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About Scientific Climate Ratings

Scientific Climate Ratings is a new venture born from EDHEC's Climate Finance applied research
ecosystem. It delivers forward-looking ratings that quantify the financial materiality of climate risks
for infrastructure companies and investors worldwide. Leveraging high-resolution geospatial data,
proprietary climate risk models, and the world’s largest financial dataset for infrastructure assets,
Scientific Climate Ratings evaluates both transition risks (linked to the shift toward a low-carbon
economy) and physical risks (arising from climate hazards such as floods, storms, heatwaves, and
wildfires).

The ratings offer a dual perspective:

e Potential Climate Exposure Ratings assess current exposure to future climate risks under a
“‘continuity” scenario, reflecting the most likely pathway based on today’s global policies and
trends.

e Effective Climate Risk Ratings go further by integrating climate risk data into financial valuation
models across multiple scenarios — each weighted by its probability of occurrence — to estimate
the financial effects of climate-related risks until 2035 and 2050.

While initially focused on infrastructure, Scientific Climate Ratings will soon extend its methodology
to the listed equities segment, applying the same scientific rigor and forward-looking approach to a
broader set of financial assets.

Scientific Climate Ratings aims to set a new standard in climate risk management — driving informed
and responsible decision-making for a more resilient future.
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This document summarises the development of the physical risk damage model on Thermal Heat Stress,
which is part of the Potential Climate Exposure Rating (PCER) and the Effective Climate Risk Rating (ECRR). It
explains the general approach, provides the data sources used, justifies the methodology, and presents the ‘
results. For general information on the Scientific Climate Ratings, please see the respective technical |
documentations. ‘

All procedures were developed by the EDHEC Climate Institute, hereafter referred to as ECl or “we.”

Copyright © 2025. Scientific Climate Ratings - All Rights Reserved |
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1. General Approach

In the context of climate change, thermal stress refers to the detrimental impacts on living
organisms and systems caused by excessive temperature conditions. It is further classified into
varying degrees of heat or cold stress. Extreme heat stress occurs with heat wave periods that
consistently bring abnormally high temperatures, while extreme cold stress occurs with consistent
periods of abnormally low temperatures (Utah State University). The rise in global temperatures
due to climate change is projected to exacerbate thermal stress globally. Particularly, the duration,
frequency, and intensity of hot days are expected to increase with global warming (IPCC, 2023). This
trend is anticipated to impact labour productivity significantly, with projections suggesting an
average decline of 33 percent in Africa, 25 percent in Asia, and 17/ percent in the Americas under a
scenario of 3 degrees Celsius warming (Dasgupta et al., 2021).

Heat stress risk and its impact can be understood in three categories: direct physical damage,
disruptions, and operational issues. Direct physical damage includes instances such as the
deformation of road surfaces or buckling rail tracks. However, most infrastructure assets are
designed to withstand extreme temperatures, which makes physical damage less of a concern.

On the other hand, disruptions occur when heat stress affects supply chains, transportation
networks, and energy systems, leading to delays, shortages, and financial losses. However,
disruptions are complex to quantify as they depend on external factors like supply chain
interdependencies and adaptive responses. Such disruptions are often indirectly measured from a
macroeconomic perspective. According to the National Bureau of Economic Research, a 1-degree
Celsius increase in global temperature leads to a 12 percent decline in global GDP (Bilal & Kanzig,
2024). Burke et al. (2015) confirm that climate warming is projected to reduce global economic
output substantially. While these findings highlight the broader economic vulnerabilities associated
with rising temperatures, we do not explicitly calculate the economic impact of heat stress, as the
climate scenarios we use for our projections already incorporate the effects of climate warming on
GDP!

Instead, we focus our heat stress assessment on operational issues, where heat stress impacts
chronic health risks that directly affect worker productivity. Extreme heat can impair employees’
ability to perform, leading to increased costs for companies due to disrupted operations and
revenue losses (Zhang & Shindell, 2021). These direct effects on human health and productivity
represent the most immediate and quantifiable risks for businesses.

1 Similarly, revenues are modelled directly from the sector-level revenue projections in each climate scenario, and hence, already
include the impact of temperature changes through built-in damage functions (considering the increase of average temperature and
its intra-annual variability). Integrating the indirect impact of heat through economic channels would thus be double counting.
Therefore, we consider these impacts as already included in the revenue variable.
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Besides the three impact categories, thermal stress affects sectors differently, as some industries
are more vulnerable to extreme temperatures than others. For example, industries like agriculture,
forestry, fishing, mining and extraction, and construction involve physically demanding tasks and
require clothing or personal protective equipment that limits heat dissipation and impairs sweat
evaporation (Borg et al, 2021; Kjellstrom et al., 2016; Parsons, 2002). Accordingly, we need to
consider the sector, work environment, and type of physical activity when calculating risks from
operational issues.

To quantify physical risks stemming from extreme heat stress, our approach follows a stepwise
progression from sourcing inputs on assets and hazards to the geospatial transformation. This
results in quantified physical metrics, representing the potential damage for each asset. Figure 1
summarises our approach, which we elaborate on in the methodology sections.

Inputs Sourcing

. Count of
i Geospatial
Geolocation of .
Acset + Other Inputs Transformation i
stress days
= Number of days
Detailed Q |'| Hazard information " El 8 per year that exceed
. . L . Zonal Statistics
asset boundaries Financial information temperature threshold

Figure 1: General approach for calculating physical hazard risks

2. Data Sources

To provide quantified extreme heat risk metrics for specific physical assets, three key data points are

needed:

» We include financial information for each identified asset (e.g., total asset value and revenue) as
extracted from infraMetrics? to quantify the financial impact of each physical risk on the asset.

e Global climate hazard information (e.g., hazard maps) illustrates which areas would be affected
to what extent by a particular hazard and, hence, specifies the proximity to a potential hazard.
Table 1 provides details on the considered climate hazard information that is based on a global
temperature database.

e We also use detailed asset boundaries to define each asset’s size and geolocation. These
boundaries are prepared, checked, and updated regularly.

Combined, these inputs are proxies for an asset’s exposure (i.e., the presence of assets in settings that
could be adversely affected by hazard events) and account for its vulnerability (i.e., the propensity of
an asset to be adversely affected by a hazard event) to an extreme heat stress event.

2infraMetrics is EIPA's index and data platform, offering asset-level investment metrics for private infrastructure across more than
20 markets by sector, business risk, and corporate structure peer groups. In our models, we update this data on a quarterly basis.
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Table 1: Sources for extreme heat stress hazard maps

Hazardtype Hazard unit Maps resolution Underlying data and models

The Wet Bulb Globe Temperature (WBGT) is a composite
temperature metric that combines air temperature and
relative humidity to assess direct thermal stress for each day
Extreme heat Wet Bulb Globe Global from 199Qto2060. .
stress Temperature 25km by 25km In line with Zhang and Shindell (2021), we calculate the
(WGBT) WGBT based on a daily average near-surface temperature
and daily relative humidity using NASA's Earth Exchange
(NEX) dataset NEX-GDDP-CMIP6, which offers climate
projections from 1950 to 2100 (Thrasher et al., 2022).

Overall, we prioritise reputable, open-source data providers for worldwide temperature
information. To allow for model uncertainty, we include various climate models that consider
different climate scenarios and take the median of the respective values.

3. Methodology

We adopt the framework previously established by Bouwer (2013) and Muis et al. (2015), who
consider three main factors when measuring physical risks:

e the changing nature of hazards (due to climate change and natural weather variations),

e assets’vulnerability (the probability that assets will be damaged due to a hazard), and

e their exposure (the placement and characteristics of assets that could be impacted by hazards).

In the case of extreme heat stress, we measure vulnerability not as physical damage to an asset but
as an operational disruption that can be quantified in companies’ revenue losses. The following
sections explain the steps for calculating physical risks from extreme heat stress, from identifying
the location to measuring the loss, and projecting the loss increase in climate scenarios.

3.1. Data Preprocessing

To derive expected operational losses from extreme heat, we require several data preprocessing

steps:

1. First, the asset’s geolocation is used to identify the exact temperature and daily heat stress
(measured in WGBT) for that location.

2. Knowingan asset’s location, sector, and daily WGBT, we can calculate the ability to work and the
respective ratio of daily work loss.

3. Finally, we aggregate the daily data into the average annual work loss for each asset.

The WBGT is acomprehensive measure of heat stress that includes humidity level, wind speed, solar
radiation, and air temperature. Hence, unlike basic temperature readings, the WBGT provides a
more accurate assessment of how environmental conditions affect human heat stress (Zhang &



Scientific Climate Ratings: Physical Risk - Heat Stress — July 2025

Shindell, 2021). Numerous studies have found that increases in WGBT correspond directly to
decreased productivity (Li et al., 2016; Singh et al., 2016). Accordingly, the WBGT is a useful
measure for workplace safety as it reflects the actual thermal strain on workers.

Different sectors experience WBGT in varying degrees, depending on a sector’s level of work
intensity. Work intensity varies due to the physical demands, environmental exposure, and
protective gear requirements depending on the task. Accordingly, sectors with heavy work (e.g.,
construction, agriculture, or emergency services) are most vulnerable to productivity losses related
to WBGT. In contrast, office and service sectors experience minimal impact as long as the work
remains in climate-controlled environments. Overall, we differentiate between light, medium, and
heavy work intensity for each TICCS sector subclass?®, depending on the level of manual work and
exposure to non-climate-controlled environments.

To calculate the impact of WBGT on workers’ productivity, we compute the daily ability to work
(Kjellstrom et al., 2016; Zhang & Shindell, 2021). Figure 2 summarises the general relationship
between the daily WBGT, work intensity, and the effect on work ability.

Work Ability
1.0 1 = Light Work Intensity
Medium Work Intensity
= Heavy Work Intensity
0.8 1
0.6
0.4 1
0.2

10 15 20 25 30 35 40 45 50
Daily WBGT (°C)

Figure 2: Relationship between daily WGBT and the ability to work

¢ The Infrastructure Company Classification Standard (TICCS) provides investors with a frame of reference for approaching the
infrastructure asset class. It offers an alternative to investment categories inherited from the private equity and real estate universe,
which are less informative when classifying infrastructure investments (Scientific Infra, 2022).
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3.2. Expected Loss from Extreme Heat Stress

In order to estimate annual operational losses and related costs, we aim to calculate the losses in
work ability in a given year that can then be related to the assets’ revenues to measure the direct
impact of heat stress.

Three steps are needed to calculate this indicator for a given scenario:

1. First, we calculate an asset’s average work ability for each year and various climate model
outputs. To integrate the impact of climate model uncertainty and retrieve one final annual time
series, we calculate the median value of the average annual work ability from each model.

2. Next, to estimate the loss in work ability for each year, we calculate the ratio between a given
year and a reference year. A positive value indicates a decrease and loss in work ability, while a
negative value indicates the opposite.

3. Finally, we convert the work ability ratio into revenue loss to derive an asset’s expected
operational losses. As a worker’s productivity does not directly translate into revenues, we apply
a production-to-loss ratio that explains how much a work ability loss impacts revenues. This ratio
depends on the labour share of production (Manyika et al., 2019).

4. Results

Our findings are precise and widely applicable, spanning across various sectors and countries.
4.1. Work Ability Calculations

Figure 3 illustrates the average work ability over a historical period between 1990 and 2014,
focusing on a global (Fig. 3a) and a European perspective (Fig. 3b). These historical average
conditions should already be captured in assets’ valuations, assuming that adaptation measures
have been implemented to address heat-related operational issues. Notably, regions with lower
work ability are predominantly located in equatorial latitudes due to their higher exposure to heat
and humidity - the indicators used to measure heat stress. Consequently, humid areas such as the
Amazon, Central Africa, and Southeast Asia experience significant impacts.

Figure 4 illustrates the loss in work ability between the historical period (1990-2014) and a
representative average projected for 2030, again highlighting differences on a global (Fig. 4a) and
European level (Fig. 4b). The most significant losses in work ability over time are concentrated in
tropical regions, particularly in areas such as Southeast Asia, the southern United States, North and
Central region of South America, Central Africa and India. In North Africa, Egypt emerges as a
hotspot with particularly high losses in work ability in the Mediterranean region. These patterns are
driven by increased heat stress and are closely linked to rising temperatures and humidity levels in
these regions, as a result of climate change.
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Figure 3: Representation of the average ability to work for a historical period (1990-2014) on a global scale (a) and in Europe (b)
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Figure 4: Representation of work ability loss between the historical period (1990-2014) and a representative average for 2030 !
on a global scale (a) and in Europe (b)
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Disclaimer

This Technical Documentation (“Documentation”) was created and distributed by EDHEC Business School - Scientific
Climate Ratings. Scientific Climate Ratings owns and retains all intellectual property rights over the Documentation and
its content. Only Scientific Climate Ratings and its authorised collaborators can distribute, reproduce, modify,
commercialise, or create derivative works based on this Documentation.

The Documentation contains data, analyses, scores, and ratings solely related to the climate risks (physical and
transitional) of the entities studied. It does not constitute an “investment recommendation” under European Regulation
No.596/2014 (“Market Abuse Regulation”) or any recommendation to buy, sell, or hold a security

The Documentation is for informational purposes only and may not be used for structuring, financing, or evaluating
credit or ESG risks. It is intended exclusively for the company under study and cannot be distributed to third parties
without prior written authorisation from Scientific Climate Ratings. Data related to third parties in the benchmark
cannot be disclosed.

Scientific Climate Ratings strives for the careful selection and review of the data used, obtained from sources it believes
reliable. However, Scientific Climate Ratings and its suppliers provide the information “as is” and do not warrant or
guarantee the accuracy, completeness, or timeliness of the information and expressly disclaim liability for any damages
resulting from the use of this Documentation. The information is subject to modifications and updates, and the
Documentation cannot replace the expertise of decision-makers in their business or investment choices.

The ratings produced by Scientific Climate Ratings correspond to an opinion constructed with best efforts and
precautions. Nonetheless, these ratings remain subjective opinions for which it does not certify the accuracy. In no way
can Scientific Climate Ratings or EDHEC be held responsible for any errors or inaccuracies that may result from its
ratings production process. As such, it does not claim any responsibility for the moral or material consequences relating
to the use of these ratings.

Scientific Climate Ratings, its directors, employees, representatives, advisers, and suppliers disclaim all warranties
regarding the information’s merchantability, completeness, accuracy, or suitability for any particular use. No company in
the group is bound by this Documentation.

The laws of England and Wales shall govern this disclaimer and any disputes arising from or related to this
Documentation, without regard to conflict of law principles. Any legal action, suit, or proceeding arising out of or relating
to this Documentation or the disclaimer shall be instituted exclusively in the English courts , and each party irrevocably
submits to the exclusive jurisdiction of such courts in any such action, suit, or proceeding.

By accessing, viewing, or using this Documentation, you acknowledge that you have read, understood, and agree to be
bound by this disclaimer. If you do not agree to these terms, you must not use this Documentation.

Contact: support@scientificratings.com

Copyright © 2025. Scientific Climate Ratings - All Rights Reserved
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