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Abstract

This study investigates the evolving landscape of private climate risk services and the critical role
they play in supporting financial institutions (FIs) in managing physical climate risks. Through a
detailed survey of climate data providers, we identify key trends, data gaps, and challenges these
providers face in meeting the diverse needs of Fls, including banks, asset managers, and insurers.
Our findings highlight that while providers prioritize physical climate risks, there is significant
variation in the types of hazards addressed, with a strong focus on long-term projections (10-30
years) and geographic-specific assessments. The study underscores the need for more granular,
asset-level data and the integration of complex climate models, such as Global Climate Models
(GCMs) and Regional Climate Models (RCMs), to improve the accuracy of climate risk
assessments. Providers also face challenges with data standardization, transparen
addressing uncertainty, particularly in extreme or high-impact, low-likelihood ev is paper
offers recommendations for improving climate data services by addressing t
providing targeted, sector-specific solutions for Fls, ultimately contributing to
financial sector.

Introduction

increasingly rely on precise and actionable climate da
emerging climate-related risks, and comply with stringe
disclosure and resilience (Bank of England, 2024).
pressure on Fls is growing (TCFD, 2023). By alighi

In response to this demand, climate ser 8
that integrate both physical and transitiona nto finamcial valuation and management
frameworks. This integration is critj Vestors maintain significant exposure to carbon-

intensive assets, which risk becomig l dugito shifts in regulatory environments and
market preferences (Battiston et al., climate services require user-centric
approaches that incorporate a wide range ata inputs, including asset-specific economic, social,
and environmental metrj policyfand legislative frameworks (Larosa & Mysiak, 2019).
As these tasks grow i plexity “private data and service providers are increasingly responsible
for downstream ac ., impact modelling and consulting) where they now play a larger role
compared to public pically dominate upstream data provision (Cortekar et al., 2020).
However, privatetda viders fdce significant challenges in navigating this complex landscape.
Client divegsi ncial sector is among the most critical challenges. Financial

institutios g data requirements, necessitating highly customised solutions that
addrgss t0 ic risks and geographic considerations. For instance, the agricultural sector in
th accurate temperature and precipitation data, while the real estate sector
focu sks and sea-level rise. Schroders’ case study on climate risks in Vietnam’s
appare chains underscores the need for tailored, sector-specific metrics, illustrating how
different s@ require different types of climate data (Schroders Case Study).

Global supply chains are inherently interconnected, making them particularly vulnerable to climate-
induced disruptions. Modelling these risks requires detailed data on the locations and operational
dependencies of each component, as well as insights into how climate impacts at one point in the
supply chain can propagate throughout the system (UNEP FI, 2024). Furthermore, complexity is
compounded by the need to account for both direct physical risks, such as infrastructure damage,
and indirect risks, such as shifts in market conditions or regulatory changes (CCC Report).

Selecting and integrating appropriate climate data sources is equally challenging. The choice of
climate models is critical, as different models offer varying geographic specificity, temporal
resolution, and capacity to capture key climate phenomena, particularly in regions with complex
climate dynamics. Global Climate Models (GCMs) from the Coupled Model Intercomparison


https://www.schroders.com/en-gb/uk/institutional/insights/higher-ground-how-fashion-supply-chains-are-being-impacted-by-extreme-heat-and-flooding/
https://www.theccc.org.uk/2022/10/20/climate-risk-to-uk-supply-chains-the-roles-of-government-and-business/

Project Phase 6 (CMIP6), coordinated by the IPCC, provide large-scale climate projections
essential for understanding long-term trends (CMIP6 data). These models, such as the HadGEM3
from the UK Met Office and NCAR’s CESM2, simulate various climate scenarios that reflect
different assumptions about physical processes and parameterisations. However, their coarse
spatial resolution often limits their utility for detailed regional assessments. In contrast, Regional
Climate Models (RCMs) from the Coordinated Regional Climate Downscaling Experiment
(CORDEX) offer finer-scale projections tailored to specific regions, making them more suitable for
localised impact assessments, though they require careful selection to match the geographic and
climatic specifics of the area (CORDEX data). The Coalition for Climate Resilient Investment’s
(CCRI) Physical Climate Risk Assessment Methodology (PCRAM) highlights the complexity of
balancing GCMs' broader insights with RCMs' detailed, region-specific outputs to accurately
assess risks to infrastructure assets like hydro power plants and coastal wind farms
Case Study).

combine observational data with model outputs to create continuous cli
essential for understanding past climate conditions and validating

resolution data suitable for regional analysis, while MERRA-, eric dynamics
and energy balances. However, biases introduced by the s, or differences in
how physical processes are represented, can affect the f climate projections. Integrating

the challenges of aligning different temporal resolu ally when incorporating them into
time-step models that demand dally or hourly p

imatic data for climate change
nt data sources, and underscoring

diverse data inputs across varying
of managing the inherent variability i
multiple GCMs and RCMs are often e

Ensemble approaches, which combine outputs from
to address uncertainties in climate projections. This
demands to data processing.

artificial intelligence (Al), blockchain, and satellite data can enhance
the accuracy and imate risk models, but there can be issues with transparency and

variability in th

and decarb0
assessments.

sation efforts. Both approaches remain essential for comprehensive climate risk

Data providers must also stay current with scenario updates to ensure their climate risk
assessments remain relevant and aligned with the latest research. The IPCC'’s transition from
Representative Concentration Pathways (RCPs) to Shared Socioeconomic Pathways (SSPs)
exemplifies the need for providers to continually update their models to reflect the most recent
climate scenarios (IPCC reports). The climate risk market for the financial sector is dominated by
four major quantitative macro scenarios produced by the International Energy Agency (IEA), the
IPCC, the Network for Greening the Financial System (NGFS), and the Principles for Responsible
Investment (PRI) (International Energy Agency, 2023, IPCC, 2021, NGFS, 2023, PRI, 2021). Each
of these scenarios is constructed using different underlying assumptions about future economic,



https://cordex.org/
https://storage.googleapis.com/wp-static/wp_ccri/c7dee50a-ccri-pcram-final-1p.pdf
https://storage.googleapis.com/wp-static/wp_ccri/c7dee50a-ccri-pcram-final-1p.pdf
https://gmao.gsfc.nasa.gov/reanalysis/MERRA-2/
https://www.ipcc.ch/
https://www.iea.org/
https://www.ipcc.ch/
https://www.unpri.org/
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social, and technological developments, as well as varying baselines (e.qg., different starting points
for emissions or economic conditions) and inputs (e.g., different data sources, model frameworks,
and sectoral focus), creating variability in their applications and interpretations (Baer et al., 2023).
Medium-sized companies, in particular, face significant challenges in implementing their own
guantitative scenarios due to the complexity and resource requirements of these processes
(Huiskamp, ten Brinke & Kramer, 2022).

For both physical and transitional risks, Fls often require granular, asset-level data. Neglecting
asset-level data can lead to significant underestimation of climate-related losses; one study has
shown that excluding such data can result in underestimations of climate-related losses by up to
70% and financial losses by up to 82% when acute risks are not considered (Bressan et al., 2024).

The primary aim of this paper is to provide an overview of the current practices, challenges, and
methodologies employed by private data providers in delivering physical climatei ormation to
financial institutions.

Specific Objectives:

e Explore the diversity of requirements among different types of fi
these needs influence the customisation of climate risk dat

geographical considerations.
e Investigate the approaches used by companies to
sources, such as Global Climate Models (GCMs
reanalysis datasets.
e Provide an overview of the methodologies

technologies, though with an understandin al limitations companies face.

e |dentify the main challenges providé viding climate risk information,
particularly in addressing uncertaih i the integration of asset-level data.

e Offer insights based on survg that can inform future guidance for private data
providers and improve the @t ency of climate risk data delivered to financial
institutions.

This paper draws on the findings from tf ate Financial Risk Forum's (CFRF) survey of

napshot of the current state of climate risk data
hese inSights, the study aims to contribute to the ongoing conversation

ncial institutions in managing climate risks.

provision. By synthesi
about how best to é

To begin this process/dialogue, we surveyed a wide range of UK and Europe-based global climate
risk data providers to better understand:

ysical climate risks data against other types of risks.
/climate hazards they focus on for financial institutions.
s for climate risk assessments commonly provided to financial institutions.
imate information they generate and provide.
s they employ to source and process climate data.
poses for which their clients (financial institutions) use this information.
allenges and factors considered when providing and delivering climate information.
The additional information or support they believe would be useful for their clients.

This study addresses several key gaps in the current understanding of climate risk data provision:

1. Understanding how providers prioritise physical climate risks relative to other types of risks,
and how this prioritisation impacts the services offered to Fls

2. ldentifying the specific climate and weather hazards that providers consider most relevant
for financial institutions, which may differ from the hazards that institutions themselves are
most concerned about.

3. Exploring the time horizons for which climate risk assessments are commonly provided,
and how these align with the decision-making needs of financial institutions.
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4. Evaluating the types of climate data used and provided, including observations, reanalysis,
projections, and the extent to which these align with the needs of financial institutions.

5. Investigating the methods providers use to source and process climate data, including the
scientific and technical challenges they face.

6. Understanding the various purposes for which financial institutions use the provided climate
information, and identifying gaps between what is provided and what is needed.

7. ldentifying the challenges providers face in delivering climate information, including data
quality, granularity, and standardisation issues.

8. Highlighting the additional information or support that providers believe would enhance the
utility of their services for financial institutions.

Uournals: climate services, plos climate, climate resilience and sustainability (wiley)|

Method

The survey was conducted using Qualtrics, an online platform for survey desig

for adapting to physical climate risks. The full protocol is detailed i
process was informed by insights drawn from previous surveys tar
information (REF).

21 responses were recorded. 20 were fully completed (ind
incomplete (Finished: False).

data, including Europe, North America, and Asia. Spegi Ohs include:

e Europe: UK, Germany, Italy, France, Cro
e North America: United States, Capa
e Asia: India, Japan.

All responses were recorded throug aus" distribution channel.

Survey design and implementa

The survey was conducted using Qualt online platform for survey design and
implementation. The questions were crafte@ffo gather detailed insights into respondents'
organisational backgr s and th@"physical climate risk services they provide. Unlike the user
survey, most questi were optional, and respondents could navigate back and forth through the
survey. This was t user experience and increase completion rates. The full protocol
is detailed in ign process was informed by insights drawn from previous

ses were completed during spring-summer 2024. We discounted earlier, less

nses when more than one response was received from the same IP address.
Additionally, fesponses that gave consent but didn’t answer any questions were excluded from our
analysis.

The respondents to this survey represent a difficult-to-reach expert group, so even sections with
only a few respondents provide valuable insights. We estimate that we are sampling X% of the
population, underscoring the importance of these insights despite the small sample size. However,
caution is needed when making inferences from limited data. As with the user survey, variability in
response rates across different sections is important to consider, as we report the findings.

{ Commented [1]: look up guidelines




Results

Types of Clients and Services

Respondents (n=20) were asked to specify the types of organizations to which they provide
weather and climate services, with multiple selections allowed. The most frequently cited sectors
include Insurance (90%, n=18), Asset Owners (80%, n=16), Asset Management - Public Markets
(80%, n=16), and Investment Banking (80%, n=16). Corporate Banking (75%, n=15) and Asset
Management - Private Equity (70%, n=14) were also prominent.

Fewer respondents provide services to Asset Management - Infrastructure (60%, n=12) and
Pension Funds (55%, n=11). The "Other" category, selected by 25% (n=5), includes a diverse
range of organizations such as ESG managers, infrastructure companies, real estat&firms,
corporations, consulting firms, governments, NGOs, and stock exchanges. A\

Asset owner
Insurance
Asset management - Public markets
c Investment Banking
§ Corporate Banking
g Asset management - Private equity
E Asset management - Infrastructure 11 (55%)
% pension Fund 9 (45%) |
= Retail Banking 9 (45%)
Asset management - Venture capital 8 (40%) ‘
Others (please give details) 5 (25%)
Foreign Exchange I 1 (5%)
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0

Number of Respondents (n=21)

qM "What types of organisations do you provide

llowed). The most common recipients of these services are

ce companies and Asset Management (Public Markets)
organisations (both at 80%). ler signifig recipi include Investment Banking and Corporate Banking (75% each).
Additionally, smaller propo of resporfents provide services to Foreign Exchange (5%) and various other types of
organisations (25%). T er of respondents was 21.

Respaonde dicated the sizes of clients they serve, with multiple selections allowed. The
, n=9) serve smaller organizations with fewer than 20 employees, while
ith more than 500 employees are also a significant focus, served by 42%

are servethby82% (n=6) of respondents, and those with 20 to 100 employees by 26% (n=5).
These findings indicate that weather and climate services are reaching organizations of all sizes,
with strong engagement across both small and large companies. The lower engagement with
medium-sized organizations might point to a market gap or perhaps some confusion in how
respondents interpreted the question. In larger organizations, service providers may be interacting
primarily with specialized teams or sub-teams, which could result in an underreporting of services
provided to the organization.

Respondents (n=20) were asked to specify the types of organizations to which they provide
weather and climate services, with multiple selections allowed. The most frequently cited sectors
include Insurance (90%, n=18), Asset Owners (80%, n=16), Asset Management - Public Markets



(80%, n=16), and Investment Banking (80%, n=16). These were closely followed by Corporate
Banking (75%, n=15) and Asset Management - Private Equity (70%, n=14).

In contrast, fewer respondents provide services to Asset Management - Infrastructure (60%, n=12)
and Pension Funds (55%, n=11). Notably, services to Foreign Exchange were mentioned by only
5% (n=1) of respondents. The "Other" category, encompassing specialized or less common
sectors, was selected by 25% (n=5) of respondents. This section includes a diverse range of
organizations such as ESG managers and tools, infrastructure companies, real estate firms,
corporations, consulting firms, governments, NGOs, and stock exchanges.

Billing Models

Respondents (n=18) were surveyed on the billing models employed for weather andyclimate
services, with the option to select multiple models. The recurring license fee model eferged as the

In contrast, 33% (n=6) of respondents prefer customized or negoti
offer greater flexibility and the ability to tailor services to specific cli
respondents reported using a flat rate model, suggesting thatfixed

the open-source community approach, which fost
broader data ecosystem.

Geographical Coverage

Respondents (n=18) were asked to spe
information services. The most frequen
respondents providing
closely follow, each
Australasia/Oceanij

e geographical regions covered by their climate
red region is North America, with 94% (n=17) of
ited Kingdom and multiple European countries

by 89% (n=16) of respondents. Other regions, including Asia and

d by 78% (n=14) of respondents, while Africa and South America

North America suggests significant demand for climate services, driven
ncial markets, diverse climatic conditions, and stringent regulatory
\ Substantial coverage in the United Kingdom and Europe reflects the
imate regulations and a strong focus on sustainability within these regions.

growing demand for climate services across both developed and emerging markets. The relatively
low coverage in Antarctica highlights its specialized interest, likely centered around the use of
global climate models and the observation of climate fluctuations in polar regions.

Types of Risks Covered

Respondents (n=18) were asked to identify the types of risks their products address, with the
option to select multiple categories. The findings reveal that Physical Climate Risks -
encompassing extreme weather events and changes in agricultural seasons - are universally
prioritized by all respondents (100%, n=18).
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Transition Risks related to achieving Net Zero targets were identified by 39% of respondents (n=7),

underscoring the increasing significance of these risks as companies navigate the complexities of
transitioning to a low-carbon economy.

Economic Risks were selected by 33% of respondents (n=6), reflecting notable concerns around
factors such as economic growth, inflation, and supply chain disruptions. Other Environmental
Risks, including ecosystem collapse and resource scarcity, were chosen by 28% of respondents

(n=5), highlighting the wider environmental/nature challenges that are becoming increasingly
pertinent to financial outcomes.

Reputational or Litigation Risks and Social Risks were each selected by 17% of respondents (n=3).
Although these risks are acknowledged, they may not yet be perceived as critical or as directly tied
to financial outcomes as physical and transition risks. Nonetheless, these categorie§jindicate an

awareness of the broader societal and legal implications of climate change.

The least selected categories were Geopolitical Risks and Technological Ri
only 6% of respondents (n=1). This suggests that while these risks are re

perceived as either less immediate or less directly linked to climate cha
risks.

In the "Other" category, selected by 11% of respondents (n=2), re

such as Value at Risk in commercial and residential real estatg, and Biodiver:
tailored approach to risk assessment that extends beyond

Physical climate

Transition

Other environmental

Economic

Reputational or litigation | 3 (21%)

Type of risk

il

Social{ 3 (21%)
Other 2 (14%)
Geopolitical

1({7%)

Technological 1(7%)

" T

0.

Time les \

Responde =18) were surveyed on the timescales for which financial institutions request
climate risk assessments, with multiple selections permitted. The findings reveal a strong
preference for longer-term assessments, with 78% (n=14) of respondents indicating demand for
timescales ranging from 10 to 30 years. Similarly, 72% (n=13) highlighted the need for
assessments spanning 2 to 5 years, as well as those exceeding 30 years. This reflects the
financial sector's dual focus on medium- to long-term planning horizons.

2.5 5.0 7.5 10.0 12.5 15.0 17.5
Number of Respondents (n=18)

Interestingly, short-term assessments of less than a month were not requested by any
respondents. However, there is moderate demand for shorter-term insights, with 17% (n=3)
selecting timescales between 1 to 6 months and 56% (n=10) favouring periods between 6 months
to 2 years. This illustrates the need for actionable insights that can inform immediate to near-term
decisions while maintaining a focus on longer-term strategic risks.
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One respondent noted that “Banks and asset managers strive to obtain as much historical data as
possible” and “seek time-granular data,” while another emphasized the importance of long-term
perspectives, stating, “Asset owners with long-dated obligations tend to be more interested in a
long-term view on risk.”

The varied demand across different timescales reflects the diverse needs of financial institutions,
which must balance immediate, medium-term, and long-term climate risks in their decision-making
processes. The absence of demand for assessments of less than a month underscores a lesser
focus on transient weather fluctuations.

Physical Climate Risk Services

Respondents (n=15) shared a variety of strategies for assessing climate risks,
emphasis on evaluating hazards (e.g., severe wind, wildfires, coastal floodin
one respondent noted, "The platform assesses hazards such as severe win
precipitation, coastal flood, heatwave, river flood, late frost, tropical cycl
precise risk calculations for all geolocations with a resolution up to 10

plants. One respondent highlighted, "We look at the physic
- covering over 1 million manufacturing sites, energy plant
and retail sites."

The integration of machine learning (ML)
significantly enhancing the efficiency of

nce (Al) is a notable trend,

ombining historical, satellite, and
tons. One organization noted: "The

data, and unconventional datasets with future

Companies emphasize the reliance on ablished open-source data portals, including the
Copernicus Climate Dat th Exchange. Regular updates (e.g., the shift from
CMIP5 to CMIP6), are

exposure of financial actors. As one respondent noted, "Our
physical risks and biodiversity risks. BIA-GBS highlights the
f financial actors by identifying the most at-risk companies, entities, and

oted: “We provide detailed economic projections for each analysed asset, offering
to future cost changes due to climate impacts."

Additionally, the use of standardized risk scores is increasingly prevalent in decision-making for
various securities, portfolios, and asset classes.

Transparency in data sourcing is also emphasized, particularly through the use of self-reported
data from companies, which helps build large, reliable databases of physical risks.

Some organisations are focusing on providing open-source building blocks and plug-and-play
architectures: "We provide the basic open-source building blocks for firms to connect assets to
hazard models and apply any available vulnerability models."
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Climate data used in tools

incorporating these into their tools. Reanalysis data also f
of respondents, highlighting its importance in refining apd

In contrast, shorter-term data types (e.g., current
6% (n=1) of respondents indicating their use. T
over immediate weather conditions. Seasonal an
(n=4) of respondents, showing that while ihege i
not as widely adopted as long-term projegt

tions are each used by 24%
ese mid-range timescales, they are

The "Other" category, selected by
sources such as satellite data, refd
Finally, 18% (n=3) of respondents in@
climate data used, which could point to
climate data usage Withi)he indusw.

inty or non-applicability regarding the types of
data integration strategies or the evolving nature of

Climate projections

Observations

Reanalysis

©
=
T
T
w -
= Decadal predictions
E
vl
= .
=] Seasonal predictions
]
a
2

Other (please give details) 4 (8%) ‘

Deon't know / not applicable 3 (6%)

Current weather forecasts 1(2%)
0 2 4 6 8 10 12 14

Number of Respondents (n=17)
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Datasets

Among the 14 organizations surveyed, 4 reported leveraging observational datasets such as the
Global Historical Climatology Network (GHCN) and SYNOP (Surface Synoptic Observations)
/ESWD (European Severe Weather Database).

Nine out of 14 participants reported using reanalysis datasets and numerical weather prediction
models. Key sources include established global datasets such as ERA5 (ECMWF Reanalysis 5th
Generation), CERRA (Copernicus European Regional ReAnalysis), the CESM-LENS (Community
Earth System Model Large Ensemble) and ICON (a global numerical weather prediction model
developed by the German Weather Service) were also mentioned. These datasets are employed
primarily for bias correction and model training, ensuring that climate models are adjusted to reflect
historical climatology accurately and are suitable for predicting future conditions. O
highlighted the importance of these datasets, stating, "Reanalysis is used for bi
model training. When aggregated over multiple years, reanalysis datasets gi
estimate of the historical climatology."

In climate projections, 9 companies indicated a wide application of Glob
emphasizing downscaling and bias correction. The reliance on CMI

applicability with sector-specific relevance. For example, one comp
basis," but downscaling is performed because standard res on is
and general site-specific climate risk analyses."

Specific datasets (e.g., runoff estimates) are used in g
and temporal resolutions. As mentioned by one respo
while another provided further details on utilizin
speed, Total runoff: 0.25deg, daily, global, 5 en

a processing capabilities. This approach
technologies with traditional climate models to

enhance the accuracy al applicawty o) ate risk assessments.

Plot - Climate proj@ns
S :
Category Quotations|

A J

- \We use historical events (severe wind, hail, flood...) by lat/lon and
OP data for verification." - "We draw data from a range of high-quality
Obs Ons ~sources including commercial third-party providers; industry; and academic
research." - "The primary observation dataset used is the Global Historical
Climatology Network (GHCN)." - "We use ESWD, SYNOP."

- "Reanalysis is used for bias-correction and model training. When
aggregated over multiple years, reanalysis datasets give the best available
estimate of the historical climatology." - "Global climate models have
Reanalysis systematic errors (biases) in their output. We therefore apply bias correction
using reanalysis and observational data." - "Copernicus (ERA5, CERRA)" -
"We draw data from a range of high-quality sources including commercial
third-party providers; industry; and academic research.”

[ Commented [AF2]: Supplimentary
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-"Near-surface air temperature (tas, at 2-meter height), maximum near-
surface air temperature (tasmax, at 2-meter height), minimum near-surface
air temperature (tasmin, at 2-meter height), mean near-surface wind speed
(sfcWind), U-component and V-component of wind (at 10-meter height),
cumulative precipitation (pr), near-surface specific humidity (huss), mean
near-surface relative humidity (hurs, at 2-meter height), mean sea level
(msl), mean surface pressure (p), orography (orog), temporal scale: 1 day,
spatial scale: 0.11°, post-processing: YES." "uses a variety of climate
variables for different hazards. These include temperature, precipitation,
wind speed, and tornado data, among others. For example: Heat: Maximum
daily temperatures, extreme heat thresholds. Precipitation: Daily
precipitation totals, intensity-duration-frequency (IDF) curves. Wi

(GCMs). Precipitation: Uses 271032 C
region (LOCA and BCCAQv2 methods

-"Plenty of open data sourc
CMIP sets for chronic heat an
Imperial College IRIS
from Jupiter Intellige hazards.

20 CMIP5 GCMs downscaled by th
Analogs (MACA) method."

Wﬂeduct, Nasa downscaled

European flood models,

id to low-resolution datasets

. 4

climate, CMs), state-of-the-art computational tools for
odeling developed by the environmental science community, are
cross multiple climate scenarios looking forward to the year

on a global grid with a horizontal resolution of approximately 1—

Climate
Projecti 160 km)."
% and NASA satellite data constellations.™ we use the best resolution
available from the open data which can range from 300 meters to 30
ilometers sq. Typically we optimise the datasets into chunks to enable
Other rapid processing on millions of assets."

Information Sources

Out of 14 respondents, 5 reported using observational data, primarily sourced from globally
recognized datasets such as the Global Historical Climatology Network (GHCN), the Japanese
Automated Meteorological Data Acquisition System (AMeDAS), and the Integrated Surface
Dataset (ISD). Reanalysis datasets, particularly the fifth generation of the European Reanalysis
(ERAS), the Community Earth System Model Large Ensemble (CESM-LENS), and Copernicus
datasets (e.g., the Copernicus European Regional Reanalysis (CERRA)), are utilized by 8 out of
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14 respondents for bias correction and model training. Specific datasets were not mentioned for
current weather forecasts, seasonal predictions, and decadal predictions.

In the area of climate projections, 9 out of 14 participants rely on the Coupled Model
Intercomparison Project Phase 5 (CMIP5), Phase 6 (CMIP6), and the Coordinated Regional
Climate Downscaling Experiment (CORDEX), with a strong emphasis on downscaling methods to
improve spatial resolution. These projections are often complemented by sector-specific data from
the Intergovernmental Panel on Climate Change (IPCC) and the International Energy Agency
(IEA). Additionally, the integration of satellite data from the European Space Agency (ESA) and the
National Aeronautics and Space Administration (NASA) by 2 respondents reflects an effort to
incorporate latest technology for better coverage and resolution. Other notable data sources
include the World Resources Institute (WRI) Aqueduct for water risk assessments,
European flood models, and the Imperial College Institute for Risk and Disaster Re
wind model.

\Category Summary Quotations,

Observations | Core data sources | "Global Historical Climatology Network (GHCN),
include GHCN, Japanese Automated Meteorological Data Acquisition
AMeDAS, ISD, System (AMeDAS), Integrated Surface Dataset (ISD)
and GSOD. and its daily aggregated counterpart (Global Summary

of the Day; GSOD)"
— N

Reanalysis Key sources "The ERAS dataset is proven to be the reanalysis most
include ERA5, accurately reflecting observations."; "The CESM-LENS
CESM-LENS, and | data also provides a useful historical dataset because it
Copernicus provides a robust sample of internal climate
datasets like variability."; "ERA5, CESM-LENS data, Copernicus
ERAS5 and (ERA5, CERRA)"
CERRA. : 4

A

Climate Core data sources | "Global Climate Model (GCM) input and can use both

Projections include CMIP5, ' CMIP5 and CMIP6."; "Daily wind speed data from nine
CMIP6, CESM North American Coordinated Regional Climate
Large Ensemble, Downscaling Experiment (NA-CORDEX) regional

CORDEX, \ climate simulations with a 24 km resolution."; "CMIP6,

IBTrACS, IBTrACS..."; "Plenty of open data sources such as WRI
Aqueduct Floods aqueduct, Nasa downscaled CMIP sets for chronic
Hazard Maps, heat and drought, TUDelft European flood models,
WRI Aqueduct, Imperial College IRIS wind model..."

TUDelft European
flood models, and

the Imperial ‘IEA & IPCC, and soon: internally developed scenarios.
College IRIS wind | We also rely on Sovereign and corporate climate
model. targets’
IPCC, IEA

Other Data sources "ESA and NASA satellite data constellations"; "We use
include ESA and the best resolution available from the open data which
NASA satellite can range from 300 meters to 30 kilometers sq."
data
constellations.

[ Commented [AF3]: Supplimentary
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Influences on the Choice of Weather or Climate Datasets

Respondents (n=15) were surveyed on the factors influencing their choice of weather or climate
datasets. The results indicate a strong preference for data that is peer-reviewed and open,
highlighting the importance of credibility and scientific validation in the selection process. As one
respondent succinctly noted, “We prefer data which is peer-reviewed and open.”

A significant number of respondents align their datasets with globally recognized climate scenarios,
particularly those endorsed by the Intergovernmental Panel on Climate Change (IPCC). One
respondent explained, “The climate data we use are verified and aligned with the UN IPCC RCP
scenarios, and are frequently used and recommended within the scientific community.” Another
emphasized their adherence to IPCC standards, stating, "When simulating hazards, ISS ESG uses
the same climate model outputs as the Intergovernmental Panel on Climate Change (IPCC) used
in the 5th Assessment Report (AR5)."

Innovation is also a key factor for participants, with one noting: “We develop
higher accuracy than publicly available ones,” demonstrating a drive towakd
customized tools to meet specific client requirements.

Several respondents rely on the expertise of climate advisers or sci

by sharing newly published scientific papers.”

Practical considerations such as data availability, coverag
into existing frameworks also play a significant role in d

possible to do so robustly.”

In addition, some companies provided detailed
(GCMs), including factors like the availability of pr poral frequency, accessibility,
ensemble membership, and model quali e GCM must produce the output
variables required to categorize a partic appropriate temporal frequency.”

Gaps in the data used

Respondents highlighted significant
underrepresented regions.

Challenges in data accessibility andsgualityWere noted, including issues with incomplete or
corrupted datasets, ffect the usability of General Circulation Models (GCMs). Additionally,
there gaps in avail id matter-related datasets within the EU taxonomy and CSRD.

Post-processiltg techniques and data integration present challenges, as methods to increase data
resolution can introduce additional uncertainties. Consistent methodologies are needed to avoid
inaccuracies when combining multiple data sources.

General data gaps remain a concern, particularly in sectors that require detailed, sector-specific
data for accurate risk assessments. While some gaps are filled with statistical approaches,
significant challenges persist, especially in achieving global spatial coverage.

The reliability of risk assessments is affected by concerns over ensemble size and model quality,
particularly for extreme value analysis. A more extensive number of climate ensemble members is
necessary to improve the accuracy of these assessments.
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Category Representative Quotes
“The major gap... is the lack of detailed wind and convective data, which are still
not present in climate models.”
_?epre:]t:;acl)rzrlld “Spatial Gaps: There are regions, especially in Canada, with less dense data
Resolution | °Verage-
“ERAS reanalysis at 25km resolution does not meet cur
“Not all GCM output is easily accessible or available omniercial use...”
Data
Accessibility
and Quality ) )
"Solid matter-related datasets are po within the EU taxonomy and
CSRD."
“The use of multiple mod ange of possible futures, but there is
still inherent unce
Scenario
Uncertainty

iance on specific RCPs introduces uncertainty..."

entielimate models do not adequately resolve tornado events...”

thodology for defining extreme events may not fully account for
nging baselines and the potential for more severe future extremes."

Data Gaps
and Sector-
Specific
Challenges

“We find that open flood models are generally not granular enough for major
decision making...”

“There remain large gaps in vulnerability models describing how vulnerable
different assets are to the climate event...”
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“Combining multiple sources of data, such as elevation models, soil databases,
Post- and land cover data, is crucial for accurate risk assessments.”

Processing
and Data
Integration | “post-processing techniques are necessary to increase the resolution but may
propagate errors from the original models.”

“Some data gaps filled with statistical approach & and for the bottom-up
approach, there are some gaps because our precise methodology i
consuming.”

"We are not yet global, which creates limitations in spati e
clients.”
“To obtain realistic risk information, more nu r of Cligate e ble is
necessary for extreme value analysis.”
Model and
_—

Scenario
Limitations

General
Data Gaps

"Ensemble Size: The use of multipl , but'there is still inherent

uncertainty..."

Public Availability of MethodQg

Respondents (n=16) were asked w
publicly described. The results revealet
respondents (n=6) indicating that only cefaix
available.

Similarly, 38% of r nde
public, highlighting ore cal
about safeguaf@ing s e bu
field of climate sessment.

ologies involved in their risk calculations were
ced approach to transparency, with 38% of
aspects of their methodologies were made publicly

(n=6) reported that their methodologies were not disclosed to the
ious approach. This guarded stance likely stems from concerns
ess processes and maintaining an edge in the rapidly evolving

ts (n=2) confirmed that their methodologies were fully available in
sRowing a commitment to maintain transparency. Another 13% (n=2) of

ither uncertain or found the question not applicable to their services, which may
vels of engagement with public disclosure or differing interpretations of what
ly described methodology.

It is apparent that private data providers strategically balance the concepts of transparency and
protection of intellectual property by selectively disclosing information, thus establishing credibility
while also preserving a competitive edge.

Uncertainty estimates

Respondents (n=16) were surveyed on whether their methodologies and product sets include clear
estimates of uncertainty. The majority (50%, n=8) indicated they do incorporate clear estimates of
uncertainty into their products.
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A quarter of respondents (n=4) acknowledged that their methodologies do not include clear
estimates of uncertainty, while another quarter (n=4) either did not know or did not consider the
question applicable to their services. The gap in uncertainty estimates suggests either a limitation
of current models or a deliberate choice to prioritize other aspects of risk assessment.

HILL Events, and Tipping Points

The survey responses from 16 organizations show a strong focus on addressing tail risks, High
Impact Low Likelihood (HILL) events, and tipping points in climate risk products. The majority
(63%, n=10) of respondents confirmed that their products include estimates for these extreme and
low-probability events. Three respondents indicated that their products do not incor
estimates, possibly due to specific model focuses or limitations. Another three were
uncertain or found the question inapplicable.

Further exploration of the methodologies used to estimate tail risks, HILL ev:
(n=8) shows diverse approaches. One respondent described a broad ap

location, to capture severe impacts.

Some companies rely on existing datasets to expose unc
tipping points, maintaining connections to research com

considering tipping points through feedb i in Climate models, emphasizing the
importance of scenario analysis in anticipati i ifts in climate systems.

Generally, the approaches and foét iffer among respondents.

Asset Data

confirmed this, underscoring the importance of precise asset-
ents. This dependence is particularly relevant in industries

t, real estate and insurance. In contrast, 27% of participants (n=4)

ot utilize asset data, potentially prioritizing broader climate risk

t specific to assets. One respondent (7%) was unsure or found the question
vices.

Types, So s, and Spatial Resolution of Asset Data

Among those who use asset data (n=10), respondents identified a broad range of data types and
acquisition strategies, highlighting the diversity in how asset data is integrated into climate risk
products.

The majority (n=7) emphasized the importance of physical characteristics, such as location
coordinates, height, surface area, and asset value. As one respondent noted, "These are the data
we request from users: Year of construction, Asset height above ground (m), Asset’s surface area
(m?), Asset value (€), Yearly income from asset (€), Yearly asset expenses (€)."
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A few participants (n=2) incorporate financial and operational data alongside physical
characteristics. This includes metrics like revenues, GDP, financial income, debt levels, and
production volumes, demonstrating a comprehensive approach to risk assessment.

Some respondents mentioned using partnerships with other companies to enrich their data sets.
This often involves integrating specialized data from physical climate risk providers or third-party
data sources, allowing organizations to leverage comprehensive databases for more robust
assessments.

Spatial Resolution

Respondents (n=9) provided insights into the spatial resolution of the asset data used in their

products. There is a clear divide in the precision of this data:

Several respondents (n=4) use highly precise spatial resolutions, with asset Iogati pointed to
within a few meters. This allows for detailed, granular analysis crucial for hig i

Some organizations (n=2) use broader, more general data. For example
mentioned their analysis is "Country-specific and region-specific wh
that resolution can vary depending on the source's granularity.

anticipated.

The significance of context-specific resolution in clima ents is highlighted by a range
of different approaches, as some companies choo recision for detailed
analysis, while others offer broader spatial dat: able fopregional or national-scale
assessments.

Sources of Asset Data

Respondents (n=9) discussed the

Some participants (n=
leveraging various d,

urce asgét data from specialized providers or third-party vendors,
s to compile comprehensive datasets.

Other respondents asset data through proprietary methodologies or public sources,
such as Envir
the data meets

One co n using open-source code, firms typically rely on their own data or
augment | ubli€ datasets, particularly for real estate lending.

En isk Services
In respo hat would improve their climate risk service offerings, several themes emerged
from the st (n=5). A prominent suggestion was the development of sector-specific modules

tailored to industries like banking, insurance, and real estate. Expanding globally was also
identified as a key strategy.

Improving risk modelling was another significant focus, with respondents emphasizing the need to
incorporate multiple return period losses (e.g., 1 in 100, 1 in 200, 1 in 500 years) to better capture
extreme events. Enhancing asset location data with greater detail and integrating indicators for
adaptation, resilience, and biodiversity were also seen as valuable additions that could differentiate
services.

Collaboration was identified as a crucial element for progress. Respondents expressed a desire to
partner with other firms to test and validate early-stage products in new regions. There was also a
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call for increased collaboration at the foundational level, where companies could work together to
develop more effective solutions.

When discussing physical climate risks, respondents underscored the need for clearer guidelines
on defining these risks and improving methods for verification, such as back-testing. There was a
strong emphasis on the necessity for institutions to thoroughly consider how physical climate risks
could impact their operations. One respondent pointed out that while risks projected for the next
30-50 years may seem distant, they are likely to begin influencing asset valuations within the next
five years. Additionally, a detailed response highlighted the importance of a bottom-up approach to
transition risks, stressing the need to include all emissions scopes (Scope 1, 2, and 3) in assessing
systemic transition risks.
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4. Discussion [ALL]

Fostering closer collaboration between academia and commercial providers?
Clients

Data providers are adapting to a wide range of clients. The demand is currently hight from the
asset owners, management firms, insurance companies, and investment banks who are under
significant regulatory and market pressure to produce risk disclosures. However, there is an
emerging need from venture capital and pension funds. For venture capital, this might relate to the
future viability of startups in a climate-impacted world, while for pension funds, it rel
safeguarding retirement investments over decades.

The perception of climate risk time horizons could be the reason why retail b
exchange tend perceive them as less immediate, highlighting the potential g
climate risks into their financial models (REF).

Billing

data providers choose negotiable billing models and d
innovative billing approaches (e.g., volume-based pric urce models) demonstrates
dscape of climate risk

management.
Geography

There is a need for broader engagement

established markets
regulatory framew:

rounds*for climate services, potentially serving as models for expanding
e world. The existing engagement in diverse regions like Asia, Africa,

The overlyeliance on Global Climate Models (GCMs) and reanalysis datasets such as ERA5
highlights the&”industry's commitment to regulatory frameworks that govern climate risk disclosures
for financial institutions. These frameworks often rely on GCM outputs for scenario analysis,
particularly focusing on Representative Concentration Pathways (RCPs) and the newer Shared
Socioeconomic Pathways (SSPs). Many GCMs are developed as part of large international
collaborations like the Coupled Model Intercomparison Project (CMIP), which means that they
adhere to international scientific standards. Additionally, GCMs are frequently used to model long-
term climate risks at the global scale, which is essential for meeting the stress-testing requirements
(REF).

The inherent limitations of GCMs, including coarse spatial resolution and the need for bias
correction, present challenges in delivering precise, actionable insights. While downscaling
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techniques are employed to address these issues, their adoption appears uneven across
organizations, suggesting a potential gap in the integration of regional climate data.

Moreover, the limited specificity in utilising current weather forecasts and decadal predictions
indicates a need for further refinement in short- and medium-term climate modelling.

Risk types

Financial institutions are most concerned with managing physical and transition risks, reflecting
their significant focus on the impacts of extreme weather, agricultural shifts, and the regulatory
dynamics of carbon reduction. Additionally, there is notable attention to economic and
environmental factors such as growth, inflation, supply chain disruptions, ecosystem collapse, and
resource scarcity. While still less emphasised, the need to address reputational, litigation,

relevant to climate change.

Modelling these factors requires not just climate data but also economic, poliC logical
data, which may be less readily available or more difficult to integrate in i
models.

Possible blind spot, especially as geopolitical tensions and
intersect with climate change.

Timeframe

The findings show that financial institutions place im imate risk assessments for both
short (2-5) and long-term planning (10-30).

Tech

Emphasise granular, asset-level analysi
census block or parcel level.

iding risk assessments down to the

al intelligence (Al) is becoming a key
ccuracy of climate risk assessments. Black boxes?

can be resource-intensive, and there is often a trade-off between the depth of
customisation and the scalability of solutions.

The increasing digitalisation and integration of various data sources raise cybersecurity concerns.
Data providers must ensure that their platforms are secure against cyber threats, especially when
providing APIs or integrating third-party data.

The lack of standardisation across different data sources can lead to inconsistencies in
assessments.
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Services

This variation in services suggests that companies are tailoring their services to specific client
needs or market niches indicating a fragmented market where no single company covers all
possible climate risks comprehensively.

While the translation of complex scientific findings into actionable tools remains a challenge, there
are clear opportunities for improvement that can enhance both the efficacy and reliability of these
services.

A critical step toward this goal is fostering closer collaboration between academia and commercial
providers. The demand for peer-reviewed data among commercial providers is a promising sign of
a commitment to quality. However, the integration of these data into commercial pragducts is often

inconsistent.

Other

Businesses often struggle with how much of their methodology and data,
revealing too much could undermine their competitive advantage.

Clients often expect high precision and accuracy in climate risk as

probabilistic outcomes, can be challenging.
There is often a need to fill in gaps with estimates or le

be difficult to justify the return on investment for,
still maturing.

Adapting to a constantly changing regula

2 pectations of data sharing or contributing to
public knowledge, which may conflict W iness goals.

ers up-t@-date the latest in climate science and risk assessment
ous trdining can be both costly and logistically challenging.

is still maturing, and many clients may not fully understand the
nrealistic expectations or resistance to adopting new

om multiple sources without compromising accuracy or consistency
al challenge.

le to balance the immediate demands of clients with the need to invest in
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