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Key Points

Climate attribution science
identifies the causes of specific
weather events and long-term
climate trends, distinguishing
human influence from natural
variability. It uses models,
data, and statistical methods
to quantify how much human
activity has intensified
phenomena like heatwaves,
floods, and droughts.

Policymakers can use attribution
insights to assist in infrastructure
planning and public safety
strategies. Understanding how
climate change alters risk helps
develop proactive policies that
protect communities and sustain
insurance markets.

Attribution science includes
extreme event attribution, which
analyzes specific weather events
like floods or wildfires, and
climate change attribution, which
examines long-term trends

such as rising temperatures or
sea levels. Both help quantify
human influence and guide risk
mitigation strategies.

Actuaries are uniquely positioned
to apply attribution insights to
risk modeling. Their expertise
helps translate complex

climate data into actionable
forecasts, supporting better
insurance pricing, infrastructure
planning, and public policy in a
nonstationary climate.
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Introduction

As climate change alters risk landscapes, understanding
the specific contribution of human activity versus natural
variability has become essential for accurately pricing risk
and designing effective public policy. This is the domain
of climate attribution science, a rapidly evolving field that
quantifies the human “fingerprint” on long-term climate
trends and individual extreme weather events. With
climate change continuing to alter weather patterns and
increase risks, the scientific understanding of why changes
are happening has become a crucial part of managing
future risk.

This issue brief aims to illuminate the field of attribution science, for
actuaries and policymakers, by providing a foundational overview of

its core concepts, methods, and applications. It outlines core attribution
methodologies, discusses various applications in risk assessment and
adaptation planning, and addresses the challenges of integrating these
scientific insights into actuarial and economic models. For actuaries, it’s
important to recognize that it is insufficient to rely solely on historical
data in a nonstationary climate. Even sophisticated catastrophe models
may be inadequate if they do not account for evolving conditions. Climate
attribution science offers a critical, forward-looking perspective to address
this challenge. The issue brief concludes by highlighting the significant
opportunity for actuaries to apply their quantitative and modeling
expertise, in collaboration with climate scientists, to enhance risk

assessment and build resilience for a changing climate.
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What Is Climate Attribution Science?

Climate attribution science is an evolving field within climate science, focused on
understanding the causes behind specific weather events and long-term climatic

trends. It utilizes advanced climate models, statistical analyses, and observational data
to disentangle the contributions of various factors to observed climate phenomena.* A
primary goal of the field is to quantify the extent to which human activities have altered
the frequency and/or severity of specific extreme weather events (such as heatwaves,
droughts, heavy rainfall, and hurricanes) or gradual climate changes (e.g. rising global

temperatures and sea-level rise).?

Essentially, climate attribution science seeks to differentiate the impact of human-induced
climate change from natural climate variability, such as cycles like El Nifo and La Nifa.?
It addresses fundamental questions such as:
« How much does human-induced climate change alter the frequency or severity of
a specific extreme weather event compared to a theoretical world without human
influence?
o To what degree can a particular long-term climate trend be ascribed to anthropogenic

factors versus natural drivers?

By answering these questions, climate attribution science provides a crucial framework

for how the climate system is changing due to human influence.

1 “Extreme Weather Events and Climate Change Attribution”; National Academies of Sciences, Engineering, and Medicine; 2016.

2 “Attribution of Extreme Weather Events in the Context of Climate Change”; National Academies of Sciences, Engineering, and Medicine;
2016.

3 “Climate Change 2021: The Physical Science Basis’; Intergovernmental Panel on Climate Change; Aug. 9, 2021.

ston Wisehart, MAAA, FSA,
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Why Is Climate Attribution Science Important to
Actuaries and Policymakers?

The increasing severity of extreme weather events in recent decades, leading to rising
insured and non-insured losses even when adjusted for non-weather-related factors such
as increased property values, highlights a critical challenge. Past experience alone cannot

be a reliable source to predict future climate conditions.

Attribution science provides a way to evaluate the overall change in weather-related
events compared to a baseline of pre-climate change experience. This evaluation may
then be leveraged for insight into expectations for future changes in severity and their

potential impact on communities.

This insight into a changing world is critically important for both policymakers and
actuaries because it provides forward-looking, actionable information that is not available

from simple analyses of past experience.

The implications of attribution science for actuaries are direct and span multiple practice
areas, providing a lens to understand the physical mechanisms driving risk. For example,
warmer air retains more moisture, leading to longer and more intense extreme weather
events. This exacerbates floods and hurricanes, causing devastating impacts on property
and life, affecting both casualty and health actuaries. Additionally, as warmer air holds
moisture longer, it turns the atmosphere into a giant water vacuum that dries regions out,

prolonging droughts and fueling wildfires.

Climate attribution scientists quantify the connections between warming air and extreme
weather events. This tees up opportunities for property/casualty actuaries and life and
health actuaries to refine their risk assessments and pricing models. There is a critical
need to refine risk prices that build upon this emerging science. That’s the value actuaries
can add, to measure the increasingly severe effects of perils such as floods, hurricanes,
droughts, and wildfires. That’s why it’s crucial for actuaries to partner with climatologists,

help refine this emerging science, and advance risk management practices.

Policymakers can use this information for public safety and infrastructure planning. It
may help develop policies that build stronger community protections, mitigating the
impact of severe weather events. These improved protections may help preserve the
economic and social vitality of local communities, while maintaining viable insurance

markets by managing risk proactively.
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Existing infrastructure was built to meet older, baseline, pre-climate change expectations
and stresses. Climate attribution analysis is an effective tool to measure new pressures on
that infrastructure and public health as weather patterns evolve and intensify. Therefore,

the best practice for deploying this approach to address emerging health and infrastructure
problems is through collaborative discussions among climatologists, policymakers,
actuaries, and other interested parties. This collaborative approach is necessary because only
synthesis of multi-professional expertise can best anticipate the intensity of future acute and

long-term climate events.

Types of Attribution Studies

Climate describes patterns of weather in an area over long stretches of time. Weather refers
to specific events, such as hot days or thunderstorms. Heatwaves, droughts, wildfires,
hurricanes, tornadoes, and floods are all examples of extreme weather.* Attribution studies
aim to understand the underlying contribution factors from the change of climate. There are
various types of attribution studies that help us to understand different types of climate or

weather events:

1. Extreme Event Attribution

The goal of extreme event attribution studies is to examine the contributing factors affecting

individual weather events, such as droughts, extreme cold or heatwaves, floods, hurricanes

or cyclones, and wildfires. Studying each event specifically aims to facilitate understanding,
and quantification if possible, of the major factors causing these extreme events. This
understanding could eventually help us identify key factors and mitigate risks for the
community, including physical, transitional, and financial risks. For example,

« From the devastating 2018 Camp Fire in Paradise® , as well as in Maui in 2023,
significant evidence proved that specific weather situations, such as dry conditions and
strong winds, can lead to catastrophic events.” An attribution study would then analyze
how long-term warming trends exacerbated these factors by increasing the aridity of the
landscape and extending the fire season.

« Experiences such as a slow-moving rainstorm in Vermont in 2023 and Hurricane Helen
moving into the areas around Asheville, NC, emphasized that severe heavy rain in a
short period of time can cause sudden floods, catching residents by surprise and causing
catastrophic property damage, highlighting a critical gap where risk is often perceived
through wind speed, while the greatest damage may come from flooding. Attribution
Science helps to close this gap by quantifying how much more intense this rainfall has
become due to the increased moisture-holding capacity of a warmer atmosphere.

4 “Explainer: What is attribution science?”; Science News Explores; July 30, 2019.

5 “California Wildfires of 2017 and 2018”; Insurance Institute for Business & Home Safety; July 2020.
6 “Camp Fire: By the Numbers”; PBS FRONTLINE; Oct. 29, 2019.

7 “Supplement to A Case Study of the Camp Fire: Notification, Evacuation, Traffic, and Temporary Refuge Areas (NETTRA)”; National Institute
of Standards and Technology (NIST); July 2023.
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Extreme event attribution may help to analyze the causes of specific weather events.
Based on these studies, we may be able to identity key factors and develop policies to
create early warning systems. Additionally, we can recommend mitigation plans to reduce

future risks.

2. Climate Change Attribution

Climate change attribution studies examine how rising concentrations of heat-trapping
gases in the atmosphere affect other aspects of the global climate system, such as global
mean temperature, sea level, and sea ice.® For example:

« How human activities are affecting the climate system, including the increasing
concentrations of CO, and other heat-trapping gases which affect climate patterns.

« How climate change affects human and natural systems, with a particular focus on
localized physical impacts, such as floods, droughts, and sea level rise, and their
effects on infrastructure, public health, ecosystems, agriculture, and economies.

+ Identify the relative contributions of different sectors, activities, and entities to global

climate change.

Climate Attribution Methodologies

Climate attribution science employs several core methodologies, often used in
combination, to determine the influence of human activities on specific weather events
and long-term climate trends.’ These methods fundamentally rely on comparing the
observed climate state with simulated climate states under different forcing conditions,
underpinned by rigorous statistical analysis.’® The choice of methodology often depends
on whether the focus is on specific weather events or long-term climate trends. Emerging

techniques include:

1. Climate model simulations run various models under different climate scenarios:
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« Historical/factual simulations which reflect the current climate, including

anthropogenic influences such as greenhouse gases, aerosols, and land use.™

8 Climate Attribution Database; Columbia Law School Sabin Center for Climate Change Law; accessed Oct. 1, 2025.

9 “Attribution of Extreme Weather and Climate-Related Events”; Wiley Interdisciplinary Reviews: Climate Change; 2016.

10 “Attribution of Extreme Weather Events in the Context of Climate Change”; National Academies of Sciences, Engineering,
and Medicine; 2016.

11 “Climate Change 2021: The Physical Science Basis”; Intergovernmental Panel on Climate Change; Aug. 9, 2021.
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« Counterfactual simulations which represent a hypothetical world without significant
human impact on climate. Other counterfactual content may exclude specific forcing
types (e.g. only greenhouse gas emissions, or only aerosols) to isolate their effects.
This type of simulation is performed under controlled experiments within climate
models, where human impacts are deliberately removed. For example, a climate
model can be run with anthropogenic forcings held constant at preindustrial levels,

while natural forcings are still included.*

Comparing the frequency and/or intensity of specific climate events across these

contrasting simulations allows scientists to estimate the contribution of human activities.

2. Regression-based method, also known as the fingerprinting method, is a statistical technique
primarily used for attributing long-term trends in climate variables (e.g. global temperature)
by distinguishing between anthropogenic and natural causal factors.

This formal statistical technique moves beyond simple comparisons. It starts with
identifying the unique spatial and temporal patterns, the fingerprints, of climate
response expected from different individual forcings. For example, the distinct pattern
of greenhouse gas warming causes tropospheric warming and stratospheric cooling.
Statistical methods, often regression-based, are then used to search for these fingerprints
within the observational data.* This allows scientists to quantitatively estimate the
contribution of each forcing factor, isolating the magnitude of the human contributions
to the observed climate changes, effectively separating their signals from each other and

from natural internal variability.

12 World Weather Attribution; World Weather Attribution; October 2025.
13 “Climate Change 2021: The Physical Science Basis’; Intergovernmental Panel on Climate Change; Aug. 9, 2021.
14 “Understanding and Attributing Climate Change”; Climate Change 2007: The Physical Science Basis; 2007.
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Exploring Attribution Studies

These techniques are often integrated within systematic frameworks, like the World Weather
Attribution (WWA) methodology. The WWA provides a structured process for conducting rapid and
robust event attribution studies. This process typically involves defining the event, analyzing trends
in observations, evaluating and running appropriate climate models for factual/counterfactual
comparisons, synthesizing the results, and communicating the findings."

There are several resources available to explore the results of climate attribution studies on various
extreme weather events around the world, including:

«  The Carbon Brief mapping that reflects attribution studies related to extremes.'®

- The World Weather Attribution website, which uses weather observations and climate models
to understand how climate change influences the intensity and likelihood of extreme weather
events."”

These resources can provide specific examples of how the climate attribution science methodologies
described above are applied to understand the impact of climate change or extreme climate events.

Applications of Climate Attribution Science

Climate attribution science can provide insights into which human activities contribute
to, as well as help assess how much the observed climate change or extreme weather

events can be linked, as opposed to natural variability. Some key applications include:

1. Understanding Extreme Weather Events
Climate attribution science can analyze each specific extreme weather event and may
determine the role human activity attributes to climate changes resulting in various
extreme weather events, like heatwaves, drought, storms, or floods. For example,
scientists can assess whether a specific heatwave or hurricane was more intense or if the

occurrence was more likely due to climate changes.™®

By understanding how climate change is linked to extreme weather events, the prediction

of such events or estimates of the event’s impact can be improved.*

15 “Methods — World Weather Attribution”; World Weather Attribution; 2025.

16 “Attribution Studies (interactive)”; Carbon Brief; 2025.
17 World Weather Attribution; World Weather Attribution; 2025

18 “Attribution of Extreme Weather Events in the Context of Climate Change”; The National Academies Press; 2016.
19 “Climate Change 2022: Impacts, Adaptation and Vulnerability”; Intergovernmental Panel on Climate Change; Feb. 27, 2022.
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2. Enhancing Risk Assessment and Management
Attribution science may help identify geographic areas or populations that may face
greater exposure to the risk of extreme weather events and their impact, which may

contribute to better climate risk protection plans.?

Policymakers may have more information to plan for future risks, such as infrastructure

design or disaster preparedness.

3. Informing Climate Policy, Adaptations, and Actions
Attribution studies may support governments and organizations in developing climate

policies or making policy decisions.

Attribution data may also be used in legal cases seeking accountability for damage caused

by climatic events.

Attribution science may also help identify the primary contributing sources of climate
change and its impacts, which may support the implementation of targeted mitigation

actions or adaptation strategies.”

4. Increasing Public Awareness and Engagement
Climate attribution science may show the public how human activities are linked to
climate change and extreme weather events, illustrating the impact of extreme weather
events.?” It may increase public awareness of climate risks and motivate individuals to

participate in risk mitigation actions and prepare for extreme weather events.?

5. Validating and Improving Climate Model
Attribution science may provide insights into relationships between different climate

components and human activity contributions.**

20 “Climate Change 2022: Impacts, Adaptation and Vulnerability”; Intergovernmental Panel on Climate Change; Feb. 27, 2022.
21 “Climate Change 2023: Synthesis Report”; Intergovernmental Panel on Climate Change; March 20, 2023.

22 “Attribution Studies”; Carbon Brief; 2025.

23 “Attribution of Weather and Climate Events”; Annual Review of Environment and Resources; October 2017.

24 “Climate Change 2021: The Physical Science Basis”; Intergovernmental Panel on Climate Change, Working Group I; 2021.
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Challenges in Climate Attribution and Risk Assessment

While climate attribution science provides valuable insights, integrating these findings

into actionable risk assessments faces several challenges and opportunities:

1. Quantifying Economic Costs: Accurate attribution needs to be linked to robust
economic cost estimations. This requires understanding not only direct damage (e.g.,
infrastructure loss from storms), but also often harder-to-quantify indirect costs
(e.g., health impacts from heatwaves, business interruption). Refining cost estimation
models to properly incorporate emerging climate data and attribution insights

remains a complex task calling for actuarial expertise.”

2. Leveraging Catastrophe Risk Expertise: Actuaries have extensive experience in
developing catastrophe risk models. These multifaceted models simulate hundreds,
if not thousands, of potential disasters and compute realistic ranges of current
cost to portfolios of people, properties, and businesses at risk. Integrating climate
attribution findings into these models is vital. This involves identifying and adjusting
the parametric components of actuarial models that can measure climate risk and

separating climate-related risk drivers from other risk factors in existing models.*®

3. Evolving Beyond Historical Data: For a number of weather-related perils,
traditional actuarial models rely on historical data. Climate change undermines
static climate assumptions, which makes historical data alone less reliable for future
risk projections. Attribution science may provide forward-looking insights into how
climate event frequencies and severities are changing, which can help actuaries adapt

their economic cost models to account for nonstationary climate risks.”’

4. Impact Attribution for Decision-Making: Actuarial risk studies incorporating
climate risk attribution may provide valuable decision-making information to
government and industry policy makers, supporting proactive adaptation and
mitigation strategies. While quantifying economic and social impacts, considering
both climate and non-climate factors, such as demographic shifts and land-use

changes remain complex, it is vital to make many sustainability decisions.

25 “Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation (SREX)”;

Intergovernmental Panel on Climate Change; 2012.

26 “Attribution of Extreme Weather Events in the Context of Climate Change”; The National Academies Press; 2016.
27 “Climate Change 2022: Impacts, Adaptation and Vulnerability”; Intergovernmental Panel on Climate Change; Feb. 28, 2022
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5. Model Refinement and Validation: Continuous refinement of both climate models
used in attribution studies and actuarial catastrophe models used for risk assessment
presents challenges. Validation against observed data, along with interdisciplinary
collaboration between climate scientists and actuaries, is essential to improving the

reliability and accuracy of integrated risk assessments.”®

Addressing these challenges and fostering closer collaboration between climate scientists
and actuarial experts will be crucial if we are to fully realize the potential of climate
attribution science for enhancing risk management and building resilience in a

changing climate.

The Future of Climate Attribution Science
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Climate attribution science is poised for significant advancements. These advancements
are driven by enhanced computing power, increased data availability, and refined

modeling techniques, all contributing to more precise and reliable attribution studies.

The integration of artificial intelligence (AI) and machine learning into climate modeling
is a new method to handle the immense complexity and data volumes inherent in
attribution studies. Al enables enhanced analysis of complex climate data, improving

the accuracy of simulations and predictions. For instance, researchers have developed
neural network-based methods to estimate global mean surface temperature anomalies,
attributing changes to specific factors beyond natural forcings, including greenhouse gas
concentrations and anthropogenic aerosols.® These Al-driven approaches allow for a

more nuanced understanding of how various elements contribute to climate change.

Enhanced computing capabilities facilitate the processing of vast datasets and the
execution of sophisticated climate models. The UK’ Advanced Research and Invention
Agency (ARIA) recently allocated £81 million to develop an advanced early warning
system for climate tipping points.*® This initiative employs drones, cosmic ray detection,
and Al-enhanced computer models to predict events, like the collapse of the Greenland
ice sheet and disruptions in Atlantic Ocean currents, up to a decade in advance.*

Such projects underscore the critical role of computing power in advancing climate

attribution science.

28 “Attribution of Weather and Climate Events”; Annual Review of Environment and Resources; October 2017.

29 “Detection and Attribution of Climate Change: A Deep Learning and Variational Approach”; Environmental Data Science; Dec. 21, 2022.
30 “Future Proofing Our Climate and Weather”; Advanced Research and Invention Agency; May 2025.

31 “Early warning system for climate tipping points given £81m kickstart”; The Guardian; Feb. 18, 2025.
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When it comes to data availability, there are a limited number of quality public datasets
that capture the financial losses associated with large catastrophic events. In recent years,
several databases have been created by governments and academic institutions. Usually, a
simplistic approach to data makes it easier to understand and helps provide guidance to
decisionmakers, both domestically and internationally. Of recent concern is the continuity
of data collection going forward, as federal funding for some of these databases has

lost some support due to a challenging political landscape. The benefit of public data
collection and aggregation methods rests on the idea that they are subject to review and
the methodologies are public. Public datasets also support research, which may focus on

climate impacts.

The fusion of climate attribution science with societal and economic analyses is another
promising development. By quantifying the impact of climate change on extreme

weather events, and the impact of anthropogenic drivers on climate change, scientists can
inform legal and policy frameworks, potentially influencing climate litigation and policy
decisions. For example, climate attribution studies have been utilized in legal contexts

to establish causal links between human activities and climate-related damages, thereby
supporting claims for climate justice.? This interdisciplinary approach enhances resilience

planning and informs global climate strategies.

The future of climate attribution science is marked by technological innovation and
interdisciplinary collaboration. Advances in computing power, data accessibility, and
modeling techniques are enhancing the precision of attribution studies. When combined
with societal and economic analyses, these scientific insights are pivotal in shaping

effective climate policies and resilience strategies.

Conclusion

Climate attribution science provides critical methodologies to quantify the human
fingerprint on our changing climate. By comparing observed conditions with
counterfactual scenarios simulating a world without anthropogenic influence, it
determines the extent to which human activities influence long-term trends and alter the

frequency and intensity of specific extreme weather events.

32 “From Wildfires to Courtrooms: How Attribution Science Fuels Climate Justice’; Columbia Climate School; Jan. 17, 2025.
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The insights from climate attribution science are no longer just academic; they are
essential for actuaries and policymakers. In our nonstationary climate environment,
relying solely on historical data to project future climate risk is inadequate. Even
catastrophe models may be inadequate if they do not consider the changing climate
environment, which can lead to mispriced insurance products, insufficient reserves or
capital, flawed infrastructure planning, and ineffective public policies. Understanding
various climate attributes, particularly the impact from human activities, allows actuaries
and policymakers to move from observing climate events and changes, to making more

robust future climate projections and their potential impact estimates.

Given the complexities of climate modeling and statistical techniques, there is a clear
need and opportunity for actuaries to contribute by applying their risk assessment skills
and modeling expertise. By understanding the methodologies and implications of climate
attribution, actuaries can provide greater value to stakeholders, including the insurance
industry, consumers, and policymakers, as well as play a vital role in navigating the

challenges of a changing climate.

The American Academy of Actuaries is a 20,000-member professional association whose mission is to serve the public and
the U.S. actuarial profession. For 60 years, the Academy has assisted public policymakers on all levels by providing leadership,
objective expertise, and actuarial advice on risk and financial security issues. The Academy also sets qualification, practice,
and professionalism standards for actuaries in the United States.
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