs, the Rio Grande 
between the reservoirs, and the Rio Grande below Caballo Reservoir to diversion points to EBID 
and EPCWID lands, and Mexico.   

3.3.1 Regulatory Framework 
The legal and regulatory framework governing surface water in the study area is complex. 
Important authorities and agreements are:  

• Reclamation Act of 1902 and the Rio Grande Project Act of 1905 
• 1906 Convention between the U.S. and Mexico.  
• Rio Grande Compact of 1939 
• Public Law 97-140, 95 Stat. 1717, Section 5(c) (authority for storage of San Juan-Chama 

water in Elephant Butte Reservoir) 
• Public Law 102-575, Title XXXIII—Elephant Butte Irrigation District, New Mexico, Section 

3301 Transfer (authority for transfer to the two districts title to easements, ditches, laterals, 
canals, drains, and other rights-of-way) 

• Court Order No. CIV-90-95-HB/WWD of 1996 (Court order to keep Caballo Reservoir 
storage level below 50,000 acre-feet from October 1 to January 21 annually under most 
conditions)  

3.3.2 Data Sources 
Water resources data were compiled primarily from Reclamation sources (e.g. Reclamation 
2013a; Appendix F).  

3.3.3 Elephant Butte and Caballo Reservoirs Storage  
Reclamation stores RGP water in Elephant Butte and Caballo Reservoirs. Elephant Butte 
Reservoir has a capacity of 2,024,586 acre-feet, all of which is conservation storage for later 
release for authorized project purposes (Reclamation 2008b). Caballo Reservoir has a total 
capacity of 324,934 acre-feet, which includes 224,934 acre-feet of conservation storage and 
100,000 acre-feet of flood control space (Reclamation 2008b). Total conservation storage within 
the RGP is 2,249,520 acre-feet.  
 
In a typical year, storage in Elephant Butte Reservoir increases in the spring due to snowmelt and 
decreases during the irrigation season (generally March to October), although its contents can 
swing dramatically due to variations in runoff from summer monsoons. Storage in Caballo 
Reservoir generally increases from January through March, decreases from March through April, 
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increases from May through June, decreases from June through October, and increases from 
October through December (Reclamation 2013a).   

3.3.4 Releases and Rio Grande below Caballo Dam  
The study area for releases from the dams includes the Rio Grande below Elephant Butte Dam 
and the Rio Grande below Caballo Dam to the El Paso-Hudspeth County line in Texas. This 
marks the geographic end of the RGP facilities.  
 
EBID, EPCWID, and USIBWC on behalf of Mexico, place orders with Reclamation for releases 
from storage to meet their delivery requirements at authorized points of diversion. Orders are 
placed daily during the irrigation season. If the districts cannot agree on the volume or timing of 
releases, Reclamation makes the final determination. Reclamation releases water from RGP 
storage for diversion by Mexico. Reclamation determines the amount and schedule of release for 
Mexico to meet the delivery schedule set by Mexico at its point of delivery.  
 
Historically, the Rio Grande between the reservoirs and below Caballo Dam dries during the non-
irrigation season when no surface water is released. Portions may remain wet due to rain and 
snowfall, groundwater, or municipal discharges. The annual flow below Caballo Dam was 
constant from 1960 to 2013 with the exception of a few wet and dry periods. The most significant 
dry period occurred during the mid-1960s, while the two wettest periods occurred during the mid-
1980s and mid-1990s. In a typical year, flow below Caballo Dam is low in January, gradually 
increases until March, decreases during April and May, peaks in July, and decreases until 
December.  

3.4 Groundwater 
In addition to the background information in Chapter 1, this section summarizes existing 
conditions for groundwater in the Rincon Valley of New Mexico, the Mesilla Valley of New 
Mexico and Texas, and the El Paso Valley of Texas. The Mesilla Valley extends from Radium 
Springs, New Mexico, to the El Paso Narrows in El Paso, Texas, near the New Mexico-Texas-
Mexico border. El Paso Valley is the low-lying area containing the Rio Grande channel, from 
south of the El Paso Narrows to near Fabens, Texas.  

3.4.1 Regulatory Framework 
Groundwater in New Mexico is regulated by the New Mexico Office of the State Engineer 
(NMOSE). In 1980, NMOSE recognized the Lower Rio Grande Underground Basin and imposed 
a permit system on well drilling. Before this declaration, there were no restrictions on well 
drilling in this area. The volume of groundwater that may be pumped under pre-basin 
groundwater rights3 is currently being determined through a basin adjudication process by the 
State of New Mexico.  
 
Groundwater within Texas is managed and regulated by local or regional groundwater 
conservation districts, if present.4 The portion of the study area in Texas is governed by the rule 
of capture and a landowner needs no authorization or permit to pump. 

                                                      
3 That is, under water rights established by groundwater use prior to the basin being declared. 
4 No Texas groundwater conservation districts currently exist in the RGP study area (Texas Water 
Development Board 2016). 
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3.4.2 Data Sources 
Groundwater information was reviewed from Conover (1954), Frenzel (1992), Frenzel and 
Kaehler (1992), Reclamation (2013a, 2015c), and Stringham et al. (2016). Groundwater data also 
came from the following sources:  

• Groundwater elevation data by the USGS using records extracted for individual groundwater 
measurement sites from a geo-database compendium (Burley 2010). 

• Groundwater recharge data estimated by assessing deep percolation of irrigation water, 
channel seepage from the Rio Grande and RGP conveyance facilities, and mountain-front and 
slope-front recharge from surrounding areas. Values have been extracted from the final model 
input files for the NMOSE and collaborators’ groundwater model of the Rincon and Mesilla 
Basins (SSPA 2007).  

• Groundwater pumping for irrigation in the Rincon and Mesilla Basins has been estimated 
based on the Lower Rio Grande Groundwater Flow Model. While metering of groundwater 
pumping has occurred since the 1980s and has been required since 2009, comprehensive 
metering records of groundwater pumping for irrigation in the Rincon and Mesilla Basins are 
unavailable.  

3.4.3 Existing Groundwater Conditions 
As described in Chapter 1, adapting to and managing for the impact on the RGP supply caused by 
groundwater pumping by irrigators in the RGP service area was a purpose of the OA.  

3.4.3.1  Aquifers 
As described in Section 1.4.2.3.2, the shallow unconfined aquifer systems in the Rincon and 
Mesilla Valleys are hydraulically connected to the Rio Grande; therefore, groundwater pumping 
from these aquifers in New Mexico and Texas has the potential to affect RGP supply and 
deliveries. The unconfined aquifer system in the El Paso Valley is also hydraulically connected to 
the Rio Grande. However, most of the RGP diversions and return flows occur upstream of the 
portion of this aquifer system that is affected by groundwater pumping and are not substantially 
affected by fluctuations in groundwater conditions in the El Paso Valley (Reclamation 2013a; 
Appendix F).  

3.4.3.2  Groundwater Recharge and Demand 
Groundwater use and recharge are currently affected by factors including drought, increasing 
demands, and changing farm irrigation efficiencies (Stringham et al. 2016). In the Lower Rio 
Grande Underground Water Basin (NMOSE 2015), including the Rincon and Mesilla Valleys of 
New Mexico, groundwater use has recently been estimated to range from 50,000 to 100,000 AFY 
in years of full RGP surface water supply and from 200,000 to 300,000 AFY in years of low RGP 
supply. Groundwater use for supplemental irrigation depends on irrigated acreage, crop 
distribution, and weather conditions during the growing season in addition to RGP supply 
(Barroll 2005, Reclamation 2013a). Average seasonal groundwater pumping is greater from 
March through October than from November to February, which reflects the use of the 
groundwater for supplemental irrigation. Pumping has varied over time with the volume in years 
of extremely heavy pumping up to six times that of years with the lowest pumping. Accurate 
estimates of historical and current groundwater pumping for supplemental irrigation of RGP lands 
in the Texas portion of the Mesilla Valley and in the El Paso Valley of Texas are not available at 
this time. Water quality considerations and other factors limit the groundwater use on RGP lands 
in the El Paso Valley of Texas, which overlies the Hueco Bolson groundwater aquifer.  
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In general, an increase in RGP allocation and surface water diversions to either district is 
expected to increase groundwater recharge from canal seepage and deep percolation of irrigation 
water in that district, along with a corresponding decrease in groundwater demand for 
supplemental irrigation. Conversely, a decrease in RGP allocation and diversions to either district 
is expected to decrease groundwater recharge in the district and increase groundwater demand for 
supplemental irrigation.  
 
Previous analysis in the SEA determined that it was not possible to quantify the total change in 
groundwater recharge and demand from 2008 to 2012 nor the portion of that total change that 
would be attributable to the OA. An order of magnitude estimate suggests that incremental 
changes in groundwater recharge and groundwater demand for supplemental irrigation in the 
Rincon and Mesilla Valleys during this period were small compared to the total recharge and 
pumping in the region (Reclamation 2013a; Appendix F). 
 
Groundwater pumping is not an authorized function of the RGP and is not directly a part of RGP 
operations. However, it is worth noting that groundwater pumping from aquifers hydraulically 
connected to the Rio Grande, or to the network of canals, laterals, ditches, drains, and wasteways 
used to convey RGP deliveries and return flows, is likely to affect RGP supplies and deliveries 
through the interaction of the groundwater and surface water systems. In addition, groundwater 
demand for supplemental irrigation depends in part on the availability of surface water from the 
RGP. Previous studies have indicated that seepage from the Rio Grande and deep percolation of 
irrigation water from RGP lands to the underlying aquifer system are a primary source of 
groundwater recharge to the shallow unconfined aquifers of the Lower Rio Grande Underground 
Water Basin (Hanson et al. 2013, Haywood and Yager 2003, SSPA 2007, Stringham et al. 2016).   

3.4.3.3 Groundwater Trends 
Analysis based on historical measurements of groundwater elevations from monitoring wells in 
the RGP and surrounding areas of the Rincon and Mesilla Valleys demonstrates widespread and 
statistically significant negative trends in groundwater elevation from 1980 to the present. 
Analysis of previous decades suggest that this trend is confined to the past decade, indicating that 
sustained groundwater pumping in excess of recharge (i.e., groundwater mining) was not 
prevalent in the RGP or adjacent lands before the current drought (Reclamation 2013a; Appendix 
F). 
 
Other groundwater trends are: 

● Trends in groundwater elevation are predominantly negative, although some wells exhibit 
neither negative nor positive trends over the same period. Trends in groundwater elevation at 
each measurement site reflect conditions near that site. 

● Full allocations each year in the early 1990s to early 2000s lessened concerns about 
allocations and no substantial changes in RGP operations, district operations, or groundwater 
use for supplemental irrigation in the RGP or adjacent areas of the Rincon or Mesilla Valleys 
occurred between the late 1990s and early 2000s.  

● Efforts to increase irrigation efficiency and to reduce distribution losses, including lining and 
piping portions of the distribution system, may have contributed to recent groundwater 
declines in some portion of the Mesilla Valley by reducing recharge from deep percolation of 
irrigation and canal seepage. It is likely that recent groundwater declines are associated with 
the severe and sustained drought conditions that have affected the RGP since 2003 
(Reclamation 2013a, Appendix F). 
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The analysis presented in the SEA (Reclamation 2013a, Appendix F) indicates a statistically 
significant positive correlation between groundwater elevation and annual flow below Caballo 
Dam, as well as the total annual RGP diversions under both wet and dry conditions. These results 
are intuitively consistent with conjunctive use of surface water and groundwater in the RGP. 
During periods of high surface water availability, streambed recharge from the Rio Grande to the 
underlying aquifer increases and groundwater pumping decreases, resulting in higher 
groundwater elevations. Conversely, during periods of low surface water availability, streambed 
recharge decreases and pumping increases, resulting in declining groundwater levels. Results 
suggest a strong connection between surface water and groundwater resources in areas served by 
the RGP, particularly in the Rincon and Mesilla Basins, as indicated by numerous previous 
studies (Deb et al. 2012, Reclamation 2013a; Appendix F, Stringham et al. 2016). 

3.5 Water Quality 
This section summarizes existing water quality between Elephant Butte Reservoir and the Rio 
Grande at the El Paso-Hudspeth County line.   

3.5.1 Regulatory Framework 
The legal and regulatory framework for water quality includes:  

● Federal Water Pollution Control Act or Clean Water Act (CWA; 33 USC Section 1251 et 
seq.) 

● Public Health Service Act, Safe Drinking Water Act (Title XIV of the Public Health Service 
Act; Public Law 107-377) 

● New Mexico Administrative Code 20.6.4   
● Texas Administrative Code Title 30, Chapter 307 
Under the CWA, water quality is managed by the New Mexico Environment Department 
(NMED) and Texas Commission on Environmental Quality (TCEQ). These state agencies have 
developed water quality standards based on designated uses for which the body of water is 
suitable. Both state agencies divide the Rio Grande into water quality segments for which 
standards must be met.  

3.5.2 Data Sources 
Water quality data are from Hogan (2013), New Mexico Environment Department (NMED 
2016), Reclamation (2013a; SEA Appendix H), Texas Commission on Environmental Quality 
(TCEQ 2016), and the U.S. Environmental Protection Agency (EPA 2015a, b). 

3.5.3 Existing Reservoir Water Quality Conditions 
The NMED Surface Water Quality Bureau (2016:175-176) reports that water quality in Elephant 
Butte Reservoir (HUC 13020211) has improved recently and the reservoir has been taken off the 
state’s impaired list, but there is still a fish consumption advisory due to mercury in fish tissue. 
Caballo Reservoir (HUC: 13030101) is impaired due to mercury in fish tissue and high levels of 
nutrients. Fish consumption advisories are in place (NMED 2016:176).  

3.5.4 Existing Rio Grande Water Quality  
The Rio Grande between Elephant Butte and Caballo Reservoirs has historically been impaired 
by low dissolved oxygen levels and excessive nutrients, but in 2016, no impairments were found 
(NMED 2016:177-178). However, the state plans to reassess the dissolved oxygen levels. The 
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NMED (2016:178) has listed the Rio Grande in the HUC: 13030102, El Paso-Las Cruces reach, 
as impaired due to exceedances of the E. coli criterion.  
 
The TCEQ (2016) lists the Rio Grande River (Basin 23; AUID 2312-2) as impaired for aquatic 
life from the Texas-New Mexico border to International Dam due to depressed dissolved oxygen 
levels and a toxic substance (methylene chloride) in sediment. For general uses, total dissolved 
solids and nutrients exceed standards. In addition, groundwater quality may be a concern within 
the districts’ service areas.  
 
The Rio Grande is impaired for primary contact recreational use from Percha Dam to the Texas 
boundary due to exceedance of the E. coli bacteria standard. The Rio Grande downstream of the 
New Mexico border is impaired due to excessive E. coli and high salinity or total dissolved 
solids. At El Paso, the average total dissolved solids is about 750 mg/L, and at Fort Quitman it 
commonly is in excess of 2,000 mg/L and up to an average of 3,200 mg/L during the irrigation 
season (Hogan 2013, Phillips et al. 2003, Stringham et al. 2016). Total dissolved solids are 
typically elevated in the winter when flows are lower and are reduced in the summer when higher 
flows dilute concentrations (Michelsen et al. 2009).   

3.6 Vegetation Communities, Wetlands and Special Status 
Plant Species 
This section describes vegetation communities including wetlands and special status plant species 
within the Elephant Butte and Caballo Reservoir pools and along riverbanks between the 
reservoirs and down to the El Paso-Hudspeth County line. “Special-status species” includes 
species given varying levels of protection with the highest level of protection given to species 
listed or proposed for listing as endangered or threatened under the ESA.  

3.6.1 Regulatory Framework 
A number of laws, regulations, and policies apply to vegetation communities and plant species. 
These include: 

• ESA  
• CWA Section 404 
• Executive Order 11990, Protection of Wetlands 
• New Mexico Energy, Minerals, and Natural Resources Department (NMEMNRD) Forestry 

Division (NMEMNRD 2015) Section 75-6-1 NMSA 1978  
• Texas Parks and Wildlife Department Code Chapter 88 and Sections 69.01 through 69.9 of 

the Texas Administrative Code 

3.6.2 Data Sources 
Data sources for vegetation in the study area include the U.S. Geological Survey’s (USGS) 
Southwest Regional Gap Analysis (USGS 2011), the New Mexico Rare Plant Technical Council 
(NMRPTC 2015), New Mexico State Parks’ (NMSP) management plans (NMSP 2000, 2006), 
endangered plant information from the New Mexico Energy, Minerals, and Natural Resources 
Forestry Division (NMEMNRD 2015), and the Service’s National Wetland Inventory, and 
publications such as Muldavin et al. (2000).  
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Field surveys and aerial photography conducted by Reclamation (2003a, 2012b), USIBWC 
(various),  and others (e.g. Sogge et al. 1997) to document habitat for the endangered 
Southwestern willow flycatcher (Empidonax traillii extimus, flycatcher) also provide data about 
vegetation communities in the five county biological resources study area.  

3.6.3 Existing Vegetation Conditions 
The study area is in the Chihauhuan Desert on the ecotone5 between Desert Scrub and Desert 
Grassland (Brown 1982, Dick-Peddie 1993). Riparian-wetland vegetation borders the study area 
along the shoreline of the reservoirs and the floodplain of the Rio Grande. Within the study area, 
the location and distribution of individual plant species depends on the soil, elevation, degree of 
slope, and proximity to water, etc.  
 
The Southwest Regional Gap Analysis Project (USGS 2011) provides land cover data for the 
study area, classified according to the National Vegetation Classification System. Following this 
system, vegetation within the full-pool footprint of Elephant Butte Reservoir and its delta include 
the following:  

• Western Great Plains Riparian Woodland and Shrubland  
• North American Arid West Emergent Marsh  
• North American Warm Desert Playa 
• North American Warm Desert Wash  
• North American Warm Desert Riparian Woodland and Shrubland  

Since 1995, Elephant Butte Reservoir has receded more than 24 miles downstream, exposing 
thousands of acres of bare soil (Fig. 3). This area is dominated by Goodding’s willow (Salix 
gooddingii), interspersed with broadleaf cattails (Typha latifolia L.), and marsh grasses 
(Muldavin et al. 2000). To the east, opposite the Low Flow Conveyance Channel outfall, dense 
monotypic stands of nonnative tamarisk or saltcedar (Tamarix spp.) are dominant (Reclamation 
2012a).  
 
Scant riparian development exists along the floodplain of the Rio Grande between Elephant Butte 
and Caballo Reservoirs. Vegetation in this reach is typically limited to a narrow band of tamarisk 
with a few overstory cottonwoods (Populus fremontii) (Reclamation 2012a).  
 
Where the Rio Grande broadens into the upper delta of Caballo Reservoir, several patches of 
tamarisk and overstory cottonwoods and a variety of herbaceous and grass species persist 
(Reclamation 2012a). The broadening of the floodplain and Caballo Reservoir account for the 
relatively high water table that supports this vegetation.  
 
Little vegetation is found in and around Caballo Reservoir due to annual mowing and 
management (Reclamation 2012a). However, a 40-acre parcel has been fenced to exclude 
livestock. This parcel, known as the Las Palomas site, supports a mosaic of native riparian and 
wetland vegetation that provides wildlife habitat. Downstream of the Las Palomas site, several 
large patches of native willows (Salix spp.) have developed in the bottom of the reservoir pool. 
Several of these patches are comparable to the high-quality wildlife habitat in the Elephant Butte 
Reservoir and consist of young to middle-aged coyote willow (Salix exigua) and Goodding’s 
willow. These patches are classified as North American Arid West Emergent Marsh, North 
American Warm Desert Playa, and North American Warm Desert Riparian Woodland and 
Shrubland.  
                                                      
5 A transitional area between two biological communities 
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Downstream of Percha Dam (2.0 miles below Caballo Dam) to the American Dam at El Paso, the 
affected environment is the floodway managed by the USIBWC. The floodway ranges in width 
from approximately 50 to 2,100 feet for over 100 miles. In most of the floodway there is little to 
no vegetation, but portions of it are described by USIBWC (2003, 2009b) as a combination of 
farmland and North American Arid West Emergent Marsh and North American Warm Desert 
Riparian Woodland and Shrubland.  
 
Through the years, the USIBWC has managed vegetation to reduce erosion potential, remove 
potential obstructions that could reduce flood containment capacity, help stabilize stream banks, 
control weeds and brush including saltcedar, and provide wildlife habitat at suitable locations. 
The USIBWC’s Record of Decision for River Management Alternatives for the Rio Grande 
Canalization Project (USIBWC 2009a) calls for enhancing native vegetation within the floodway 
by reducing mowing and revegetation.  

3.6.4  Vegetation Trends  
The recession of Elephant Butte Reservoir over the last decade has allowed the development of a 
mosaic of native and nonnative vegetation (Fig. 3, Reclamation 2012a). Downstream, at the 
sediment delta of Caballo Reservoir, several patches of tamarisk and overstory cottonwoods and a 
variety of herbaceous and grass species have grown, including the densely vegetated Las Palomas 
site referenced in Section 3.6.3 (Reclamation 2012a). These vegetated patches within the full pool 
footprint of both reservoirs are dynamic due to both natural succession and to changes brought 
about by fluctuating reservoir levels.  
 
While defoliation of tamarisk due to the tamarisk leaf beetle (Diorhadba spp.), has yet to occur in 
the study area, it is likely that individual trees and patches of dense, monotypic tamarisk will 
become defoliated as the beetle expands over time.  
 
Below Caballo Reservoir, there is minimal native vegetation along the Rio Grande. The river is 
channelized to accommodate agricultural and urban land uses, but additional acres adjacent to the 
river has recently been allocated for riparian restoration and managed grasslands. Approximately 
350 additional acres may be designated as no-mow zones in future years to accommodate new 
conditions, such as increased flycatcher habitat buffer areas or new restoration sites (USIBWC 
2014b).  
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Figure 3. Elephant Butte Reservoir reduced pool, 2014 
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3.6.5  Special Status Plant Species  
There are 13 Federal- or state-listed special status plant species in the five counties in the 
biological resources study area, but based on habitat requirements and soil associations, only the 
Pecos sunflower (Helianthus paradoxus) and Wright’s marsh thistle (Cirsium wrightii) have any 
potential to occur in the study area. To date, no occurrences of either species have been reported. 
These species are discussed in more detail below.  

3.6.5.1  Pecos sunflower (Helianthus paradoxus) 
The Pecos sunflower is a wetland species that requires saturated saline soils of desert wetlands. It 
is usually associated with desert springs (cienegas) or the wetlands created from modifying desert 
springs at 3,300 to 6,600 feet of elevation. Some activities that degrade or destroy wetlands and 
therefore threaten Pecos sunflower are channel incision that reduces water tables, groundwater 
depletion, water diversions, filling, and saltcedar invasion. Livestock will eat Pecos sunflower, 
especially the flower heads, when other green forage is scarce. Disturbance may facilitate 
hybridization (NMRPTC 2015).  

3.6.5.2  Wright’s marsh thistle (Cirsium wrightii)  
Wright’s marsh thistle grows in wet, alkaline soils in spring seeps and marshy edges of streams 
and ponds at elevations of 3,450 to 8,500 feet. Desert springs (cienegas) are susceptible to drying 
up or being diverted. Populations in the City of Roswell, Chavez County, at Lake Valley, Sierra 
County, and at the San Bernardino Cienega in Arizona appear to be extirpated. Introducing 
insects as biological control for weedy thistles may pose a grave hazard for non-weedy thistle 
species. The effects of fire and livestock grazing on this species have not been studied (NMRPTC 
2015). 

3.7 Wildlife and Special Status Wildlife Species 
This section summarizes existing conditions for terrestrial wildlife and special status wildlife 
species, including consideration of birds, mammals, reptiles, amphibians, arthropods, and 
gastropods. For this FEIS, special status species are those protected by the laws listed below.  

3.7.1 Regulatory Framework 
The primary laws protecting wildlife are:  

• ESA  
• Bald and Golden Eagle Protection Act (16 USC, Sections 668-668d) 
• Migratory Bird Treaty Act of 1918 (16 USC, Sections 703-712), as amended  
• New Mexico Wildlife Conservation Act (17-2-40.1 NMSA 1978) 
• Texas Parks and Wildlife Department Code, Chapters 67 and 68, and Texas Administrative 

Code, Sections 65.171-65.176, of Title 31 

3.7.2 Data Sources 
Data sources for wildlife in the study area are based on descriptions of the vegetation 
communities in Section 3.6, plus data provided by the Service on special status species in the five 
counties:  Doña Ana, Sierra, and Socorro Counties, New Mexico, and El Paso and Hudspeth 
Counties, Texas.  Wildlife data from New Mexico State Parks’ (NMSP) management plans 
(2000, 2006) are incorporated by reference. Reclamation also reviewed the Service’s online 
Critical Habitat Portal (Service 2014a) and Federal Register notices for designated critical habitat 
for special status species. The New Mexico Department of Game and Fish’s (NMDGF) online 
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database, the Biota Information System of New Mexico, was reviewed for Federal and state 
threatened, endangered, and species of concern (NMDGF 2015a). Also, reviewed were data from 
the New Mexico natural heritage program sensitive species by county database (NMDGF 2015a) 
and the Texas natural diversity database and rare, threatened, and endangered species of Texas by 
county database maintained by Texas Parks and Wildlife Division (TPW 2016).  
 
The New Mexico Ornithological Society has an online database of bird sightings throughout the 
state (New Mexico Ornithological Society 2015), and there are several available lists showing 
documented bird species for these counties that were reviewed. Publications of the Service listing 
species, designating critical habitat, recovery or management plans, and biological opinions were 
reviewed and data from these publications are incorporated by reference (e.g. Service various).  

3.7.3  Existing Wildlife Conditions 
This section provides a general overview of the wildlife and bird species and their habitats that 
could be in the study area, with an emphasis on special status species. As with vegetation, the 
potentially affected habitat focused on potential inundation areas associated with reservoir pools 
and the effects of the frequency, timing, and extremes in reservoir elevation changes over the 
long term.  
 
The vegetation in and around the two reservoirs and along the floodplain of the Rio Grande 
provides habitat for a diversity of wildlife species (USIBWC 2001; Reclamation 2002, 2003b). 
Common wildlife at both Elephant Butte and Caballo Reservoirs are mule deer, coyote, rabbits, 
pocket gopher, ground squirrel, chipmunk, raccoon (NMSP 2000, 2006). NMSP (2000, 2006) has 
documented more than 250 species of birds in and around the reservoirs, with common species 
including woodpecker, egret, killdeer, quail, great blue heron, and shorebirds.  
 
The reservoirs and shorelines support many species of reptiles, amphibians, and invertebrates. 
Among the invertebrates, currently no tamarisk leaf beetles (Diorhadba spp.) have been 
documented in the study area, but the beetle has been dispersing in Texas and New Mexico since 
at least 2010. Diorhabda has been known to defoliate over 90 percent of tamarisk at some sites, 
with possible tamarisk mortality after 3-5 years of repeated defoliation. The defoliation of 
tamarisk could affect the use of the study area by birds including the endangered flycatcher, as 
described below.  
 
Downstream of Caballo Reservoir, typical wildlife includes the black-tailed jackrabbit, desert 
cottontail, cotton rat, ground squirrel, mourning dove, meadowlark, kestrel, red-tail hawk, skunk, 
burrowing owl, several species of waterfowl, other migratory birds, and non-game animals 
(USIBWC 2007, 2014a). 
 
Riparian areas constitute less than one percent of the land area in the arid Southwest, yet provide 
habitat to a greater number of wildlife species than any other ecological community in the region. 
These areas are also critical corridors for migratory species, especially migratory birds. When 
analyzing the river portion of the study area from Caballo Reservoir to El Paso, USIBWC 
assessed the quality of wildlife habitat in the area as below average to poor (USIBWC 2003).  
 
Some riverine wetlands in the river channel offer high-quality habitat, but these are small and far 
apart. Wildlife habitat along the river, from the Elephant Butte Dam to El Paso, has been 
impacted by agricultural and urban development. In general, the remaining high-value wildlife 
habitat is associated with the Elephant Butte and Caballo Reservoirs and a riparian strip next to 
the Rio Grande. The dynamic nature of flooding and drying at the upper portions of the Elephant 
Butte Reservoir has allowed large areas of riparian vegetation to establish itself, which provides 



 

Rio Grande Project Operating Agreement FEIS  
  34 

important wildlife habitat. Smaller patches of similar vegetation have developed on the drought-
exposed bed of Caballo Reservoir.   

3.7.4  Special Status Wildlife Species  
The endangered flycatcher and the threatened Western yellow-billed cuckoo (Coccyzus 
americanus occidentalis; cuckoo) are seasonally present within the study area/action area. 
Reclamation also considered potential for the endangered New Mexico meadow jumping mouse 
(Zapus hudsonius luteus; mouse), the endangered Interior least tern (Sterna antillarum), and the 
threatened piping plover (Charadruis melodus; plover) in the action area. For the mouse (see 
Section 3.7.4.3), the Service (2014c, 2013c) indicates it could be present in Socorro County, New 
Mexico, but surveys for the species, as well as examination of its potential habitat based on 
vegetation communities, indicate this species is not present in the action area. While migrating 
individual Interior least tern and plover could occur during transitory stopover periods, no habitat 
for these species has been found along the riverine portion of the action area.  

3.7.4.1  Southwestern Willow Flycatcher  
The flycatcher is a small perching bird (order Passeriformes), about six inches long, with a life 
span of generally one to three years; some live four to seven years (Langridge and Sogge 1997, 
Netter et al. 1998, Paxton et al. 1997). They winter in neotropical areas of southern Mexico and 
Central America and begin to arrive at New Mexico breeding sites in early May. Flycatcher 
habitat along the Rio Grande has two primary functions: habitat for breeding and feeding during 
the breeding season and stopover habitat while migrating. 
 
The flycatcher was originally listed as endangered due to loss of habitat, brood parasitism, and 
lack of adequate protective regulations (Service 1995). The greatest ongoing threats to flycatchers 
in the Rio Grande are the decline in the quality of critical nesting habitat related to drought and 
loss of dense riparian vegetation, invasion of the saltcedar leaf beetle (Diorhabda spp.), and nest 
predation by brown-headed cowbird (Molothrus ater).  
 
The Service published the final rule designating critical habitat for the flycatcher in 2013 and 
included about 14.4 kilometers (9.0 miles) of the upper part of Elephant Butte Reservoir in the 
Middle Rio Grande Management Unit (Service 2013a:380).  
 
Regarding the sediment delta at the north of Elephant Butte Reservoir, the Service reported that: 

“Over time, as the lake at Elephant Butte has declined, there has been an increase of 
willows and other trees in the delta of Elephant Butte Reservoir, and also an increase in 
flycatcher territories within the reservoir pool and north of the reservoir pool where the 
habitat is supported by the low-flow conveyance channel. The area within and north of 
Elephant Butte Reservoir supports the largest known population of flycatchers in the 
range of the subspecies.” [Service 2013a:365] 

 
The final rule also found that the southerly margin of Elephant Butte Reservoir contains some 
elements of flycatcher habitat (Service 2013a:380). However, the Service determined that this 
southern segment in the active conservation pool of the Elephant Butte Reservoir is not necessary 
for the conservation of flycatcher and it was not designated as critical habitat (Service 
2013a:349).  
 
3.7.4.1.1 Presence  
The upper or northern part of Elephant Butte Reservoir is located in the Service’s Middle Rio 
Grande Management Unit. Patches of vegetation at the northernmost extent within the historic 
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reservoir (considered south of River Mile 62) became suitable for flycatchers in the mid-1990s. 
Flycatcher habitat is dynamic system, with the birds requiring dense patches of vegetation with 
tall trees. High-quality flycatcher habitat within the reservoir that has developed is a result of 
more recent reservoir recession that continues to improve and is providing new habitat for nesting 
and migrant flycatchers (Reclamation 2015a). 
 

Figure 4. Elevational distribution of Southwestern Willow Flycatcher territories within Elephant 
Butte Reservoir, 2014, with maximum water levels. 

 
Source: Reclamation (2015d). 
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Figure 5. Percentage of Southwestern Willow Flycatcher territories above the high pool of 
Elephant Butte Reservoir, 2007-2014. 

 
Source: Reclamation (2015d). 

 

During the 2014 surveys, 598 resident flycatchers were documented throughout the Middle Rio 
Grande Management Unit, which included resident birds forming 234 pairs and establishing 364 
territories (Reclamation 2015a). Consistent with previous years, the San Marcial reach was the 
most productive, with 307 territories and 205 pairs. The 2014 surveys showed a second 
consecutive year of increased territory numbers after a large drop in 2012. The 2014 monitoring 
included nesting success rates, productivity, and brown-headed cowbird (Molothrus ater) 
parasitism. The San Marcial reach was again most productive, with 255 nests and 151 flycatcher 
fledglings. Overall, nesting success for all of the Middle Rio Grande Management Unit was the 
lowest observed in the past 16 years of monitoring, with most failures due to depredation 
(Reclamation 2015a). 
 
Figure 4 presents the distribution of flycatchers by elevation in Elephant Butte Reservoir during 
2014. Because the elevation of the full reservoir is approximately 4,400 feet, the reservoir is 
important in providing flycatcher habitat. Figure 5 shows the percent of flycatcher territories 
above the high reservoir pool from 2007 to 2014.  

3.7.4.2  Yellow-Billed Cuckoo 
Cuckoos are insect specialists but also prey on small vertebrates, such as tree frogs and lizards; 
they are also known to be nest parasites of other bird species, including flycatchers. In the arid 
west, cuckoos are usually found in cottonwood-willow riparian associations along watercourses. 
The cuckoo requires large tracts of willow-cottonwood or mesquite (Prosopis spp.) forest or 
woodland for its nesting season habitat. Hydrologic conditions at cuckoo breeding sites can vary 
between years. This year-to-year change in hydrology can affect food availability and habitat 
suitability for cuckoos. Extended inundation reduces habitat suitability because the larvae of 
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sphinx moths pupate, and the eggs of katydids are laid underground; prolonged flooding kills the 
larvae and eggs (Service 2014b), thus removing important food sources.  
 
The cuckoo was listed as threatened due to the “habitat loss associated with [man-made] features 
that alter watercourse hydrology so that the natural processes that sustained riparian habitat in 
western North America are greatly diminished” (Service 2013b:59992). In addition to habitat 
loss, reduction of prey insect abundance due to the use of pesticides has been identified as a major 
threat to the cuckoo (Service 2014e). 
 
In 2014, the Service proposed designating critical habitat for the cuckoo, which included the 
Middle Rio Grande Unit NM-8 (Service 2014b). It is 61,959 acres in extent and is an 
approximately 170-mile-long continuous segment of the Rio Grande, from the Elephant Butte 
Reservoir in Sierra County at approximately River Mile 54, upstream through Socorro, Valencia, 
and Bernalillo Counties to below Cochiti Dam in Cochiti Pueblo in Sandoval County, New 
Mexico. This unit is consistently occupied by a large number of breeding cuckoos and currently is 
the largest breeding group of the species north of Mexico. The site also provides a movement 
corridor for cuckoos moving farther north. Tamarisk, a nonnative species that reduces habitat 
quality for cuckoos, is a major component of habitat in this unit. The Service has not yet finalized 
critical habitat designation for the species, including identifying actual boundaries at Elephant 
Butte Reservoir. 
 
3.7.4.2.1 Presence  
In Reclamation’s 2013 survey of cuckoos from State Highway 60 downstream to the Elephant 
Butte Reservoir, the San Marcial Reach (River Mile 68.5 to 38.5) had the most cuckoo habitat of 
any of surveyed reaches (Reclamation 2014b). In 2013, the exposed pool of the Elephant Butte 
Reservoir constituted 86 percent of all cuckoo detections and 86 percent of all territories found 
within the San Marcial Reach. This subset of San Marcial also contained 48 percent of all cuckoo 
detections and 50 percent of all territories found in the entire Middle Rio Grande study area. The 
biological assessment (Reclamation 2015d) includes more information on the cuckoo and its 
distribution in the study area. The distribution of cuckoos by elevation in Elephant Butte 
Reservoir during the 2014 surveys is provided in Fig. 6.  
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Figure 6. Elevational distribution of Yellow-billed Cuckoo detections within Elephant Butte 
Reservoir, 2014. 

 
Source: Reclamation (2015d). 

3.7.4.3  New Mexico Meadow Jumping Mouse  
There have been relatively few studies of this endangered mouse and its natural life history. The 
mouse is unique in that it hibernates about eight to nine months out of the year, longer than most 
mammals, and it is active for only three to four months during the summer. Within this short time 
frame, it must breed, give birth, raise young, and store up sufficient fat reserves to survive the 
next year’s hibernation period. As a result, if resources are not available in a single season, 
populations may be greatly impacted. In addition, New Mexico meadow jumping mice live three 
years or less and have one small litter annually, with seven or fewer young, so the species has 
limited capacity for high population growth rates due to this low fecundity.  
 
According to the Service (2013c), the New Mexico meadow jumping mouse has specialized 
habitat requirements in that it appears to only utilize two riparian community types: 1) persistent 
emergent herbaceous wetlands (beaked sedge and reed canarygrass); and 2) scrub-shrub wetlands 
found in riparian areas along perennial streams that are composed of willows and alders. It 
especially uses microhabitats or patches or stringers of tall dense sedges on moist soil along the 
edge of permanent water. Habitat requirements are characterized by tall (averaging at least 24 
inches) dense herbaceous riparian vegetation, composed primarily of sedges and forbs. This 
suitable habitat is found only when wetland vegetation achieves full growth potential associated 
with perennial flowing water  
 
The mouse was originally listed as endangered due to the “present or threatened destruction, 
modification, or curtailment of its habitat or range; the inadequacy of existing regulatory 
mechanisms; and the natural and manmade factors affecting its continued existence” (Service 
2014c:33120). In addition, isolated populations make natural recolonization of impacted areas 
highly unlikely or impossible in most areas (Service 2014c). Because the species occurs only in 
areas that are water saturated, populations have a high potential for extirpation when habitat dries 
due to ground and surface water depletion, draining of wetlands, or drought.  
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In April 2014, the Service reopened comment on proposed designated critical habitat for the 
mouse along the Rio Grande Valley (Service 2014d). Areas proposed for critical habitat for the 
mouse in this unit incorporate the Bosque del Apache National Wildlife Refuge, which is the only 
habitat believed to be occupied by the subspecies in the Middle Rio Grande with the capability to 
support its breeding and reproduction. Final designation of critical habitat has not yet occurred. 
 
3.7.4.3.1 Presence  
Based on work conducted in support of delta channel maintenance (Reclamation 2013c), the New 
Mexico meadow jumping mouse is not expected to occur in the study area. Frey and Kopp (2014) 
completed a preliminary assessment of mouse habitat down to River Mile 38 using GIS-based 
vegetation mapping and field evaluations of irrigation drains and the Low Flow Conveyance 
Channel. Mapping did identify potentially suitable habitat (herbaceous and regenerating willow) 
next to the Low Flow Conveyance Channel. Because of the quality of available data, this was a 
conservative effort that overestimated the amount of habitat. Further assessment and surveys have 
not found potentially suitable mouse habitat (Frey and Kopp 2014).   

3.8 Aquatic Resources and Special Status Fish Species 
This section summarizes existing conditions for aquatic habitats, the fish community, and special 
status fish species in this potentially affected environment. The area of analysis includes the full-
pool of Elephant Butte and Caballo Reservoirs, the Rio Grande between the reservoirs, and the 
Rio Grande downstream of Caballo Dam to diversion facilities for the irrigation districts and the 
American Diversion Dam. Hydrological modeling simulates reservoir filling and drying affecting 
aquatic habitats along the Elephant Butte Reservoir delta reach, from River Mile 62 to River 
Miles 38 to 36, and the Elephant Butte and Caballo Reservoirs. Such habitat changes can affect 
the numbers and life stage of fish. 

3.8.1 Regulatory Framework 
The same laws applicable to wildlife apply to aquatic species.  

3.8.2 Data Sources 
No original aquatic resource or fish data were collected for the FEIS. Data used to describe 
existing conditions for aquatic resources and special status fish species in the study/action area 
include Reclamation sampling surveys for the endangered Rio Grande silvery minnow and 
habitat, including maps. Additional data were derived from NMDGF reports on sport and game 
fish species (NMDGF 2015b). Aquatic resource conditions are described through 2014, which 
marked the baseline for consultation with the Service.  

3.8.3 Existing Fisheries Conditions 
Beyond the irrigation season, except for relatively limited durations of stormflow input from the 
watershed, the Rio Grande channel between the reservoirs and downstream of Caballo Dam has 
long periods of low to no flows. The reaches of the Rio Grande below the reservoirs do not 
develop a sustainable or transient fishery or aquatic community, precluding needs for aquatic life 
assessment. Consequently, fisheries and other aquatic life resources of concern included in this 
assessment are limited to those in the delta reach inflows through the full-pool footprints and 
within the changing wetted perimeters of the two reservoirs. 
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3.8.3.1  Elephant Butte Reservoir Headwaters  
With the drawdown of the water surface elevation since 1995, more than 24 miles of channel 
formed through the delta reach at Elephant Butte Reservoir, from River Mile 62 to River Miles 38 
to 36. Reclamation surveyed fish populations in this channel from 2010 through 2012 (Table 3-2). 
In 2010, minnows were the most abundant fish collected from this temporary delta channel. They 
were captured in a variety of habitat types at the four survey sites selected, based on accessibility 
between River Miles 45.8 and 51.3. 

 
Table 3-2 Fish species collected during September sampling in the temporary channel in Elephant 
Butte Reservoir, 2010-2012 

Species 

2010 2011 2012 

No. 
Number per 

100 m2 No. 
Number per 

100 m2 No. 
Number per 

100 m2 
Rio Grande 
silvery minnow 

233 24.07 65 2.83 0 0 

Red shiner 78 6.68 219 9.53 1044 29.74 
Western 
mosquitofish 

41 3.70 26 1.13 1287 36.66 

Channel catfish 24 1.93 55 2.39 11 0.31 
Flathead chub 2 0.30 3 0.13 2 0.06 
Threadfin shad 1 0.09 0 0 0 0 
Yellow bullhead 1 0.08 0 0 0 0 
River carpsucker 0 0 7 0.30 0 0 
Common carp 0 0 0 0 2 0.06 
Logperch 0 0 0 0 2 0.06 
Fathead minnow 0 0 0 0 1 0.03 
Source: Reclamation 2013a; Key m2 = square meters 
 
 

In 2011, silvery minnow was the second most abundant fish collected; however, overall fish 
densities were much lower than those observed in 2010. In October 2012, Reclamation sampled 
four sites from River Miles 46 to 52 and captured seven fish species. No silvery minnows were 
captured during any of the 2012 field season. Sampling at two sites produced no fish and there 
were no dry sites. Western mosquitofish were the most abundant, followed by red shiners. Red 
shiners were distributed evenly across the sites and mosquitofish were slightly more abundant at 
the downstream sites. 

3.8.3.2  Elephant Butte Reservoir  
Elephant Butte Reservoir is New Mexico’s largest lake and most popular state park for recreation. 
The fish community is monitored annually, in the spring and fall. The most recent available 
spring fish electroshocking survey reports provide information for the years 2007 through 2010 
and fall experimental gill net surveys for 2007 to 2011 (NNDGF 2012). Ten fish species were 
reported in these surveys, as follows: 

● Smallmouth bass (Micropterus dolomieu) 
● Largemouth bass (M. salmoides) 
● Bluegill (Lepomis macrochirus) 
● Longear sunfish (Lepomis megalotis) 
● Green sunfish (L. cyanellus) 
● White crappie (Pomoxis annularis) 
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● Black crappie (P. nigromaculatus) 
● White bass (Morone chrysops) 
● Striped bass (M. saxatilis) 
● Walleye (Sander vitreus) 

Although based on a relatively small sample size, the collection data for smallmouth bass 
indicated a relative imbalance, dominated by older, larger fish (NNDGF 2012). The condition 
was most likely the result of “poor habitat, due to fluctuating water levels during the spring 
spawn, poor spawning substrate, water clarity, and inadequate forage fish” (NMDGF 2012). In 
contrast, collection data for largemouth bass indicated that their population had shifted to larger, 
healthier fish until 2010, when this trend reversed. It appeared that natural recruitment was very 
low (NMDGF 2012).  
 
Capture rates for other centrarchids (white bass, crappie, sunfish, striped bass, and walleye) were 
low. Catch data for populations for these fish was inconsistent between years, most likely due to 
sample bias, inappropriate habitat in the survey sites, and relatively low densities of many of 
these fish. Overall, Reclamation concluded that habitat quality undoubtedly restricted the 
abundance of centrarchids at Elephant Butte Reservoir, with the lack of suitable spawning habitat 
and escape cover attributable to the age of the lake and water use practices (NMDGF 2012). 
 
The fall gill net surveys, conducted during November from 2007 to 2011, found the number of 
fish captured remained stable (NMDGF 2012). However, gizzard shad, normally the most 
commonly captured and abundant forage fish, showed a substantial population decrease through 
the survey period, and with an increase in size, makes the population potentially less available as 
forage. Blue catfish became the most abundant fish in the reservoir based on percent captured 
data, with their abundance more than doubling from 2009 to 2011. The relative abundance of 
both striped bass and white bass declined appreciably throughout the survey period.  
 
 
Table 3-3 Fish in Elephant Butte Reservoir, 2014 

Name Number % Caught % Biomass 
Blue catfish 597 52.09 27.08 
Gizzard shad 207 18.06 9.38 
Smallmouth 
buffalo 98 8.55 42.05 
Channel catfish 48 4.19 1.26 
Common carp 29 2.53 6.01 
Walleye 23 2.01 4.95 
White bass 18 12.04 7.34 
Striped bass 1 0.09 1.71 
Largemouth bass 1 0.09 0.18 
Freshwater drum  1 0.09 0.03 
Longear sunfish 1 0.09 0.01 
Bluegill 1 0.09 0.01 
Threadfin shad 1 0.09 0.01 

Source:  Mammoser (2015). 
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Table 3-3 provides data from the 2014 fall fish community gill net survey in Elephant Butte 
Reservoir. Blue catfish, gizzard shad, white bass, smallmouth buffalo, channel catfish, common 
carp, and walleye comprised most of the surveyed fish community; all other species accounted 
for less than 2 percent of the fish caught (Mammoser 2015). 
 
From a fish community perspective, Elephant Butte Reservoir suffers from age and management 
practices that have been, and will continue to be, detrimental to some species while benefitting 
others” (New Mexico Department of Game and Fish [NMDGF] 2012). Present day management 
of the fishery populations is viewed to be affected by yearly fluctuating water levels due to 
irrigation demands and poor habitat created by severe drought conditions; centrarchid populations 
(e.g., bass and sunfish) are much below state management objectives (NMDGF 2011). 
 
The lack of submerged vegetation in the reservoir has limited the recruitment and survivorship of 
bass. The absence of vegetation to help filter suspended particulates, reduce the water’s turbidity, 
and stabilize the lake’s banks negatively affects many fish species, including white, largemouth, 
and smallmouth bass, which tend to avoid turbid areas. In contrast, other fish species, like blue 
catfish, can tolerate increased turbidity, with populations quadrupling in Elephant Butte Reservoir 
in recent years, while channel catfish populations have markedly declined. 

3.8.3.3  Caballo Reservoir  
Caballo Reservoir fishery data come from experimental gill net surveys in mid-November 2008 
(NMDGF 2012). At that time due to very low water levels in the reservoir, only three randomly 
selected sites were sampled. Catfish and walleye were the main game species captured, 
representing most of the community in percent captured and percent of biomass. Walleye, catfish, 
and white bass are the primary species targeted by anglers in the reservoir.  
 
Gizzard shad represented 17.5 percent of the fish captured in 2008, a percent similar to those 
captured in 2006. The capture data indicate a well-balanced population with moderate recruitment 
(NMDGF 2012). Walleye represented 27 percent of the 2008 fish captured. Walleye fry have 
been stocked in Caballo Reservoir every year since 2007. While their capture number was lower 
than in 2004 and 2006, their population remained abundant. Their population size reduction was 
attributed to the decrease in lake levels and the increase in the percent catch of blue catfish. Blue 
catfish capture numbers increased in 2008 from previous surveys in 2004 and 2006, and they had 
become the dominant game fish in 2008. The report suggested that water level effects on habitat 
conditions likely dictate which species are more prevalent each year. 

3.8.4  Special Status Species, Rio Grande Silvery Minnow  
The Rio Grande silvery minnow is the only ESA-listed fish species present in the study area. The 
Rio Grande silvery minnow was listed as endangered in 1994 (Service 1994, 59 Fed. Reg. 
36988). Silvery minnows are pelagic spawners,6 producing numerous semi-buoyant, non-
adhesive eggs. Most spawning typically has been observed in the spring, from late April through 
June, accompanying the period of snowmelt runoff (Reclamation 2012c). Spawning also has been 
observed during runoff following summer monsoons. Both juvenile and adult minnows primarily 
use meso-habitats with moderate depths (15 to 40 centimeters), low water velocities (4 to 9 
centimeters per second), and silt/sand substrates. During the winter, these minnows become less 
active and seek habitats with cover, such as debris piles and other areas with low water velocities.  
 
During spring sampling, large concentrations of reproductively mature silvery minnows are often 
collected on inundated lateral overbank habitats (Hatch and Gonzales 2008). Further study is 
                                                      
6 They lay their eggs in open water 
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needed to determine whether minnows exhibit preferential use of lateral habitat (including 
overbank) for spawning. Surveys of inundated overbank habitats often have captured large 
numbers of gravid females and ripe male minnows (Gonzales and Hatch 2009). 

3.8.4.1  Threats  
According to the Service (2010, 75 Fed. Reg. 7625 and 1994:36988), decline of the fish is due to 
destruction and modification of its habitat due to dewatering and diversion of water, water 
impoundment (including Elephant Butte and Caballo Dams), and modification of the river 
(channelization). Competition and predation by non-native species, water quality degradation, 
and other factors have contributed to its status as endangered.  

Silvery minnow populations remain at risk in the Rio Grande due to: 

● Channel drying and the lack of suitable perennial refugia habitat during the irrigation season 
and periods of drought, leading to complete desiccation of potential habitat for minnows 

● The lack of abundant feeding habitat consisting of channel flows less than a half a foot per 
second, and high flow velocities suspending and scouring away potential benthic and other 
attached food supplies for minnows, decreasing survival 

● Floodplain habitats that fail to connect and inundate during spawn-stimulating flows, 
stranding minnow eggs and developing fry in high-velocity channel flows that have long been 
known to produce very high to total mortality of eggs and developing fry in small-bodied fish 
species (Harvey 1987) 

3.8.4.2  Critical Habitat  
The Service (2003, 68 Fed. Reg. 8087) designated critical habitat for the Rio Grande silvery 
minnow from the San Acacia Diversion Dam to the headwaters of Elephant Butte Reservoir  at 
River Mile 62. The lateral extent of critical habitat was defined as areas bounded by levees, or in 
areas without levees, 300 feet of riparian zone adjacent to each side of the river (Service 
2003:8119). Areas other than the Rio Grande, including the study area, were excluded from the 
designation of critical habitat for silvery minnow under Section 4(b)(2) of the ESA.  

3.8.4.3  Presence  
Historically, silvery minnows were distributed throughout most of the Rio Grande, from near the 
Gulf of Mexico to the upper reaches of both the Pecos River and the Rio Grande, reaching into 
the Rio Chama. The only reach in the FEIS study area where silvery minnows currently occur is 
in the channel through the Elephant Butte delta reach from River Mile 62, extending south to the 
active pool at approximately River Miles 38 to 36; i.e., at the headwaters of Elephant Butte 
Reservoir.  

3.9 Invasive Species   
An invasive species as defined by Executive Order 13112 is a species that is non-native or alien 
to the ecosystem and whose introduction is likely to cause economic or environmental harm or 
harm to human health.  

3.9.1  Regulatory Framework 
Authorities for combating the introduction or spread of invasive species are: 

• Executive Order 13112 
• New Mexico Noxious Weed Control Act  
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• New Mexico Aquatic Invasive Species Control Act 
• Texas Agricultural Code Chapter 71, Subchapters D and T  

3.9.2  Existing Invasive Species Conditions  
According to the NMDA (2009) and U.S. Department of Agriculture (USDA) Natural Resources 
Conservation Service (2015), invasive species within the project area are mostly noxious weeds, 
or plants that are not native, that are targeted for management and control, and that have a 
negative impact on the economy or the environment. The New Mexico State Noxious Weed List 
suggests the potential presence of the following noxious weeds: 

● Five Class A species—camelthorn (Alhagi maurorum), hoary cress/whitetop (Cardaria spp.), 
parrot feather watermilfoil (Myriophyllum aquaticum), ravennagrass (Saccharum ravennae), 
and Scotch cottonthistle (Onopordum acanthium) 

● Five Class B species—African rue (Peganum harmala), Malta starthistle (Centaurea 
melitensis), perennial pepperweed (Lepidium latifolium), Russian knapweed (Acroptilon 
repens), and tree of heaven (Ailanthus altissima) 

● Six Class C species—cheatgrass (Bromus tectorum), field bindweed (Convolvulus arvensis), 
jointed goatgrass (Aegilops cylindrical), Russian olive (Elaeagnus angustifolia), saltcedar 
(Tamarix spp.), and Siberian elm (Ulmus pumila) 

● Four watch list species—crimson fountaingrass (Pennisetum setaceum), giant cane (Arundo 
donax), Sahara mustard (Brassica tournefortii), and spiny cocklebur (Xanthium spinosum) 

In Texas, noxious weeds identified as particularly worrisome invasive species in the Trans-Pecos 
ecoregion and study area are camelthorn (Alhagi maurorum), field bindweed (Convolvulus 
arvensis), giant reed (Arundo donax), Japanese dodder (Cuscuta japonica), and tamarisk or 
saltcedar (Tamarix ramosissima). 
 
As mentioned in Section 3.6.4, the release of tamarisk leaf beetle (Diorhadba spp.) at locations 
along the Rio Grande in Texas is expected to result in the defoliation of saltcedar as the beetles 
arrive in Elephant Butte and Caballo Reservoirs.   
 
Quagga mussels (Dreissena bugensis) were discovered in Nevada in 2007 and have subsequently 
spread throughout the west. Zebra mussels (Dreissena polymorpha) were documented in 
California in 2008 and they have also been spreading throughout Western waters. NMDGF has 
recently adopted new rules to combat the spread of invasive mussels and other aquatic invasive 
species. In Texas, six lakes are infested with zebra mussels. At this time, Elephant Butte and 
Caballo Reservoirs  are mussel-free.  

3.10 Cultural Resources 
Cultural resources refer to historic and prehistoric buildings, structures, sites, objects, districts, 
Indian sacred sites, and resources of tribal concern. Historic properties are the subset of cultural 
resources listed on or eligible for listing on the National Register of Historic Places. The study 
area or area of potential effects for cultural resources includes Elephant Butte and Caballo Dams 
and Reservoirs, the Rio Grande floodplain between the two reservoirs, and the Rio Grande below 
Caballo Dam to the El Paso-Hudspeth County line. 
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3.10.1 Regulatory Framework 
The principal Federal law addressing cultural resources is the NHPA (54 USC 306108), formerly 
known as Section 106. Its implementing regulations are found at 36 CFR 800. These require 
Federal agencies to take into account the effects of their actions on historic properties and to 
allow the Advisory Council on Historic Preservation an opportunity to comment. Executive Order 
13007 requires consultation with Indian tribes regarding Indian sacred sites. The executive 
memorandum from the White House of April 29, 1994, requires government-to-government 
consultation on issues of tribal concern that may include cultural resources.  

3.10.2 Existing Conditions 
Listed historic properties in the area of potential effects of this undertaking include Elephant 
Butte Dam, the diversion dams, and the Franklin Canal. Other historic properties are the Garfield 
Lateral (LA-111726), Pittsburg Placer Mine (LA-13557), a Mogollon pithouse site (LA-2806), 
and an Apache battle site (LA-132559). Class III surveys of the Elephant Butte and Caballo 
Reservoirs were conducted in 1998 and 1999 and there are archaeological resources in the 
reservoir pools (Reclamation 2013a).  
 
As part of the tribal consultation supporting the SEA, the Mescalero Apache Tribe expressed 
concerns with native plants growing along the irrigation canals in the service areas of EBID and 
EPCWID. The Mescalero Tribe collects plant material for cultural purposes.  
 
For this undertaking, Reclamation consulted with the New Mexico State Historic Preservation 
Officer and they concurred with Reclamation’s determination of “no historic properties affected” 
(Appendix D). In addition, Reclamation consulted with the Mescalero Apache Tribe and Ysleta 
del Sur, but they did not identify any resources or issues of concern.   

3.11 Indian Trust Assets 
Indian trust assets (ITAs) are legal interests in property held in trust by the U.S. for Federally-
recognized Indian tribes or individual Indians.  

3.11.1  Regulatory Framework  
Management of ITAs is based on the several policies:  

● Secretarial Order No. 3175, Departmental Responsibilities for Indian Trust Resources  
● Secretarial Order No. 3206, American Indian Tribal Rights, Federal-Tribal Trust 

Responsibilities, and the ESA  
● Secretarial Order No. 3215, Principles for the Discharge of the Secretary’s Trust Responsibility  
● Departmental Manual 512 DM Chapter 2, Departmental Responsibilities for Indian Trust 

Resources  
● Indian Policy of Reclamation  

3.11.2 Data Sources 
No ITAs have been identified in the project area through consultation with Indian tribes or the 
Bureau of Indian Affairs. 
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3.12 Socioeconomics 
The study area for socioeconomics includes Doña Ana and Sierra Counties, New Mexico, and El 
Paso and Hudspeth Counties, Texas. A small portion of Elephant Butte Reservoir is in Socorro 
County; however, no RGP-irrigated lands are in this county so it is not included in the 
socioeconomic study area. Recreation facilities associated with Elephant Butte Reservoir are in 
Sierra County. 

3.12.1 Regulatory Framework 
The NEPA and its implementing regulations are the authorities requiring analysis of 
socioeconomics.   

3.12.2 Data Sources 
Data sources include the U.S. Department of Commerce, Bureau of Economic Analysis (2014, 
2015)), U.S. Department of Labor (2015), Census of Agriculture (USDA 2014), U.S. Department 
of Commerce Bureau of Economic Analysis (2015), and IMPLAN (2013). 

3.12.3 Existing Conditions, Farm Employment and Income 
Indicators include employment, labor income, and output. According to the U.S. Department of 
Commerce, Bureau of Economic Analysis, Regional Economic Accounts (2014), during the years 
from 1970 to 2014, farm employment in the four counties shrank from 5,230 to 4,792 jobs, an 8.4 
percent decrease, while non-farm employment grew from 174,608 to 510,948 jobs, a 192.6 
percent increase. In 2014, Hudspeth County, Texas had the largest percent of total farm 
employment (11.9 percent), and El Paso County, Texas had the smallest (0.23 percent).  
 
From 1970 to 2014, farm earnings grew from $141.0 million to $171.6 million, a 21.6 percent 
increase, while non-farm earnings grew from $7,114.2 million to $22,993.0 million, a 223.2 
percent increase. In 2014, Hudspeth County, Texas had the largest percent of total earnings from 
farm earnings (11.52 percent), and El Paso County had the smallest (0.04 percent).  
 
From 1970 to 2014, net income, including corporate farms, grew from $77.6 million to $84.2 
million, an 8.5 percent increase. During this period, cash receipts from crops grew from $214.3 
million to $301.7 million, a 40.8 percent increase.  

3.12.4  Existing Conditions, Industry Output 
Industry output or sales represent the value of goods and services produced by businesses within 
a sector of the economy. The New Mexico study area (Doña Ana and Sierra Counties) had $12.1 
billion in industry output. The Texas study area (El Paso and Hudspeth Counties) had $2.866.6 
billion in industry output. The service sectors make up the largest percentage of industry sales in 
both study areas. Non-service-related industries make up the second largest portion of total 
output. Agriculture makes up 4.4 percent and 0.9 percent of total output in the New Mexico and 
Texas study areas, respectively. Table 3-4 summarizes the percent of output by industry. 
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Table 3-4 Percent of total output by industry 

 
Doña Ana and Sierra 

Counties, New 
Mexico 

El Paso and Hudspeth 
Counties, Texas 

Non-Service Industries 28.8% 44.2% 
Agriculture, Forestry, Fishing, and Hunting 4.4% 0.9% 
Mining 0.3% 5.8% 
Utilities 2.9% 2.3% 
Construction 7.4% 6.1% 
Manufacturing 13.8% 29.1% 

Service Industries 54.1% 49.6% 
Wholesale trade 2.4% 5.4% 
Retail trade 5.3% 4.2% 
Transportation and warehousing 2.7% 3.5% 
Information 2.9% 3.6% 
Finance and insurance 3.7% 5.6% 
Real estate and rental 10.6% 7.7% 
Professional, scientific, and technical services 7.1% 5.8% 
Management of companies 0.1% 0.9% 
Administrative and waste services 2.4% 2.4% 
Educational services 0.4% 0.5% 
Health and social services 9.3% 4.8% 
Arts, entertainment, and recreation 0.9% 0.5% 
Accommodation and food services 3.8% 2.5% 
Other services 2.6% 2.2% 

Government 17.1% 6.2% 
Government and other 17.1% 6.2% 

Source: IMPLAN (2013). 

 

Table 3-5 Farmland by type by county, 2012 
Farmland Doña Ana Sierra El Paso Hudspeth 
Number of farms 2,184 256 657 167 
Land in farms (acres) 659,970 1,250,136 209,393 2,251,109 
Average farm size 
(acres) 302 4,883 319 13,480 
Approximate land area 
(acres) 2,437,000 2,674,533 648,206 2,925,329 
Approximate percent of 
land area in farms 27.1 46.7 32.3 77 

Source: U.S. Department of Agriculture, National Agricultural Statistics Service, Census of Agriculture 
(2014b).  
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Table 3-6 Number of farms by type and county, 2012 
Farms by type Doña Ana Sierra El Paso Hudspeth 
All Farms 2184 256 657 167 
Oilseed & grain 14 0 1 0 
Vegetable & melon 64 9 0 4 
Fruit & nut tree 1310 24 193 0 
Greenhouse, nursery 29 0 2 3 
Other crop 356 67 225 52 
Beef cattle ranch, farm 123 110 57 74 
Animal, all types 288 46 179 34 
Percent of Total     
Oilseed & grain 0.6% 0.0% 0.2% 0.0% 
Vegetable & melon 2.9% 3.5% 0.0% 2.4% 
Fruit & nut tree 60.0% 9.4% 29.4% 0.0% 
Greenhouse, nursery 1.3% 0.0% 0.3% 1.8% 
Other crop 16.3% 26.2% 34.2% 31.1% 
Beef cattle ranch, farm 5.6% 43.0% 8.7% 44.3% 
Animal, all types 13.2% 18.0% 27.2% 20.4% 

Source: U.S. Department of Agriculture, National Agricultural Statistics Service, Census of Agriculture 
(2014b).  

 

3.12.6  Agricultural Conditions, Farmland and Type   
Table 3-5 presents statistics for agricultural conditions in the four-county study area in 2012. As 
shown, Hudspeth County had the largest percent of land area in farms (77 percent) while Doña 
Ana County had the smallest (27.1 percent). In the four-county study area, some 50.3 percent of 
the land was in farms in 2012. Table 3-6 presents the number and percentage of farms by type. As 
shown, in 2012, Hudspeth County has the smallest number or percent of oilseed and grain 
farming and the largest percent of beef cattle ranching and farming (44.3 percent) and Dona Ana 
County had the smallest percent in beef cattle ranching and farming (5.6 percent).  

3.12.7 Population Growth and Income 
According to the U.S. Department of Commerce, Bureau of Economic Analysis (2015) and as 
shown in Fig. 7, between 1970 and 2014, Doña Ana County, New Mexico had the largest percent 
change in population (204 percent) and Hudspeth County, Texas has the smallest (34 percent). 
During this period, the population of the four county study area increased by 141 percent and the 
population of the U.S. increased by 56 percent.  
 
As shown in Fig. 8, between 1970 and 2014, Doña Ana County, New Mexico had the largest 
percent change in personal income (372 percent) and Hudspeth County, Texas had the smallest 
(145 percent). During this period, the change in personal income in the four county study area 
was 281 percent and the change in the U.S. was 182 percent.  
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Figure 7. Percent change in population by county, 1970 – 2014. 

 

Source: U.S. Department of Commerce, Bureau of Economic Analysis (2015) 
 

Figure 8. Percent change in personal income, percent change, 1970 – 2014. 

 
Source: U.S. Department of Commerce, Bureau of Economic Analysis (2015) 

3.13  Hydropower 

3.13.1  Regulatory Framework 
Energy requirements and conservation potential are required analyses under the CEQ’s 
regulations at 40 CFR 1502.16.  

3.13.2  Data Sources and Existing Conditions 
The hydroelectric plant at Elephant Butte Dam generates power that is dependent on flow volume 
and head. Power production does not occur during the winter when RGP releases do not occur; 
hydropower calculations are based on the calculated average elevation from March to October 
only.  
 
The Elephant Butte Powerplant has a rated head of 140 feet and is assumed to operate with 90 
percent efficiency. Energy generation is calculated from reservoir elevation, with the rated head 
achieved at the maximum elevation over the study period and the potential energy conversion of 
1.024 kilowatt-hours per acre-foot per foot of head. Calculated production based on the average 
March to October monthly elevation and release data for 2014 is 3 percent below the actual 
powerplant production of 13.4 gigawatts per hour (Gwh) reported by Reclamation (2015b).  
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3.14 Recreation  

3.14.1 Regulatory Framework 
The NEPA and its implementing regulations are the primary authorities requiring analysis of 
economic resources, including contributions of the travel and tourism sector to the regional 
economy.   

3.14.2 Data Sources  
Data on recreation, or travel and tourism, are from the U.S. Department of Commerce, Census 
Bureau (2015b). 

3.14.3 Existing Conditions 
In 1998, travel and tourism represented 16 percent of total employment in the four counties. By 
2013, travel and tourism represented 19 percent of total employment. From 1998 to 2013, travel 
and tourism employment grew from 36,584 to 51,346 jobs, a 40.4 percent increase (U.S. 
Department of Commerce, Census Bureau 2015b). 
 
In 2014, Fig. 9 shows that Sierra County, New Mexico had the largest percent of total jobs in 
industries that include travel and tourism. In 2014, accommodations and food was the largest 
component of travel and tourism-related employment (13.6 percent of total jobs) in the four 
county study area.  

 
      
Figure 9. Travel and tourism industries by county (percent of total private employment), 2014. 

 
Source: U.S. Department of Commerce, Census Bureau (2015b) 

3.15  Environmental Justice 

3.15.1 Regulatory Framework 
Executive Order 12898, Federal Actions to Address Environmental Justice in Minority 
Populations and Low-Income Populations, directs Federal agencies to identify and address 
disproportionately high and adverse effects of its programs and activities on minority and low-
income populations.  
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3.15.2 Data Sources 
Guidelines provided by the CEQ (1997) and the Federal Interagency Working Group (2016) 
indicate minority communities may be defined where minorities comprise more than 50 percent 
of the population. Minorities include people who self-identify as Hispanic, Black or African-
American, American Indian, Asian, Native Hawaiian, or some other race alone or combined. In 
this FEIS, the study area is the four counties, Doña Ana, Sierra, El Paso, and Hudspeth. The CEQ 
and Federal Interagency Working Group (2016) guidelines indicate that low-income communities 
may be defined following the Office of Management and Budget’s Directive 14 poverty 
thresholds which vary by family size.  

3.15.3  Low-income Populations 
Table 3-7 presents the number and percent of people living in poverty during the 2010-2014 
period. While none of the counties had half of their population living below the poverty 
threshold, based on a comparison of the percent of individuals living below the poverty threshold 
to the total county percentage (24.3 percent), Doña Ana County had slightly more persons living 
in poverty (27.8 percent), while Hudspeth County had the highest estimated percent of persons 
living below the poverty threshold (43.2 percent).  
 
For families, 20.6 percent of the County families were living below the poverty threshold.  Doña 
Ana County had slightly more than that (21.8 percent) and Hudspeth County had the highest 
estimated percent of families living below the poverty threshold (33.8 percent). These statistics 
define Doña Ana and Hudspeth Counties as environmental justice communities based on their 
comparatively high percentages of low-income persons or families.  
 
 
Table 3-7 Poverty by county, 2010-2014  

  Doña Ana Sierra El Paso Hudspeth 
People 207701 11486 809165 3017 
Families 51778 2467 194230 742 
People below poverty 57837 2037 189586 1303 
Families below poverty 11304 235 39622 251 
Percent of Total     
   People below poverty 27.8 17.7 23.4 4302 
   Families below poverty 21.8 9.6 20.4 33.8 

Source: U.S. Department of Commerce, Census Bureau, American Community Survey Office. (2015a). Key: 
Calculated using average ACS annual surveys during 2010-2014. 
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3.15.4 Minority Populations 
In the 2009-2014 period, Table 3-8 shows Doña Ana, El Paso, and Hudspeth Counties had more 
than 50 percent of the population self-identifying as Hispanic or Latino. Hispanic or Latino refers 
to a cultural identification, not a race. In the 2009-2014 period, El Paso County, Texas had the 
highest estimated percent of the population that self-identify as Hispanic or Latino of any race 
(81.4 percent). This makes these three counties environmental justice communities. 
 
 
Table 3-8 Minority populations by county, 2009- 2014  

  Doña Ana Sierra El Paso Hudspeth 
Total Population 212,942 11,774 823,862 3,344 
  Hispanic of any race 141,087 3,394 670,946 2,634 
  White alone 62,649 7,929 110,287 671 
  Black alone 3,223 26 24,393 23 
  American Indian 
alone 1,702 120 2,177 0 
  Asian alone 2,291 113 8,331 16 
  Pacific Islander alone 12 0 1,014 0 
  Some other race 154 366 697 0 
  Two or more races 1,824 192 6,017 0 
     
Percent of Total     
  Hispanic of any race 66.3 28.8 81.4 78.8 
  White alone 29.4 67.3 13.4 20.1 
  Black alone 1.5 0.2 3 0.7 
  American Indian 
alone 0.8 1 0.3 0 
  Asian alone 1.1 1 1 0.5 
  Pacific Islander alone 0 0 0.1 0 
  Some other race 0.1 0 0.1 0 
  Two or more races 0.9 1.6 0.7 0 

Source: U.S. Department of Commerce, Census Bureau, American Community Survey Office (2015a.)  
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4 Environmental Consequences 
This FEIS is not intended to review the existence of the RGP or its historical operations; the focus 
is on how the alternatives described in Chapter 2 might change the water resources, biological, 
cultural, and socioeconomic resources in the study area. The temporal scope of the analysis and 
the proposed action extends to 2050. As such, the analyses in this chapter are based on modeling 
of RGP operations under each alternative through 2050 using an integrated hydrologic and water 
operations model. Model results are subsequently used as inputs to the evaluation of potential 
changes to other resources. Modeling of future RGP operations incorporates assumptions 
regarding future climatic and hydrologic conditions, cropping and irrigation practices, and M&I 
water demands. This chapter begins with a summary of the hydrologic model developed to assess 
the effects of the alternatives on water resources.  

4.1  Water Resource Modeling Methods and Assumptions 
Analyses of potential environmental consequences presented in this chapter are based on 
simulations of future RGP operations through the year 2050, including the storage, release, and 
delivery of surface water for beneficial use to EBID, EPCWID, and to Mexico under the 
Convention of 1906. These simulations were carried out using the Rincon and Mesilla Basins 
Hydrologic Model (RMBHM), as described in this section and Appendix C.  
 
As discussed in Chapter 1, previous studies indicate a strong interaction between the Rio Grande 
and underlying groundwater aquifers, particularly in the Rincon and Mesilla basins (Conover 
1954, Hanson et al. 2013, Haywood and Yager 2003, SSPA 2007). Groundwater pumping in the 
Rincon and Mesilla Basins results in depletion (capture) of surface-water supplies, including 
increased seepage losses from the Rio Grande as well as decreased drainage and return flows 
from irrigated lands. Depletion of RGP surface-water supplies, in turn, increases the amount of 
water that must be released from storage to meet delivery orders from EBID, EPCWID, and 
Mexico, and ultimately reduce the amount of RGP surface water that can be delivered to project 
diversion points (headings). Conversely, RGP operations affect the timing, distribution, and 
volume of groundwater recharge that occurs as seepage from the Rio Grande and unlined canals 
and laterals and as deep percolation of applied irrigation water. Simulation of future RGP 
operations therefore requires an integrated modeling approach capable of representing RGP 
operations, groundwater demand and use, and groundwater/surface-water interactions between 
Caballo Dam and the RGP’s downstream-most diversion point at International Dam. 
 
The RMBHM was developed by Reclamation in collaboration with USGS to allow for simulation 
of RGP operations under the five alternatives described in Chapter 2, while accounting for the 
role of groundwater/surface-water interactions on RGP operations and surface-water and 
groundwater resources. The RMBHM builds on previous hydrologic models of the Rincon and 
Mesilla Basins (SSPA 2007) and the USGS (Hanson et al. 2013). The RMBHM uses the One-
Water Hydrologic Flow Model (MF-OWHM; Hanson et al. 2013), an integrated hydrologic 
modeling software based on the USGS Modular Groundwater Model, MODFLOW. To simulate 
RGP operations under each alternative, the MF-OWHM was enhanced with additional software 
features. These features, developed and implemented by Reclamation in collaboration with the 
USGS (Ferguson et al. 2014), allow for dynamic simulation of storage, allocation, release, and 
diversion of RGP surface water supplies according to specified allocation and accounting 
procedures.  
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The RMBHM is used to simulate RGP operations and corresponding surface-water and 
groundwater resources under each alternative, including surface water storage in Elephant Butte 
and Caballo Reservoirs; allocations to EBID, EPCWID, and Mexico; releases from Caballo Dam; 
and diversions to EBID, EPCWID, and Mexico at their respective diversion points (headings). A 
spreadsheet post-processing tool was subsequently used to calculate the maximum volume of San 
Juan–Chama Project water in Elephant Butte Reservoir under each alternative on a monthly basis. 
All alternatives were simulated under a common set of future climatic and hydrologic conditions.  
Model results were post-processed and compiled to facilitate comparison of RGP operations and 
surface water and groundwater resources under the alternatives.  
 

Details of the RMBHM are provided in Appendix C, Hydrology Technical Memo. Model 
configuration and inputs to RMBHM for the FEIS are summarized below, along with verification 
of RMBHM with respect to simulation of historical RGP operations. Assumptions regarding 
future climatic and hydrologic conditions, cropping and irrigation practices, and municipal and 
industrial water demands and uses are also summarized below.  

4.1.1  Model Configuration 
Model configuration refers to the extent and discretization of the simulated area (spatial domain) 
and simulation period (temporal domain), as well as the specified physical and hydraulic 
properties (constant parameters) of the Rincon and Mesilla Basins. The spatial domain of 
RMBHM extends from Caballo Dam at the northern end of the Rincon Valley to below American 
Dam at the southern end of the Mesilla Valley. The spatial domain is discretized using a uniform 
horizontal grid, with each grid cell encompassing 0.25 miles by 0.25 miles (1320 feet by 1320 
feet, equal to 40 acres), and five vertical layers of varying thickness. The spatial domain and 
discretization used by RMBHM are identical to previous models (SSPA 2007) and USGS 
(Hanson et al. 2013). 
 
For the FEIS, the temporal domain of RMBHM extends from the start of the 2007-2008 non-
irrigation season (November 1, 2007) through the end of the 2050 irrigation season (October 31, 
2050). There are 43 years in the simulation. Each simulated year is divided into a non-irrigation 
season from November through February (120.25 days) and an irrigation season from March 
through October (245 days). Each season is simulated using approximately monthly time step, 
with four time-steps of equal length during each non-irrigation season and eight time-steps of 
equal length during each irrigation season. Model results are output for 516 approximately 
monthly time steps. Representation of the simulation period based on irrigation and non-irrigation 
seasons is consistent with previous models (SSPA 2007) and USGS (Hanson et al. 2013); 
however, previous models used four time steps of varying length for each season rather than the 
monthly time steps used by RMBHM.  
 

RMBHM requires constant parameters representing physical and hydraulic properties throughout 
its spatial domain, including subsurface properties (e.g., aquifer hydraulic conductivity, specific 
storage, and yield), channel properties (e.g., hydraulic conductivity of channel beds, channel 
slope and geometry, and channel roughness), and vegetation-related parameters (e.g., soil 
properties, root profiles). RMBHM also requires parameters related to irrigation practices, 
including on-farm irrigation efficiency. The majority of constant parameters used in RMBHM are 
identical to those used in the previous model by USGS (Hanson et al. 2013). Parameters related to 
subsurface and channel bed hydraulic conductivities, aquifer specific storage and specific yield, 
capillary fringe depth, and on-farm irrigation efficiency were adjusted on a trial-and-error basis 
during model evaluation to provide better agreement between simulated and observed reservoir 
storage, releases, and diversions as summarized in Appendix C.  
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4.1.2  Model Inputs 
Model inputs refer to specified time-varying values representing hydrologic, climatic, and 
anthropogenic stressors to the surface-water and groundwater systems over the simulated area. 
Hydrologic stressors in RMBHM include surface water inflows to RGP storage. Climatic 
stressors include reservoir precipitation and evaporation rates and climate factors affecting 
irrigation demands (e.g., precipitation and temperature). Anthropogenic stressors include human 
factors affecting irrigation demands (e.g., cropping patterns and irrigated acreage), as well as on-
farm irrigation efficiency of agricultural lands, M&I groundwater pumping rates and locations, 
and discharge of treated effluent from municipal wastewater treatment facilities.  
 
In addition to hydrologic, climatic, and anthropogenic stressors, the storage and relinquishment of 
Rio Grande Compact credit water in Elephant Butte Reservoir is represented as a time-varying 
input. The amount of water available for allocation and release by the RGP is equal to the total 
RGP storage less any non-project water in storage, including Rio Grande Compact credit water. 
The amount of credit water in Elephant Butte Reservoir at any given time is determined 
according to Rio Grande Compact accounting procedures, which are not represented in RMBHM. 
The volume of compact credit water in Elephant Butte Reservoir must therefore be specified for 
each time step as an input to RMBHM. Certain provisions of the Rio Grande Compact may affect 
reservoir storage and releases upstream of Elephant Butte Reservoir—and thus inflows to 
Elephant Butte Reservoir—when RGP storage falls below a specified threshold. RMBHM does 
not consider the potential feedbacks under the Rio Grande Compact between RGP operations, 
storage in Elephant Butte Reservoir, and reservoir operations upstream of Elephant Butte 
Reservoir.   
 
The simulation period for the FEIS extends through November 1, 2050. Model inputs are 
therefore based on projected future conditions, rather than observed historical conditions. It is not 
possible to reliably predict the year-to-year and month-to-month evolution of climate and 
hydrologic conditions through the end of the simulation period, such as the timing, duration, and 
severity of wet and dry periods. Similarly, it is not possible to reliably predict future cropping and 
irrigation practices or changes in future municipal, industrial and domestic (collectively referred 
to as M&I) water demands. Therefore, model inputs for the FEIS were based on a combination of 
recent historical conditions and projections of effects of future climate change.  
 
Model inputs representing hydrologic and climate stressors over the simulation period were 
obtained from previous analyses carried out by Reclamation and others as part of the West Wide 
Climate Risk Assessment (WWCRA; Reclamation 2011a, 2011b) and Upper Rio Grande Impact 
Assessment (URGIA; Reclamation 2013d). Projections of monthly precipitation and temperature 
throughout the simulation area were obtained from downscaled projections of future climate 
developed as part of WWCRA (see Reclamation 2011a, 2011b).  Projections of monthly inflows 
to Elephant Butte Reservoir and monthly reservoir precipitation and evaporation were obtained 
from simulations carried out for URGIA with the Upper Rio Grande Simulation Model 
(URGSim; Roach 2007). Analyses of future climate change and its impacts on surface water 
supplies and management in the upper Rio Grande Basin carried out by WWCRA and URGIA 
are based on a set of 112 projections of future climate conditions. Three sets of model inputs were 
developed to represent the range of projected climate and hydrologic conditions over the 
simulation period, including one representing the drier end of the projected range, one 
representing the wetter end, and one representing the central tendency (median). Climate 
projections consistently indicate drier conditions over the Rio Grande Basin over the simulation 
period; as a result, the average annual inflow to Elephant Butte Reservoir over the simulation 
period is less than the observed average annual inflow over the past several decades, even under 
the scenario representing the wetter end of the projected range of future conditions. Additional 
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details regarding model inputs representing future climate and hydrologic conditions are provided 
in Appendix C and references therein.  
 
Model inputs representing future M&I water uses were based on recent estimates of M&I 
groundwater pumping within the simulated area. All M&I demand within the simulated area is 
met by groundwater. Estimates of M&I groundwater pumping exist through 2004 (SSPA 2007) 
and were subsequently updated through 2009 by USGS (Hanson et al. 2013). For the FEIS, model 
inputs representing future M&I groundwater pumping were developed based on average annual 
M&I pumping over the period 2000-2009. See Section 4.1.4 for additional discussion of 
assumptions regarding future M&I water uses.  
 
Lastly, model inputs representing future irrigation demands throughout the simulated area were 
developed based on recent estimates of consumptive irrigation requirements7 for the water year 
2000 irrigation season, adjusted based on projected changes in reference evapotranspiration (ET0) 
and effective precipitation. Projected changes in ET0 and effective precipitation were calculated 
from projected monthly precipitation and temperature from the three climate projections selected 
for the FEIS. Additional details regarding model inputs representing future irrigation demands are 
provided in Appendix C. See Section 4.1.4 for additional discussion of assumptions regarding 
future irrigation demands. 

4.1.3  Model Evaluation  
The suitability of RMBHM for simulating RGP operations and their interaction with surface-
water and groundwater resources in the Rincon and Mesilla Valleys was evaluated by simulating 
RGP operations under historical hydrology, climate, and cropping conditions for the period 1960-
2009 and comparing simulation results to observed historical operations during this period. 
Historical hydrology and climate conditions were represented through time-varying model inputs, 
including historical inflows to Elephant Butte Reservoir, historical reservoir precipitation and 
evaporation rates, and historical crop irrigation requirement computed based on historical 
meteorology, crop distribution, and irrigated acreage data. For evaluation purposes, historical 
project operations were represented by implementing a consistent set of project allocation and 
accounting procedures representative of historical operations for the period 1990-2006. It should 
be noted that RMBHM uses a fixed set of operating rules over the duration of the evaluation 
period (1960-2009), whereas actual operating procedures varied over this period. Simulated 
operations are therefore not expected to perfectly match historical operations.  
 
Model results were compared to historical records of project storage, releases, diversions, and 
flow in the Rio Grande below Caballo Dam and at El Paso, and to previous estimates of project 
surface-water deliveries and groundwater deliveries for supplemental irrigation in the Rincon and 
Mesilla Valleys. Project operations simulated by RMBHM closely match historical operations.  
As illustrated in Fig. 10, simulated total project storage is well correlated with observed historical 
storage (R2 = 0.94) and exhibits little systematic bias. Similarly, Fig. 11 shows that simulated 
annual releases from Caballo Dam also agree well with observed historical releases. The 
simulated average annual project release is within one percent of the historical average, and the 
simulated average annual total project diversion from the Rio Grande is within five percent of the 
historical average.  Simulated surface-water and groundwater deliveries to irrigated lands in the 
Rincon and Mesilla valleys also agree well with previous estimates (SSPA 2007). Strong 
agreement of RMBHM with historical records and previous modeling studies suggests that 
RMBHM accurately represents the key operational and hydrologic factors that drive surface-
                                                      
7 The quantity of irrigation water, exclusive of precipitation, stored soil moisture, or groundwater that is 
required consumptively for crop production.  
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water and groundwater management and use in the Rincon and Mesilla Basins. See Appendix C 
for additional details.   

 
Figure 10. Observed and simulated monthly total project storage in Elephant Butte and Caballo 
Reservoirs (acre-feet), 1960-2010.   

 
 

Figure 11. Observed and simulated annual release from Caballo Dam (acre-feet), 1960-2010.   
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4.1.4  Simulation of Alternatives 
Each alternative evaluated in this FEIS was simulated by modifying the portion of the RMBHM 
source code that computes allocations to EBID, EPCWID, and Mexico, including calculation of 
annual allocations as well as carryover allocations where applicable. All other aspects of the 
RMBHM source code, configuration, and inputs are identical across all alternatives. 
Modifications implemented to simulate each alternative are summarized in Table 4-1. Additional 
discussion of modeling methods and assumptions is provided in Appendix C.  

4.1.5  Modeling Assumptions 
The simulation period for the FEIS extends through November 1, 2050. As discussed in Section 
4.1.2, it is not possible to reliably predict the evolution of climate and hydrologic conditions, 
cropping and irrigation practices, M&I water uses, and other stressors through the end of the 
simulation period. Simulation of future RGP operations therefore requires reasonable 
assumptions regarding future conditions within the simulated area.  
 
Modeling assumptions were consistent across all alternatives. Key assumptions used in 
developing model inputs representing future climate and hydrologic conditions, crop irrigation 
requirements, and M&I water use in Rincon and Mesilla Valleys are summarized below. 
Additional modeling assumptions are discussed in Appendix C.  
 
Table 4-1 Simulation of FEIS alternatives using RMBHM 

Alter-
native  Alternative Name Alternative Description 

Summary of Modifications to 
RMBHM 

1 Preferred 
Alternative, 
Continuation of 
OA and San Juan–
Chama Project 
Storage  

Continue to implement the 
OA and continue to store up 
to 50,000 acre-feet of San 
Juan–Chama Project (SJCP) 
water in Elephant Butte 
Reservoir. 

Calculation of annual 
allocations to EBID and 
EPCWID incorporate diversion 
ratio adjustment.  Calculation 
of total allocations to EBID 
and EPCWID incorporate 
carryover accounting. 
Calculation of maximum SJCP 
storage calculated via post-
processing.  

2 No San Juan–
Chama Project 
Storage 

Continue to implement the 
OA but do not store SJCP 
water in Elephant Butte 
Reservoir. 

Same as Alternative 1, except 
that SJCP storage is equal to 
zero (eliminates SJCP storage).  

3 No Carryover  Implement only 1 of the 2 
components of the OA and 
continue to store up to 50,000 
acre-feet of SJCP water in 
Elephant Butte Reservoir. 

Same as Alternative 1, except 
that RMBHM source code 
modified to exclude carryover 
accounting from calculation of 
total allocations to EBID and 
EPCWID.  

4 No Diversion 
Ratio Adjustment 

Implement only 1 of the 2 
components of the OA and 
continue to store up to 50,000 

Same as Alternative 1, except 
that RMBHM source code 
modified to exclude the 
diversion ratio adjustment 
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Alter-
native  Alternative Name Alternative Description 

Summary of Modifications to 
RMBHM 

acre-feet of SJCP water in 
Elephant Butte Reservoir. 

from calculation of annual 
allocations to EBID and 
EPCWID.  

5 No Action 
Alternative, Prior 
Operating 
Practices 

Revert to operations before 
the OA (as summarized for 
the modeling) into the future. 

Same as Alternative 1, except 
that RMBHM source code 
modified to exclude the 
diversion ratio adjustment 
from calculation of annual 
allocations to EBID and 
EPCWID and to exclude 
carryover accounting from 
calculation of total allocations 
to EBID and EPCWID.  

 

4.1.5.1  Climate and Hydrology Inputs 
As summarized in Section 4.1.2, model inputs representing future climate and hydrologic 
conditions were obtained from previous analyses of projected climate and hydrologic conditions 
(Reclamation 2011a, b; 2013c). Previous analyses consider the range of projected climate change 
over the Rio Grande basin from its headwaters to Elephant Butte Reservoir and corresponding 
changes in surface water supplies and management. Projected climate conditions were developed 
based on an ensemble of 112 statistically downscaled climate projections. Projected surface water 
supplies and management were then developed by using the Variable Infiltration Capacity (VIC) 
hydrology model to simulate changes in runoff and streamflow and the Upper Rio Grande 
Simulation Model (URGSim) to simulate corresponding changes in surface water management 
and use. In addition to reservoir operations, URGSim represents interstate water delivery 
obligations and accounting under the Rio Grande Compact. While there is considerable 
uncertainty regarding future climate and hydrologic conditions and water management in the 
simulated area, the projections developed by WWCRA and URGIA constitute the best available 
information on future inflows to Elephant Butte Reservoir and Compact credit water in Elephant 
Butte Reservoir over the simulation period. 
 
It should be noted that under Article VII of the Rio Grande Compact, the volume of water in RGP 
storage could influence the operation of upstream reservoirs and thus the inflow to Elephant Butte 
Reservoir. RMBHM, which was developed for this FEIS, does not simulate this interaction 
between RGP storage and inflow to Elephant Butte Reservoir under the Compact. As discussed in 
Section 3.2, interactions between RGP operations and water management and use upstream of 
Elephant Butte Reservoir are beyond the scope of this analysis. Furthermore, despite the 
availability of existing models representing surface-water management and use upstream of 
Elephant Butte Reservoir (e.g., URGWOM and URGSim), modifying these models to interact 
with RMBHM would require very significant technical efforts, including substantial involvement 
from the agencies who lead development of these models. Reclamation, in consultation with the 
cooperating agencies, determined that such efforts are not necessary to accurately evaluate 
potential changes to resources resulting from implementation of the five alternatives.   

4.1.5.2  Crop Irrigation Requirement Inputs  
Model inputs representing future irrigation demands throughout the simulated area were 
developed based on estimates of crop irrigation requirement for the water year 2000 irrigation 
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season. Crop irrigation requirements for each year of the simulation period were calculated by 
adjusting the year 2000 crop irrigation requirements to reflect projected changes in annual 
reference evapotranspiration (ET0) and effective precipitation, where changes in ET0 and 
effective precipitation were derived from projected monthly precipitation and temperature from 
the three climate projections selected for the FEIS. This approach implicitly assumes that 
irrigated acreage and cropping patterns over the duration of the simulation period remain 
consistent with water year 2000.  
 
Previous studies have assumed that any shortage in RGP surface water supply relative to crop 
irrigation requirements in Rincon and Mesilla Valleys is made up for by the use of groundwater 
for supplemental irrigation (e.g., Appendix F of SSPA 2007). Under this assumption, widespread 
use of groundwater to supplement RGP surface water supplies precludes the need to fallow land 
or shift to lower water-use crop during periods of low surface water supply. Analysis of irrigated 
acreage in Rincon and Mesilla Valleys over the past several decades shows no relationship 
between irrigated acreage and RGP surface water supply. Similarly, year-to-year fluctuations in 
cropping patterns (percent of acreage in a given crop) exhibit no relationship with RGP surface 
water supply. Historical cropping and acreage data thus support the assumption that cropping 
decisions are primarily influenced by market drivers, rather than by RGP surface water supplies. 
As a result, it is not possible to reliably predict future changes in cropping patterns and irrigated 
acreage based on simulated changes in RGP supplies.  

4.1.5.3  M&I Groundwater Pumping Inputs   
While plans of the cities of Las Cruces and El Paso are discussed in Chapter 5 as cumulative 
actions with potential cumulative impacts, there is considerable uncertainty regarding future M&I 
water demands and use in the study area. As noted in Chapter 5 (Section 5.3.10), future M&I 
water demands or use will depend on population growth, economic development, and other 
factors or actions that are not reasonably foreseeable. Given the large uncertainties related to 
M&I water demands and use through the year 2050, model inputs representing groundwater 
pumping for M&I use were developed based on estimates of M&I groundwater pumping for the 
period 2000-2009. This assumption is consistent with the fact that despite significant population 
and economic growth over the past two decades, water conservation programs have reduced per 
capita water demands and resulted in little change in actual M&I water use over this period 
(Hanson et al. 2013, McCoy et al. 2007, SSPA 2007). This assumption is also supported by the 
possibility that any further increases in pumping could be offset by fallowing of agricultural land 
or other conservation measures.  

4.1.6  Analysis and Presentation of Model Results in FEIS   
Potential environmental consequences of each alternative are evaluated based on simulations of 
future RGP operations and corresponding surface-water and groundwater resources. RMBHM 
was used to simulate the effects of the alternatives over the 43-year simulation period (November 
2007 to October 2050), including year-to-year fluctuations in hydrology and climate and resulting 
fluctuations in water supplies, demands, and operations.  Detailed results are in Appendix C, 
Hydrology Technical Memorandum.   
 
Sections 4.2 to 4.11 summarize data from Appendix C, presenting averages for each simulated 
water resource variable (RGP allocations, releases, diversions, deliveries, etc.). Tables 4-2 to 4-13 
are organized such that each column presents a single alternative and each row presents a single 
climate scenario with three climate scenarios presented to characterize uncertainties in future 
RGP operations and surface water and groundwater resources. Differences between alternatives 
may be evaluated by comparing columns in these tables. Differences due to potential climate 
change may be evaluated by comparing row. In addition, effects of climate change may be 

Romany Webb
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evaluated as the difference in a given water resource variable or indicator between historical 
(observed) climate conditions and projected future climate conditions.  
 
The three climate scenarios considered in the FEIS—the drier scenario (P25), central tendency or 
median scenario (P50), and wetter scenario (P75)—are all based on the best available projections 
of future climate and hydrologic conditions in the Rio Grande Basin and are each considered 
equally likely projections of future conditions. To assess impacts on special status species in 
Elephant Butte Reservoir, Reclamation used the wetter climate scenario. The wetter scenario 
represents a conservative worst case for the species and their habitat in the reservoir pool due to 
the impact of fluctuations of the water surface elevation and area, but the drier scenario would be 
the worst case for biological resources downstream of Caballo Dam.  

4.2  Reservoir Storage   
Total storage is the total volume of water (acre-feet) in Elephant Butte and Caballo Reservoirs at 
the end of each month. Project storage is the total volume of RGP water8 in the reservoirs at the 
end of each month, excluding Rio Grande Compact credit water and San Juan–Chama Project 
water. Table 4-2 presents average monthly total storage by alternative and climate scenario. Table 
4-3 presents average monthly storage in Elephant Butte Reservoir  and Table 4-4 presents average 
monthly storage in Caballo Reservoir.  
 
As shown, the FEIS alternatives are not likely to have a strong effect on reservoir storage. 
Differences in average monthly storage among the alternatives range from 38,421 to 44,360 acre-
feet, while differences among future climate scenarios range from 175,224 to 193,452 feet. In 
other words, uncertainties in future climate conditions are significantly greater than the effect of 
implementing one or another alternative.  
 
Table 4-2 Average monthly total storage (acre-feet) by alternative and climate scenario 

  Alternative 
Climate 1 2 3 4 5 
Drier 311,875 279,081 317,502 281,367 293,084 
Central 483,445 455,233 493,743 465,907 483,425 
Wetter 487,099 462,627 506,987 464,527 486,536 

 
 

                                                      
8 Project storage is the combined capacity of Elephant Butte Reservoir and all other reservoirs actually 
available for the storage of usable water below Elephant Butte and above the first diversion to lands of the 
RGP, but not more than a total of 2,638,860 acre-feet (http://www.wrri.nmsu.edu/wrdis/compacts/Rio-
Grande-Compact.pdf). 

http://www.wrri.nmsu.edu/wrdis/compacts/Rio-Grande-Compact.pdf
http://www.wrri.nmsu.edu/wrdis/compacts/Rio-Grande-Compact.pdf
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Table 4-3 Average monthly Elephant Butte Reservoir storage (acre-feet) by alternative and 
climate scenario 

  Alternative 
Climate 1 2 3 4 5 
Drier 293,148 259,152 298,307 264,678 275,596 
Central 449,822 419,547 458,839 433,580 449,601 
Wetter 447,860 421,558 465,693 426,740 446,448 

 
 
Table 4-4 Average monthly Caballo Reservoir storage (acre-feet) by alternative and 
climate scenario 

  Alternative 
Climate 1 2 3 4 5 
Drier 18,727 19,929 19,195 16,689 17,488 
Central 33,624 35,686 34,904 32,327 33,825 
Wetter 39,238 41,068 41,294 37,786 40,088 

 
 

4.2.1 Alternative 1: Continued OA and San Juan–Chama Storage, 
Preferred Alternative 

Under Alternative 1, Table 4-2 shows the average monthly total storage would be 483,445 acre-
feet under the central tendency future climatic scenario. Alternative 1 would be almost identical 
to Alternative 5 (No Action) under central tendency or wetter conditions, but under drier 
conditions, the average monthly storage under Alternative 1 would be 18,791 acre-feet higher 
than Alternative 5 (No Action).  

4.2.2  Alternative 2: No San Juan–Chama Project Storage 
Under Alternative 2, the average monthly total storage would be 455,233 acre-feet under the 
central tendency climatic scenario. Alternative 2 would be 14,002 acre-feet, 28,192 acre-feet, or 
23,909 acre-feet below Alternative 5 (No Action) under drier, central tendency, or wetter climatic 
conditions respectively.  

4.2.3  Alternative 3: No Carryover Provision 
Under Alternative 3, the average monthly total storage would be 493,743 acre-feet under the 
central tendency climate scenario. Alternative 3 would be 24,418 acre-feet, 10,318 acre-feet, or 
20,451 acre-feet higher than Alternative 5 (No Action) under drier, central tendency, or wetter 
conditions respectively.  

4.2.4  Alternative 4: No Diversion Ratio Adjustment 
Under Alternative 4, the average monthly total storage would be 465,907 acre-feet under the 
central tendency climate scenario. Alternative 4 would be 11,716 acre-feet, 17,518 acre-feet, or 
22,009 acre-feet below Alternative 5 (No Action) under drier, central tendency, or wetter 
conditions respectively.  
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4.2.5  Alternative 5: Prior Operating Practices, No Action Alternative 
Under Alternative 5 (No Action), the average monthly total storage would be 483,425 acre-feet 
under the central tendency climate scenario. It would range from 311,875 to 447,099 acre-feet 
under drier to wetter climates.  

4.3  Elephant Butte Reservoir Elevation 
Because of the biological importance of the elevation of the water surface in Elephant Butte 
Reservoir, Table 4-5 provides the simulated average monthly water surface elevation in feet 
above sea level. As shown, the simulated maximum difference in average Elephant Butte 
Reservoir water surface elevation among the five alternatives is 7 to 9 feet, while the simulated 
maximum difference among the three future climate scenarios is 10 to 12 feet.  
 
Table 4-5 Average monthly Elephant Butte Reservoir elevation (feet above sea level) by 
alternative and climate scenario 

  Alternative 
Climate 1 2 3 4 5 
Drier 4,316 4,307 4,316 4,313 4,315 
Central 4,326 4,319 4,327 4,325 4,326 
Wetter 4,325 4,319 4,327 4,324 4,325 

 
 

4.3.1  Alternative 1: Continued OA and San Juan–Chama Storage, 
Preferred Alternative 

Under Alternative 1, Table 4-5 shows the average monthly elevation of the water surface in 
Elephant Butte Reservoir would be 4,326 feet above sea level under the central tendency climatic 
scenario. Alternative 1 would be almost identical to Alternative 5 (No Action) under all climatic 
scenarios. 

4.3.2  Alternative 2: No San Juan–Chama Project Storage 
Under Alternative 2, the average monthly elevation would be 4,319 feet under the central 
tendency climatic scenario. Alternative 2 would be an average of 7 feet lower than Alternative 5 
under central tendency climatic conditions or 8 feet under drier conditions. There would be no 
difference from Alternative 5 under wetter conditions.  

4.3.3  Alternative 3: No Carryover Provision 
Under Alternative 3, the average monthly elevation would be 4,327 feet under the central 
tendency climatic scenario. Alternative 3 would be 1 to 2 feet higher than Alternative 5 (No 
Action) under all climate scenarios.  

4.3.4  Alternative 4: No Diversion Ratio Adjustment 
Under Alternative 4, the average monthly elevation would be 4,325 feet under the central 
tendency climatic scenario. Alternative 4 would be 1 to 2 feet lower than Alternative 5 (No 
Action) under all climate scenarios. 
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4.3.5  Alternative 5: Prior Operating Practices, No Action Alternative 
Under Alternative 5, the average monthly elevation would be 4,326 feet under the central 
tendency climatic scenario, 4,315 feet under the drier climate scenario and 4,325 under the wetter 
climate scenario.  

4.4  Annual Allocation to EBID and EPCWID 
Table 4-6 shows the simulated average annual allocations in acre-feet to the two districts by 
alternative and climate scenario. The maximum difference to EBID among the alternatives would 
be 91,665 acre-feet under drier conditions, 101,217 under central tendency conditions, and 90,915 
acre-feet under wetter conditions. The maximum difference to EPCWID among the alternatives 
would be 64,668 acre-feet under drier conditions, 60,677 acre-feet under central tendency 
conditions, and 59,925 acre-feet under wetter conditions.  
 

Table 4-6 Average annual allocation (acre-feet) to districts by alternative and climate scenario 
District & Alternative 
Climate 1 2 3 4 5 
EBID       
  Drier 176,988 176,988 207,180 230,319 268,652 
  Central 213,110 213,110 264,752 272,269 314,327 
  Wetter 271,315 271,315 298,875 320,104 362,229 
EPCWID      
  Drier 196,833 196,833 240,025 175,357 204,542 
  Central 224,049 224,049 267,973 207,296 239,317 
  Wetter 258,768 258,768 303,640 243,716 275,788 

 

4.4.1 Alternative 1: Continued OA and San Juan–Chama Storage, 
Preferred Alternative 

Under Alternative 1, the mean annual allocation to EBID would be 213,110 acre-feet under the 
central tendency climatic scenario. The mean annual allocation to EPCWID would be 224,049 
acre-feet under the central tendency climatic scenario.  

4.4.2  Alternative 2: No San Juan–Chama Project Storage 
As shown in Table 4-6, Alternative 2 would be the same as Alternative 1.  

4.4.3 Alternative 3: No Carryover Provision 
Under Alternative 3, the mean annual allocation to EBID would be 264,752 acre-feet under the 
central tendency climatic scenario and 267,973 acre-feet to EPCWID. 

4.4.4 Alternative 4: No Diversion Ratio Adjustment 
Under Alternative 4, the mean annual allocation to EBID would be 272,269 acre-feet under the 
central tendency climatic scenario and 207,296 acre-feet to EPCWID . 
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4.4.5  Alternative 5: Prior Operating Practices, No Action Alternative 
Under Alternative 5 (No Action), the mean annual allocation to EBID would be 314,327 acre-feet 
under the central tendency climatic scenario. The mean annual allocation to EPCWID would be 
239,317 acre-feet under the central tendency climatic scenario. 

4.5  Total Allocation to EBID and EPCWID 
Table 4-7 shows the simulated average total allocation in acre-feet to the two districts by 
alternative and climate scenario. The total allocation to each district is calculated as the sum of its 
annual allocation and carryover allocation. The maximum difference to EBID among the 
alternatives would be 63,354 acre-feet under wetter conditions, 59,177 acre-feet under central 
tendency conditions, and 61,472 acre-feet under wetter conditions. The maximum difference to 
EPCWID among the alternatives would be 97,650 acre-feet under central tendency conditions, 
97,352 acre-feet under wetter conditions, and 80,013 acre-feet under drier conditions. 
 
 
Table 4-7 Average total allocation (acre-feet) to districts by alternative and climate scenario 

District & Alternative 
Climate 1 2 3 4 5 
EBID       
  Drier 222,539 222,539 207,180 278,015 268,652 
  Central 255,150 255,150 264,752 321,955 314,327 
  Wetter 335,499 335,499 298,875 410,996 362,229 
EPCWID      
  Drier 284,556 284,556 240,025 260,666 204,542 
  Central 336,967 336,967 267,973 310,152 239,317 
  Wetter 373,140 373,140 303,640 356,520 275,788 

 
 

4.5.1  Alternative 1: Continued OA and San Juan–Chama Storage, 
Preferred Alternative 

Under Alternative 1, the mean total allocation to EBID would be 255,150 acre-feet under the 
central tendency climatic scenario. The mean total allocation to EPCWID would be 336,967 acre-
feet under the central tendency climatic scenario. The mean total allocation to EBID would range 
from 222,539 acre-feet under the drier climate scenario to 335,499 acre-feet under the wetter 
scenario. The mean total allocation to EPCWID would range from 204,542 acre-feet under the 
drier scenario to 275,788 acre-feet under the wetter climate scenario.  

4.5.2  Alternative 2: No San Juan–Chama Project Storage 
As shown in Table 4-7, Alternative 2 would be the same as Alternative 1. 

4.5.3  Alternative 3: No Carryover Provision 
Under Alternative 3, the mean total allocation to EBID would be 264,752 acre-feet under the 
central tendency climatic scenario. The mean total allocation to EPCWID would be 310,152 acre-
feet under the central tendency climatic scenario. 
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4.5.4  Alternative 4: No Diversion Ratio Adjustment 
Under Alternative 4, the mean total allocation to EBID would be 321,955 acre-feet under the 
central tendency climatic scenario. The mean total allocation to EPCWID would be 310,152 acre-
feet under the central tendency climatic scenario. 

4.5.5  Alternative 5: Prior Operating Practices, No Action Alternative 
Under Alternative 5 (No Action), the mean total allocation to EBID would be 314,327 acre-feet 
under the central tendency climatic scenario with a range from 268,652 to 362,229 acre-feet 
under the drier to wetter climate scenarios respectively. The mean total allocation to EPCWID 
would be 239,317 acre-feet under the central tendency climatic scenario with a range from 
204,542 to 275,788 acre-feet under the drier to wetter climate scenarios respectively.  

4.6  Rio Grande Project Releases 
Figure 11 shows that simulated releases from Caballo Dam agree well with observed historical 
releases. Table 4-8 shows the simulated average annual project release in acre-feet by alternative 
and climate scenario. The maximum difference to EBID among the alternatives would be 91,665 
acre-feet under drier conditions, 101,217 acre-feet under central tendency climatic conditions, and 
90,915 acre-feet under wetter conditions. The maximum difference to EPCWID among the 
alternatives would be 64,668 acre-feet under drier conditions, 60,677 acre-feet under central 
tendency climatic conditions, and 59,925 acre-feet under wetter conditions. 
 
Table 4-8 Average annual RGP release (acre-feet) by alternative and climate scenario 

  Alternative 
Climate 1 2 3 4 5 
Drier 479,601 479,601 478,320 482,903 480,759 
Central 529,170 529,170 525,808 531,229 527,421 
Wetter 585,623 585,623 578,858 587,718 527,421 

 
 

4.6.1 Alternative 1: Continued OA and San Juan–Chama Storage, 
Preferred Alternative 

Under Alternative 1, Table 4-8 shows the central tendency annual project release would be 
529,170 acre-feet under the central tendency climatic scenario and the total release would average 
541,019 acre-feet.  

4.6.2  Alternative 2: No San Juan–Chama Project Storage 
As shown in Table 4-8, Alternative 2 would be the same as Alternative 1.  

4.6.3  Alternative 3: No Carryover Provision 
Under Alternative 3, the average annual project release would be 525,808 acre-feet under the 
central tendency climatic scenario and the total release would average 539,140 acre-feet.   

4.6.4 Alternative 4: No Diversion Ratio Adjustment 
Under Alternative 4, the average annual project release would be 531,229 acre-feet under the 
central tendency climatic scenario and the total release would average 543,089 acre-feet. 
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4.6.5  Alternative 5: Prior Operating Practices, No Action Alternative 
Under Alternative 5 (No Action), the average annual project release would be 527,421 acre-feet 
under the central tendency climatic scenario and the total release would average 539,807 acre-
feet. 

4.7  Net Diversions 
Table 4-9 shows the simulated average annual net diversions in acre-feet to the two districts by 
alternative and climate scenario. The simulations for EPCWID are for Rincon and Mesilla 
Valleys only. The maximum difference to EBID among the alternatives would be 49,426 acre-
feet under wetter conditions, 49,165 acre-feet under central tendency conditions, and 41,220 acre-
feet under drier conditions. The maximum difference to EPCWID among the alternatives would 
be 14,720 acre-feet under central tendency conditions, 12,794 acre-feet under drier conditions, 
and 7,678 acre-feet under wetter conditions. 
 
Table 4-9 Average annual net diversion (acre-feet) to districts by alternative and climate scenario 

District & Alternative 
Climate 1 2 3 4 5 
EBID       
  Drier 148,818 148,818 154,454 190,038 189,864 
  Central 179,198 179,198 198,287 227,069 228,363 
  Wetter 223,271 223,271 217,316 266,742 256,654 
EPCWID      
  Drier 34,155 34,155 30,554 24,968 21,361 
  Central 40,262 40,262 34,805 29,491 25,543 
  Wetter 37,075 37,075 36,805 30,701 29,397 

 
 

4.7.1  Alternative 1: Continued OA and San Juan–Chama Storage, 
Preferred Alternative  

Under Alternative 1, the mean annual net diversion to EBID would be 148,818 acre-feet under 
the central tendency climatic scenario. The mean annual net diversion to EPCWID would be 
40,262 acre-feet under the central tendency climatic scenario. 

4.7.2  Alternative 2: No San Juan–Chama Project Storage  
As shown in Table 4-9, Alternative 2 would be the same as Alternative 1.  

4.7.3  Alternative 3: No Carryover Provision  
Under Alternative 3, the mean annual net diversion to EBID would be 198,287 acre-feet under 
the central tendency climatic scenario. The mean annual net diversion to EPCWID would be 
34,805 acre-feet under the central tendency climatic scenario. 

4.7.4 Alternative 4: No Diversion Ratio Adjustment  
Under Alternative 4, the mean annual net diversion to EBID would be 227,069 acre-feet under 
the central tendency climatic scenario. The mean annual net diversion to EPCWID would be 
29,491 acre-feet under the central tendency climatic scenario. 
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4.7.5  Alternative 5: Prior Operating Practices, No Action Alternative  
Under Alternative 5 (No Action), the mean annual net diversion to EBID would be 228,363 acre-
feet under the central tendency climatic scenario. The mean annual net diversion to EPCWID 
would be 25,543 acre-feet under the central tendency climatic scenario. 

4.8  Farm Surface Water Deliveries 
Table 4-10 shows the simulated average farm surface water deliveries in acre-feet to the two 
districts by alternative and climate scenario. The simulations for EPCWID are for Mesilla Valley 
only. The maximum difference to EBID among the alternatives would be 31,194 acre-feet under 
wetter conditions, 26,728 under central tendency conditions, and 23,908 acre-feet under drier 
conditions. The maximum difference to EPCWID among the alternatives would be 2,259 acre-
feet under drier conditions, 2,058 acre-feet under central tendency conditions, and 1,699 acre-feet 
under wetter conditions. 

 
Table 4-10 Average farm surface water deliveries (acre-feet) to districts by alternative and 
climate scenario 

District & Alternative 
Climate 1 2 3 4 5 
EBID       
  Drier 66,053 66,053 70,101 89,961 88,532 
  Central 84,054 84,054 94,477 110,782 110,314 
  Wetter 101,217 101,217 99,232 130,426 123,473 
EPCWID      
  Drier 13,259 13,259 12,416 11,949 10,999 
  Central 15,954 15,954 15,029 14,964 13,896 
  Wetter 17,156 17,156 16,553 15,935 15,456 

 
 

4.8.1  Alternative 1: Continued OA and San Juan–Chama Storage, 
Preferred Alternative 

Under Alternative 1, the mean annual farm surface water delivery to EBID would be 84,054 acre-
feet under the central tendency climatic scenario. The mean annual farm surface water delivery to 
EPCWID would be 15,954 acre-feet under the central tendency climatic scenario. 

4.8.2  Alternative 2: No San Juan–Chama Project Storage 
As shown in Table 4-10, Alternative 2 would be the same as Alternative 1.  

4.8.3  Alternative 3: No Carryover Provision 
Under Alternative 3, the mean annual farm surface water delivery to EBID would be 94,477 acre-
feet under the central tendency climatic scenario. The mean annual farm surface water delivery to 
EPCWID would be 15,029 acre-feet under the central tendency climatic scenario. 
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4.8.4  Alternative 4: No Diversion Ratio Adjustment 
Under Alternative 4, the mean annual farm surface water delivery to EBID would be 110,782 
acre-feet under the central tendency climatic scenario. The mean annual farm surface water 
delivery to EPCWID would be 14,964 acre-feet under the central tendency climatic scenario. 

4.8.5  Alternative 5: Prior Operating Practices, No Action Alternative 
Under Alternative 5 (No Action), the mean annual farm surface water delivery to EBID would be 
110,314 acre-feet under the central tendency climatic scenario. The mean annual farm surface 
water delivery to EPCWID would be 13,896 acre-feet under the central tendency climatic 
scenario. 

4.9  Groundwater  
Based on the assumptions described in Section 4-1 and Appendix C, Table 4-11 shows the 
simulated change in total groundwater storage in Rincon and Mesilla Valleys in acre-feet over the 
43-year simulation period by alternative and climate scenario. The change in total groundwater 
storage is calculated as the difference in the total groundwater storage, summed over the 
simulated area of RMBHM, at the end of the simulation period compared to the start of the 
simulation period. The maximum difference among alternatives in the simulated change in 
groundwater storage would be 9,875 acre-feet under the wetter climate scenario, 5,513 acre-feet 
under the central tendency scenario, and 3,444 acre-feet under the drier scenario.  
 
Table 4-11 Change in total groundwater storage (acre-feet) by alternative and climate scenario 

  Alternative 
Climate 1 2 3 4 5 
Drier -56,632 -56,632 -56,162 -44,472 -46,575 
Average -29,470 -29,470 -28,055 -25,657 -23,957 
Wetter -2,277 -2,277 -4,361 937 -2,508 

 
 

4.9.1  Alternative 1: Continued OA and San Juan–Chama Storage, 
Preferred Alternative 

Under Alternative 1, the total volume of groundwater storage in Rincon and Mesilla Valleys 
would decline by 29,470 acre-feet between 2007 and 2050 under the central tendency climatic 
scenario. The total volume of groundwater storage would decline by 56,632 acre-feet under the 
drier scenario and by 2,277 acre-feet under the wetter scenario.  

4.9.2  Alternative 2: No San Juan–Chama Project Storage 
As shown in Table 4-11, Alternative 2 would be the same as Alternative 1.  

4.9.3  Alternative 3: No Carryover Provision 
Under Alternative 3, the total volume of groundwater storage in Rincon and Mesilla Valleys 
would decline by 28,055 acre-feet between 2007 and 2050 under the central tendency climatic 
scenario. The total volume of groundwater storage would decline by 56,162 acre-feet under the 
drier scenario and by 4,361 acre-feet under the wetter scenario. 
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4.9.4  Alternative 4: No Diversion Ratio Adjustment 
Under Alternative 4, the total volume of groundwater storage in Rincon and Mesilla Valleys 
would decline by 25,657 acre-feet between 2007 and 2050 under the central tendency climatic 
scenario. The total volume of groundwater storage would decline by 44,472 acre-feet under the 
drier scenario and increase by 937 acre-feet under the wetter scenario. 

4.9.5  Alternative 5: Prior Operating Practices, No Action Alternative 
Under Alternative 5, the total volume of groundwater storage in Rincon and Mesilla Valleys 
would decline by 23,957 acre-feet between 2007 and 2050 under the central tendency climatic 
scenario. The total volume of groundwater storage would decline by 46,757 acre-feet under the 
drier scenario and by 2,508 acre-feet under the wetter scenario. 

4.10  Farm Groundwater Deliveries 
Irrigation requirements that are not satisfied by RGP surface water deliveries are assumed to be 
met through supplemental groundwater pumping. As a result, combined total delivery of RGP 
surface water and supplemental groundwater to RGP lands in the Rincon and Mesilla Valleys 
would be nearly identical under all alternatives. Table 4-12 shows the simulated average annual 
farm groundwater deliveries in acre-feet to the two districts by alternative and climate scenario. 
The simulations for EPCWID are for Rincon and Mesilla Valleys only. The maximum difference 
to EBID among the alternatives would be 31,194 acre-feet under wetter conditions, 26,728 acre-
feet under central tendency conditions, and 23,908 acre-feet under drier conditions. The 
maximum difference to EPCWID among the alternatives would be 2,259 acre-feet under drier 
conditions, 2,058 acre-feet under central tendency conditions, and 1,699 acre-feet under wetter 
conditions. 
 
Table 4-12 Average annual farm groundwater deliveries (acre-feet) to districts by alternative and 
climate scenario 

District & Alternative 
Climate 1 2 3 4 5 
EBID       
  Drier 243,662 243,662 239,489 217,637 219,276 
  Central 214,370 214,370 202,791 184,273 185,061 
  Wetter 194,619 194,619 197,481 161,595 169,660 
EPCWID      
  Drier 15,563 15,563 15,951 16,406 17,357 
  Central 11,850 11,850 12,486 12,533 13,607 
  Wetter 10,593 10,593 10,859 11,454 11,939 

 
 

4.10.1  Alternative 1: Continued OA and San Juan–Chama Storage, 
Preferred Alternative 

Under Alternative 1, the mean annual farm groundwater delivery (pumping of groundwater) to 
EBID would be 214,370 acre-feet under the central tendency climatic scenario. The mean annual 
farm groundwater delivery to EPCWID would be 11,850 under the central tendency climatic 
scenario. 
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4.10.2  Alternative 2: No San Juan–Chama Project Storage 
As shown in Table 4-12, Alternative 2 would be the same as Alternative 1.  

4.10.3  Alternative 3: No Carryover Provision 
Under Alternative 3, the mean annual farm groundwater delivery to EBID would be 202,791 
acre-feet under the central tendency climatic scenario. The mean annual farm groundwater 
delivery to EPCWID would be 12,486 acre-feet under the central tendency climatic scenario. 

4.10.4  Alternative 4: No Diversion Ratio Adjustment 
Under Alternative 4, the mean annual farm groundwater delivery to EBID would be 184,273 
acre-feet under the central tendency climatic scenario. The mean annual farm groundwater 
delivery to EPCWID would be 12,533 acre-feet under the central tendency climatic scenario. 

4.10.5  Alternative 5: Prior Operating Practices, No Action Alternative 
Under Alternative 5, the mean annual farm groundwater delivery to EBID would be 185,061 
acre-feet under the central tendency climatic scenario. The mean annual farm groundwater 
delivery to EPCWID would be 13,607 acre-feet under the central tendency climatic scenario. 

4.11  Groundwater Elevations at Selected Wells 
Water elevation data for 15 wells in the Rincon and Mesilla Basins were used for simulation 
analysis (Appendix C). Simulated fluctuations in groundwater elevations are qualitatively similar 
among all wells within each basin, so data from only one well in each basin are presented here. 
The mean monthly groundwater elevation for the representative well in the Rincon Basin (Rin-2) 
is shown in Table 4-13, along with the data from the well in the Mesilla Basin (Mes-6). As 
shown, the maximum difference in well elevations among the alternatives would be 3 feet for the 
Rin-2 well under central tendency climatic conditions, and 1 foot for the Mes-6 well under all 
climate scenarios.  
 
Table 4-13 Average annual farm groundwater elevations at selected wells (feet above sea level) 
by alternative and climate scenario 

Well & Alternative 
Climate 1 2 3 4 5 
Rin-2      
  Drier 4,059 4,059 4,060 4,062 4,062 
  Central 4,061 4,061 4,062 4,063 4,063 
  Wetter 4,063 4,063 4,063 4,065 4,065 
Mes-6      
  Drier 3,813 3,813 3,813 3,814 3,814 
  Central 3,814 3,814 3,815 3,816 3,815 
  Wetter 3,816 3,816 3,816 3,817 3,817 
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4.11.1  Alternative 1: Continued OA and San Juan–Chama Storage, 
Preferred Alternative 

Under Alternative 1, the mean elevation in the Rincon-2 well would be 4,061 feet under the 
central tendency or central tendency climatic scenario with the mean under drier conditions of 
4,059 feet to 4,063 feet under wetter climate conditions. The mean elevation in the Mesilla-6 well 
would be 3,814 feet under the central tendency climatic scenario with the mean under drier 
conditions of 3,813 feet to 3,816 feet under wetter conditions. 

4.11.2  Alternative 2: No San Juan–Chama Project Storage 
As shown in Table 4-13, Alternative 2 would be the same as Alternative 1.  

4.11.3  Alternative 3: No Carryover Provision 
Under Alternative 3, the mean elevation in the Rincon-2 well would be 4,062 feet under the 
central tendency or central tendency climatic scenario. The mean elevation in the Mesilla-6 well 
would be 3,815 feet under the central tendency climatic scenario.   

4.11.4  Alternative 4: No Diversion Ratio Adjustment 
Under Alternative 4, the mean elevation in the Rincon-2 well would be 4,063 feet under the 
central tendency or central tendency climatic scenario. The mean elevation in the Mesilla-6 well 
would be 3,816 feet under the central tendency climatic scenario.   

4.11.5  Alternative 5: Prior Operating Practices, No Action Alternative 
Under Alternative 5, the mean elevation in the Rincon-2 well would be 4,063 feet under the 
central tendency or central tendency climatic scenario. The mean elevation in the Mesilla-6 well 
would be 3,815 feet under the central tendency climatic scenario.   

4.12  Water Quality 

4.12.1  Analysis Methods and Assumptions 
This FEIS incorporates by reference the water quality analysis from SEA (Reclamation 2013a). 
Assumptions are that increased reservoir storage or increased releases to the river would improve 
water quality. Other assumptions include: 

• Water is generally not released from Caballo Reservoir in the non-irrigation season 
under any alternative. As such, water quality may fluctuate during this period but is 
not related to the alternatives. 

• Water used by municipal users is treated, and the level of treatment would not change 
under the various alternatives. 

• Changes in nonpoint source runoff would be the same under the various alternatives. 

4.12.2  Effects Common to All Alternatives  
Water quality effects are common to all alternatives. These are identified and described below. 

4.12.2.1  Mercury and PCBs in Fish 
Concentrations of methylmercury and other contaminants in fish would not be affected by the 
alternatives. Mercury and other contaminants in water bioaccumulate in fish due to complex 
ecological and biogeochemical processes and would not be affected by the volume of water in 
storage.  
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4.12.2.2  Dissolved Oxygen 
Low dissolved oxygen below the two dams is a seasonal condition caused by upstream sources of 
deoxygenated water and nutrient levels, as well as release patterns. Given the common volumes 
and timing of released water among the alternatives, none of the alternatives would alter the 
existing seasonally low dissolved oxygen concentrations. 

4.12.2.3  Total Dissolved Solids, Salinity and Nutrients 
As shown in Section 4.6 and Table 4-8, across all alternatives, the differences in releases would 
be minor and insufficient to change the existing impairment of water quality due to high 
concentrations of dissolved oxygen, dissolved solids, nutrients, or salinity.  

4.12.2.4  Groundwater Quality 
As noted by the Texas Water Development Board (2016), groundwater quality issues in the study 
area are generally related to naturally high concentrations of total dissolved solids (TDS) or to the 
occurrence of elevated concentrations of individual dissolved constituents, and while there are 
local instances of groundwater quality degradation, there are no major trends suggesting a 
widespread water quality problem due to the downward percolation of surface contaminants. The 
groundwater well elevations may be suggestive of groundwater water quality. Results presented 
in Section 4.11 and Table 4-13 show the differences among alternatives in groundwater 
elevations are likely too small to result in any measurable differences in groundwater quality.  

4.13  Vegetation and Wetlands 
This section projects changes to vegetation communities and wetlands due to implementation of 
the alternatives. (No special status plants are present, as described in Chapter 3.) The study area 
for vegetation is the action area for special status aquatic and wildlife species and their designated 
or proposed critical habitats under the ESA. The action area is defined as all areas affected 
directly or indirectly by the Federal action (50 CFR 402.02) and is subdivided into the following 
reaches or segments:  

• Elephant Butte Reservoir from full pool to dead pool 
• The Rio Grande downstream from Elephant Butte Dam to Caballo Reservoir  
• Caballo Reservoir from full pool to dead pool 
• The Rio Grande from Caballo Dam downstream to International Dam 
While vegetation in all these reaches was considered, the analysis focuses on vegetation in and 
around Elephant Butte Reservoir for three reasons. One, upland desert shrub communities further 
from the river would be unaffected by the alternatives because none of the alternatives would 
change the volume or pattern of releases from the dams to the extent that these vegetation 
communities would be affected.  
 
Two, there is only a narrow band of riparian vegetation, including some wetlands, along the river 
banks between the reservoirs and downstream of Caballo Dam that could be affected by releases 
and this vegetation has been previously considered by Reclamation in the SEA (Reclamation 
2013a) or by the USIBWC (various).  Release data from Section 4.6 and Table 4-8 are provided 
below, but the vegetation communities and wetlands along the river would be unaffected by 
implementation of one or another alternative. 
 



 

Rio Grande Project Operating Agreement FEIS  
  74 

Three, Caballo Reservoir pool levels would be relatively stable under all alternatives. The 
vegetation in and around this reservoir is relatively constant:  it is dense near the water’s edge and 
gradually reduces in density away from the water line. For these reasons, the analysis focuses on 
Elephant Butte Reservoir vegetation.  

4.13.1  Analysis Methods and Assumptions 
The RMBHM hydrologic modeling of reservoir elevations (Appendix C, Section 4,3) and surface 
area (Table 4-14) is used to project changes in vegetation communities in and around Elephant 
Butte Reservoir because, as noted by Dick-Peddie et al. (1999:27-32), moisture availability is the 
primary factor influencing vegetation patterns in New Mexico, although climatic regime and 
disturbances such as fire, flood, grazing, plowing, etc. influence the distribution of individual 
plants and some vegetation communities. However, the moisture availability caused by 
fluctuating water levels of Elephant Butte, like all reservoirs (cf. Lesica and Miles 2004), creates 
habitats different from those associated with natural riparian systems due to the repeated cycles of 
inundation that tend to prevent vegetation from proceeding beyond the earliest stages of 
succession.  
 
Section 4.3 and Table 4-5 describe the projected average Elephant Butte Reservoir elevations by 
alternative and Table 4-14 shows the surface area of the reservoir, but the indicator for change in 
vegetation is the duration of cycles of inundation or drawdown, shown by the time series 
simulations for reservoir elevations (Figs. 12, 13).  

4.13.1.1  Drawdown and Low Reservoir   
Presently most of the vegetation at Elephant Butte Reservoir occurs in the sediment delta, from 
full pool at River Mile 62 to where the Rio Grande enters into the current baseline pool at River 
Miles 38 to 36, and there is a gradient in density/quality from west to east and south to north. In 
the future, as simulated by the RMBHM and Section 4.3, reservoir levels will fluctuate and the 
assumption is that when the reservoir recedes, as it has over the last decade, it will expose moist, 
bare alluvium that is rapidly colonized by annuals, biennials, short-lived perennials, as well as 
woody species such as cottonwood, willow, and tamarisk. If the water level of the reservoir 
remains low, without periodic inundation, the vegetation upstream and adjacent to the reservoir 
pool would mature over time through natural succession and would eventually shift to longer-
lived, more xeric, upland species.  
 
Tamarisk appears to be better adapted to colonizing drawdown reservoir pools, but tamarisk 
greater than five years old rarely grow in most reservoirs because three months of inundation may 
kill them (Ellis et al. 2008, Lesica and Miles 2004). 

4.13.2.2  Inundation and High Reservoir   
Historically, Elephant Butte Reservoir has fluctuated and this is expected to occur under all 
alternatives and all climate scenarios. In the future when the reservoir water surface elevation 
rises, some plants (including mature cottonwoods) and patches of riparian vegetation would 
benefit from the rising water table. Habitat that is partially inundated could be enhanced through 
deposition of new sediments and nutrients, flushing of accumulated salts, and irrigation of the 
respective site.  
 
However, prolonged or complete inundation could result in the total loss of particular plants and 
patches of riparian habitat, with the losses depending on the particular species and age class. 
Based on monitoring of Elephant Butte Reservoir vegetation, young Goodding’s willows are 
more flood tolerant than saltcedars (Reclamation 2009). Following a period of six months of 
inundation with 18 to 24 inches of water over the terminal bud primarily during the dormant 
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season, Goodding’s willow densities and heights increase. Similar observations have been 
reported by Ellis et al. (2008), who reported a die-off of saltcedar understory and survival of 
Goodding’s willow at Roosevelt Lake, and by Lesica and Miles (2004) who found that tamarisk 
in reservoir pools were destroyed after two summers (three months) of inundation.  
 
Prolonged or complete inundation, which is expected to occur during the analysis period, could 
result in the loss of some riparian habitat, and survivability would depend on species composition 
and age class. Ellis and others (2008) also found that most species were not able to survive more 
than one year of complete inundation. Reclamation (2009) has also previously reported that 
partial (10 to 15 feet) and temporary (less than six months) flooding would likely cause a 
reduction in woody vegetation. The shrub layer, if present, could be slow to recover.  
 
Figures 12 and 13 provide the time series outputs from the hydrological model, showing 
projected durations of time or cycles when Elephant Butte Reservoir would be rising or falling. 
These figures, combined with the data on surface area of the reservoir in Table 4-14, are used to 
project vegetation effects of the alternatives. As shown by Table 4-14, the maximum difference in 
average values among the alternatives would be about 1,000 acres.  
 
Table 4-14 Elephant Butte Reservoir mean surface area (acres) by alternative and climate 
scenario 

Area &  Alternative 
Climate 1 2 3 4 5 
Drier 8,780 7,637 8,878 8,299 8,533 
Average 11,425 10,493 11,570 11,127 11,404 
Wetter 11,349 10,478 11,661 10,958 11,306 

 
 
Figure 12. Time series of Elephant Butte Reservoir by alternatives under a drier climate 
scenario.   

 

4,240
4,260
4,280
4,300
4,320
4,340
4,360
4,380
4,400

2005 2015 2025 2035 2045 2055

Monthly Water Surface Elevation: Elephant Butte 
Reservoir

Scenario P25 (Drier)

Alt1 Alt2 Alt3 Alt4 Alt5



 

Rio Grande Project Operating Agreement FEIS  
  76 

 

Figure 13. Time series of Elephant Butte Reservoir by alternatives under a wetter climate 
scenario.   

 
 
 

4.13.3  Alternative 1: Continued OA and San Juan–Chama Storage, 
Preferred Alternative 

Alternative 1 is projected to have three periods of reservoir drawdown that could affect vegetation 
under all climate scenarios. As shown in Table 4-14, under Alternative 1, the average surface area 
of Elephant Butte Reservoir under the central tendency climate scenario would potentially cover 
or inundate 11,425 acres. The difference from No Action is projected to be an average of only 21 
acres under central tendency climate conditions. Under central tendency climate conditions, 
releases under Alternative 1 would tend to be slightly higher (1,212 acre-feet) than Alternative 5 
(No Action), but for the reservoir and river, there would be no difference to vegetation between 
Alternative 1 (Preferred) and Alternative 5 (No Action). 

4.13.4  Alternative 2: No San Juan–Chama Project Storage 
Alternative 2 would also have the same three periods of reservoir drawdown, but would tend to 
remain at lower levels than the other alternatives. Under Alternative 2, average surface area of 
Elephant Butte Reservoir under the central tendency climate scenario would be 10,493 acres, a 
difference of 910 acres from Alternative 5 (No Action). Releases would be the same as 
Alternative 1.  

4.13.5  Alternative 3: No Carryover Provision 
Alternative 3 would have the same three periods of reservoir drawdown that could affect 
vegetation. Average surface area under central tendency climate would cover or inundate 11,570 
acres. Under the wetter climate scenario, vegetation would be the most affected with a projected 
mean of 11,661 acres inundated. For vegetation, the releases would be virtually the same as 
Alternative 5; the average difference in total releases would be -667 acre-feet.  
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4.13.6  Alternative 4: No Diversion Ratio Adjustment 
Alternative 4 would tend to be the same as Alternative 5, which exhibits the same three periods of 
reservoir drawdown periods as the other alternatives. Average surface area under the central 
tendency climate scenario would cover or inundate 11,127 acres; i.e., 298 acres less than 
Alternative 1 and 277 acres less than Alternative 5. Under Alternative 4, releases would vary the 
most from Alternative 5 (No Action), with the average total release under the central tendency 
climate condition 3,282 acre-feet higher than Alternative 5.  

4.13.7  Alternative 5: Prior Operating Practices, No Action Alternative 
Alternative 5 (No Action) is projected to have the same three periods of reservoir drawdown that 
could affect Elephant Butte Reservoir vegetation. Average surface area under the central 
tendency climate scenario would cover or inundate 11,404 acres, less vegetation (surface acres) 
than Alternatives 1, 2, or 3, but it would tend to cover more surface acres than Alternative 4. 
Releases would be most similar to Alternative 3, with slightly higher total releases under 
Alternatives 1, 2, and 4, but again, no differences in moisture availability to riverine plants or 
wetlands is expected under any of the alternatives.  

4.14  Wildlife and Special Status Species 
Effects on wildlife are mostly based on how the alternatives would affect vegetation that serves as 
wildlife habitat in and around Elephant Butte Reservoir, especially the delta reach. The analysis 
focuses on the potential effects to flycatcher and the cuckoo. The endangered mouse is not 
expected to occur in the study area because of the lack of suitable habitat. Further, there is no 
proposed critical habitat for the mouse in the study area; the nearest proposed critical habitat is 
approximately 16 river miles upstream, at Bosque del Apache National Wildlife Refuge.  

4.14.1  Analysis Methods and Assumptions 
The analysis method for special status species is to determine the potential for the alternatives, 
particularly Alternative 1, the Preferred Alternative, to affect listed species or their critical 
habitat. Reclamation prepared a biological assessment of the effects of Alternative 1 on listed 
species and their critical habitat and consulted with the Service. The Service’s biological opinion 
is provided in Appendix F.  
 
In addition to how the cycles of rising or falling reservoir levels affect vegetation or wildlife 
habitat, indicators specific to wildlife include:  

• Decline in reservoir elevations, which degrades the riparian habitat along the outside 
edge of the reservoirs, but also enhances and creates riparian habitat within the reservoir 
area from River Mile 62 to River Miles 38 to 36  
• Death or decreased reproductive success of wildlife species due to habitat alteration 
Current and historical information from field surveys conducted by Reclamation or others, as well 
as a literature review, was used to document the status of the species and their habitat in 2014—
the environmental baseline for consultation with the Service under the ESA. If the presence of a 
listed species or supporting habitat features were determined to be likely, then the alternatives’ 
potential effects were analyzed to determine whether they would affect the species or associated 
habitat. The following considerations apply: 

• Fluctuations in Elephant Butte Reservoir and Caballo Reservoir water levels up to the 
full pool have historically been a normal feature of the reservoirs.  
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• The habitat that currently supports the largest flycatcher population in the Southwest 
was created when the Elephant Butte Reservoir receded, allowing various age classes 
of vegetation to develop.  

• Based on hydrologic data collected since 2004, a large part of the northern portion of 
the reservoir pool receives water throughout the year. The source of this water is 
agricultural return from the outfall of the low flow conveyance channel (Reclamation 
2005) and not from the river channel into the Elephant Butte Reservoir. Though 
habitats are changing, suitable habitat in this portion of the reservoir pool remains 
relatively abundant. 

• The revised designated critical habitat for the flycatcher and proposed critical habitat 
for the cuckoo includes a part of the Elephant Butte Reservoir delta reach, 
downstream to River Mile 54. Above River Mile 54, the reservoir inundates 
designated critical habitat.  

• The flycatcher and cuckoo are presently restricted to elevations in Elephant Butte 
Reservoir above 4,325 feet, which was the baseline for consultation with the Service. 
Flycatcher designated critical habitat and cuckoo proposed critical habitat extends to 
River Mile 54, at approximately the 4,380-foot elevation. The action’s primary 
determinant of effect on birds would be months when Elephant Butte Reservoir 
surface elevation rises and remains greater than 4,325 feet. Above this elevation, 
rising waters might inundate and potentially affect flycatcher. 

• Based on the 2014 flycatcher surveys, approximately 31 percent of the flycatcher 
territories (260) and 65.1 percent (161) of cuckoo territories would be affected by the 
reservoir rising to 4,380 feet (Moore and Ahlers 2015, Reclamation 2015b). The 
reservoir elevations typically begin rising in November, after minimum storage 
occurs in October, continuing to maximum storage peaks for the year as the spring 
releases begin, following irrigation demands. Thus, reservoir levels typically increase 
in the fall after flycatchers and cuckoos have departed for over-wintering territories 
and higher reservoir levels due to runoff end in the spring when the birds begin to 
establish breeding territories.  

4.14.2  Effects Common to All Alternatives  
References such as Reitan and Thingstad (1999) and the simulated reservoir water surface 
elevations presented in Section 4.3 and Table 4-5, were used to extrapolate potential effects of the 
alternatives into the future, relative to the range in water surface elevations from full pool (4,407 
feet) to the 4,325 foot elevation level where flycatcher and cuckoo territories are currently, and 
the 4,380 foot elevation at River Mile 54 where the flycatcher designated critical habitat and the 
proposed cuckoo critical habitat extend into Elephant Butte Reservoir. The modeling simulates 
recurring cycles during which Elephant Butte Reservoir elevation would rise above the 4,325-foot 
level for different lengths of time. As shown in Figs. 12, 13 and Table 4-14, there are times when 
the reservoir is projected to rise above 4,325 feet, but most of the time, the reservoir would be 
below this level. As such, implementing one or another of the alternatives through 2050 is 
projected to produce little, if any, differences in direct effects on flycatchers, cuckoo, or their 
habitat in these segments, beyond impacts associated with current operations and climate 
variability. 
 
Effects on flycatcher and cuckoo habitat under all alternatives are projected to be as follows:  
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• Without inundation from rising pool elevations, nutrients would not be replenished 
and salts would not be flushed in areas of trees associated with flycatchers and 
cuckoos. This would reduce the vigor of vegetation, degrading its overall habitat 
suitability for flycatchers and cuckoos. Periods of lower water inflows and lower pool 
elevations in Elephant Butte Reservoir would lead to maturation of vegetation 
communities and changes in species composition that could eventually render 
flycatcher and cuckoo nesting habitat unsuitable. This would come about without 
other types of disturbance in the delta reach, such as fire or mechanical disturbance.  

• Inundation could create short-term impacts on birds and shrubs through the physical 
loss of riparian vegetation (Service 2014a); however, over the long term, a rising 
reservoir would support riparian vegetation by increasing the water table in some 
areas, resulting in denser vegetation and taller trees favored by the birds. Inundation 
would also flush accumulated salts from the soils, replenish nutrients, and deposit 
new sediments. 

4.14.3 Alternative 1: Continued OA and San Juan–Chama Storage, 
Preferred Alternative 

Under Alternative 1, Table 4-14 and Figs. 12-13, and show there would be periods of both 
increasing and decreasing reservoir levels under all climate scenarios. To assess impacts on 
special status species, Reclamation consulted with the Service on the effects of the wetter climate 
scenario, which provided a conservative worst-case, based on the potential impacts to vegetation 
used by listed species. Reclamation’s finding is that implementation of Alternative 1 “may affect, 
and is likely to adversely affect” flycatcher and cuckoo that could be present in Elephant Butte 
Reservoir. Compared to the 2014 baseline, individual birds may be displaced and some 
territories/nests may be inundated by a rising reservoir. Such a rising reservoir would result in 
only minor adverse effects because there is more suitable habitat available that is not being used, 
and vegetation regrowth could occur quickly under the right conditions.   
 
Reclamation’s finding for critical habitat is that Alternative 1 “may affect, and is likely to 
adversely modify” flycatcher designated critical habitat and cuckoo proposed critical habitat. 
Modeling presented in Section 4.3 and Table 4-5 shows that reservoir rising/filling would 
inundate existing critical habitat. This determination is also appropriate for indirect effects related 
to the habitat south of River Mile 54, which is projected to be regularly inundated due to water 
level increases in the reservoir.  
 
Additionally, note that willow habitat, documented to be preferred for nesting in the delta reach 
of the Elephant Butte Reservoir, matures with time, becoming unsuitable for flycatcher nesting 
(Reclamation 2013a, Service 2002). Similarly, as described in the proposed critical habitat 
designation (Service 2014b), cuckoos require large tracts of willow-cottonwood forest or 
woodland for their nesting habitat. This habitat also matures with time, becoming unsuitable for 
cuckoo nesting. Prolonged flooding of the overly mature habitat would likely destroy the old 
vegetation. Quality nesting habitat would then be regenerated after the reservoir water level 
recedes.  

4.14.4 Alternative 2: No San Juan–Chama Project Storage 
Alternative 2 tends to reduce the reservoir water surface elevation relative to Alternative 5 (No 
Action). Under Alternative 2, Elephant Butte Reservoir would reach a lower elevation than under 
the other alternatives, and there would most likely be longer periods of lower elevations. 
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Therefore, the impacts on flycatchers and cuckoos associated with a rising reservoir and a greater 
number of acres of habitat inundated would occur. 
 
When the reservoir recedes, reservoir bottomlands or nutrient-enriched exposed soils would 
quickly be revegetated with both desirable species, such as willow, and undesirable species, such 
as nonnative or invasive plants. This recession could create habitat for the flycatcher and cuckoo. 
If the reservoir were to remain at low water levels, habitat upstream to River Mile 62 and next to 
the reservoir pool would ultimately mature through natural succession past a point of suitability 
for the flycatcher and cuckoo. A low reservoir level equates to lower water in the Rio Grande 
system overall, so under drier conditions in the future degrading riparian vegetation would 
eventually be replaced by more upland species until the reservoir levels increase and this older 
vegetation is replaced. 
 
Alternative 2 has the greatest potential for creating habitat, if the reservoir were to fill, depending 
on the timing and duration of filling. Alternative 2 also has the greatest amount of habitat that 
could be inundated and potentially destroyed. Therefore, under Alternative 2, riparian vegetation 
would expand, leading to more flycatcher and cuckoo habitat. Conversely, under Alternative 2, 
flycatcher and cuckoo habitat has the greatest potential for maturing beyond the point of 
suitability. It could also lead to increased drying and expansion of upland vegetation into 
formerly riparian areas. 

4.14.5 Alternative 3: No Carryover Provision 
Under Alternative 3, Elephant Butte Reservoir water surface elevations would fluctuate over 
time. The birds currently are above the 4,325-foot elevation level, so some impacts are expected 
when the reservoir rises above that elevation.  

4.14.6 Alternative 4: No Diversion Ratio Adjustment 
Under Alternative 4, Elephant Butte Reservoir water surface elevations would fluctuate over 
time. The birds are presently located above 4,325 feet, so under Alternative 4 some impacts are 
expected when the reservoir rises above that elevation. 

4.14.7 Alternative 5: Prior Operating Practices, No Action Alternative 
Under Alternative 5, the No Action Alternative, Elephant Butte Reservoir water surface 
elevations would fluctuate over time. Again, the birds are presently located above the 4,325-foot 
elevation level, so under Alternative 5 (No Action), some impacts would be expected when the 
reservoir rises above that elevation. 

4.15  Aquatic Resources and Special Status Fish Species 
This section projects effects of the alternatives on sport fish in the reservoirs and on the 
endangered Rio Grande silvery minnow, which is found in the riverine portion of Elephant Butte 
Reservoir.  

4.15.1  Analysis Methods and Assumptions 
Previous studies indicate the sport fishery benefits when the reservoirs rise or with full, stable 
reservoirs (Ozen 2002, Sammons and Bettoli 2000). The New Mexico Department of Game and 
Fish (NMDGF 2011, 2015b) reported that fluctuating water levels, both annual and inter-annual, 
plus resulting high turbidities and a general lack of emergent vegetation produce poor habitat 
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conditions for centrarchid species,9 white bass, gizzard shad, and channel catfish in the reservoirs. 
Fluctuating water levels apparently result in increased populations of other species, such as blue 
catfish.  
 
The NMDGF reported that declining water levels during spawning, water turbidity, and 
inadequate forage seem to be the limiting factors for smallmouth bass and largemouth bass 
populations. Because Elephant Butte Reservoir is 100 years old, it tends to have very little aquatic 
emergent or sub-emergent vegetation to provide a viable seed bank in years when water levels 
rise. As such, the development of necessary emergent vegetation communities commonly 
associated with healthy bass populations is lacking. The NMDGF (2011) adds that it is important 
to have flooded vegetation every three to four years to produce strong year classes of largemouth 
bass, which is what occurs as the reservoir fills since the upper portion of the reservoir is flatter 
with more recurring vegetative growth. 
 
The NMDGF (2015b) suggests that centrarchid habitat could be improved if the lake would refill 
to near capacity. However, multiple years of low lake levels have allowed natural revegetation in 
the upper lake and have depressed centrarchids and other fish populations.  
 
The analysis method is considering the potential effects of the alternatives on water resources to 
determine whether these would affect aquatic wildlife and their habitats. Reclamation considered 
data and information related to hydrology modeling used to develop the baseline conditions for 
aquatic resources in the study area. It used these data to assess potential biological responses to 
habitat condition modifications, including reservoir inundation extremes, during the assessment 
period (relative to baseline conditions of 2014).  
 
Fluctuations in reservoir water surface elevations are anticipated during the 43-year simulation 
period for all alternatives and climate scenarios. In general, the Rio Grande silvery minnow 
would be expected to benefit from lower water levels and a longer river channel into Elephant 
Butte Reservoir.  
 
In addition, Elephant Butte Reservoir is projected to reach capacity or full pool during both the 
central tendency and wetter climate scenarios (Appendix C). In general, sport fish would benefit 
from an increasing reservoir shoreline and flooded vegetation; although riverine fish would have 
slightly less riverine habitat in the reservoir pool, they are expected to move upstream to suitable 
habitat as the reservoir fills. 

4.15.2 Effects Common to All Alternatives  
Under all alternatives, there would be cycles of rising and falling reservoirs. During wetter 
periods, when the RMBHM model simulates rising water levels in the reservoirs, the populations 
of sport fish may increase or improve, while periods of reservoir decline would benefit the 
endangered Rio Grande silvery minnow due to increased riverine conditions.  
 
For sport fish, periods of low water elevations might result in the localized loss of some species 
and restocking would be necessary to maintain or enhance the public’s recreational opportunities. 
Fish stocking by NMDGF is commonly practiced to augment various fish species populations in 
both reservoirs.  

                                                      
9 e.g., largemouth and smallmouth bass, crappie, and bluegill 
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4.15.3 Alternative 1: Continued OA and San Juan–Chama Storage, 
Preferred Alternative 

Under Alternative 1, Elephant Butte Reservoir is predicted to reach slightly higher maximums 
during modeled wet periods than predicted for the other alternatives (Fig. 13). Sport fish would 
benefit from an increasing reservoir shoreline and flooded vegetation; riverine fish would have 
slightly less habitat in the reservoir pool, but they are expected to move upstream to suitable 
habitat as the reservoir levels increase. Riverine fish species in Elephant Butte Reservoir 
headwaters would benefit from a lower reservoir and a longer river channel into the reservoir, 
while lake fish would have slightly less habitat in the reservoir pool.  

4.15.3.1  Rio Grande Silvery Minnow 
The model simulation indicates that Elephant Butte Reservoir would fill under both average and 
wetter climate scenarios (Fig. 13) and would displace minnows in the delta channel as the water 
elevation rises. The minnows would be displaced to more upstream reaches of the river in the 
delta reach until Elephant Butte Reservoir reaches its full storage volume. This gradual upstream 
movement of minnows could extend into their critical habitat reach of the Rio Grande, upstream 
of the full pool extent of Elephant Butte Reservoir (River Mile 62).  
 
As the reservoir pool subsequently contracts, the minnows could and likely would again 
repopulate the river channel within the reservoir. Minnows could swim freely in the available 
delta channel habitat of the reservoir. Reclamation would continue to maintain the delta channel 
for efficient delivery of water to the reservoir; even without a maintained channel, a naturally 
formed river channel would develop as long as upstream river flows were sufficient to enter the 
Elephant Butte Reservoir pool. The minnow is not considered to live within the Elephant Butte 
Reservoir past the furthest south point of the river channel due to a lack of appropriate food and 
habitat.  Minnows do not occur in the other downstream Rio Grande reaches of the OA study area 
below Elephant Butte Reservoir. The minnow has been extirpated from the river below Elephant 
Butte Reservoir, except for the pilot population of introduced minnows in Big Bend, Texas. Due 
to the absence of minnows in these reaches of the study area, continued implementation of the 
OA would not affect this species.  
 
Reclamation consulted with the Service on the effects of implementing Alternative 1 on the Rio 
Grande silvery minnow and the Service’s biological opinion is presented in Appendix F. The 
analysis was based on the wetter climate scenario, which constitutes a conservative, worst-case 
for the minnow and its habitat. Reclamation’s finding was that given future fluctuations under 
Alternative 1, and based on the observations of biologists that in low water conditions, the 
minnow is able to move upstream/downstream, following the water, the action “may affect, is not 
likely to adversely affect” the minnow. With sufficient magnitude and duration of reservoir 
filling, critical habitat upstream of River Mile 62 may receive beneficial effects due to increased 
deposition of sediment north of the full pool of the reservoir. 

4.15.4 Alternative 2: No San Juan–Chama Project Storage  
The effects of Alternative 2 on the sport fish and the Rio Grande silvery minnow would be 
similar to those described under Alternative 1. The delta channel may extend farther into the 
reservoir for longer periods and would provide some additional riverine habitat due to 
fluctuations in reservoir levels.  
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4.15.5 Alternative 3: No Carryover Provision  
The effects of Alternative 3 on sport fish and the Rio Grande silvery minnow would be almost 
identical to those described under Alternative 1 because of the fluctuations in reservoir levels 
over time. 

4.15.6 Alternative 4: No Diversion Ratio Adjustment  
The effects of Alternative 4 on sport fish and the Rio Grande silvery minnow would be almost 
identical to those under Alternative 1 because of the fluctuations in reservoir levels over time. 

4.15.7 Alternative 5: Prior Operating Practices, No Action Alternative  
Under the No Action Alternative (Alterantive 5) the effects on sport fish and the Rio Grande 
silvery minnow are projected to be the same as those under Alternative 1.  

4.16  Invasive Species  

4.16.1  Analysis Methods and Assumptions 
As described in Section 4.13, the assumption is that lower reservoir levels may lead to the spread 
of noxious weeds and invasive plants including saltcedar, which competes with native, riparian 
vegetation. The spread of invasive animal species, including zebra and quagga mussels, is 
unrelated to reservoir elevations or releases from the dams. Therefore, these species are not 
relevant to the alternatives.  

4.16.2  Effects Common to All Alternatives 
The potential for spread and continued presence of invasive species, both plant and animal, would 
be the same under all alternatives. Invasive zebra and quagga mussels have been detected in 
upstream reservoirs. Under all alternatives, there is a potential for mussels to become established 
in Elephant Butte and Caballo Reservoirs; however, slight alterations in reservoir operations or 
flows in the river reaches do not affect the potential for the reservoirs’ colonization or infestation 
by mussels. Preventative measures to clean boats entering and leaving reservoirs would continue 
under all alternatives. 

4.17  Cultural Resources 

4.17.1  Analysis Methods and Assumptions 
Reclamation evaluated the effects of the alternatives on historic properties using the criteria 
defined in 36 CFR 800, which define adverse effects as “direct or indirect alteration of the 
characteristics that qualify a property for inclusion in the NRHP in a manner that diminishes 
integrity of location, design, setting, materials, workmanship, feeling, or association.” The 
integrity of historic properties is assessed by the ability of the property to convey the important 
traditional, scientific, and public values for which it is determined to be historically significant.  

4.17.2  Effects Common to All Alternatives  
Under all alternatives, the effects would be the same:  “no historic properties affected,” in 
accordance with 36 CFR 800.4(d)(1). In November 2015, the New Mexico State Historic 
Preservation Officer concurred with this finding. (See Chapter 6 and Appendix D). 
 
Because RGP water would continue to flow under all alternatives and allow the growth and 
harvesting of plants valued by the Mescalero Apache Tribe, there should be no effects to 
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resources of tribal concern.  No Indian sacred sites have been identified to date, and thus there 
would be no effect on these cultural resources.  

4.18  Indian Trust Assets 

4.18.1  Effects Common to All Alternatives  
Government-to-government consultation to date with potentially affected tribes, including the 
Mescalero Apache Tribe and the Pueblo of Ysleta del Sur, has not identified any ITAs. Therefore, 
implementing any of the alternatives would have no impact on ITAs.  

4.19 Socioeconomics 

4.19.1  Impact Indicators 
The socioeconomic analysis evaluated impacts of the alternatives on economic benefits and 
regional economic indicators, as listed below. The summary of the results is found in Section 
4.19.5. Economic benefit (direct impact) indicators are: 

1. Economic value of agricultural water use in EBID 
2. Economic value of agricultural water use in EPCWID  
3. Economic value of urban water use in EPCWID 
4. Economic value of recreation at Elephant Butte Reservoir 
5. Economic value of hydropower generation at Elephant Butte Powerplant 

Regional economic indicators are: 
1. Employment (full and part-time jobs) 
2. Income (employee compensation and proprietors’ income) 
3. Output (sales) 

4.19.2  Analysis Methods and Assumptions 
The proposed alternatives are analyzed using two economic measures:  1) the economic benefits, 
or direct impacts; and 2) the regional economic impacts. The economic benefits or direct impacts 
measure the effects of each alternative from a societal standpoint (a gain or loss to society from a 
change in activities). The regional economic impacts measure the effects of each alternative on a 
region’s economy (such as changes in employment and income). 
 
For this FEIS, the net economic benefit and regional economic impact calculations rely on 
hydrologic outcomes of project alternatives as provided by the hydrology technical memorandum 
(Reclamation 2015c; Appendix C) and available economic data.  
 
The economic benefits and regional economic impacts stemming from the use of RGP water 
under each alternative are calculated and presented along with the differences from Alternative 5, 
the No Action Alternative. The economic benefits or direct impacts and regional economic 
impacts are calculated for the following categories of water use or users:  

1. EBID 
2. EPCWID 
3. Hydropower production at Elephant Butte Powerplant 
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4. Recreation benefits at Elephant Butte Reservoir 
Note that the regional economic impacts are measured based on the same general water use 
categories except for hydropower production at Elephant Butte Powerplant. 

4.19.2.1  Economic Benefits (Direct Impacts) 
 
4.19.2.1.1 Elephant Butte Irrigation District 
The estimation of net economic benefit value is limited to agricultural users and is based on the 
findings shown in the hydrology technical memorandum (Appendix C). The hydrologic 
simulation found that although depletion of shallow groundwater within the EBID service area 
occurs under all alternatives, the available supply to project irrigators was never exhausted, and 
therefore all crops received a full irrigation supply under all simulated conditions. The full impact 
of changes in project deliveries between alternatives is thus calculated as the differences in costs 
of pumping groundwater between alternatives.  
 
The hydrologic modeling identified complete substitution of groundwater when surface water 
deliveries were not available. No changes in cropping or acreage resulted during the study period. 
Focusing solely on the Rincon and Mesilla Basins, the difference in the economic benefits 
between alternatives is limited to the differences in pumping costs incurred by project irrigators 
when surface water is not available.  
 
Differences in costs of RGP surface water delivery between alternatives are not considered 
because costs are almost entirely fixed and are not volume dependent. While irrigators may 
experience differences in labor costs and other factors in using surface water instead of 
groundwater, there is no basis for quantifying these differences and so they are not considered. 
 
Pumping costs are determined by the total volume pumped and the total head. Because both 
volume and head differ by alternative, each factor is used in calculating pumping costs. Capital 
costs are not considered, as all project irrigators are assumed by the hydrology technical 
memorandum (Appendix C) to have access to available supplemental groundwater as needed, and 
the relatively small volumes that differentiate alternatives are assumed to have no effect on pump 
lifetimes or maintenance costs. 
 
Groundwater pumping cost calculation  
The calculation of groundwater pumping costs was based on the energy costs of delivering the 
quantity of groundwater identified under each project alternative. The annual average 
groundwater delivery and the elevations and beginning of period well depths were taken from the 
hydrology technical memorandum (Appendix C), and the static head was taken from crop 
enterprise budgets for Sierra and Doña Ana Counties (New Mexico State University 2005). 
Energy (electric) costs and pump efficiency were likewise obtained from the crop enterprise 
budgets. The wells cover all cropping areas in EBID, and the simple average well elevation 
changes within each cropping area were used to calculate average pumping heads for each 
alternative. 
 
Groundwater elevations for regions served by major canals were taken from the hydrology 
technical memorandum (Appendix C), which calculated groundwater elevations and initial 
groundwater depths. Groundwater elevations reported under each alternative for the 15 wells in 
the project area were averaged for the Rincon Valley and the Mesilla Valley Leasburg, Eastside, 
and Westside Canals. The total groundwater deliveries to EBID were allocated to each region 
based on the acreage reported in the hydrology technical memorandum (Appendix C). The 
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starting well depth was also taken from the hydrology technical memorandum (Appendix C). The 
typical head across the region and study period was 70 to 80 feet with 50 feet of static head (New 
Mexico State University 2005) and a calculated 20 to 30 feet well depth to water. 
 
A pump efficiency of 0.47 for electric pumps and an electricity cost of $0.1098/kilowatt-hour for 
electricity were taken from crop enterprise budgets (New Mexico State University 2005). The 
cost of electricity was adjusted to 2015 levels using the producer price index for North American 
Industry Classification System 2211, electric utilities. A resulting energy cost of $0.152/kilowatt-
hour was used (price index 2015 = 144.3; 2005 index = 104.2). The potential energy conversion 
is 1.024 kilowatt-hour /acre-foot/foot, meaning that at 100 percent efficiency, 1.024 kilowatt-hour 
of energy is required to lift one acre-foot of water to a height of 1 foot.  
 
4.19.2.1.2 El Paso County Water Improvement District Number 1  
RGP deliveries to water users from the American Diversion Dam are not treated in the hydrologic 
modeling and there is no specific information on the disposition of RGP waters after delivery 
(Appendix C). The most recent financial report from El Paso Water (2015) gives an average year 
surface water delivery of 60,000 acre-feet for M&I uses, with these flows providing 
approximately half of the El Paso Water supply. The balance of the M&I water supplies is 
pumped from the Hueco and Mesilla Basins. All other surface water deliveries at the American 
Diversion Dam are then available for diversion for agricultural uses. (Deliveries to Mexico at the 
International Diversion Dam are included within the hydrologic modeling [Appendix C], and do 
not vary by alternative; therefore, they are not further considered in the economic analysis.) The 
historical full EPCWID allocation of 376,842 acre-feet then gives surface diversions of 316,842 
acre-feet available for agricultural uses. Acreages of 6,494 and 62,516 in the Mesilla and El Paso 
Valleys, respectively, are used to calculate Mesilla and El Paso Valley full allocation diversions 
of 29,816 and 287,026 acre-feet, respectively. Any greater levels of urban surface water use 
would result in proportionally lower levels of Rio Grande agricultural diversions; this possibility 
is not considered here.  
 
EPCWID El Paso Valley agricultural water users  
Net benefits of RGP water use reported by Ward and Pulido-Velazquez (2012) are used to 
estimate the economic benefits associated with RGP surface water deliveries at the American 
Diversion Dam to El Paso Valley agricultural users. Their base scenario reports average 
deliveries to agricultural users of 237,000 acre-feet, with average net benefits of $112 per acre-
foot. This is taken as the value of RGP surface water deliveries to El Paso Valley agricultural 
users when diversions fall below the full allocation level. According to Ward and Pulido-
Velazquez (2012), agricultural users have not developed much groundwater pumping 
infrastructure and therefore are not reported to make significant use of groundwater to 
supplement their surface water use.  
 
EPCWID El Paso Valley urban water users 
El Paso urban uses rely heavily on groundwater, and sustainability of both the quantity and 
quality of groundwater supplies are a concern. To value the Rio Grande surface water delivered 
for urban use, the Ward and Pulido-Velazquez (2012) “sustaining” and “renewing” natural capital 
scenarios were used, which report a difference in urban water use of 6,000 acre-feet. The 
difference in the reported net benefits to urban water users is $574 per acre-foot and is taken here 
as the value of RGP water in El Paso urban uses when supply falls below 60,000 acre-feet.  
 
Distribution between agricultural and urban users  
The hydrology technical memorandum hydrologic studies provide no guidance on the distribution 
of RGP water to urban versus agricultural uses (Appendix C). Because values in urban and 
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agricultural uses can be substantially different, economic valuation would be sensitive to this 
distribution. The economic analysis here assumes that RGP water is distributed proportionally to 
urban and agricultural uses throughout the study period, and that urban uses are held to 
60/376.842 = 15.9 percent of total EPCWID diversions, and agricultural uses receive 84.1 percent 
of diversions.  
 
EPCWID Mesilla Valley agricultural water users 
Deliveries of RGP water to EPCWID agricultural water users in the Mesilla Valley are valued 
identically to EBID agricultural water users. The hydrologic studies show full availability of 
groundwater to substitute for surface water when diversions fall below allocations. Total benefits 
from the use of groundwater and RGP surface water are calculated identically to EBID project 
users. 
 
4.19.2.1.3 Hydropower 
The hydroelectric plant at Elephant Butte Dam generates power that is dependent on flow volume 
and head. Because both flows and reservoir elevation would differ between alternatives, expected 
power generation would also vary. There is currently no hydroelectric production at Caballo 
Dam, and thus no economic differences between alternatives exist, despite differing releases 
between alternatives. 
 
Reservoir elevation and releases 
The hydrology technical memorandum provides monthly elevations at Elephant Butte Reservoir 
for each alternative (Appendix C, Reclamation 2015c). Power production does not occur during 
winter months when RGP releases do not occur. Hydropower calculations are thus based on the 
calculated average elevation during the March to October period only. Annual releases from 
Elephant Butte Reservoir reported by the hydrology technical memorandum, reduced by the 
volume of spills, are used with the March to October average elevations (Appendix C) to 
calculate hydropower generation. 
 
Power plant characteristics and valuation 
The Elephant Butte Powerplant has a rated head of 140 feet and is assumed to operate with 90 
percent efficiency. Energy generation is calculated from reservoir elevation, with the rated head 
achieved at the maximum elevation over the study period, and the potential energy conversion of 
1.024 kilowatt-hour per acre-foot per foot of head. Calculated production based on the average 
March to October monthly elevation and release data for 2014 is 3 percent below the actual 
power plant production of 13.4 gigawatt-hours reported by Reclamation (2015d). Economic 
valuation of production is based on the economic opportunity cost concept and uses the same 
$0.152/ kilowatt-hour value as is assigned to the cost of groundwater pumping. This neglects 
distribution costs and losses (which would suggest a lower figure), but also does not consider use 
of the power plant for short-term peaking operations (which suggest an increased valuation). 
Reservoir elevation for purposes of hydropower calculations use only Alternative 1 reported 
values. 
 
4.19.2.1.4 Recreation 
Elephant Butte Reservoir provides a variety of recreational benefits that vary based on reservoir 
storage. Because storage varies between project alternatives, recreational benefits are calculated 
for Elephant Butte Reservoir. Similarly, Caballo Reservoir provides recreational benefits. These 
benefits are not addressed, however, because the differences in Caballo Reservoir storage among 
alternatives are small and would not result in significant differences in economic benefits from 
recreation at Caballo Reservoir under each alternative. 
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Annual recreation benefits reported by Ward and Pulido-Velazquez (2012) are based on: 

Value of Elephant Butte Reservoir recreation = 379.82 + 2.21 X – 0.0005030852 X2 

where X equals the average annual storage in thousand acre-feet and the economic value is in 
thousand dollars. Management costs of $0.31 per acre-foot of storage (due to increased visitation) 
are also identified (Ward 2014) and deducted from the economic benefit calculation reported 
here. The hydrology technical memorandum annual average reservoir storage is used with the 
above equation to estimate direct economic benefits of recreation (Reclamation 2015c, Appendix 
C). 

4.19.2.2  Regional Economic Impacts 
In addition to considering the net economic benefits or direct impacts of each alternative, the 
socioeconomic analysis estimates the potential regional economic impacts. The regional impacts 
may stem from changes in agricultural pumping costs, the costs of providing urban water, and 
recreation visitation expenditures. These direct economic impacts are input into the IMPLAN 
model to estimate total regional impacts. The direct economic impacts of hydropower are 
assumed to have no impacts on the regional economy.  
 
IMPLAN is the modeling package used to assess the regional economic impacts stemming from 
the direct impacts associated with each alternative. IMPLAN is an economic input-output 
modeling system that estimates the effects of economic changes in a defined analysis area. 
IMPLAN is a static model that estimates impacts for a snapshot in time when the impacts are 
expected to occur, based on the makeup of the economy at the time of the underlying IMPLAN 
data. IMPLAN measures the initial impact on the economy but does not consider long-term 
adjustments as labor and capital move into alternative uses. Realistically, the structure of the 
economy would adapt and change; therefore, the IMPLAN results can only be used to compare 
relative changes between the No Action Alternative and the action alternatives and cannot be 
used to predict or forecast future employment, labor income, or output (sales). 
 
Input-output models measure commodity flows from producers to intermediate and final 
consumers. Purchases for final use (final demand) drive the model. Industries produce goods and 
services for final demand and purchase goods and services from other producers. These other 
producers, in turn, purchase goods and services. This buying of goods and services (indirect 
purchases) continues until leakages from the analysis area (imports and value added) stop the 
cycle. These indirect and induced effects (the effects of household spending) can be 
mathematically derived using a set of multipliers. The multipliers describe the change in output 
for each regional industry caused by a $1.00 change in final demand. 
 
This analysis used 2013 IMPLAN data for the counties encompassing the study areas. IMPLAN 
data files for the analysis area are compiled from a variety of sources, including the U.S. Bureau 
of Economic Analysis, the U.S. Bureau of Labor, and the U.S. Census Bureau. 

4.19.3  Economic Benefits (Direct Impacts) 

4.19.3.1  Elephant Butte Irrigation District 
The hydrologic modeling assumes there are no changes in cropping or acreage during the study 
period. Focusing solely on the Rincon and Mesilla Basins, the difference in the economic benefits 
or direct impacts between alternatives is limited to differences in pumping costs incurred by 
project irrigators when surface water is not available. The hydrology modeling assumes that the 
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cropping pattern for each service area within the model domain is based on cropping data 
available for the year 2000. 
 
The average annual ground water supply available to EBID as estimated by the hydrology model 
(Appendix C) are shown above in Section 4.10 entitled Farm Groundwater Deliveries. These 
EBID deliveries are split between the Rincon (roughly 20 percent) and Mesilla (roughly 73 
percent) Valleys based on the acreage distribution between the two valleys (including EPCWID 
land in the Mesilla Valley). 
 
 
Table 4-15 EBID average annual pumping costs (millions of dollars) by alternative and climate 
scenario 

Valley & Alternative 
Climate 1 2 3 4 5 
Rincon   
  Drier 1.3 1.3 1.3 1.1 1.1 
  Central 1.1 1.1 1.1 0.9 0.9 
  Wetter 1.0 1.0 1.0 0.8 0.9 
Mesilla       
  Drier 4.7 4.7 4.6 4.1 4.2 
  Central 4.1 4.1 3.8 3.4 3.4 
  Wetter 3.6 3.6 3.7 2.9 3.1 

 

Table 4-16 EBID Agricultural benefit values (millions of dollars) relative to a change 
between No Action and action alternatives and climate scenario 

Valley & Alternative 
Climate 1 2 3 4 5 
Rincon   
  Drier -0.2 -0.2 -0.2 0.0 No Action 
  Central -0.2 -0.2 -0.2 0.0 No Action 
  Wetter -0.1 -0.1 -0.1 0.1 No Action 
Mesilla       
  Drier -0.5 -0.5 -0.4 0.1 No Action 
  Central -0.7 -0.7 -0.4 0.0 No Action 
  Wetter -0.5 -0.5 -0.6 0.2 No Action 
Total      
  Drier -0.7 -0.7 -0.6 0.1 No Action 
  Central -0.9 -0.9 -0.6 0.0 No Action 
  Wetter -0.6 -0.6 -0.7 0.3 No Action 
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4.19.3.1.1 Alternative 1: Continued OA and San Juan–Chama Storage, Preferred 
Alternative 
Under Alternative 1, the estimated pumping costs equal $1.1 million in the Rincon Valley and 
$4.1 million in the Mesilla Valley based on the central climate scenario as shown in Table 4-15.  
The impact of this alternative is measured relative to Alternative 5 (No Action) as shown in Table 
4-16.  Under Alternative 1, pumping costs increase relative to Alternative 5, therefore under this 
alternative, economic benefits decrease, based on the central climate scenario, by $0.2 in the 
Rincon Valley and $0.7 in the Mesilla Valley.  
 
4.19.3.1.2 Alternative 2: No San Juan–Chama Project Storage 
As shown in Tables 4-15 and 4-16, Alternative 2 would be the same as Alternative 1.  
 
4.19.3.1.3 Alternative 3: No Carryover Provision 
Under Alternative 3, the estimated pumping costs equal $1.1 million in the Rincon Valley and 
$3.8 million in the Mesilla Valley based on the central climate scenario as shown in Table 4-15.  
The impact of this alterative is measured relative to Alternative 5 (No Action) as shown in Table 
4-16.  Under Alternative 3, pumping costs increase relative to Alternative 5, therefore under this 
alternative economic benefits decrease, based on the central climate scenario, by $0.2 and $0.4, in 
the Rincon Valley and Mesilla Valley, respectively. 
 
4.19.3.1.4 Alternative 4: No Diversion Ratio Adjustment 
Under Alternative 4, the estimated pumping costs equal $0.9 million in the Rincon Valley and 
$3.4 million in the Mesilla Valley based on the central climate scenario as shown in Table 4-15.  
The impact of this alterative is measured relative to Alternative 5 (No Action) as shown in Table 
4-16.  Under Alternative 4, pumping costs do not change relative to Alternative 5, therefore under 
this alternative economic benefits are unchanged, based on the central climate scenario, in both 
the Rincon and Mesilla Valleys. 
 
4.19.3.1.5 Alternative 5: Prior Operating Practices, No Action Alternative 
Under Alternative 5, the estimated pumping costs equal $0.9 million in the Rincon Valley and 
$3.4 million in the Mesilla Valley based on the central climate scenario as shown in Table 4-15.  
Alternative 5 is the No Action Alternative, therefore the impacts of the action alternatives are 
relative to this alternative. 

4.19.3.2 El Paso County Water Improvement District No. 1 
As discussed in Section 4.19.2, EPCWID supplies water to both agricultural water users and 
urban or M&I users. The economic benefits and regional economic impacts are analyzed 
separately for agricultural and M&I water uses. The average annual water supply available to 
EPCWID is estimated by the hydrology model (Appendix C). The economic analysis here 
assumes that RGP water is distributed proportionally to M&I (15.9 percent of diversions) and 
agricultural (84.1 percent of diversions) uses throughout the study period. 
 
4.19.3.2.1 El Paso Valley agricultural use 
EPCWID El Paso Valley agricultural water use value is based on the net benefits of RGP water 
use reported by Ward and Pulido-Velazquez (2012). Agricultural users in this area are not 
reported to make significant use of groundwater to supplement their surface water use. Therefore, 
the agricultural benefit value is based on the effects of surface water deliveries for each 
alternative as it relates to surface water deliveries. 
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Table 4-17 EPCWID El Paso Valley average annual agricultural benefits (millions of dollars) by 
alternative and climate scenario 

Valley & Alternative 
Climate 1 2 3 4 5 
  Drier 20.6 20.6 20.5 19.2 19.5 
  Central 23.4 23.4 22.8 22.0 21.7 
  Wetter 26.2 26.2 26.3 25.3 25.2 

 
 
Table 4-18 EPCWID El Paso Valley average annual agricultural benefits changes (millions 
of dollars) between alternatives and climate scenario 

Valley & Alternative 
Climate 1 2 3 4 5 
  Drier 1.1 1.1 1.0 -0.3 No Action 
  Central 1.7 1.7 1.1 0.3 No Action 
  Wetter 1.0 1.0 1.1 0.1 No Action 

 
 
4.19.3.2.1.1 Alternative 1: Continued OA and San Juan–Chama Storage, Preferred 
Alternative 
Under Alternative 1, the estimated value of production is $23.4 million in the El Paso Valley 
based on the central climate scenario as shown in Table 4-17.  The impact of this alterative is 
measured relative to Alternative 5 (No Action) as shown in Table 4-18.  Under Alternative 1 
based on the central climate scenario, the change in value of production is $1.7 million compared 
to Alternative 5.  
 
4.19.3.2.1.2 Alternative 2: No San Juan–Chama Project Storage 
As shown in Tables 4-17 and 4-18, Alternative 2 would be the same as Alternative 1. Under 
Alternative 2 based on the central climate scenario, the change in value of production is $1.7 
million compared to Alternative 5 (No Action). 
 
4.19.3.2.1.3 Alternative 3: No Carryover Provision 
Under Alternative 3, the estimated value of production is $22.8 million in the El Paso Valley 
based on the central climate scenario as shown in Table 4-17.  The impact of this alterative is 
measured relative to Alternative 5 (No Action) as shown in Table 4-18.  Under Alternative 3 
based on the central climate scenario the change in value of production is $1.1 million compared 
to Alternative 5. 
 
4.19.3.2.1.4 Alternative 4: No Diversion Ratio Adjustment 
Under Alternative 4, the estimated value of production is $22.0 million in the El Paso Valley 
based on the central climate scenario as shown in Table 4-17.  The impact of this alterative is 
measured relative to Alternative 5 (No Action) as shown in Table 4-18.  Under Alternative 4 
based on the central climate scenario the change in value of production is $0.3 million compared 
to Alternative 5. 
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4.19.3.2.1.5 Alternative 5: Prior Operating Practices, No Action Alternative 
Under Alternative 5, the estimated value of production is $21.7 million in the El Paso Valley 
based on the central climate scenario as shown in Table 4-17.  Alternative 5 is the No Action 
Alternative, therefore the impacts of the action alternatives are relative to this alternative. 
 
4.19.3.2.2 Mesilla Valley agricultural use 
In the Mesilla Valley, the hydrologic studies show full availability of groundwater to substitute 
for surface water when diversions fall below allocations. The difference in the economic benefits 
or direct impacts between alternatives is limited to differences in pumping costs incurred by 
project irrigators when surface water is not available. 
 
Table 4-19 EPCWID Mesilla Valley agricultural benefit values relative to a change ($ millions) 
between No Action and action alternatives and climate scenario 

Mesilla 
Valley & Alternative 
Climate 1 2 3 4 5 
  Drier 0.3 0.3 0.4 0.4 0.4 
  Central 0.3 0.3 0.3 0.3 0.3 
  Wetter 0.2 0.2 0.2 0.2 0.3 

 
 
Table 4-20 EPCWID Mesilla Valley annual agricultural benefits changes ($ millions) between No 
Action and action alternatives by alternative and climate scenario 

Mesilla 
Valley & Alternative 
Climate 1 2 3 4 5 
  Drier 0.1 0.1 0.0 0.0 No Action 
  Central 0.0 0.0 0.0 0.0 No Action 
  Wetter 0.1 0.1 0.1 0.1 No Action 

 
 
4.19.3.2.2.1 Alternative 1: Continued OA and San Juan–Chama Storage, Preferred 
Alternative 
Under Alternative 1, the estimated pumping cost is $0.3 million in the Mesilla Valley based on 
the central climate scenario as shown in Table 4-19.  The impact of this alterative is measured 
relative to the No-Action Alternative (Alternative 5) as shown in Table 4-20.  There is no change 
in pumping costs under Alternative 1 compared to the No-Action Alternative; therefore, the 
economic benefit value is unchanged. 
 
4.19.3.2.2.2 Alternative 2: No San Juan–Chama Project Storage 
As shown in Tables 4-19 and 4-20, Alternative 2 would be the same as Alternative 1. There is no 
change in pumping costs under Alternative 2 compared to Alternative 5 (No Action); therefore, 
the economic benefit value is unchanged. 
 
4.19.3.2.2.3 Alternative 3: No Carryover Provision 
Under Alternative 3, the estimated pumping cost is $0.3 million in the Mesilla Valley based on 
the central climate scenario as shown in Table 4-19.  The impact of this alterative is measured 
relative to Alternative 5 (No Action) as shown in Table 4-20.  There is no change in pumping 
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costs under Alternative 3 compared to Alternative 5; therefore, the economic benefit value is 
unchanged. 
 
4.19.3.2.2.4 Alternative 4: No Diversion Ratio Adjustment 
Under Alternative 4, the estimated pumping cost is $0.3 million in the Mesilla Valley based on 
the central climate scenario as shown in Table 4-19.  The impact of this alterative is measured 
relative to Alternative 5 (No Action) as shown in Table 4-20.  There is no change in pumping 
costs under Alternative 4 compared to Alternative 5; therefore, the economic benefit value is 
unchanged. 
 
4.19.3.2.2.5 Alternative 5: Prior Operating Practices, No Action Alternative 
Under Alternative 5, the estimated pumping cost is $0.3 million in the Mesilla Valley based on 
the central climate scenario as shown in Table 4-19.  The impact of this alterative is measured 
relative to Alternative 5 (No Action) as shown in Table 4-20.  Alternative 5 is the No Action 
Alternative; therefore, the impacts of the action alternatives are relative to this alternative. 
 
4.19.3.2.3 EPCWID El Paso Valley urban use 
The Ward and Pulido-Velazquez (2012) values were used to estimate the economic benefit values 
for urban water use in EPCWID as explained in Section 4.19.2. A value of $574 per acre-foot was 
applied to the estimated average annual urban deliveries to estimate the average annual benefits 
value for the alternative.  
 
Table 4-21 EPCWID El Paso Valley urban use average annual economic benefits ($ millions) by 
alternative and climate scenario 

El Paso 
Valley & Alternative 
Climate 1 2 3 4 5 
  Drier 19.9 19.9 19.6 18.3 18.3 
  Central 22.8 22.8 21.8 21.2 20.7 
  Wetter 25.3 25.3 25.1 23.8 23.7 

 
 
Table 4-22 EPCWID El Paso Valley urban use average annual economic benefits ($ millions) 
changes between No Action and action alternatives by alternative and climate scenario 

El Paso 
Valley & Alternative 
Climate 1 2 3 4 5 
  Drier 1.6 1.6 1.3 0.0 No Action 
  Central 2.1 2.1 1.1 0.5 No Action 
  Wetter 1.6 1.6 1.4 0.1 No Action 

 
 

4.19.3.2.3.1 Alternative 1: Continued OA and San Juan–Chama Storage, Preferred 
Alternative 
Under Alternative 1, the estimated value of urban water in EPCWID is $22.8 million based on the 
central climate scenario as shown in Table 4-21.  The impact of this alterative is measured 
relative to Alternative 5 (No Action), as shown in Table 4-22.  Under Alternative 1 based on the 
central climate scenario the change in value is $2.1 million compared to Alternative 5. 
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4.19.3.2.3.2 Alternative 2: No San Juan–Chama Project 
As shown in Tables 4-21 and 4-22, Alternative 2 would be the same as Alternative 1. Under 
Alternative 2 based on the central climate scenario, the change in value is $2.1 million compared 
to Alternative 5 (No Action). 
 
4.19.3.2.3.3 Alternative 3: No Carryover Provision 
Under Alternative 3, the estimated value of urban water in EPCWID is $21.8 million based on the 
central climate scenario as shown in Table 4-21.  The impact of this alterative is measured 
relative to Alternative 5 (No Action) as shown in Table 4-22.  Under Alternative 3 based on the 
central climate scenario, the change in value is $1.1 million compared to Alternative 5. 
 
4.19.3.2.3.4 Alternative 4: No Diversion Ratio Adjustment 
Under Alternative 4, the estimated value of urban water in EPCWID is $21.2 million based on the 
central climate scenario as shown in Table 4-21.  The impact of this alterative is measured 
relative to Alternative 5 (No Action) as shown in Table 4-22.  Under Alternative 4 based on the 
central climate scenario the change in value is $0.5 million compared to Alternative 5. 
 
4.19.3.2.3.5 Alternative 5: Prior Operating Practices, No Action Alternative 
Under Alternative 5, the estimated value of urban water in EPCWID is $20.7 million based on the 
central climate scenario as shown in Table 4-21.  Alternative 5 is the No Action Alternative; 
therefore, the impacts of Alternatives 1 to 4 are shown relative to this alternative. 

4.19.3.3  Hydropower 
Flows and reservoir elevations differ between alternatives; therefore, the expected power 
generation (gigawatt-hour) would also vary between alternatives.  The estimated generation at 
Elephant Butte Dam by alternative is shown in Table 4-23. The estimated economic value of this 
generation is shown in Table 4-24 and the impacts by alternative are shown in Table 4-25. 
 
Table 4-23 Elephant Butte hydropower (Gwh) average annual economic benefits by alternative 
and climate scenario 

Benefit & Alternative 
Climate 1 2 3 4 5 
  Drier 25.2 25.2 26.2 24.8 25.0 
  Central 34.8 34.8 34.3 33.5 33.7 
  Wetter 39.6 39.6 36.1 34.7 35.0 

 
 
Table 4-24 Elephant Butte hydropower average annual economic benefits ($ millions) by 
alternative and climate scenario 

 Alternative 
Climate 1 2 3 4 5 
  Drier 3.8 3.8 4.0 3.8 3.8 
  Central 5.3 5.3 5.2 5.1 5.1 
  Wetter 6.0 6.0 5.5 5.3 5.3 
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Table 4-25 Elephant Butte hydropower average annual economic benefits ($ millions) changes 
between No Action and action alternatives by alternative and climate scenario 

 Alternative 
Climate 1 2 3 4 5 
  Drier 0.0 0.0 0.2 0.0 No Action 
  Central 0.2 0.2 0.1 0.0 No Action 
  Wetter 0.7 0.7 0.2 0.0 No Action 

 
 
4.19.3.3.1 Alternative 1: Continued OA and San Juan–Chama Storage, Preferred 
Alternative 
Under Alternative 1, the estimated value of hydropower is $5.3 million based on the central 
climate scenario as shown in Table 4-24.  The impact of this alterative is measured relative to 
Alternative 5 (No Action) as shown in Table 4-25.  Under Alternative 1 based on the central 
climate scenario the change in value is $0.2 million compared to Alternative 5. 
 
4.19.3.3.2 Alternative 2: No San Juan–Chama Project Storage 
As shown in Tables 4-24 and 4-25, Alternative 2 would be the same as Alternative 1. Under 
Alternative 2 based on the central climate scenario, the change in value is $0.2 million compared 
to Alternative 5 (No Action). 
 
4.19.3.3.3 Alternative 3: No Carryover Provision 
Under Alternative 3, the estimated value of hydropower is $5.2 million based on the central 
climate scenario as shown in Table 4-24.  The impact of this alterative is measured relative to 
Alternative 5 (No Action) as shown in Table 4-25.  Under Alternative 3 based on the central 
climate scenario the change in value is $0.1 million compared to Alternative 5. 
 
4.19.3.3.4 Alternative 4: No Diversion Ratio Adjustment 
Under Alternative 4, the estimated value of hydropower is $5.1 million based on the central 
climate scenario as shown in Table 4-24.  The impact of this alterative is measured relative to 
Alternative 5 (No Action) as shown in Table 4-25.  Under Alternative 4 based on the central 
climate scenario there is no change in value compared to Alternative 5. 
 
4.19.3.3.5 Alternative 5: Prior Operating Practices, No Action Alternative 
Under Alternative 5, the estimated value of hydropower is $5.1 million based on the central 
climate scenario as shown in Table 4-24.  Alternative 5 is the No Action Alternative; therefore, 
the impacts of the action alternatives are relative to this alternative. 

4.19.3.4  Recreation 
Elephant Butte Reservoir provides a variety of recreational benefits that vary based on reservoir 
storage. Because storage varies between alternatives, recreational benefits are calculated for 
Elephant Butte Reservoir (Mesilla Valley). Recreational activities at Caballo Reservoir also 
provide recreational benefits. Because the differences in Caballo storage between project 
alternatives are small and would not result in significant differences in economic benefits from 
Caballo recreation, these benefits were not estimated.  
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Table 4-26 Elephant Butte recreation average annual economic benefits ($ millions) by 
alternative and climate scenario 

 Alternative 
Climate 1 2 3 4 5 
  Drier 0.9 0.9 0.9 0.8 0.9 
  Central 1.1 1.1 1.1 1.1 1.1 
  Wetter 1.1 1.1 1.2 1.1 1.1 

 

Table 4-27 Elephant Butte recreation average annual economic benefits changes ($ 
millions) between No Action and Action Alternatives by alternative and climate scenario 

 Alternative 
Climate 1 2 3 4 5 
  Drier 0.0 0.0 0.0 -0.1 No Action 
  Central 0.0 0.0 0.0 0.0 No Action 
  Wetter 0.0 0.0 0.1 0.0 No Action 

 
 
4.19.3.4.1 Alternative 1: Continued OA and San Juan–Chama Storage, Preferred 
Alternative 
The estimated value of recreation is shown in Table 4-26.  The impact of this alterative is 
measured relative to Alternative 5 (No Action) as shown in Table 4-27.  The differences in 
Elephant Butte Reservoir storage compared to Alternative 5 are small and would not result in 
significant differences in economic benefits. 
 
4.19.3.4.2 Alternative 2: No San Juan–Chama Project Storage 
As shown in Tables 4-26 and 4-27, Alternative 2 would be the same as Alternative 1.  The 
differences in Elephant Butte Reservoir storage compared to Alternative 5 (No Action) are small 
and would not result in significant differences in economic benefits. 
 
4.19.3.4.3 Alternative 3: No Carryover Provision 
The estimated value of recreation is shown in Table 4-26.  The impact of this alterative is 
measured relative to Alternative 5 as shown in Table 4-27.  The differences in Elephant Butte 
Reservoir storage compared to Alternative 5 (No Action) are small and would not result in 
significant differences in economic benefits. 
 
4.19.3.4.4 Alternative 4: No Diversion Ratio Adjustment 
The estimated value of recreation is shown in Table 4-26.  The impact of this alterative is 
measured relative to Alternative 5 as shown in Table 4-27.  The differences in Elephant Butte 
Reservoir storage compared to Alternative 5 are small and would not result in significant 
differences in economic benefits. 
 
4.19.3.4.5 Alternative 5: Prior Operating Practices, No Action Alternative 
Alternative 5 is the No Action Alternative; therefore, the impacts of the action alternatives are 
relative to this alternative. 
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4.19.4  Regional Economic Impacts 

4.19.4.1  Elephant Butte Irrigation District 
The regional economic impacts in EBID would result from a change in pumping costs. Pumping 
cost changes would result in higher or lower net farm income, which translates to farm 
households having more or less money to spend within the regional economy. 
 
Table 4-28 EBID regional economic impacts by alternative under the central tendency climate 
change scenario (incremental to Alternative 5) 

 Alternative 
EBID Ag. 1 2 3 4 5 
  Employment -5 -5 -4 0 No Action 
  Labor Income (185,947) (185,947) (123,965) 0 No Action 
  Output (599,166) (599,166) (399,444) 0 No Action 

 
 
4.19.4.1.1 Alternative 1: Continued OA and San Juan–Chama Storage, Preferred 
Alternative 
Pumping costs in the Rincon and Mesilla Valleys are estimated to increase by $0.9 million 
compared to Alternative 5 (No Action) under the central tendency climate change, as discussed in 
Section 4.19.3.  The regional impacts of this alternative stem from a decrease ($0.9) in farm 
household income, because of the pumping cost increase, relative to Alternative 5.  The changes 
in employment, labor income, and output under Alternative 1 are shown in Table 4-28. 
 
4.19.4.1.2 Alternative 2: No San Juan–Chama Project Storage 
As shown in Table 4-28, Alternative 2 would be the same as Alternative 1. The regional impacts 
of this alternative stem from a decrease ($0.9) in farm household income because of the pumping 
cost increase relative to Alternative 5 (No Action).   
 
4.19.4.1.3 Alternative 3: No Carryover Provision 
Pumping costs in the Rincon and Mesilla Valleys are estimated to increase by $0.6 million 
compared to Alternative 5, under the central tendency climate change, as discussed in Section 
4.19.3.  The regional impacts of this alternative stem from a decrease ($0.6) in farm household 
income, because of the pumping cost increase, relative to Alternative 5 (No Action).  The changes 
in employment, labor income, and output under the Alternative 3 are shown in Table 4-28. 
 
4.19.4.1.4 Alternative 4: No Diversion Ratio Adjustment 
Compared to Alternative 5, under the central tendency climate scenario there is no estimated 
change in pumping costs in the Rincon and Mesilla Valleys under Alternative 4 as discussed in 
Section 4.19.3.  Therefore, there is no change in the estimated regional impacts under this 
alternative as shown in Table 4-28. 
 
4.19.4.1.5 Alternative 5: Prior Operating Practices, No Action Alternative  
The regional economic impacts are measured based on incremental changes from Alternative 5 
conditions; therefore, the total regional impacts associated with Alternative 5 (No Action) were 
not measured. 
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4.19.4.2  El Paso County Water Improvement District No. 1 
 
4.19.4.2.1 El Paso Valley agricultural use 
The regional impacts stemming from El Paso Valley agricultural use are based a change in 
production value as shown in Table 4-18. 
 
Table 4-29 EPCWID, El Paso Valley agriculture regional impacts under the central tendency 
climate change scenario by alternative (incremental to Alternative 5)  

 Alternative 
EPCWID Ag. 
El Paso 1 2 3 4 5 
  Employment 45 45 29 8 No Action 
  Labor Income 1,107,627 1,107,627 716,700 195,463 No Action 
  Output 3,194,525 3,194,525 2,067,046 563,740 No Action 

 
 
4.19.4.2.1.1 Alternative 1: Continued OA and San Juan–Chama Storage, Preferred 
Alternative 
Under Alternative 1, the agricultural production value is estimated to increase by $1.7 million 
(shown in Table 4-18) compared to Alternative 5 (No Action).  This increase in value has a 
positive impact on the regional economy in terms of job, labor income, and output as shown in 
Table 4-29. 
 
4.19.4.2.1.2 Alternative 2: No San Juan–Chama Project 
As shown in Table 4-29, Alternative 2 would be the same as Alternative 1 in terms of job, labor 
income, and output as shown in Table 4-29. 
 
4.19.4.2.1.3 Alternative 3: No Carryover Provision 
Under Alternative 3, the agricultural production value is estimated to increase by $1.1 million 
(shown in Table 4-18) compared to Alternative 5 (No Action).  This increase in value has a 
positive impact on the regional economy in terms of job, labor income, and output as shown in 
Table 4-29. 
 
4.19.4.2.1.4 Alternative 4: No Diversion Ratio Adjustment 
Under Alternative 4, the agricultural production value is estimated to increase by $0.3 million 
(shown in Table 4-18) compared to Alternative 5 (No Action).  This increase in value has a 
positive impact on the regional economy in terms of job, labor income, and output as shown in 
Table 4-29. 
 
4.19.4.2.1.5 Alternative 5: Prior Operating Practices, No Action Alternative 
The regional economic impacts are measured based on incremental changes from Alternative 5 
conditions; therefore, the total regional impacts associated with Alternative 5 (No Action) were 
not measured. 
 
4.19.4.2.2 Mesilla Valley Agricultural Use 
The estimated change in economic benefits or direct impacts are unchanged for all alternatives 
relative to Alternative 5 (No Action) as shown in Table 4-20.   
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4.19.4.2.3 EPCWID Urban Use 
The regional impacts stemming from El Paso Valley urban water use are based a change in the 
change in economic value or direct impacts as shown in Table 4-22. 
 
 
Table 4-30 EPCWID, El Paso Valley urban regional impacts under the central tendency climate 
change scenario by alternative (incremental to Alternative 5)   

 Alternative 
EPCWID M&I, 
El Paso 1 2 3 4 5 
  Employment 15 15 8 7 No Action 
  Labor Income 1,041,396 1,041,396 545,493 557,497 No Action 
  Output 3,603,279 3,603,279 1,887,432 857,923 No Action 

 
 
4.19.4.2.3.1 Alternative 1: Continued OA and San Juan–Chama Storage, Preferred 
Alternative 
Under Alternative 1, the value of urban water use is estimated to increase by $2.1 million (shown 
in Table 4-22) compared to Alternative 5 (No Action).  This increase in value has a positive 
impact on the regional economy in terms of job, labor income, and output as shown in Table 4-
30. 
 
4.19.4.2.3.2 Alternative 2: No San Juan–Chama Project 
As shown in Tables 4-22 and 4-30, Alternative 2 would be the same as Alternative 1 in terms of 
job, labor income, and output. 
 
4.19.4.2.3.3 Alternative 3: No Carryover Provision 
Under Alternative 3, the value of urban water use is estimated to increase by $1.1 million (shown 
in Table 4-22) compared to Alternative 5 (No Action).  This increase in value has a positive 
impact on the regional economy in terms of job, labor income, and output as shown in Table 4-
30. 
 
4.19.4.2.3.4 Alternative 4: No Diversion Ratio Adjustment 
Under Alternative 4, the value of urban water use is estimated to increase by $0.5 million (shown 
in Table 4-22) compared to Alternative 5 (No Action).  This increase in value has a positive 
impact on the regional economy in terms of job, labor income, and output as shown in Table 4-
30. 
 
4.19.4.2.3.5 Alternative 5: Prior Operating Practices, No Action Alternative 
The regional economic impacts are measured based on incremental changes from Alternative 5 
conditions; therefore, the total regional impacts associated with Alternative 5 (No Action) were 
not measured. 

4.19.4.3  Hydropower 
The regional impacts are not affected by hydropower production at Elephant Butte. 
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4.19.4.4  Recreation 
The differences in Elephant Butte Reservoir storage for all action alternatives compared to 
Alternative 5 (No Action) are small and would not result in significant differences in regional 
economic impacts. 

4.19.5  Summary Conclusions 
The average annual economic benefits under the central tendency climate scenario for each 
alternative and water use category are summarized in Table 4-31. Generally, Alternatives 1 to 4 
would increase the total benefits compared to Alternative 5 (No Action). The economic benefits 
estimated for EBID would decrease compared to Alternative 5 for all of the alternatives except 
Alternative 4, while the benefits estimated for EPCWID would increase compared to Alternative 
5. 
 
The regional impacts under the central tendency climate scenario estimated for each alternative 
and water use category are summarized in Table 4-32. Generally, the regional impacts in the New 
Mexico study area (Doña Ana and Sierra Counties, New Mexico) where EBID is located decrease 
compared to Alternative 5 for all action alternatives.  
 
The regional impacts in the Texas study area (El Paso and Hudspeth Counties) where EPCWID is 
located increase for all action alternatives compared to Alternative 5. Compared to the overall 
region, these changes (positive and negative) are small compared to the entire regional economies 
of the New Mexico and Texas study areas. 
 
 
Table 4-31 Summary of economic benefits (millions of dollars) by alternative under the central 
tendency climate scenario 
  Alternative 
Valley & Resource 1 2 3 4 5 
Rincon Agriculture -0.20 -0.20 -0.20 0.00 No Action  
Mesilla Agriculture -0.70 -0.70 -0.40 0.00 No Action  
EPCWID El Paso Ag. 1.70 1.70 1.10 0.30 No Action  
EPCWID Mesilla Ag.  0.00 0.00 0.00 0.00 No Action  
EPCWID El Paso 
M&I 2.10 2.10 1.10 0.50 No Action  
Hydropower 0.20 0.20 0.10 0.00 No Action  
Recreation 0.00 0.00 0.00 0.00 No Action  
Total  3.10 3.10 1.70 0.80 No Action  
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Table 4-32 Regional impacts summary (jobs, dollars) by alternative under the central 
tendency climate scenario 

 Alternative 
Valley/Resource 1 2 3 4 5 
EBID Agriculture      
  Employment -5 -5 -4 0 No action 
  Labor Income (185,947) (185,947) (123,965) 0 No action 
  Output (599,166) (599,166) (399,444) 0 No action 
EPCWID El Paso Valley Agriculture 
  Employment 45 45 29 8 No action 
  Labor Income 1,107,627 1,107,627 716,700 195,463 No action 
  Output 3,194,525 3,194,525 2,067,046 563,740 No action 
EPCWID Mesilla Valley -Ag No Change No Change No Change No Change No action 
EPCWID El Paso – M&I (Urban) 
  Employment 15 15 8 7 No action 
  Labor Income 1,041,396 1,041,396 545,493 557.497 No action 
  Output 3,603,279 3,603,279 857,923 563,740 No action 

4.20  Environmental Justice 

4.20.1  Analysis Methods and Assumptions 
As informed by the Federal Interagency Working Group on Environmental Justice and NEPA 
Committee (2016), a disproportionately high and adverse impact on minority or low-income 
populations is based on a comparison of the adverse impacts on the environmental justice 
community relative to the impacts on the overall population of the study area, based on the 
particular resource analyzed in the NEPA document. As described in Section 3.15 of Chapter 3, 
Doña Ana, El Paso, and Hudspeth Counties are environmental justice communities, while Sierra 
County is not an environmental justice community. However, because the economic analysis 
combined Sierra County with Doña Ana County as the New Mexico study area, this combination 
is retained here.  

4.20.2 Employment 
From 1970 to 2014, employment in the four counties grew from 179,838 to 515,740 jobs, a 187 
percent increase (Commerce, Bureau of Economic Analysis 2015). Tables 4-28 and 4-32 project 
a potential loss of 4 or 5 farm jobs in the non-environmental justice communities (Doña Ana and 
Sierra Counties, New Mexico study area) under the action alternatives compared to Alternative 5 
(No Action).  Tables 4-29 and 4-32 show that the environmental justice communities (El Paso 
and Hudspeth Counties, Texas study area) would experience a slight positive benefit:  a potential 
increase of 8 to 45 farm jobs compared to Alternative 5 (No Action). Relative to 515,740 total 
jobs in the study area during 2014, 4 to 45 jobs is insignificant. This means there is neither a high 
nor disproportionate effect on environmental justice communities.  

4.20.3 Income 
From 1970 to 2014, personal income grew from $8,820.3 million to $33,568.8 million, a 281 
percent increase across the four-counties (Commerce, Bureau of Economic Analysis 2015). 
Tables 4-28 and 4-32 project a potential maximum decrease in labor income in the non-
environmental justice communities (Doña Ana and Sierra Counties, New Mexico study area) of 
$185,947. Tables 4-29 and 4-32 indicate there would be a potential maximum increase of 
$1,107,627 in the environmental justice communities (El Paso and Hudspeth Counties, Texas 
study area), an insignificant effect relative to the $34 million incomes in the counties.   
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5  Cumulative Effects and Other NEPA 
Considerations 

This chapter discusses the cumulative effects of the alternatives within the context of other past, 
present, and reasonably foreseeable future actions. It also presents other NEPA considerations 
from 40 CFR 1502.16 including adverse effects which cannot be avoided should the proposal be 
implemented, the relationship between short-term uses and long-term productivity, and any 
irreversible and irretrievable commitments of resources involved in the proposal should it be 
implemented.  

5.1  Regulatory Framework 
CEQ regulations require consideration of cumulative impacts defined as:  
 

“…the impact on the environment which results from the incremental impact of the 
action when added to other past, present, and reasonably foreseeable future actions 
regardless of what agency (Federal or non-federal) or person undertakes such other 
actions. Cumulative impacts can result from individually minor but collectively 
significant actions taking place over a period of time.” [40 CFR 1508.7] 

 
Following CEQ guidance, the cumulative impact study area for identifying these actions is 
expanded beyond the immediate project area to include actions that might affect the same water 
resources, biological, cultural and socioeconomic resources of the environment as those described 
in Chapters 3 and 4. Cumulative actions that could result in cumulative impacts are listed below. 

5.2  Reasonably Foreseeable Future Actions 
Actions which have the potential to create ongoing or additive effects to those of the alternatives 
are summarized in chronological order with the most recent documents first  

5.2.1  Far West Texas Water Development Board Plan (2016) and El Paso 
Water Plan (2013) 

The 2016 Far West Texas Water Plan prepared by the Texas Water Development Board (2016) 
recognizes that current and future water demand and supply sources are constantly changing and 
indicates water plans need to be updated every 5 years. The plans recognize the City of El Paso as 
one of the fastest growing cities in Texas and that throughout Far West Texas (a larger area than 
the study are for this FEIS), the largest category of water use is irrigated agriculture. The 2016 
Far West Texas Water Plan states that irrigation water shortages have occurred in El Paso and 
Hudspeth Counties due to insufficient water in the Rio Grande during the recent drought and 
those farmers in these counties have generally reduced irrigated acreage, changed types of crops 
planted, or not planted crops.  
 
El Paso Water is the largest supplier of municipal water in Far West Texas and the utility has 
implemented a water conservation program that has significantly reduced per capita water 
demand. The City of El Paso has historically received about 50 percent of its M&I supply from 
surface water and 50 percent from groundwater in the Hueco Bolson and the Mesilla Bolson. 
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According to Hutchison (2006), historic pumping in the Mesilla Bolson has not resulted in 
significant changes in groundwater levels or groundwater quality, but pumping up to 1979 in the 
Hueco Bolson lowered groundwater levels and led to brackish groundwater intrusion. In the 
1980s, El Paso reduced its groundwater pumping in the Hueco Bolson to about 80,000 AFY by 
increasing surface water diversion from the Rio Grande, increasing conservation efforts, and 
increasing reclaimed water use. By 2002, El Paso Water pumping in the Hueco Bolson dropped 
below 40,000 AFY and has since remained at these levels (Hutchison 2006). Reclamation, 2014a. 
River Maintenance Program-Delta Channel Maintenance Project Environmental Assessment 
The Delta Channel Maintenance Project maintains the existing, constructed Delta Channel to 
facilitate efficient delivery of Rio Grande water to the Elephant Butte Reservoir pool. It involves 
such activities as channel sediment removals, berm repair, site access, and staging area 
maintenance. River maintenance is conducted along 20.8 miles of the Delta Channel. Project-
related road and staging area maintenance would be conducted within an approximately 293-
square mile study area boundary in Socorro and Sierra Counties, New Mexico.  

5.2.2  Reclamation River Maintenance Program-Delta Channel 
Maintenance Project Environmental Assessment and Finding of No 
Significant Impact 

The Delta Channel Maintenance Project maintains the existing constructed delta channel to 
facilitate efficient delivery of Rio Grande water to Elephant Butte Reservoir. It involves activities 
such as channel sediment removal, berm repair, site access, etc. River maintenance is conducted 
along a 20.8 miles in Socorro and Sierra Counties, New Mexico. The project includes a suite of 
conservation measures to minimize or avoid adverse impacts on water quality, vegetation, species 
habitat, and wildlife. In addition, Reclamation is implementing recovery actions identified in the 
flycatcher and Rio Grande silvery minnow recovery plans.  

5.2.2  USIBWC River Management Alternatives for the Rio Grande 
Canalization Project, River Management Plan, FEIS and Record of 
Decision (2014, 2012, 2009) 

The USIBWC completed an evaluation of river management alternatives for the Rio Grande 
Canalization Project. This project affects a 105.4-mile long river reach from Percha Dam to the 
international boundary at El Paso and Cuidad Juarez, Chihuahua. The status is that the USIBWC 
is in the second phase of implementation of their 2009 Record of Decision on the River 
Management Alternatives for the Rio Grande Canalization Project and complying with the 
Service’s (2012) biological opinion. The project, as proposed, would include ongoing channel 
maintenance and floodplain management, including levee improvements, vegetation 
management, habitat restoration work, and conservation of endangered birds following a 
flycatcher management plan. The USIBWC committed to establish flycatcher habitat and no-
mow zones to enhance riparian vegetation.   

5.2.3  Corps FLO-2D Model Development, Caballo Reservoir Flood 
Release and Court Order No. CIV-90-95 HB/WWD (2013, 2005) 

As part of USIBWC’s Rio Grande Canalization Project, USIBWC contracted with the Corps of 
Engineers who subcontracted with Tetra Tech to update the calculations of design storms 
affecting Caballo Dam releases. While the report is not an “action” per se, in conjunction with 
Reclamation and USIBWC management of Caballo flood releases, the cumulative action with 
cumulative effects is that there is statistically almost no chance of a 5,000 cubic feet per second 
(cfs) release for flood control, although historically, there have been greater than 5,000 cfs flows 
at the USIBWC’s gage below Caballo Dam. The peak discharge is approximately 2,990 cfs, 
which essentially precludes overbank flooding below Caballo.  
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5.2.4  Corps of Engineers and CH2MHill (2012) and Rio Grande Salinity 
Management Program (2012) 

The Corps and others have formed a coalition to reduce salinity from San Acacia to Fort 
Quitman. The project consists of four phases: salinity assessment, salinity management 
alternatives analysis, feasibility and pilot control project testing, expanded scale salinity control 
project and evaluation of project effectiveness. Effects of this ongoing project may result in 
improvements (decreases) in salinity and other contaminants in the Rio Grande through the study 
area for this FEIS.  

5.2.5  City of Las Cruces Wastewater System Master Plan Update (CDM 
2008) and 40-Year Water Development Plan (2007) 

The City of Las Cruces has had a water and wastewater plan in place since 1995. In 2007, it 
prepared a 40-year water development plan. In 2008, the City updated their water and wastewater 
plan which projected that by 2025, with low growth demand it would need a total of 20,549 acre-
feet per year; with high growth demand it would need a total of 33,307 acre-feet per year (CDM 
2008:6-4). As of 2008, the City’s water supply is groundwater from wells in the Mesilla and 
Jornada groundwater basins. The City’s plans include three elements: conjunctive use of surface 
and groundwater, water conservation, and reclaimed water use. The City anticipates that some but 
not all of any increase in groundwater pumping would require offsets. The City’s director of 
utilities (Garcia 2008) indicated that they have been acquiring and leasing some surface water 
rights through EBID with verification from the NMOSE. The City’s strategy is to concentrate on 
surface water supply. Working with EBID, they have implemented a Special Water Users 
Association.  The City of Las Cruces has not contracted with EBID and Reclamation for 
conversion of irrigation water to municipal and industrial uses. 

5.2.6  New Mexico State Parks, Elephant Butte Lake State Park 
Management Plan (2006)  

This is a resource management plan guiding recreation and the management of public recreational 
opportunities at Elephant Butte Lake State Park.  NM State Parks also manages recreational areas 
at Caballo, Percha, and Leasburg Diversion Dams.  

5.2.7  New Mexico Lower Rio Grande Regional Water Plan (2004) 
This plan, with a revision currently in progress, provides population projections through 2040 for 
three different rates of regional growth to provide a high estimate, a medium-range estimate, and 
a low range estimate. Projected public water supply requirements for the area are made through 
the year 2040 for the low, medium and high growth scenarios. This plan includes other public 
water supply systems located within the planning area with relevant estimates of the population 
served and the total amount of water provided by these systems. 

5.2.8  NMOSE Active Water Resource Management Initiative (2004)  
This project of the NMOSE, initiated in 2004, could have ongoing effects in the cumulative 
impact study region. Under this initiative, the NMOSE declared the Lower Rio Grande a “priority 
basin” (NMAC 19.25.13). The objective is to supervise the physical distribution of water to 
protect senior water right owners, to assure compliance with interstate stream compacts and to 
prevent calls by senior water rights holders for administration of water rights. In addition, these 
rules fulfill the mandates of Section 72-2-9.1 NMSA, requiring the state engineer to adopt rules 
for priority administration based on appropriate hydrological models and facilitate marketing 
within water master districts subject to priority administration.  
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5.2.9  Reclamation Elephant Butte and Caballo Reservoirs Resource 
Management Plan, Record of Decision and FEIS (2003, 2002) 

This is Reclamation’s resource management plan designed to guide Reclamation and other 
Federal, state, local, and participating agencies in managing, allocating, and appropriately using 
Elephant Butte and Caballo Reservoirs’ land and water resources. The RMP was also designed to 
assist Reclamation in making decisions regarding the management of recreation resources.  

5.3  Cumulative Impacts by Resource 
This section projects cumulative impacts of the reasonably foreseeable future actions listed in 
Section 5.2 on resources described in Chapters 3 and 4 of the FEIS.  

5.3.1  Water Resources including Reservoir Storage, Elephant Butte 
Reservoir Elevations, Allocations, Releases, Diversions, Farm 
Surface Water Deliveries 

Effects of the Federal actions listed above were included in the modeling of the effects of the 
alternatives, so there would be no additional cumulative effects to water resources. While water 
management plans of the Cities of Las Cruces and El Paso and of Far West Texas (Texas Water 
Development Board 2016) are listed as cumulative actions above, due to uncertainties, future 
effects of these municipal plans have only partially been incorporated in Chapter 4 water resource 
analyses. The original 1920 Act contracts with the City of El Paso were done in 1940 which 
allowed the city to purchase 2,000 acres of irrigated farmland for conversion of the water 
allocated to that land to M&I supply. By the 1950s (President’s Commission 1950), El Paso and 
Albuquerque had experienced water shortages. Back then, El Paso began buying additional lands 
from landowners within the RGP to obtain rights to water under arrangements with EPCWID.  
These effects were part of the modeling of water resources analyses in Chapter 4 (Sections 4.1 to 
4.12). The City of Las Cruces, through its 40-Year Water Plan, is considering a similar strategy of 
acquiring or leasing surface water rights through EBID. While their plan is considered a 
cumulative action, there are not enough data or details to model how this might occur.  

5.3.2  Groundwater 
The assumption of the Chapter 4 groundwater analyses (Sections 4.9 to 4.11) is that irrigation 
water requirements that are not satisfied by RGP surface water deliveries are met through 
supplemental groundwater pumping.  For groundwater elevations, the model projects that the 
differences that would be caused by implementing one or another of the alternatives would be 
less than the differences that might arise due to future climatic conditions.  
 
Increases in future groundwater pumping by the Cities of Las Cruces or El Paso were not 
modeled, but could be anticipated to result in lower groundwater levels in the future unless offset 
by decreases in pumping in other parts of the aquifer.  No data or models are presently available 
to Reclamation to quantify groundwater effects of the cities’ future actions related to groundwater 
uses.  

5.3.3  Water Quality 
Since the 1950s, quality of surface water in the Rio Grande has been documented as degrading 
from the San Luis Valley to Fort Quitman (President’s Commission 1950), although in the latest 
303d report of New Mexico (NMED 2016: 175-178), water quality has improved in Elephant 
Butte Reservoir. When the effects of the alternatives are added to those ongoing effects from 
Reclamation’s Delta Channel Maintenance Project and low flow conveyance channel, water 
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quality in the reservoir is expected to be within the ranges historically documented with possible 
impairments due to mercury, nutrients and polychlorinated biphenyls. Likewise, cumulative 
impacts to water quality in Caballo Reservoir are expected to fluctuate over time with the 
quantity of water in storage, but with ongoing impairments due to high nutrient levels.  
 
Downstream of Caballo Reservoir in the USIBWC Rio Grande Canalization Project, water 
quality should improve over time when the effects of the alternatives are added to those of 
USIBWC’s Record of Decision implementation (2012, 2009),  which includes more efficient 
water delivery, soil erosion prevention, and habitat restoration, water quality should improve 
slightly over time. Also, the Corps’ Salinity Management Program and work of El Paso Water 
should result in cumulative improvements to water quality.  

5.3.4  Vegetation and Weeds 
As described in Sections 3.6 and 4.13, the existence of the reservoirs, combined with USIBWC’s 
Rio Grande Canalization Projects downstream of Caballo Reservoir has led to the present status 
of vegetation communities across the cumulative impact study area. At the inflow area to 
Elephant Butte Reservoir, ongoing effects of Reclamation’s Delta Channel Maintenance Project 
would continue to help moderate potential impacts from inundating vegetation and vegetation 
loss or degradation in Elephant Butte Reservoir. 
 
The reservoir pool elevations would continue to fluctuate under all alternatives and these 
fluctuations would continue to affect individual plants throughout the reservoir area. Although 
given the low probabilities of the reservoir surface water remaining at one elevation for a 
prolonged period, it is unlikely that whole patches of vegetation would be affected or that there 
would be a net loss of habitat for nesting birds.  
 
Downstream of the RGP reservoirs, the Rio Grande was canalized between 1938 and 1943, and 
the vegetation in most areas is managed by the USIBWC and monitored as part of USIBWC’s 
and Reclamation’s ESA commitments. There are sections of the downstream environment where 
some native vegetation is being managed by USIBWC to improve wildlife habitat and there are 
ongoing beneficial effects due to their non-native plant control program (USIBWC 2012). These 
beneficial effects are expected to continue into the future.  
 
While there is some potential for noxious weeds to grow or increase in the short-term, however as 
a cumulative impact of management by both the USIBWC and Reclamation noxious weeds are 
managed under an integrated pest management framework. As a result, no increase in cumulative 
impacts to weeds is expected.  

5.3.5  Wetlands and Floodplains 
No additional cumulative impacts to wetlands and floodplains would be anticipated based on the 
cumulative actions listed in Section 5.2. There are patches of emergent marsh plants in the 
sediment delta inflow area to Elephant Butte Reservoir, but these patches are not expected to 
become jurisdictional wetlands due to the repeated cycles of wetting and drying: the fluctuations 
are unlikely to support the development of hydric soils.  
 
For floodplains in the cumulative impact study region, between the USIBWC’s and 
Reclamation’s ongoing actions of managing releases from Elephant Butte and Caballo Dams and 
actively managing the river segments, there would be no change in base floodplains and no 
construction proposed in the 100- or 500-year floodplains that has not undergone prior NEPA 
analysis.  
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As stated by the USIBWC (2007, 2009a, b), the Rio Grande floodplain was enclosed by a levee 
system and dredged river channel beginning in 1938 and completed in 1943. The canalization 
extends some 105.4 miles along the Rio Grande from below Percha Dam in Sierra County, New 
Mexico to American Dam in El Paso, Texas, and along the river to Fort Quitman, Texas. The 
USIBWC increased flood containment capacity as a result of raising levees between 4 – 12 feet in 
height and dredging the river channel in a series of past actions; and these effects of managing the 
floodplains to meet Federal Emergency Management Agency certification requirements would 
continue into the future (USIBWC 2007, 2009b).  

5.3.6  Wildlife and Special Status Species 
The potential cumulative impacts to terrestrial wildlife (defined by NEPA, not ESA) and special 
status wildlife species are essentially the same as the projected effects for vegetation. As 
described in Section 4.14, the flycatcher and the cuckoo are seasonally present in Elephant Butte 
Reservoir and their habitats may be degraded, expanded, or enhanced depending on the duration 
at which the water surface elevations remain at a particular elevation. None of the actions listed in 
Section 5.2 would create cumulative impacts on wildlife or special status species that have not 
been included in the Section 4.14 analysis or the consultation with the Service. 
 
Along the Rio Grande below Caballo Dam, cumulative impacts to wildlife from the actions of the 
USIBWC have been described in a series of environmental assessments, environmental impact 
statements, and consultations (USIBWC 2007, 2009a, b; 2012, 2014a). The USIBWC committed 
to work on restoring riparian shrub communities suitable for breeding flycatchers in this reach. 
When Reclamation’s action of releasing water from Caballo Dam is added to the actions of the 
USIBWC, there should be no cumulative impacts to vegetation, wildlife or special status species 
that have not already been consulted upon. 

5.3.7  Aquatic Resources and Special Status Fish Species 
The existence of the RGP dams and reservoirs led to the extirpation of native fish, as discussed in 
Sections 3.8 and 4.15, but dam existence is in the baseline and cumulative effects are restricted to 
Reclamation’s Delta Channel Maintenance Project that extends the river into Elephant Butte 
Reservoir and provides additional occupied habitat for riverine species, including the endangered 
Rio Grande silvery minnow. Conservation measures included in the project provide habitat 
features in the channel to support the minnow’s life stages and avoid harming the fish during 
construction and maintenance. No other cumulative effects to aquatic resources and special status 
fish are expected to occur through 2050.  
 
Similar to the other biological resources, the range of releases to the Rio Grande from the 
alternatives is within the range of historical operations. When all the actions listed above are 
added to the potential effects of the alternatives, no additional cumulative effects to aquatic 
resources and special status fish species are expected to occur through 2050.  

5.3.8  Cultural Resources 
Management of historic properties within the cumulative impact study areas is being conducted 
by Reclamation and the USIBWC as part of their respective Section 110 compliance 
responsibilities. No other undertakings are reasonably foreseeable that have not undergone 
Section 106 or 110 compliance; thus, no cumulative effects to historic properties are expected to 
occur through 2050.  
 
No adverse impacts to Indian sacred sites or resources of tribal concern would be anticipated 
from the alternatives (as described in Section 4.17); therefore, no cumulative effects would apply 
to these resources.  
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5.3.9  Indian Trust Assets 
The Rio Grande is recognized as aboriginal territory of the Apache and the Pueblo of Ysleta del 
Sur has interests in the area around El Paso, but no ITAs have been identified in the cumulative 
impact study area. As a result, there would be no adverse impacts of the alternatives to ITAs and 
no cumulative effects on ITAs.  The Federal agencies are committed to government-to-
government consultation with these Indian tribes, going into the future.  

5.3.10 Socioeconomics, Including Farmland 
The primary purpose of the RGP is irrigated agriculture and maintaining the water supply for this 
purpose would continue into the future under all the alternatives. When the cumulative impacts of 
the actions of the USIBWC are added to those in this FEIS, there are no anticipated changes to 
farmland in production. As noted by the USIBWC (2009), measures associated with their 
Integrated Land Management Alternative were selected and are being implemented to minimize 
the conversion of farmland to non-agricultural uses. As the USIBWC found, no significant 
impacts on prime farmland are anticipated.  
 
Simulation and analysis of project operations was carried out to evaluate relative changes in the 
storage, release, and delivery of project water to diversion points for EBID, EPCWID, and 
Mexico from the five alternatives under future possible climate and hydrologic conditions within 
the project area, but with the assumption that future M&I demands would be consistent with 
recent demands. This assumption allows for analysis of changes in project operations because of 
alternatives, without confounding effects of changes in M&I demand or uses.  
 
The modelling for the FEIS assumes that future pumping for M&I uses would be consistent with 
recent pumping and there would be no reasonably foreseeable change into future. This 
assumption is consistent with water plans of the cities in the study area, as cited above.  

5.4  Unavoidable Adverse Effects 
As described in Chapters 4 and 5, implementation of any of the alternatives, combined with 
climate change, could result in adverse impacts to birds listed under the ESA and on designated 
or proposed critical habitat. However, with careful monitoring and reservoir management, and 
coordination with the Service, adverse effects to birds or their habitat should be avoided or 
reduced below the level of significance. No other significant adverse effects to resources are 
projected by the FEIS.  

5.5  Relationship between Short-term Uses of the 
Environment and Maintenance and Enhancement of 
Long-term Productivity 

To assess the relationship between short-term uses and maintenance of long-term productivity, 
Reclamation considers the period through 2050 to be short-term when compared with the long 
history of the RGP or the indefinite period beyond 2050 when the RGP continues to be operated 
and maintained. Within this short-term time frame, Reclamation’s implementation of the OA 
would result in increased certainty to the RGP water users, given the increased flexibility 
afforded by carryover allocation and adjustments for project efficiency projected by the diversion 
ratio. With this FEIS, the RGP water users should have a better understanding of how the system 
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would operate in the future under climate change. There will be times when the districts 
experience a smaller allocation of surface water which would translate into a smaller surface 
allocation of water to farms and possible future M&I users, which would be supplemented by 
groundwater at the discretion of each farmer. Conversely, during wetter climatic conditions, the 
districts would receive larger surface water allocations resulting in more water to farms and 
possible future M&I users, which would translate to less groundwater use, all water use 
dependent on crop types and population.  

5.6  Irreversible and Irretrievable Commitments of 
Resources  

The CEQ’s regulations at 40 CFR 1502.16 require consideration of irreversible and irretrievable 
commitments of resources. This is interpreted to mean decisions affecting non-renewable 
resources such as land, or causing a species to become extinct, or a resource to be destroyed or 
removed. The term irreversible also describes the loss of future options.  
 
None of the alternatives has or would result in an irreversible or irretrievable commitment of 
resources. The proposed action would ensure that the RGP water would continue to be managed 
consistently and efficiently with respect to the RGP authorization, the districts’ rights, the 1906 
treaty, and other applicable laws, court decrees, agreements, and contracts.  
 
 
  



 

Rio Grande Project Operating Agreement FEIS  
  110 

6 Preparers, Consultation and 
Coordination  

This chapter details the consultation and coordination among Reclamation and other Federal, 
state and local agencies, American Indian tribes, and the public in preparing this FEIS. The public 
scoping process was described in Section 1.9 of the FEIS. This chapter also includes the list of 
preparers.   

6.1  Cooperating Agency Involvement  
Reclamation invited nine agencies to cooperate in the NEPA process. Three agencies either 
declined or did not respond to the request:  HCCRD, the New Mexico Interstate Stream 
Commission, and ABCWUA. Six agencies signed a memorandum of understanding with 
Reclamation to become cooperating agencies. In October 2015, the City of Santa Fe Water 
Division ended its role as a cooperating agency. The five agencies cooperating throughout the 
process are:  

• Colorado Division of Water Resources 
• Elephant Butte Irrigation District of New Mexico 
• El Paso County Water Improvement District No. 1 
• Texas Rio Grande Compact Commissioner 
• U.S. Section, International Boundary and Water Commission 

Reclamation hosted periodic cooperating agency meetings throughout the preparation of this 
FEIS to ensure that the agencies were informed of and involved in the process based on their 
legal jurisdiction or special expertise.  

6.2 Tribal Consultation    
Following Executive Order 13175, Consultation and Coordination with Indian Tribal 
Governments, Reclamation sent letters on June 24, 2014, asking the two tribes with potential 
interests in the RGP:  Ysleta del Sur Pueblo of Texas and the Mescalero Apache Tribe of the 
Mescalero Reservation, New Mexico, if they wished to be consulted or had issues or concerns 
with the proposed action. In October 2015, Reclamation reached out to the tribes via phone call 
and follow-up e-mail. To date, no response has been received from either tribe. 
 
During the preparation of the SEA covering the OA from 2013 to 2015, the Mescalero Apache 
Tribe, whose aboriginal territory lies within the project area, expressed concerns about native 
plants growing along the irrigation canals in the service areas of EBID and EPCWID. Tribal 
members collect plant material for cultural purposes. This is identified as a resource of tribal 
concern in the cultural resources analysis (Section 4.17.2).  
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6.3 Other Consultations and Coordination 

6.3.1 U.S. Fish and Wildlife Service 
To comply with ESA Section 7(a)(2), Reclamation submitted a biological assessment to the 
Service on August 20, 2015. Reclamation’s finding was that Alternative 1 “may affect, but is not 
likely to adversely affect” the Rio Grande silvery minnow (Hybognathus amarus). The finding 
was that Alternative 1 “may affect, and is likely to adversely affect” the flycatcher, the cuckoo, 
and “may affect, is likely to adversely modify proposed or designated critical habitat” for the 
birds. The finding for the mouse was no effect, because the species is not present in the action 
area. On May 25, 2016, the Service issued its biological opinion.  

6.3.2 Consultation with the Government of Mexico  
The USIBWC served as a cooperating agency and assisted Reclamation in conforming to the 
requirements of Executive Order 12114 regarding effects of proposed Federal actions in other 
countries. This FEIS describes water deliveries to Mexico, but the modeling assumptions or 
descriptions in this FEIS are not intended to constitute an interpretation or application of the 
Treaty with Mexico or to represent current U.S. policy or a determination of future U.S. policy 
regarding deliveries to Mexico.  
 

6.3.3 New Mexico State Historic Preservation Officer  
To comply with the NHPA, Reclamation consulted with the New Mexico Historic Preservation 
Officer on October 29, 2015, requesting concurrence on the determination of “no historic 
properties affected.” Reclamation received concurrence on November 25, 2015 (see Appendix 
D). 

6.4 Final EIS Distribution  

The notice of availability of this FEIS was sent to area libraries, other Federal, state and 
local agencies, American Indian tribes, and the public. All parties listed in Table 6-1 
received a CD or electronic version of the FEIS. Copies may be reviewed at the locations 
listed below: 

• Reclamation, Albuquerque Area Office, 555 Broadway NE, Albuquerque, NM 87102 
• Reclamation, El Paso Office, 10737 Gateway West, Suite 350, El Paso, TX 79935 
• Natural Resources Library, U.S. Department of the Interior, 1849 C Street NW, Main Interior 

Building, Washington D.C. 20240-0001 
• Elephant Butte Irrigation District, 530 South Melendres Street, Las Cruces, NM 88005 
• El Paso County Water Improvement District No. 1, 13247 Alameda Avenue, Clint, TX 79836 

A copy of the FEIS is available on Reclamation’s website at: 
http://www.usbr.gov/uc/envdocs/eis.html 
 

http://www.usbr.gov/uc/envdocs/eis.html
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Table 6-1 Distribution list 
Affiliation Name 
Federal:  
US Environmental Protection Agency Houston, Robert 
U.S. International Boundary and Water Commission Anaya, Gilbert 
U.S. Fish and Wildlife Service Tuggle, Benjamin 
State or Quasi-state:  
Colorado Division of Water Resources Sullivan, Mike 
Colorado Attorney General Wallace, Chad M. 
Colorado Compact Commissioner Wolfe, Dick 
Colorado Department of Law Wallace, Chad M. 
Counsel for EPCWID Speer Jr., James M.  
El Paso Water Control and Improvement District, No. 1 Stubbs, Johnny 
Elephant Butte Irrigation District of New Mexico Salopek, James 
New Mexico Attorney General Balderas, Hector 
New Mexico Department of Game & Fish Wunder, Matt 
New Mexico Environment Department Flynn, Ryan 
New Mexico Interstate Stream Commission Dixon, Deborah K.  
New Mexico Office of the State Engineer Verhines, Scott 
New Mexico State Historic Preservation Office Pappas, Jeff 
New Mexico State Parks Tafoya, Christy 
Texas Rio Grande Compact Commissioner Gordon, Pat 
Local Agencies:  
Albuquerque Bernalillo County Water Utility Authority Sanchez, Mark 
City of Las Cruces Miyagishima, Ken 
Stein & Brockman for the City of Las Cruces Stein, Jay F. 
American Indian/Tribal:  
Mescalero Apache Chino, Frederick 
Ysleta del Sur Paiz, Frank 
Libraries:  
New Mexico State University Library Carter, Stephanie 
University of Texas at El Paso Gaunce, Charles 
Organizations and Individuals:  
Audubon New Mexico Bardwell, Beth 
Individual Welsh, Heidi 
New Mexico B.A.S.S. Nation  Earl Conway 
Paso del Norte Watershed Council Keyes, Conrad 
Southwest Environmental Center Bixby, Kevin 
Wild Earth Guardians Pelz, Jen 
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6.5 List of Preparers 
This FEIS was prepared by Reclamation’s Upper Colorado Region, Albuquerque Area Office, 
with contributions from the Denver Policy Office, with assistance from Environmental 
Management and Planning Solutions, Inc. (EMPSi), Santa Fe, New Mexico. The names of 
persons who prepared various sections, provided information, or participated to a significant 
degree in reviewing the document are listed in Table 6-2.  
 
Table 6-2 List of preparers 
Name and Title EIS Responsibility 
Reclamation Preparers: 
Cortez, Filiberto, special assistant Technical coordination, water resources 
Coulam, Nancy, environmental protection 
specialist 

Technical coordination, environmental 
justice  

Coykenall, Arthur, biologist ESA policy and biology review 
Cunningham, Catherine, environmental 
protection specialist NEPA policy and review 
Engel, Paula, economist Socioeconomics 

Ferguson, Ian, civil engineer 
Hydrology, climate change, water 
resources 

Garcia, Hector, environmental protection 
specialist Technical coordination, quality control 
Graham, Rhea, special project officer Project manager 
Heffernan, Beverly, division manager NEPA policy and review 

Llewellyn, Dagmar, hydrologist 
Hydrology, climate change, water 
resources 

Painter, M. Jeff, resource management specialist Technical coordination, quality control 
Environmental Management and Planning Solutions, Inc. (EMPSi): 
Batts, David, principal-in-charge Technical coordination, quality control 
Cordle, Amy, administrative planner Quality control, editing 

Crump, Sarah, administrative 
Document and administrative record 
support 

Doyle, Kevin, project manager Technical coordination, cultural resources 
Estep, Melissa, engineer Water resources 
Gahli, Zoe, environmental planner Socioeconomics, environmental justice 
McCarter, Molly, environmental planner Administrative record support 
Parker, Nicholas, environmental planner Technical coordination, quality control 
Patterson, Katie, legal reviewer Legal sufficiency 
Prohaska, Holly, environmental planner Quality control 
Rice, Kevin, biologist Biological resources 
Rickey, Marcia, GIS specialist Maps, figures 
Ricklefs, Chad, environmental planner Cumulative effects, quality control 
Schad, Cindy, administrative 508 compliance, formatting 
Vankat, Drew, planner Cumulative, consultation and coordination 
Varney, Randy, technical editor Document editing 
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Tetra Tech, Inc.: 
Barna, Jeff B., ecologist Biological resources 
Marcus, Mike, biologist Biological resources 
Martz, Merri, biologist Biological resources 
Pershall, Alaina, environmental scientist Biological resources 
Precision Water Resources Engineering, Inc. (PWRE): 
Coors, Shane, engineer Water resources 
Erkman, Caleb, engineer Water resources 
Gacek, Heather, engineer Water resources 
Powell, Anthony, engineer Water resources 
Winchester, John, engineer Water resources 
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