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Introduction

Asset-level factors, including environmental, socio-economic, and weather-related disruptions,
can significantly impact business operations. In recent years, the physical effects of climate
change have become a significant concern for businesses, particularly electric utilities.

Catastrophic events like Hurricane Irma in 2017 can significantly damage electric utility grid
infrastructure, including power stations. Irma led to more than $1 billion in damages to
Florida-based utility NextEra Energy’s assets despite the company spending nearly $3 billion on a
grid-hardening program.! Frontier climate science tells us that such catastrophes are becoming
more common. 2023 saw more than 1 billion dollars of inflation-adjusted climate events than any
previous year in US history.?

Counterintuitively, such disasters don’t always impact utility companies' bottom lines in the
manner one might predict. NextEra’s stock price remained relatively unchanged before and after
Irma made landfall as regulators acted quickly to cover damage costs and approve rate increases
as expected by the market. Extreme events can even facilitate the growth of utility companies
because capital expenditures from the companies to increase grid resilience to climate
catastrophes can lead to regulatory approvals of rate increases.

However, not all extreme climate events leave utility companies unscathed. In New York, where
hurricanes are less common, leaving company management teams and industry regulators less
prepared to handle crises, NYC-based Consolidated Edison saw its stock price fall nearly 10% in
the weeks following Hurricane Sandy in 2012.2 More recently, Hawaiian Electric saw its stock
price fall almost 30% in the weeks following the Maui wildfires in August 2023.*

Extreme climate events present a significant risk and investment opportunity for utility companies
across the United States. It is crucial to understand how climate-related risks are expected to
evolve at the asset level to analyze how the increasing impact of climate change could affect a
utility company.®

We present a knowledge graph-based approach to climate-related risks derived from frontier
climate research and bottom-up site-level information on electric utility production. We
demonstrate how combining these data can be used as new inputs for analyzing and
constructing investment portfolios. We present an analysis of a passive utility sector ETF, XLU, as

" Why, and how, utilities should start to manage climate-change risk, McKinsey Insight, 2019 (link)

2 Billion-Dollar Weather and Climate Disasters, National Centers for Environmental Information, 2023 (link)

3 Consolidated Edison Stock Price, Yahoo! Finance, 2024, (link)

* Hawaiian Electric shares drop further as S&P downgrades utility to junk, Caroline Valetkevitch & Herbert Lash,
Reuters, 2023 (link)

5 Asset-level assessment of climate physical risk matters for adaptation finance, Giacomo Bressan, March 2022 (link)

Beyond Opaque ESG Metrics, Sust Global and Spatial Risk Systems, All Rights Reserved. 3


https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4062275
https://www.reuters.com/business/energy/hawaiian-electric-shares-plunge-further-sp-downgrades-utility-junk-2023-08-15/
https://finance.yahoo.com/quote/ED/
https://www.ncei.noaa.gov/access/billions/
https://www.mckinsey.com/industries/electric-power-and-natural-gas/our-insights/why-and-how-utilities-should-start-to-manage-climate-change-risk

a representative portfolio composed of utility companies.® Our analysis combines historical
baselines for risk and impacts from climate-induced physical hazards and explores projected
future climate risks and impacts over estimated portfolio hold times of these utilities.

Through our representative physical climate risk assessment workflow applied across large US
electric utilities, the top 3: NextEra Energy, Southern Company, and Duke Energy holdings have
significant aggregate baseline climate risk impacts. Climate risk impacts are expected to increase
from baseline (today’s level) to projected impacts in 2030.

On sort ranking issuers based on the increased risk across the 2025-2035 projections
benchmarked against the baseline, the top 5 issuers show an average of 56% increased risk
impact from structural damage from acute climate-induced hazards.

Locations drive risk exposure

The availability of detailed data provides a valuable opportunity to thoroughly understand how
electricity production is influenced by various factors, especially those related to climate. Let's
begin by examining the US utilities market, where a notable trend emerges among top
utilities—they are spatially concentrated, with their generating capacity heavily focused on
specific service areas, often limited to just one or two states.’

Utility Top state % of generation 2nd state % of generation
Duke Energy Corporation NC 47% SC 23%
Southern Company GA 45% AL 39%
NextEra Energy Inc FL 64% TX 6%
Constellation Energy Corporation IL 46% PA 19%
Dominion Energy Inc VA 61% SC 20%
Entergy Corp LA 43% AR 33%
American Electric Power Company Inc WV 30% MI 22%
Xcel Energy Inc MN 45% co 33%
NRG Energy Inc TX 46% PA 42%
Pinnacle West Capital Corporation AZ 85% NM 15%

Table 1: Top 10 US utility companies top 2 states % generation concentration.

This concentration implies that utilities may encounter varying concentrations of risk depending
on the geographic location of their power generation units.

6 The utilities sector sector SPDR fund (XLU), State Street Global Advisors (link)
7 SRS Spatial Graph Datasets, Spatial Risk Systems, 2024, (link)
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Figure 1: Spatial distribution of the power generation assets across the top 10 utilities. The size of the circle indicates
the relative annual generation volume.

Drilling Down to a Specific Issuer: NextEra Energy

Now, delving deeper into the risk exposure of a major player, NextEra Energy. NextEra’s
operating fleet of power stations in Florida is heavily skewed towards oil-based, carbon-intensive

power generation.

Power Source Generation, % of total
Qil 50.76%
Wind 20.48%
Nuclear 11.87%
Natural Gas 10.72%
Solar 5.96%
Biomass 0.16%
Coal 0.06%

Generation, MkWh

111,378,060
44,923,687
26,021,407
23,530,104
13,075,312

344,413
127,792

Table 2: NextEra Generation capacity based on fuel sources
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While NextEra operates nationwide, a substantial portion (64%) of its power generation is in
Florida (see the table).

State Generation, % of total Generation, MkWh
Florida 77.45% 141,473,686
Texas 7.39% 13,503,526
New Hampshire 5.66% 10,337,618
Wisconsin 5.54% 10,111,564
Oklahoma 3.97% 7,246,947

Table 3: NextEra Generation capacity based on state

We’ll examine the granular, site-level distribution of climate-related physical hazards covering
wildfires, floods, and cyclones at the locations of the power-generating sites. Running asset-level
risk assessments from physical hazards allows us to aggregate to the issuer or regional level.®
These hazard impact values are expressed as a fraction between 0.0 and 1.0, with 1.0 indicating
maximum damage to the power-generating structure and its associated value.

8 Sust Global Developers Center, Sust Global, 2023 (link)

Beyond Opaque ESG Metrics, Sust Global and Spatial Risk Systems, All Rights Reserved. 6


https://developers.sustglobal.com/

Generation Site Generation, % of total Generation Total Baseline Risk

Escambia County 1.72% 2,429,632 0.0362
Lee County 6.67% 9,432,821 0.0171
Miami Dade County 13.91% 19,683,216 0.0149
Collier County 0.11% 159,654 0.0147
Hendry County 0.42% 594,229 0.0144
Broward County 8.61% 12,177,919 0.0143
Palm Beach County 19.11% 27,032,013 0.0140
Charlotte County 0.23% 322,781 0.0138
Saint Lucie County 0.32% 452,544 0.0134
Brevard County 4.82% 6,823,179 0.0129
Okeechobee County 6.37% 9,013,308 0.0129
DeSoto County 0.45% 633,858 0.0129
Martin County 19.04% 26,930,563 0.0129
Indian River County 0.86% 1,222,944 0.0127
Manatee County 6.43% 9,094,413 0.0121
Volusia County 6.63% 9,380,347 0.0114
Nassau County 0.07% 100,842 0.0111
Saint Johns County 0.07% 104,024 0.0108
Clay County 0.10% 138,160 0.0104
Putnam County 0.28% 399,733 0.0102
Bay County 3.01% 4,258,679 0.0099
Baker County 0.17% 236,525 0.0098
Suwannee County 0.13% 187,211 0.0098
Union County 0.07% 104,629 0.0093
Columbia County 0.13% 183,392 0.0093
Santa Rosa County 0.05% 76,144 0.0090
Jackson County 0.21% 300,926 0.0071

Table 4 shows the aggregate baseline physical climate risk impact at different power generation sites sorted by
baseline risk exposure.
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Figure 2: Map showing aggregate baseline physical climate risk impact at different power generation sites with color
intensity as a function of baseline damage impact from physical risk exposure aggregated across wildfires, floods, and
cyclones.

Establishing the Financial Impact of Climate Risk

For this analysis, we use data from Sust Global that represents the total baseline risk as a
measure of building damage.®

We start with risk exposure values derived from frontier climate models to calculate financial risk
from physical climate hazards. These asset-level risk exposure values represent the annual
exceedance probabilities (also known as Return Periods) for different hazard thresholds. For
example, the risk data for inland and coastal flooding provides the probability of exceeding
different inundation depths, with greater depths corresponding to low probability, high-cost
events.

% Sust Global Financial Risk Analysis, Sust Global, 2023 (link)
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Next, we calculate expected structural damage by combining these exposure values with
Intensity-Damage-Functions from the US Army Corps of Engineers. These functions (also known
as impact functions or vulnerability curves) describe the expected damage to a given structure
type for a given hazard intensity. For example, empirically, a flood of depth 1m can damage 20%
of a structure’s total value for typical heavy industrial structures such as power stations and
power distribution facilities, as the US Army Corps of Engineers reported.

To quantify total expected structural damage, we then aggregate the structural damage estimates
for wildfire, inland flooding, coastal flooding, and tropical cyclones for each asset location
associated with the individual issuer. These hazards account for most structural damage to
buildings and critical utility infrastructure. We aggregate structural damage values across different
hazards over a historical time window to create a total baseline damage score. For example, a
value of 0.2 for aggregated baseline risk impact means physical climate hazards materially
impact the building structure at 20% of the value of the building.
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Figure 3: Computational flow to arrive at baseline and climate scenario-driven financial impact scores
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Analyzing current and projected climate structural damage risk for specific NextEra locations
reveals that electricity production facilities face substantial climate risk. Sites responsible for over
80% of electricity production (115M kWh) are located in areas where the climate risk exceeds the
Florida average.

The primary risks to NextEra electricity production facilities include tropical cyclones (hurricanes),
floods, and wildfires. Notably, almost three-quarters of power generation occurs on the Florida
East Coast, where flood risks are anticipated to rise substantially due to increasing sea levels.

To quantify the long-term climate impacts on electricity-generating capacity, we multiply Sust
Global’s impact scores by the value of site generation and divide it by the total generation of all
company electricity-generating sites. This resulting set of metrics is referred to as the utility's
current climate risk impact profile.

The climate risk impact profile provides an overview of the overall risk to the products produced
by the utilities, considering the specifics of each production site and the relative contribution of
different sources of physical climate risk. The climate risk impact profile covers tropical cyclones,
inland and coastal flooding, and wildfire, the primary hazards of business interruption and
damage. Additionally, the risk profile can be extended into the future by applying Sust Global’s
risk impact scores over 30, 50, and 80-year windows.

By using the Sust Global climate risk impact profile, users can understand and quantify asset and
company-level risks essential for informed decision-making in electricity production and future
planning.”

Scaling up to the Investment Portfolio Level

Applying the climate risk baseline scores from the asset level to the issuer level and aggregating
them to the portfolio level creates additional input into the portfolio construction and analytics.
We take the XLU ETF's example, deconstruct the constituent utilities' portfolio, and analyze their
baseline risk impact profiles from physical climate risk. We use a two-set process for the analysis:

1. We assess the physical climate risk impacts from three acute hazards: wildfires, flooding,
and tropical cyclones at each owned asset (power station and distribution sites)
associated with each issuer.

2. We aggregate the climate risk to a total baseline risk impact score at the asset level.

3. We aggregate the total baseline risk impact score over all the assets within an issuer. For
the sake of simplicity, we use an unweighted average across the baseline risk impact
scores for all assets an issuer owns.

10 Climate Change: Managing the Financial Risk and Funding the Transition — Chapter 14, Jing Zhang, Risk Books (link)

Beyond Opaque ESG Metrics, Sust Global and Spatial Risk Systems, All Rights Reserved. 10


https://riskbooks.com/climatechange

Utility XLU Portfolio Weight Generation, mkWh/year Total Baseline Risk Total Risk 2030 Total Risk 2050
Southern Company 8.42% 220,410

Edison International 2.79% 13,574

NextEra Energy Inc 12.89% 219,402 0.00952 0.01184

Duke Energy Corporation 7.74% 228,245 0.00733 0.00787 0.00790
NRG Energy Inc 1.19% 61,896 0.00725 0.00762 0.00823
PGE Corp 3.91% 31,437 0.00720 0.00759 0.00672
DTE Energy Co 2.34% 44,483 0.00664 0.00813 0.00564
Entergy Corp 2.33% 120,262 0.00581 0.00585 0.00657
American Electric Power Company Inc 4.46% 80,589 0.00469 0.00482 0.00328
Dominion Energy Inc 4.13% 122,865 0.00410 0.00464 0.00592
Public Service Enterprise Group Incorporated 3.39% 28,186 0.00394 0.00437 0.00486
Eversource Energy 2.26% 74 0.00350 0.00427 0.00571
Ameren Corp. 2.22% 37,447 0.00315 0.00333 0.00442
Consolidated Edison Inc 3.38% 3,039 0.00301 0.00397 0.00517
Evergy Inc 1.28% 41,679 0.00163 0.00163 0.00197
Xcel Energy Inc 3.65% 78,660 0.00148 0.00182 0.00179
Alliant Energy Corp 1.39% 26,413 0.00113 .00137 0.00157
PPL Corporation 2.10% 34,422 C 74 .00072

WEC Energy Group Inc 2.87% 31,840 .0007

Pinnacle West Capital Corporation 0.92% 52,178

CMS Energy Corp 1.80% 23,992

FirstEnergy Corp 2.07% 18,219

Sempra Energy 4.99% 3,371

CenterPoint Energy Inc 1.94% 3,973

Exelon Corporation 4.17% 251

NiSource Inc 1.15% 10,172

Table 5: Climate Risk Profile for all XLU holdings, XLU composition, and weights are as of September 2023. This table
is generated by weighting the asset level annual power generation (based on reported numbers) by Sust Global’s
multi-hazard climate impact scores and aggregating it to the issuer level, estimated over three-time windows: baseline,
2030, and 2050.
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Utility

Pinnacle West Capital Corporation
WEC Energy Group Inc

NiSource Inc

Consolidated Edison Inc
American Electric Power Company Inc
American Water Works Company Inc
Dominion Energy Inc

Alliant Energy Corp

Xcel Energy Inc

AES Corporation

Eversource Energy

NRG Energy Inc

Sempra Energy

CMS Energy Corp

Exelon Corporation

FirstEnergy Corp

Ameren Corp.

Public Service Enterprise Group Incorporated
NextEra Energy Inc

Southern Company

Constellation Energy Corporation
DTE Energy Co

Edison International

Entergy Corp

Evergy Inc

Duke Energy Corporation

PGE Corp

PPL Corporation

Atmos Energy Corporation
CenterPoint Energy Inc

0.0008
0.0031
0.0000
0.0052
0.0017
0.0045
0.0054
0.0018
0.0022
0.0029
0.0038
0.0072
0.0005
0.0003
0.0004
0.0024
0.0039
0.0058
0.0064
0.0099
0.0074
0.0029
0.0057
0.0106
0.0046
0.0072
0.0121
0.0060
0.0008
0.0017

Total baseline risk Total 2030 risk

0.0021
0.0047
0.0000
0.0065
0.0020
0.0054
0.0064
0.0021
0.0026
0.0034
0.0044
0.0084
0.0006
0.0003
0.0004
0.0027
0.0043
0.0063
0.0069
0.0106
0.0079
0.0031
0.0060
0.0111
0.0047
0.0075
0.0125
0.0059
0.0008
0.0016

Change in risk

0.0013
0.0016
0.0000
0.0012
0.0003
0.0009
0.0010
0.0003
0.0004
0.0005
0.0006
0.0012
0.0001
0.0000
0.0000
0.0003
0.0004
0.0005
0.0005
0.0007
0.0005
0.0002
0.0003
0.0005
0.0002
0.0003
0.0004
-0.0001
0.0000
0.0000

Percentage change

155.6160
52.0899
31.2102
23.8662
20.7743
20.4175
19.4937
19.0500
18.9082
17.3549
16.9394
16.8564
16.6759
12.5064
11.6203
10.7812

9.8851
9.2750
7.4484
7.0661
6.8155
6.3046
5.2159
4.7116
4.0723
4.0294
3.5782
-1.7698
-1.9068
-2.1131

Table 6: Climate Risk Profile for all XLU holdings, XLU composition, and weights are as of September 2023. Profile

comparisons across baseline and 2030 projections based on climate risk impacts.

From our analysis, we make the observations:
1. As seenin the tables above, there is a significant divergence in baseline climate risk
across the different constituents in the ETF. While some constituents like NiSource and
Pinnacle West Capital Corporation have very low baseline climate risk impact scores,
utilities like Southern Company and Edison International have significantly higher baseline

climate risk scores.

2. Being a passively managed portfolio, the top 3 holdings in the XLU ETF, NextEra Energy,
Southern Company, and Duke Energy Corporation, make up over a quarter of XLU’s value
and have significantly higher baseline climate risk impact scores than the rest of the
holdings in the ETF, reflective of weighting based on the market capitalization of each of

these companies.

3. Across the Issuers with the top 3 weightings in XLU, NextEra Energy, Southern Company,
and Duke Energy holdings, we see high aggregate baseline climate risk impact scores

and an increase from baseline risk to projected risk impacts in 2030 (Table 5).
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4. We sort ranked issuers based on the increased risk across the 2025-2035 projections
benchmarked against the baseline. In that case, the top 5 issuers show an average of
56% increased risk impact from structural damage from acute climate-induced hazards
(Table 6).
This analysis showcases an additional factor of risk to consider when considering constituent
issuers in the ETF portfolio allocation, and this representative analysis showcases an approach to
how such risk considerations can be factored and evaluated.

Conclusions and Takeaways

We introduce two emerging spatial-level data layers in this analysis. A dataset representing
physical asset locations, function, and ownership, and a dataset representing physical climate risk
impact at the asset level, which, when combined, yields portfolio-level insights that were
previously extremely difficult to achieve.

We showcase a workflow to analyze and profile the climate risk impacts at the issuer and
portfolio levels. We present an analysis of a passive utilities sector ETF, XLU, as a representative
portfolio of utility companies. While the example presented for the workflow is one of a passively
managed ETF, this approach can also be applied to actively managed portfolios and include both
baseline and forward-looking climate risk impact projections. While the presented example is
based on a bottom-up analysis across power generation sites, the approach can be extended to
include power distribution networks, transmission lines, and other tangible assets.

Hidden risk

Risk to these utility companies are invisible to investors
that don't analyse future climate risk

O - R
|

20 Wee Evident risk

NiSource Investors are aware of the apparent risk
NI across these utility companies
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Figure 4: Physical climate risk workflow applied to utilities in XLU, enabling clear identification of companies with
significant present day (baseline risk impacts) (Known High climate risk) and those with low present day(baseline)
climate risk impact but increasing future climate risk impacts (Hidden Climate Risk).
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On mapping the analyzed utilities across two dimensions, present day (baseline) climate risk
impact scoring and percentage increase over the next decade, we are able to identify the utilities
with companies with significant present day baseline risk impacts, these are issuers with known
high risk from extreme climate events. We can also clearly identify those with low present day
(baseline) climate risk impact but increasing projected future climate risk impacts, issuers with
hidden climate risk impacts (tickers in Figure 4).

Using a knowledge graph-based approach, equity research and portfolio management teams
can:
1. ldentify concentrations of past (baseline) climate-related risks at the issuer level.
2. Study correlations between electric utilities' financial performance and baseline
climate-related risk impact at the issuer level.
3. Identify future concentrations of climate-related risks to portfolios of issuers over
near-term (12-36 months) and long-term (5+ year) windows.
4. Evaluate the weighting of issuers across the portfolio by accounting for climate risk as an
additional risk factor.
5. Finally, the ability to leverage a single turn-key publishing solution that can quickly yield
insights significantly eliminates the time and costs of data onboarding and preparation to
conduct the analysis.

While this is one representative workflow, we present these datasets and the workflow
components as composable building blocks for portfolio analysis and portfolio construction
based on the goals and motivations of the portfolio manager and the investment analyst.

Contact us to learn more about how you can use this reference dataset to analyze your electric
utility holdings and research your current and future financial impacts from physical climate risks.
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About Sust Global

Sust Global is the Category Leader in climate risk analytics. We serve intelligent climate data
solutions to institutional investors, to decode and quantify the financial impact of extreme climate
events. Sust Global’s data analytics and APIs enable comprehensive diligence, management and
mitigation of current and future climate risks.

About Spatial Risk Systems (SRS)

SRS, A Spatial Knowledge Graph Company, Tracks physical assets and asset owners, along with
the key measures of those physical assets. Helping investors and underwriters fully evaluate
asset owners from the ground up.
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