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Executive summary

Extreme climate event attribution allows us to assess the relative contribution of human carbon
emissions and resulting global climate change to the probability and intensity of climate extremes
such as extreme rainfall, wind speeds, and heat. Extreme climate event attribution methods have
developed significantly over the past decade with approaches ranging from unconditional
correlations with global warming through to strongly conditional perturbed event simulations
(Cotterill et al., 2024). The methods focus on the climate change signal: how much human-
induced climate change has altered hazard characteristics such as rainfall intensity, peak wind
speed, heat extremes, or storm surge, and how much climate change has altered the probability
of such an event occurring. While this analysis is central to event attribution, attribution use case
results from the EU HORIZON project COMPASS show that this provides only a partial explanation
of real-world impacts.

Across COMPASS use cases - from winter storms in the UK to tropical cyclones in Mozambique
and Honduras - our findings show that impact attribution must account as rigorously for socio-
economic drivers as for climate change. Factors such as population growth, economic
development, spatial planning, inequality, political fragility, and conflict often shape exposure
and vulnerability as much as, or more than, anthropogenic climate change. Evidence from
Mozambique and Honduras highlights how climate extremes can reinforce cycles of exposure
and vulnerability. Ignoring these drivers risks overstating climate change’s role and misdirecting
policy interventions away from where they are most urgent and effective.

This policy brief argues that policy-relevant climate attribution must integrate the complexity of
socio-economic drivers to avoid misleading conclusions, better target adaptation investment,
and support resilience strategies that reduce rather than redistribute risk. Attribution that
neglects socio-economic complexity can misdiagnose impact drivers or over-emphasize the role
of climate change. Integrating exposure and vulnerability into attribution frameworks is essential
for producing policy-relevant insights and avoiding maladaptation.


https://compass-climate.eu/our-use-cases/
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Exposure growth amplifies disaster impacts

One of the clearest ways in which socio-economic related changes influence the impacts of
climate events is through changing infrastructure and population exposure through time. In
several COMPASS use cases, demographic and economic expansion dramatically magnified the
impacts of extreme events. For storm Xynthia, the attribution analysis showed that economic
growth since the 1950 baseline increased economic losses by 633%, far exceeding the roughly
10-12% increase attributable to climate change (Jack, C. et al, 2025). Population growth since
1950 added a further 45-48% to the scale of impact. In the UK winter storms case, population
exposure increases were primarily driven by the increasing population density, not by expanding
climate-induced hazard footprints (Jack, C. et al, 2025).

In the Luton Airport heatwave (2022), rapidly increased airport usage- passenger numbers
increased nearly sixfold since the 1980 baseline- drove passenger exposure increases, amplifying
the socio-economic consequences of heat-induced runway failure beyond what climate trends
alone would imply. These cases illustrate that exposure trajectories often dominate the trend in
disaster impacts, even when climate hazards have intensified due to climate change.

Vulnerability plays a dual role in buffering or exacerbating impacts

Vulnerability is a multi-dimensional complex attribute and is influenced by both physical factors
such as state of infrastructure, as well as non-physical factors such as strength of local
governance, levels of poverty, risk awareness and preparedness, conflict and security,
displacement, and access to health services. Beyond changes in exposure, the COMPASS use
cases have highlighted the role of vulnerability in Shaping how hazards translate into impacts:

e Inthe case of storm Xynthia, vulnerability, assessed through evaluation of changing impacts
over time, was found to have reduced since a 1950s baseline. This reduction was likely a
result of improved preparedness and protection infrastructure. Reduced vulnerability was
estimated to offset 56—66% of the combined impact of climate change and exposure growth,
though with large uncertainties due to difficulties quantifying vulnerability.

e Inthe Honduras use case, qualitative assessments including expert interviews, revealed that
violence, insecurity, and COVID-19 prevented evacuation, hindered early warning
dissemination, and obstructed emergency response, increasing thus vulnerability and
consequently increasing the resultant impacts on human wellbeing.

e In the Mozambique cases, similar qualitative analysis demonstrated that vulnerability was
significant, driven by high levels of poverty, food insecurity, weak infrastructure, political
fragility, and rapid informal land-use change. This vulnerability increased the impacts of
tropical cyclones, including loss of livelihoods and damage to infrastructure, creating
reinforcing cycles in which each event erodes community resilience and raises future risk.


https://compass-climate.eu/Public%20Deliverables/D4.1_Hazard%20and%20Impact%20Synthesis%20and%20Attribution%20for%20Phase%20I%20use%20case.pdf
https://compass-climate.eu/Public%20Deliverables/D4.1_Hazard%20and%20Impact%20Synthesis%20and%20Attribution%20for%20Phase%20I%20use%20case.pdf
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These examples show that vulnerability can either buffer or magnify climate-related hazards.
Extreme climate events compounding with high vulnerability can create cycles of ongoing
vulnerability or even increasing vulnerability through time.

Compounding events and socio-economic factors shape impact cascades

Extreme events rarely produce impacts through a single, isolated mechanism; instead, losses
emerge from sequences of compounding shocks and cascading effects shaped by underlying
socio-economic conditions. Across the COMPASS use cases, these compounding and cascading
dynamics were consistently observed, highlighting the importance of analyzing how events
interact with socio-economic systems over time. In the Honduras use case the rapid succession
of tropical cyclones Eta and lota, within 2 weeks, created temporal compounding, as earlier
impacts weakened communities’ ability to respond to the subsequent event. The Honduras and
the Mozambique use cases both highlighted how socio-economic factors influence the way
impacts cascade. Factors that contribute to high vulnerability, such as limited access to health
services, contribute to the cascade of impacts from initial first order impacts such as flooding of
homes through to cascading impacts on infectious disease outbreaks, education, livelihoods, and
poverty.

In the COMPASS use cases where climate vulnerability is significantly lower, such the UK winter
storms and storm Xynthia in France, these long cascades of impacts tend to be constrained by
rapid and effective disaster responses, resilient sanitation infrastructure, effective health
services, and less climate vulnerable livelihoods. Where governance, infrastructure, and services
are stronger cascades are shorter and more effectively contained.
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Fig. 1. Causal map of impact pathways and vulnerability factors based on retrospective analysis
of Eta and lota impacts in Honduras.

Data Scarcity Limit Accurate Attribution

Accurate attribution of impacts requires reliable information not only on hazards but also on the
socio-economic systems they affect; however, in many contexts these data are incomplete,
inconsistent, or entirely absent, limiting thus our ability to disentangle climate drivers from socio-
economic drivers and increasing uncertainty in quantifying their relative contributions. This key
challenge, i.e. the limited availability of high-resolution, time-series socio-economic datasets that
are essential for reconstructing exposure and vulnerability dynamics through time has emerged
in many of the COMPASS use cases. While data on populations are available in some countries,
disaggregated population data at finer spatial scales is often lacking and more in-depth
information on household income or other proxy measures of household vulnerability are often
not available significantly increasing the uncertainties around the contribution of non-climate
factors to the event impacts. Equally important is the lack of data on infrastructure conditions
and functionality, land use change (especially informal land conversion not captured by official
planning systems, and access to healthcare and emergency services. These parameters strongly



Deliverable 7.6 — Policy attribution Brief 1l: Why socio-economic complexity must be central in
the climate attribution of past extreme events

influence vulnerability but are seldom captured in national datasets. In many regions there is also
limited information on informal settlements, which may grow rapidly without official
documentation. Their population size, structure, and building quality remain largely unknown,
yet they often represent some of the most vulnerable areas. The lack of consistent time-series
exposure datasets -linking populations, assets, and infrastructure across decades- limit our ability
to create robust socio-economic counterfactuals. These data limitations substantially increase
uncertainties in attribution of non-climate drivers and can lead models to over-rely on the climate
signal simply because hazard datasets are more complete. Strengthening socio-economic data
infrastructure is therefore essential to improve attribution accuracy and inform effective
adaptation strategies.

Why Socio-Economic Complexity Matters for Policy and Adaptation Decisions?

Effective climate-risk governance requires understanding not only how hazards are changing, but
how socio-economic systems create, concentrate, or redistribute risk. When attribution focuses
solely on climate drivers and overlooks the governance, planning, and socio-economic structures,
it can lead us to misinterpret the root causes of losses and risks and motivate misdirected
responses. This further undermines the development of coherent adaptation policies. As the
COMPASS use cases show, in some events exposure or vulnerability contributed multiple times
more than climate change to total losses. This is not to minimize the important role climate
change is playing in increasing the impacts of extreme events; however, it is important to
consider all driving factors in developing and implementing appropriate and effective responses.

Overestimating climate influence may lead to maladaptation or misallocation of resources.
Underestimating socio-economic drivers can hide structural inequalities that exacerbate impacts.
Integrating socio-economic complexity yields attribution results that better reflect real-world
impact drivers. In line with the EU Adaptation Strategy and the principles of the Sendai
Framework, attribution must therefore account for socio-economic complexity to inform
decisions that reduce risk systemically rather than merely reacting to individual hazards.

Policy Recommendations

Based on COMPASS evidence and gaps identified across the use cases, the following
recommendations aim to strengthen integration of socio-economic complexity in attribution
frameworks and adaptation policy.

Integrate Socio-Economic Drivers Systematically into Attribution Frameworks

e Expand modelling to include counterfactual socio-economic scenarios, not only climate
counterfactuals.
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Use mixed-methods approaches, combining quantitative modelling with qualitative
analysis and promoting co-production with local stakeholders (e.g., stakeholder
interviews, causal mapping).

Enhance representation of vulnerability within models, beyond generic damage
functions.

Integrate impact-chain or systems-based modelling to capture cascading effects.

Invest in Socio-Economic and Exposure Data Infrastructure

Develop high-resolution, time-series datasets for exposure, land use, informal settlement
growth, and infrastructure conditions.

Prioritize data-scarce regions where climate impacts are highest but modelling accuracy
is lowest.

Support national data systems by investing in the capacity of statistical offices and line
ministries to collect, maintain, and regularly update high-resolution socio-economic and
infrastructure datasets essential for accurate attribution and adaptation planning.
Strengthen open-data governance and EU-wide interoperability standards to ensure that
socio-economic, land-use, and infrastructure datasets are accessible, regularly updated,
and harmonized across countries.
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