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Acronym

AI artificial intelligence

BCR benefit-cost ratio

BKK Federal Office for Civil Protection

BMEL Federal Ministry of Food and Agriculture

BMF Federal Ministry of Finance

BMI Ministry of the Interior

BMZ Federal Ministry for Economic Cooperation and Development

CPS Climate Policies Scenario

DRM disaster risk management

DRR disaster risk reduction

DWD German Meteorological Service

EFFIS European Forest Fire Information System

EU European Union

EWS early warning system

GDP gross domestic product

HHAP Heat Health Action Plan

HHWS Heat Health Warning System

km(2) (square) kilometers

Natech nature and technology

NHWSP National Flood Protection Programme 

UHI urban heat island

WBGT wet bulb globe temperature

WBW Scientific Advisory Board on Forest Policy



﻿3

Acknowledgments 

This report forms part of technical assistance under the Technical Assistance Financing Facility (TAFF), financed by 
the European Commission—Directorate-General for European Civil Protection and Humanitarian Aid Operations—and 
implemented by the World Bank and the Global Facility for Disaster Reduction and Recovery (GFDRR). This technical 
assistance is being delivered in partnership with the German Federal Office of Civil Protection and Disaster Assistance 
as part of the 2024 TAFF allocation for country-specific activities, under the title “Return of Investments in Disaster 
Resilience Measures: Identifying measures & generating evidence to inform decision-making in Germany”.

This report was prepared by a team of World Bank staff and experts, led by Jun Rentschler, with Solene Dengler, 
Christoph Klaiber, Farah Soraya Ridanovic, and Tianyu Zhang. Key inputs were provided by Nadia Leonova, Tara Juarros 
Lukic, Celestinah Odebunmi, Zahraa Saiyed, and Patty Mengjue Zhu. The analysis on heat risks was conducted by a 
team from Climate Analytics, led by Anne Zimmer and Jessie Schleypen, with Camilo Gomez Zapata, Flavia Grasso, 
Melania Guerra, Rosanne Martyr, Ann-Kathrin Petersen, Lennart Quante, Sylvia Schmidt, and Zachary Zeller. The 
analysis on flood exposure benefited from crucial inputs by Mattia Marconcini of the German Aerospace Center (DLR). 
Valuable inputs, data, feedback, and suggestions were also received from  Annegret Thieken (Potsdam University), 
Alexander Held, Lindon Pronto (both European Forest Institute), Raimund Engel, Norman Barth (both Landesbetrieb 
Forst Brandenburg), as well as stakeholders from municipal governments in Berlin, Cologne, Dusseldorf, Frankfurt a. 
M., Hamburg, Leipzig and Munich. Valuable feedback and peer review comments were provided by Elif Ayhan, Bramka 
Jafino, Nick Jones, Melanie Kappes, Malcolm Mistry, and Zuzana Stanton-Geddes. The report was produced under 
the overall guidance and leadership of Anna Akhalkatsi and Peter Ellis. The report was edited by Lucy Southwood and 
designed by Ariane Kascha.

The team extends their particular thanks to Katrin Hänsel, Nina Köksalan, and Laila Kühle of the Office of the National 
Focal Point for the Sendai Framework at the Federal Office of Civil Protection and Disaster Assistance (Bundesamt für 
Bevölkerungsschutz und Katastrophenhilfe, BBK) for their guidance and support from the inception of the project and 
throughout its implementation. 



4 Executive Summary

EXECUTIVE SUMMARY
In a rapidly evolving risk landscape, Germany faces the need to enhance its disaster and emergency preparedness 
capabilities. The country faces rapidly evolving natural hazards. Extreme climate events are already inflicting massive 
damage, with economic losses estimated to exceed €80 billion in the period from 2018 to 2022 alone.1 Climate hazards 
are projected to further intensify, estimated at €280–900 billion by 2050.2 Yet natural shocks rarely occur in isolation, 
as technological, public health, economic, and geopolitical factors amplify complex, compound and cascading risks. As 
global risks—from conflicts and cyber disruptions to extreme weather and resource shocks— increasingly intersect, 
Germany is confronted with the need to strengthen multi-hazard disaster risk management (DRM) and civil protection 
systems to manage complex, cascading crises.3 Modern emergencies often span multiple sectors, overwhelming 
traditional response mechanisms. From floods that destroy fire stations or disrupt people’s access to hospitals to 
wildfires affecting industrial plants – compounding shocks overwhelm critical infrastructure and essential services, 
straining the economy and disproportionately affecting vulnerable people.4 

This report presents a strong economic case for investing in disaster and emergency preparedness. Specifically, 
this report aims to help policymakers identify and prioritize the most urgent and cost-effective opportunities to bolster 
the country’s resilience, thereby improving preparedness not only for climate-related disasters, but for a wide range of 
future shocks. It also emphasizes the high benefit-cost ratios (BCRs) and multiple benefits of resilience investments 
that can arise regardless of whether a disaster hits.5 The report shows that as risks in the country evolve, so too must 
the solutions, thus requiring continuous efforts to monitor risks and strengthen civil protection capabilities. Investments 
in Europe consistently demonstrate high economic returns, with benefit-cost ratios (BCRs) ranging from €2–10 per €1 
invested.6 Results from the literature and the new analysis presented in this report show that, in Germany, every €1 
invested in disaster preparedness and prevention yields a median economic return of €2–6 for lower-bound and upper-
bound estimates, with some individual estimates being as high as €500 (figure 1).7

Figure 1. Average benefit-cost ratios (BCR) of wildfire, flood, and heat adaptation measures in Germany

Wildfires

BCR (log10 scale)

Heat

Floods

Information systems and planning

Emergency response

Nature-based solutions

Infrastructure resilience

Wastewater management

Structural and nature-based solutions (hybrid)

Infrastructure resilience

Information systems and planning

Information systems and planning

Source: World Bank team. 

Note: BCR ranges are aggregated and averaged from numerous case studies and analyses, including from scientific literature and original analysis 
conducted for this report. Where BCR exceeds 1, the benefit of an intervention exceeds the costs (e.g., an intervention with a BCR of 2 has benefits 
exceeding costs by a factor 2).

€2–6 
Economic benefits of 
every €1 invested in 
resilience
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Table 1. Summary of key recommendations for strengthening multi-hazard preparedness

Actors and sectors Recommendations and priority policy actions 

Strengthen resilience against compound, cascading multi-hazard risks 

Key sectors: DRM, civil protection, building 
and infrastructure 

Enhance multi hazard-risk informed planning through vulnerability and benefit-cost analytics, 
cross-sectoral contingency planning, resilience of infrastructure and buildings 

Key sectors: DRM, civil protection Strengthen multi-hazard information and early warning systems through enhancing notably 
situational awareness and community preparedness

Prevent increase of flood exposure and impacts 

Key sectors: Infrastructure, civil protection, 
transportation, water

Enhance comprehensive flood protection measures, prioritizing underprotected areas and 
strengthening infrastructure and critical services, using green/grey solutions

Key sectors: Building and infrastructure, 
spatial planning

Support flood resilient settlement development by enforcing risk informed land use, spatial 
planning, building regulations, and incentivizing insurance uptake

Key sectors: DRM, civil protection Enhance public preparedness to floods, by promoting contingency planning of civil protection 
and critical infrastructure systems and enhancing FEWS effectiveness 

Ensure awareness and preparedness against extreme heat 

Key sectors: Infrastructure, urban planning, 
health, civil protection

Enhance local heat prevention and preparedness guided by city-level Heat Health Action Plans 
for heat reduction measures and response planning 

Key sectors: Civil protection, health, buildings, 
legislation

Tackle heat-related productivity and health impacts, including heat protection equipment, 
labor protection regulations, retrofitting buildings and enhancing HEWS 

Support wildfire resilience of forests, people and assets 

Key sectors: DRM, civil protection, building 
and infrastructure

Manage wildfire exposure of settlements and infrastructure by identifying high-risk 
settlements and assets, and enhancing preparedness and contingency planning 

Key sectors: Environment, forestry Enhance wildfire resilience of forests and ecosystems by implementing ecosystem 
management and wildfire prevention measures in exposed areas 

Key sectors: DRM, civil protection Strengthen wildfire preparedness and effective response through scenario planning for 
natural-technological hazards, enhancing rapid detection and public awareness 

Source: World Bank Team

The complex intersection of natural and technological (Natech) hazards presents a significant and escalating 
national security concern for Germany’s highly industrialized landscape. Critical infrastructure is highly exposed 
to multiple hazards, with thousands of kilometers of roads and powerlines exposed to landslide, flood, and wildfire 
hazards.8 Germany also has Europe’s largest wildland-industrial interface area and a high concentration of hazardous 
industrial sites,9 with high potential for cascading Natech disasters. The 2019 Brandenburg fires, which affected a 
biogas park and led to large-scale evacuations, and chemical contaminations caused by the 2021 flood are reminders 
that these threats are real.10 Proactive resilience investments—in early warning, awareness raising, integrated crisis 
coordination, and resilient infrastructure—but also enhanced coordination across federal, state and local levels are 
essential to prevent catastrophic future losses, safeguard people, maintain essential services, and preserve public trust. 

Floods remain Germany’s costliest extreme weather event and require a stepping up of integrated flood risk 
management strategies and accelerated civil protection capabilities in underprotected areas. Flood damage 
totaled an estimated €71 billion between 2000–21, with the 2021 flash flood accounting for over €40.5 billion.11 
Climate change is projected to increase the frequency of extreme events, particularly heavy rain flooding in urban and 
central areas. Settlement growth increased in areas with extreme flood risk by 9.5 percent between 2016 and 2025, 
while many municipalities (Gemeinden) exhibit insufficient levels of structural flood protection (dikes).12 Upgrading 
protection infrastructure in underprotected communities may take years, highlighting the urgent need for enhanced 
flood preparedness and civil protection measures. Flood exposure also puts civil protection infrastructure and services 
at risk, as demonstrated during the 2021 Ahrtal floods, with cascading effects on health, education, and emergency 
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response capacities. An exposure analysis undertaken for this report indicates that several thousand fire and police 
stations, as well as health care facilities are located in flood zones. Flood adaptation measures are highly cost-effective 
(with median benefits exceeding costs by a factor of 2.25 to 7.6), including soft measures like early warning systems 
(EWS) and last mile communication, returning up to €45 for every €1 invested.13 Yet, as 46 percent of early warning 
recipients during the 2021 Ahrtal floods did not know how to react, interventions are urgently needed to enhance public 
preparedness and risk information. 

Extreme heat is a rapidly intensifying public health and productivity threat, particularly in urban areas, 
demanding the nationwide scaling up of high-yield adaptation measures. The 2018 and 2019 heat events caused 
an estimated €34.9 billion in losses and contributed to over 15,000 deaths.14 Projections indicate that the seven 
largest German cities alone could see approximately 1,080 heat-related deaths annually by 2100 under current climate 
mitigation policies.15 In 2025, only about 25 out of several thousand municipalities have a Heat Health Action Plan in 
place, and most municipalities have limited experience and track records of implementing such plans. Action is needed 
to strengthen the effectiveness and reach of the national Heat Health Warning System (HHWS), which can yield returns 
on investment of up to around €199 for every €1 invested, and targeted urban greening based on high-resolution heat 
modeling. Ultimately, fully integrating heat adaptation into urban planning, health policies, labor protection, and civil 
protection strategies across all levels of government is crucial for building climate-resilient cities that can protect their 
populations and economies in a hotter climate.

Wildfire risk is escalating rapidly across Germany, necessitating targeted investments in early detection 
technology and long-term forest resilience to protect highly exposed critical assets. The 2025 fire season 
recorded the largest annual area burned in history (over 5,400 hectares).16 A high share of critical assets—including 
thousands of kilometers of road networks and power lines and 36 percent of emergency-response facilities (police 
stations, fire stations, education facilities, and health care facilities)—is in areas of high to very high wildfire hazard.17 
Quantitative analysis confirms the economic case for proactive investment: the automated FireWatch early detection 
system yields an estimated BCR of €3 for every €1 invested today, projected at €4 or €7 under future warming 
scenarios.18 With a BCR of 3.7, rapid aerial suppression also offers a high return, preventing up to €27,400 in combined 
damage and response costs per incident. Technological investments need to be coupled with a shift from vulnerable 
monoculture to climate-smart forests for resilience. Wildfire risk management requires a sustained, multilevel investment 
strategy that prioritizes cost-effective interventions and long-term forest adaptation to prevent escalating climate risks.

Strengthening emergency preparedness and civil protection while building infrastructure and ecosystem 
resilience provides a robust path forward, delivering tangible benefits both in the presence and absence of 
disasters. Germany has a solid policy and institutional foundation for emergency preparedness, but needs to accelerate 
the implementation of strategies and investments, including at local level with support from national level agencies. 
New evidence presented in this report highlights the economic value of investments that strengthen critical networks, 
emergency services and community preparedness against climate shocks and complex events. Preparedness measures 
bridge prevention and response, addressing compound risks, improving early warning reach, and enforcing spatial 
planning. Policy should also prioritize resilient infrastructure through vulnerability-informed prevention, contingency 
planning, and stronger civil protection capacity. Designing protection measures should consider a mix of gray and green 
measures in sectoral plans—such as urban greening and nature-based solutions—to maximize long-term benefits, 
recognizing these require cross-stakeholder cooperation and have long lead times.

With escalating climate impacts and future cumulative climate costs projected to reach up to €900 billion by 2050, 
proactive investment in multi-hazard resilience is an economic imperative for Germany. Effective civil protection is 
not just about natural hazards: it is a cornerstone of national resilience in the face of overlapping risks. To identify concrete 
priorities towards this objective, this report draws on a host of new analyses and on a systematic review of the existing 
literature. The resulting recommendations for enhancing resilience (Table 1) are not only urgent in the face of rapidly evolving 
risks, but also make economic and political sense as they help to safeguard people, critical assets, and economic productivity. 
Overall, the benefit-cost ratios presented in this report provide an indication of the strong economic case for investing in 
resilience that can be expected on average in Germany, though it cannot replace detailed risk-informed investment appraisals 
for specific contexts and cases.
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SUMMARY REPORT

1.	 Investing in preparedness in a rapidly evolving  
risk landscape

Germany faces an urgent need to strengthen its preparedness and response systems to protect people, 
infrastructure, and the economy from compounding shocks. The country is in the heart of Europe, the world’s 
fastest-warming continent, where climate change is amplifying the frequency of extreme weather events, such as 
floods, heatwaves, and droughts.19 As this report shows, the risks emanating from these natural hazards are often 
aggravated by a lack of risk-informed planning practices – for instance with accelerated construction in flood zones. 
Moreover, natural hazards are increasingly intersecting with other risks—from energy price shocks and supply chain 
disruptions to cyberattacks and geopolitical instability—creating a complex and rapidly evolving risk landscape (figure 2). 

As risks in the country evolve, so too must the solutions, requiring continuous efforts to strengthen and 
maintain civil protection and emergency management capabilities. Yet public resources are limited and must 
be used strategically. Strengthening resilience is not only about spending more; it is also about investing smarter by 
deploying evidence-driven approaches to prioritize the most cost-effective solutions. This requires careful evaluation of 
where preparedness gaps are most critical, which interventions yield the highest social and economic returns, and how 
cross-sectoral coordination can maximize the impact of every euro invested.

Figure 2. European regions exposed to multihazards, identified absolute population exposure

Source: Antofie, T E, Luoni, S, Tilloy, A, Sibilia, A, Salari, S, Eklund, G, Rodomonti, D, Bountzouklis, C, and Corbane, C. 2025. Spatial Identification of 
Regions Exposed to Multi-hazards at the Pan-European Level. Natural Hazards and Earth System Sciences 25(1): 287–304. 

Note: Hazard exposure considers river flooding, landslides, coastal inundation, earthquakes, subsidence, and wildfires.

https://doi.org/10.5194/nhess-25-287-2025
https://doi.org/10.5194/nhess-25-287-2025
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The objective of this report is to inform these decisions by compiling the most recent evidence on Germany’s 
evolving climate and disaster risks, and quantifying the economic benefits of targeted resilience investments. 
By linking scientific risk analysis with economic appraisal, the report aims to help policymakers identify and prioritize 
the most urgent and cost-effective opportunities to bolster the country’s resilience, thereby improving preparedness not 
only for climate-related disasters, but for a wide range of future shocks. This summary report synthesizes the finding 
of several in-depth technical studies, including on evolving urban flood exposure trends, urban heat adaptation, wildfire 
resilience, and multi-hazard early warning systems. This report also provides the first systematic review of benefit-cost 
ratios of multi-hazard resilience measures in Germany, but emphasizes the need for further research on this topic.

This report provides a comprehensive overview of Germany’s compound and natural hazard landscape and 
the economic rationale for investing in disaster risk reduction and preparedness. It starts with a discussion of 
compounding multi-hazard risks and cascading impacts under climate change, followed by three chapters that focus 
on three main climate risks in the country: floods, heatwaves, and wildfires. For each hazard, the report presents the 
current and future risks and impacts, outlines the policy frameworks in place and describes the potential gaps and 
opportunities, and presents benefit cost ratios (BCRs) from economic assessments of various adaptation measures, 
including from scientific literature and original analysis conducted for this report. The final section summarizes the 
priority actions needed to enhance multi-hazard resilience.
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2.	 Compound risks: shocks never occur in isolation and 
can reinforce each other

Exposure and Impacts: Germany is experiencing compounding multi-hazard impacts with cascading impacts

Germany faces rapidly evolving natural hazards, driven by climate change. Extreme climate events have already 
inflicted massive damage, with economic loss estimated to exceed €80 billion in 2018–22 alone, including the 
devastating 2021 Ahrtal flood (over €40 billion) and the drought and heat impacts from 2018–19 (over €35 billion).20 
Wildfires, once rare, are intensifying, and the 2,400 fires over 3,000 hectares the country experienced in 2022 were 
far above average.21 The cumulative costs due to climate change for 2022–50 are projected at €280–900 billion, 
representing a 1.5- to 5-fold increase in the average annual costs of extreme events compared to the last two 
decades.22 Extreme compounding heat and drought years could become almost 10 times more frequent in Germany 
over the next 50 years, with much higher temperatures and precipitation deficits.23 Many regions in Germany, such as 
the Upper Rhine Valley, are exposed to multiple hazards, leading to compound and cascading risks and amplified 
disaster losses and impacts (figure 3), a general trend across Europe.24 

Figure 3. Germany’s mid- and long-term multihazard climate risk hotspots 

a) Mid-term extremes  
(2031–60)

b) Mid-term changes  
(2031–60)

c) Long-term extremes  
(2071–2100)

d) Long-term changes  
(2071–2100)

Hotspots weighted (%)

Source: KWRA 2021

Note: The climate parameters considered were: high mean annual temperature; number of hot days; number of tropical nights; low annual precipitation; 
number of dry days; days with heavy rainfall. The significance of these climate parameters were examined for all climate impacts. Data basis: 85th 
percentile of the processed German Meteorological Service (DWD) reference ensemble v2018 (Brienen et al. 2020)25 for the RCP8.5 scenario of the 
IPCC AR5 (IPCC 2013).26 100% means a threshold-breaking value for all climate parameters.

The cascading impacts of climate shocks can quickly overwhelm critical infrastructure and services, increasing 
the risk of simultaneous failures across sectors and severe consequences for people and the economy. Critical 
infrastructure, assets, and networks are highly exposed to compounding hazards with the potential for natural shock-
induced technological (Natech) disasters. A World Bank analysis of natural hazard exposure in Europe shows that a 
substantial share of Germany’s critical infrastructure assets is exposed to one or multiple hazards, including wildfires, 
landslides, and floods.27 For road networks, while about 3 percent of Germany’s road assets are exposed to flood 
hazards, this risk is compounded by other hazards including landslides and wildfires, with propagating disruptions 
to mobility and access. For several key economic sectors, these high levels of multihazard exposure are projected to 
translate into substantial impacts under climate change, particularly without decisive adaptation measures (table 2).28 
Germany has Europe’s largest wildland-industrial interface area, indicating a potential for intensified impacts and 
damages when wildfires intersect with hazardous industry.29 These escalating risks pose a significant security concern, 

€80 billion 
Economic losses 
from climate shocks 
(2018–22)

1.5–5 times 
Expected increase 
in average annual 
costs of extreme 
events due to climate 
change by 2050 

https://www.umweltbundesamt.de/themen/klima-energie/klimafolgen-anpassung/folgen-des-klimawandels/risiken-anpassungspotential


Summary report10

showcasing vulnerabilities in critical lifeline networks, including water, power, transport, and telecommunications.

Disruptions in Germany’s highly interconnected industrial hubs will reverberate along European value chains, 
with vast cross border implications. Climate change-driven low water levels on key inland waterways, such as 
the Rhine, severely disrupt water transport and have significant national economic impacts for industry or tourism, 
leading to an estimated 0.2–0.25 percent reduction in Germany’s GDP during major drought events in 2018 and 
2022.30 Compound events in a constrained window can overwhelm infrastructure operation given potential conflicting 
demands—such as safety, services, environmental protection, or infrastructure maintenance— as observed during the 
COVID-19 pandemic, especially when concurrent across Europe or concentrated in subregions.31 The economic fallout 
for the European Union (EU) from the cross border impacts of climate change on trade is estimated to be as high as 
€27.4 billion per year in a 3°C warming scenario.32

Table 2. Climate risks by impact types and sectors without and with adaptation measures

Action field

Climate risks without 
adaptation

Climate risks with 
adaptation	

Climate risks with 
adaptation	

With APAIII+ measures
With more far-reaching 
adaptation

Middle of the century Middle of the century Middle of the century

Weaker 
climate 
change

Strong  
climate 
change

Weaker 
climate 
change

Strong  
climate 
change

Weaker 
climate 
change

Strong  
climate 
change

Biodiversity  medium  medium-high  low-medium  medium-high low  medium

Soil low-medium  medium-high  low  medium  low  low-medium

Agriculture medium  high  low-medium  high  low  medium

Forestry medium  high  low-medium  high  low  medium-high

Fisheries medium  high  low-medium  medium-high  low  medium-high

Coastal and marine protection medium  high  low-medium  medium-high  low  medium

Water balance, water management medium  high  low-medium  medium-high  low  medium

Construction medium  medium-high  low-medium  medium  low  low-medium

Energy industry low  low  low  low  low  low

Transport, transport infrastructure low  medium  low  low-medium  low  low

Industry and commerce low  medium  low  medium  low  low

Tourism low  medium  low  medium  low  low-medium

Human health medium   low  medium  low  medium

Source: UBA (2022) Link; KWRA (2021). Climate Impact and Risk Assessment (technical report in German, summary report in English)

Note: APAIII+ measures refer to measures included in the Federal Government’s Adaptation Action Plan III and additional measures.

Compound climate hazards disproportionately affect vulnerable sectors and marginalized groups, exacerbating 
social inequality across Germany. Climate impacts interact with social risk drivers, making sectors such as human 
health (particularly in urban areas) and agriculture highly vulnerable to combined heat and flood hazards.33 Socially 
vulnerable groups, such as low-income households and people with disabilities, often live in higher-risk areas with 
limited access to protective resources, increasing their exposure and reducing their preparedness.34 They also tend 
to be employed in jobs with higher exposure, such as construction or agriculture, which are more exposed to heat 
risks. The intensification of climate disasters increases their losses and damages, amplifying existing social inequality. 
Cascading Natech events, such as toxic releases following a flood, also disproportionately harm these communities 
through long-term health burdens, loss of economic livelihoods, such as fishing and agriculture, and necessary 
evacuations.35 Proactive investments are essential to address these intertwined social and economic justice issues.

https://www.umweltbundesamt.de/themen/klima-energie/klimafolgen-anpassung/folgen-des-klimawandels/risiken-anpassungspotential#anpassungspotentiale-was-kann-getan-werden
https://www.umweltbundesamt.de/themen/klima-energie/klimafolgen-anpassung/folgen-des-klimawandels/risiken-anpassungspotential
https://www.umweltbundesamt.de/sites/default/files/medien/479/publikationen/cc_27-2021_climate_impact_and_risk_assessment_2021_for_germany_english_summary_bf.pdf
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Natural hazards need to be seen—and managed—as part of a wider risk landscape

Natural shocks rarely occur in isolation, as technological, public health, economic, and geopolitical factors 
amplify complex, compound, and cascading risks. The World Economic Forum’s Global Risks Report 2025 assesses 
risks across five categories—economic, environmental, geopolitical, societal, and technological—emphasizing how 
shocks in one domain can cascade through systems (figure 4). It highlights a world marked by escalating conflict and 
geoeconomic fragmentation, which strain already fragile economies, while in the longer term, the risk landscape is 
dominated by climate and environmental factors. Evidence for Germany and Europe at large highlight that these are not 
isolated threats but interdependent, compound risks.36 Rapid technological change, particularly artificial intelligence 
(AI), intersects with these dynamics, offering resilience tools but also creating new vulnerabilities. Given its high 
population density and industrialization, it is vital Germany identifies and manages these hazards as part of a single, 
interconnected risk landscape.37

The increasing frequency of compound natural hazards is creating escalating risks of catastrophic Natech 
accidents, particularly in highly industrialized nations like Germany, where such events can multiply losses. A 
Natech accident occurs when a natural hazard triggers a dangerous technological incident. Germany’s unique vulnerability 
stems from its high population and industrial density—especially along its river basins and close to forests—combined 
with a high concentration of Seveso-registered sites, which are industrial facilities that handle or store large quantities 
of dangerous substances, such as chemicals, fuels, or explosives, covered by the EU Seveso Directive (2012/18) on the 
control of major-accident hazards involving dangerous substances.38 Many wildfire-vulnerable assets in Germany are 
close to forests.39 The 2019 Brandenburg wildfires threatened a biogas park, requiring 480 military helicopter missions 
for extensive emergency operations.40 Flood events also exacerbate environmental pollution: during the 2021 Ahrtal flood, 
debris and flood waters were contaminated with significant amounts of diesel, oil, and sewage.41 As climatic extremes 
coincide with industrial activity, the risk of cascading Natech disasters rises significantly, affecting military installations 
and operations, and adding a layer of concern for Europewide security and defense in the current geopolitical context.42

Figure 4. Global risks, ranked by severity over the short and long terms

Source: World Economic Forum 2025 Global Risks Report 2025

Cascading failures multiply losses across systems, encompassing direct property damage, supply chain 
disruption, digital failures, and immense long-term intangible costs like environmental contamination and 
public health crises. A flood affecting multiple chemical facilities, or droughts stressing energy systems, could multiply 
financial impacts through mass evacuations and toxic releases.43 The 1986 Sandoz disaster, triggered by a fire, polluted 
the Rhine with chemical spills, killing aquatic life along 200 kilometers and impairing drinking water in four countries.44 
A significant portion of losses from past natural hazards are already attributed to industrial disruptions.45 Studies 
confirm a clear global increase in recorded Natech events, with impacts particularly high in industrialized European 
countries.46 Similarly, digital disruptions can paralyze critical infrastructure precisely when coordination is most vital. 
Germany’s civil protection and emergency management increasingly rely on digital networks for communication, data, 

http://weforum.org/publications/global-risks-report-2025/
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and logistics, making them vulnerable to cyberattacks, power outages, or damaged equipment. Strengthening digital 
operational resilience, as promoted under the EU’s Digital Operational Resilience Act, is essential for effective disaster 
preparedness and response. Ensuring redundant communication, protected data systems, and coordinated cyber-
incident response must become integral parts of civil protection.

Germany has developed a solid legal framework and cross-sectoral approach to DRM, characterized by shared 
federal and state responsibilities, but it faces challenges in the consistent integration of complex compound 
risks. The national system is anchored by the Federal Civil Protection and Disaster Assistance Act47 and Federal Climate 
Adaptation Act,48 which mandate nationwide risk analysis and the development and implementation of the German Climate 
Adaptation Strategy.49 Prevention measures—including technical solutions, ecosystem-based approaches, and soft 
measures—are implemented cross-sectorally across areas such as environment, health, spatial planning, and transport.50 
Preparedness and response (training, emergency operations, awareness-raising, and EWS) are carried out at state level, 
supported by the Federal Government.51 Germany also actively contributes to implementing EU-level frameworks, including 
the EU Civil Protection Mechanism for response coordination, the Seveso III Directive on Industrial Hazards, the Critical 
Entities Resilience Directive for Essential Services, and EU Directive 2024 on Disclosing Disaster-related Contingent 
Liabilities.52 This structure, supported by the Federal Office of Civil Protection and Disaster Assistance (BBK), which plays 
a central coordination role, aims to enhance multihazard resilience and preparedness capacity.53

Despite robust policies, gaps remain in fully integrating compound risks into emergency response planning, 
including drills or resource pre-positioning required for strengthening civil protection for complex, cascading 
crises. While the Seveso III Directive covers external hazards, technical rules for guidance for chemical accident 
prevention lack specific wildfire requirements and the EU’s 2025 Preparedness Strategy faces limitations in consistently 
integrating compound and Natech risks into national and site planning.54 Existing risk assessments and land-use 
planning are not fully equipped to manage the intersection of wildfire and hazardous industry—a vulnerability 
highlighted by limited industry planning for climate-amplified risks.55 After the biogas event in 2019, forest authorities 
started taking preventive forest management actions, such as safe access roads for emergency services, but there is 
scope for such actions to be scaled up. With an estimated 2,000 tons of unexploded ordnance unearthed in Germany 
each year, improvements in civil protection are also key to ensure safe access for emergency responders.56

Implementation of measures can also be hindered by coordination challenges stemming from Germany’s 
multi-layered governance structure. Responsibilities for disaster risk management and climate adaptation are 
distributed across federal, state, and municipal levels. While this approach allows for tailored local action, it often leads 
to inconsistencies in the implementation of legal instruments and resilience strategies across regions. Differences in 
local priorities, resource availability, and administrative capacity can delay or fragment the rollout of critical measures. 
Additionally, effective coordination is further complicated by the need for cross-sectoral collaboration—spanning 
civil protection, infrastructure, health, environment, and private stakeholders—especially when addressing complex, 
compound, and cascading risks. Closing these coordination gaps is essential for scaling up cost-effective, integrated 
resilience investments and ensuring that national strategies translate into effective local action.

Strengthened civil protection is not just about disaster response; it is a cornerstone of national resilience in the 
face of overlapping risks. In Germany’s dense, high-value industrial landscape, proactive resilience investments are 
indispensable for sustaining prosperity and security. A multistakeholder approach would help strengthen preparedness 
by revising regulations and integrating compound risks into land use planning, information, EWS, and trainings; industry 
implementing protective zones and shutdown protocols based on vulnerability assessments; and emergency services 
adapting strategies for large-scale hazards near hazardous sites.57 Crucially, joint exercises should combine interacting 
hazards in one scenario to support cross-sectoral readiness and reduce the escalation of risks.58

Cascading and compound disasters cannot be assigned precise probabilities like for single-hazard shocks, 
and need to be planned for through “what-if” extreme scenarios and dedicated financing. Thus, compound 
shocks need to be integrated explicitly into planning, and decision-making mechanisms for civil protection and critical 
services across Germany. Another challenge is that compound cascading risks resulting from natural disasters are 
not explicitly covered in budgets. Despite spending an estimated €2.1–3.4 billion on climate adaptation in 2022, the 
integration of adaptation spending in the federal budget is limited and often non-explicit. Strengthening and clarifying 
these financial expenditures is vital to incentivize risk reduction and climate adaptation investments in the private sector 
and manage the escalating risks from compound, cascading, and extreme weather events.59
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Investing in multihazard and compound resilience is an economically rational and imperative choice, as the 
cost of inaction exceeds the investment required, while providing broad co-benefits. Prevention is proven to 
save lives, protect assets, and avoid further impacts (and costs), such as evacuations.60 Quantitative evidence from 
Europe shows that investing in disaster risk reduction (DRR) yields median economic benefits of €2–10 per €1 invested, 
while investing in multihazard, compound resilience can yield €1–6 per €1 invested across diverse DRR measures.61 
Quantitative analysis also shows high economic returns for industrial asset resilience investments, with benefits 
estimated to exceed costs by a factor of 2.1 in Portugal.62 Evidence in this report shows that, in Germany, a multi-
hazard portfolio of investments would yield median benefits of about €2–6 in benefits per €1 invested, with the highest 
net-benefits from targeted protection measures to prevent large-scale impacts, such as securing oil reservoirs against 
floods (figure 5, box 1). Nonstructural measures—such as improved regulatory frameworks and EWS—are particularly 
cost-effective given relatively limited capital investments, but require multidisciplinary, crossinstitutional, and 
multistakeholder coordination. For Natech risks, early identification of escalation paths as part of “what-if” scenario 
planning can help avoid the exponential costs of business interruption and environmental contamination, ensuring 
resilience delivers returns in avoided losses, enhanced long-term social equity and ecological sustainability.63

Figure 5. Average benefit-cost ratios (BCR) of wildfire, flood, and heat adaptation measures in Germany

Wildfires

BCR (log10 scale)

Heat

Floods

Information systems and planning

Emergency response

Nature-based solutions

Infrastructure resilience

Wastewater management

Structural and nature-based solutions (hybrid)

Infrastructure resilience

Information systems and planning

Information systems and planning

 Source: World Bank team

Note: BCR ranges are aggregated and averaged from numerous case studies and analyses, including from scientific literature and original analysis 
conducted for this report. Where BCR exceeds 1, the benefit of an intervention exceeds the costs (e.g., an intervention with a BCR of 2 has benefits 
exceeding costs by a factor 2).

Box 1. Benefit cost ratios: Caveats and limitations 

While the estimated BCRs present a strong economic case for investing in resilience measures, the 
analysis is inherently complex and subject to limitations that should be noted when interpreting results. 
Only a limited number of studies estimate BCRs for Germany (38 individual data points), which makes it difficult 
to generalize findings across intervention types and locations. BCRs for the same intervention type can differ 
significantly depending on local geographic conditions. There are particularly few studies estimating BCRs 
for wildfire interventions in Germany. Moreover, all BCR estimates tend to underestimate indirect benefits of 
measures, suffer from data scarcity, and rely on imperfect statistical methods and proxies, such as the value of 
statistical life (VSL). Furthermore, in several of the underlying studies climate projections are based on the IPCC 
2007, which have since been updated by more accurate and up-to-date climate models. As a result, BCR ranges 
provided in this report should be interpreted as providing examples of the order of magnitude rather than precise 
and generalizable figures. While BCR ranges in this report make a strong case for preparedness investments in 
general, they cannot replace project specific investment appraisals.

€2–6
Economic benefits of 
every €1 invested in 
resilience
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3.	 Preparing for flood risks: the leading natural hazard is 
intensifying further 

Exposure and impacts: Floods remain Germany’s costliest extreme weather event

Floods are Germany’s costliest extreme weather events,  imposing substantial impacts on lives, livelihoods, 
and the economy.64 Over recent decades, the country has experienced numerous devastating floods, including coastal, 
fluvial, and pluvial events.65 Between 2000 and 2021, damages from flash floods, fluvial floods, and heavy rain are 
estimated at €71 billion, averaging €3.2 billion annually.66 The flash flood of summer 2021, an extreme event with a 
return period exceeding 1,000 years,67 affected more than 65,000 people, damaged more than 9,000 buildings, and 
resulted in estimated total losses of €40.5 billion.68 Flood risk is widespread and not limited to coastlines and major 
riversheds; it can severely damage critical infrastructure and disrupt essential infrastructure networks—particularly 
transport, power, telecommunication, logistics, and manufacturing—which in turn can severely hinder the delivery of 
essential services. Beyond direct financial and physical damage, floods also generate intangible losses with long-lasting 
effects, such as mental health impacts on flood-affected residents, social disruptions, and environmental damage.69

Communities across Germany continue to build in high-risk flood zones. Results from a new high-resolution 
analysis conducted for this report reveal that flood exposure grew significantly between 2016 and 2025 (figures 6 and 
7), with overall flood exposure in settlement areas increasing by more than 214 square kilometers (km2). Over the past 
decade, 9 out of 16 federal states had the highest settlement growth rates in high-hazard flood zones, meaning that flood-
exposed settlements grew significantly faster than in safe areas. Flood exposure is particularly high in river basins, along 
the North Sea coast, and in southern regions near the Alps and the Black Forest (Figure 7.a). For flood events with a 10 
percent chance of occurring per decade (1-in-100 year return period), high-exposure areas are mostly clustered along 
the coast and major riversheds. As flooding intensity increases, exposure also increases along smaller riversheds and for 
pluvial flooding in central Germany, leaving only a few Gemeinden unexposed. 

Figure 6. Total increase of exposed settlement area (km2) and their respective growth rates, 2016–25,  
in different flood depths for a 1-in-100-year flood
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Note: Considering pluvial, fluvial, and coastal floods with a 1-in-100-year return period.
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Figure 7. Settlement flood hazard exposure and exposure growth from 2016-25 for a  
1-in-100 year flood return period

a) Current flood hazard exposure b) Exposure growth 2016-2025
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Note: Exposure is defined using a 0.15-meter inundation depth threshold. Panel b) depicts settlement growth rates in flood zones.

Cascading effects: Floods threaten lives, the economy, critical infrastructure, and settlement areas

Critical infrastructure and essential service networks in Germany also face significant exposure to flood 
hazards, translating into elevated risks of physical damage and service disruption. Civil protection systems, 
which are crucial for effective disaster response, are also directly exposed to flood hazards and hence at risk of 
becoming inoperable. A national exposure analysis undertaken for this report indicates that 3.5 percent of police 
stations (256), 3.4 percent of education facilities (6,376), 2.6 percent of fire stations (1,503), and 2.2 percent of health 
care facilities (3,716), are located in flood‑exposed areas for a 1-in-100-year event (figure 8).70 Moreover, about 3 
percent of roads in Germany are estimated to be located in flood zones, thus compromising effective response during 
flood disasters.71 Thousands of emergency response-related assets (1,600) —including police stations, fire stations, 
education facilities, and health care facilities— and substantial sections of roads (12,100 km) and power lines (20,600 
km) are also exposed to landslide hazards.72
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Figure 8. Exposure of critical infrastructure assets to 1-in-10 and 1-in-100 floods

Source: World Bank team

Recent events underscore the operational and economic implications of flood exposure for civil protection and 
critical infrastructure. The July 2021 floods demonstrated that localized extremes could trigger severe impacts across 
lifeline infrastructure, residential and commercial structures, and critical service provision. First responder capacity was 
impacted—for example, due to flood damage to fire stations—while damage to and destruction of education and health 
care facilities73 disrupted service delivery in affected areas.74 Transport networks were severely affected, with damage to 
roads and railways estimated at up to €2 billion,75 roughly 100 bridges destroyed76 in the Ahr valley, and more than 130 
km of motorways closed, with repair costs estimated at €100 million.77 At peak, around 200,000 people experienced 
power outages;78 and, while most power infrastructure was restored within eight weeks, some areas required up to six 

1-in-100 year

1-in-10 year
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months.79 The 2021 floods rank among Europe’s most destructive recent disasters for critical infrastructure.80 Such 
disruptions, which are increasingly likely under climate change, highlight the need to complement national exposure 
screening with detailed localized risk assessments, enabling the prioritization of resilience investments.81 Strengthening 
civil protection capabilities would help ensure preparedness in the most at risk communities. 

Indirect and cascading effects can also severely disrupt critical public services and emergency response 
capacity outside flood zones, underscoring the need to plan for cross‑jurisdictional impacts. A recent national 
assessment links regional flood modeling with a gravity‑based traffic model to evaluate health system vulnerabilities 
from flood‑induced transport disruptions.82 The analysis identifies hospitals across Germany that are at risk of 
emergency response delays and service disruption due to road closures and rerouting, and finds that access to critical 
health care can deteriorate both within flood‑affected areas and at facilities located far from floodplains. Across 
Germany, 75 hospitals are at risk of patient surges exceeding their regular capacity, including 29 with increases greater 
than 50 percent and nine with increases exceeding 85 percent in service populations. Notably, one-third of these 
hospitals are located more than 10 km from the nearest inundation, indicating potential blind spots and 
under‑preparedness among nonexposed facilities. These results highlight hidden risks and the transboundary dynamics 
of disaster resilience, warranting integrated, systemwide risk management and investment and business continuity 
planning of critical public service facilities. 

Figure 9. Projected increase in flood exposure of settlements under the most pessimistic  
climate change scenario (SSP5-RCP8.5)
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Note: Considering pluvial, fluvial, and coastal floods with a 1-in-100-year return period.

Across Germany, flood exposure of settlements is projected to rise, while the frequency of extreme flood 
events is also projected to increase under climate change.83 While precise long-term projections remain complex, 
climate models indicate a clear trend of increased flood runoffs, higher peak flows, and shorter recurrence intervals of 
floods, particularly in rain-dominated regions like the low mountain ranges and eastern and southern Germany.84 Over 
the next 50 years, settlement exposure to high-risk flooding is projected to increase linearly under the most optimistic 
climate scenario (RCP2.6) and exponentially under the most pessimistic climate scenario (RCP8.5).85 Under RCP2.6, 
more than half of all Gemeinden are projected to see an increase in flood exposure until 2050, while under RCP 8.5, 
10 percent of Gemeinden will see their settlement areas exposed to flood depths greater than 0.15 meters nearly triple 
between 2020 to 2080 (Figure 9). Pluvial flood damage is also expected to increase due to a projected increase in 
extreme precipitation and continued urbanization.86 This will strain existing infrastructure, increasing the overloading of 
sewer networks and treatment plants, and therefore the risk of pollution. 
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Costs and benefits: An urgent need and opportunity to step up integrated flood risk management and 
prepare for residual risk

Upgrading flood protection infrastructure in Germany’s most underprotected communities may take years, 
highlighting the urgent need for enhanced flood preparedness and civil protection measures. A new analysis 
conducted for this report highlights that the coverage of physical flood protections (dikes) varies significantly across 
flood-exposed Gemeinden. Many Gemeinden with significant flood exposure lag far behind their state’s average 
structural flood protection level (figure 10), while others lack structural protection altogether. Dike protection levels 
vary significantly across states and hazards (riverine or coastal flooding). The analysis estimates that upgrading dikes 
systems in just 10 percent of the least-protected Gemeinden would require about 558 km of new dikes or equivalent 
flood protection infrastructure, at an estimated cost of €1.7–4.2 billion, and would potentially reduce expected flood 
exposure by 159 km².87 With such measures requiring years for planning and construction, urgent action is needed in 
the meantime to enhance civil protection and disaster preparedness capabilities in the most at-risk areas. 

Figure 10. Physical flood protection coverage, proxied by dike density (dike length relative to exposed area)
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Over the past decades, Germany has made significant progress by establishing robust legal frameworks 
for flood prevention and implementing risk reduction and resilience measures. The National Flood Protection 
Programme (NHWSP) represents a substantial joint federal-state investment of over €6.16 billion, focusing on large-
scale, supra-regional prevention measures across major river basins.88 The Federal Water Act mandates critical 
actions—such as creating comprehensive flood hazard and risk maps, designating floodplains, and preserving natural 
retention areas—and introduces new instruments, such as building regulations and categories for flood emergency 
areas.89 Germany’s commitment to forward-looking spatial planning was evidenced by the implementation of its first 
nationwide spatial plan for flood protection.90 But implementing regulations consistently remains an issue, as new 
construction continues to take place in high-risk flood areas.91 Local controversies surrounding flood risk reduction 
measures can delay critical defense schemes and hinder efforts to reduce flood losses.92 A lack of incentives for risk 
reduction and prevention and cross-sectoral collaboration in land use and building regulation also hinder flood risk 
management strategies at different governance levels.93
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For most flood risk adaptation measures, median benefits are typically around €2-8 per €1 invested94 and as 
high as €333 in certain cases. Based on a review conducted for this report, Figure 11 depicts the ranges of lower- 
and upper-bound estimates for 22 flood-specific benefit cost ratios (BCR) estimates for Germany found in the literature. 
The median BCRs values range from 2.2 to 7.6 across all interventions. High net benefits are found for soft measures, 
such as EWS and flood prevention spatial planning, nature-based solutions, and certain hard protection measures, such 
as dike-raising, securing oil tanks, and flood reservoirs.95 Structural measures, such as new dike construction and 
infrastructure retrofitting, yield a wide range of BCR estimates, from around 1 up to 332.5. These measures usually 
require long implementation periods and high investment costs, with both the public and private sectors playing a 
crucial financing role. But obtaining precise cost-benefit estimates to guide investments remains a challenge as future 
flood damage remains highly uncertain, with past events showing no clear trend and future hotspots depending heavily 
on specific weather conditions.96 Existing BCR estimates also vary widely in their methodological approach, with 
benefits often underestimated, as capturing indirect benefits is inherently difficult.

Flood EWS are one of the most cost-effective solutions, but only if paired with effective public awareness and 
information initiatives.97 Effective EWS enable people to receive and act on warnings, including by evacuating from 
hazard zones, saving lives and reducing losses. A review of BCRs for flood EWS and behavioral initiatives in Germany show 
that every €1 invested yields median benefits worth €5.7-9.1 in avoided damage. But further efforts are needed to 
enhance the effectiveness of existing flood EWS and citizen preparedness.98 Evidence from Germany indicates a persistent 
gap between advanced technical forecasts and their practical use, with emergency services often relying on ground 
truthing rather than anticipating and communicating uncertainties.99 Surveys showed that during the 2021 Ahrtal floods, 
46 percent of recipients did not know how to respond to the warnings received, in part due to a tendency to underestimate 
the actual severity of impending floods and a lack of situational knowledge regarding appropriate protective actions to 
take.100 This underscores the need to enhance situational awareness by translating technical warnings into trusted, 
actionable decisions through emotionally resonant communication, trainings, information campaigns. These should 
address cultural factors, such as attachment to homes and belongings, and reach vulnerable population groups.

Figure 11. Average BCRs of selected flood adaptation measures in Germany 
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Note: BCR ranges are aggregated and averaged from numerous case studies and analyses, including from scientific literature and original analysis 
conducted for this report.

At the same time, pressures on civil protection services need to be alleviated through continued strengthening 
of flood risk management systems nationwide. The full implementation of new legal instruments under the Water 
Act101 remains uneven across federal states, reflecting differences in protection-level objectives and the need for 
instruments that are tailored to land use and ownership structures.102 While structural protection measures are necessary 
to protect existing at-risk assets, risk-informed land use planning regulations are key to guiding new developments 
into safe areas. More rapidly implementable measures, such as effective EWS, are essential for protecting lives and 
livelihoods. The results presented in this section also emphasize the importance of integrating local profiles, land 
use practices, and behavioral considerations into broader mitigation strategies. Understanding the different hazard 
exposure profiles, geospatial vulnerabilities, and economic feasibility of interventions forms the foundation for informed, 
evidence-based, and effective flood risk management decisions. 
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4.	 Preparing for extreme heat: rising temperatures are an 
overlooked threat, especially in Germany’s cities

Exposure and Impacts: Heat in Germany is a silent killer 

Germany’s urban areas face significantly intensifying heat hazards due to climate change and the urban heat 
island (UHI) effect, leading to severe health and economic consequences. Unlike other European countries, 
Germany does not have a long tradition of mitigating and coping with intense heat stress. Yet, the drastic intensification 
of heat stress is evident, with the 2018 and 2019 extreme heat and drought events having caused €34.9 billion in 
losses and more than 15,000 deaths – about one-third of overall 48,000 heat-related deaths in 2014–23.103 This 
report suggests that compared to the present day climate, an extremely hot year (a 1-in-20 year event) is projected to 
increase in intensity by 2°C by end of century under a scenario without additional climate action (the 2020 Climate 
Policies Scenario, or CPS).104 The number of annual heatwave days is also expected to more than double by end of 
century compared to 2020 levels. In contrast, an ambitious climate change mitigation scenario (consistent with 1.5°C 
warming and the Paris Agreement), suggests a much smaller increase, underscoring the benefits of global mitigation 
efforts for German cities (figures 12 and 13).

Figure 12. Number of days with over 30°C in Germany and trend over time 
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Figure 13. Cross-city comparison of projected heat wave days per year for two climate scenarios

a) Paris Agreement consistent scenario b) 2020 climate policies scenario
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Note: As best estimate for heat wave days we use the mean of all models available in the PROVIDE climate risk dashboard. Heat wave days are defined 
as the number of days among periods of at least three consecutive days in which the maximum and minimum temperature exceeds the 90th percentile 
value of a reference present period (2011-20). 

Germany’s major urban areas face escalating heat burdens, driven by increasing heatwave days and a surge in 
tropical nights. Frankfurt is currently projected to experience the most heatwave days among the seven cities studied, 
followed by Dusseldorf, Leipzig, Munich, Berlin, and Cologne, with Hamburg consistently showing the fewest. A critical 
concern is the surge in tropical nights (night-time temperatures above 20°C), which prevent nocturnal recovery and 
intensify the UHI effect; this phenomenon is projected to almost quadruple in Leipzig and triple in Berlin, Dusseldorf, 
and Munich by 2100 under the higher-emission scenario. Large metropolitan areas, such as Berlin and Munich, face 
high overall projected population exposure to heat stress across all heat stress levels and both climate scenarios, as 
measured by the wet bulb globe temperature (WBGT) which accounts for humidity, surface temperature, and radiation. 
Under the CPS, exposure counts are projected to increase drastically for all heat stress levels in all urban areas starting 
to accelerate mid-century until end of the century and in both city centers and suburban areas. 

High-resolution urban modeling confirms that heat intensity varies significantly within cities, driven by localized 
land use and urban design elements. Modeling for Berlin shows that heat hotspots are concentrated in areas with 
a low presence of trees and a high percentage of sealed surfaces, such as grassy green areas, streets, or parking lots 
(figure 14), emphasizing that targeted green and blue infrastructure interventions at street and neighborhood levels 
are vital to mitigate the UHI effect. Conversely, historical building blocks can experience lower heat levels because high 
building density is balanced by a greater number of large trees and shading provided by the buildings themselves.
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Figure 14. Berlin: Spatial differences in peak temperature (in °C WBGT) and heat exposure projections
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Source: Climate Analytics and World Bank 2025, based on PROVIDE Climate Risk Dashboard

Cascading effects: Health and productivity losses due to heat are escalating 

Increased heat exposure will lead to a drastic rise in heat-induced mortality and morbidity and decrease in 
labor productivity that is largely avoidable through ambitious climate action. High resolution modelling and 
projections at national level suggest that annual heat-related excess mortality in Germany could further increase by a 
factor of 2.5 to 9 without adaptation by 2100.105 Already beforehand, annual government heat-related healthcare 
expenditures are estimated to increase between €44 and €99 million by 2030 and between €210 and €470 million by 
2050.106 Extreme heat also leads to decreased labor productivity and increased days off work, resulting in a projected 
cumulative GDP impact of around €350 million up to 2050.107 Projections show that Berlin would experience the 
highest number of additional daily deaths, reaching up to an additional 24 deaths per day with a mean daily temperature 
of 35°C among the seven cities (figure 15). Together, the seven cities (representing 12 percent of Germany’s population) 
are projected to experience about 1,080 heat-related deaths annually by the end of the century under the CPS. But 
achieving the Paris-Agreement 1.5°C limit could avoid over 450 of these deaths each year, demonstrating the high 
value of prevention. 

2.5-9 factor 
increase
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heat-related deaths 
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Additional heat-
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German cities by 
2100

€350 million 
GDP impact
Cumulative from 
heat-related 
productivity losses 
2022-2050
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Figure 15. Heat vulnerability in German cities: additional heat-related deaths per million inhabitants for  
each day over 20°C
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Source: Climate Analytics and World Bank 2025, based on PROVIDE Climate Risk Dashboard

Note: In number of excess deaths per million inhabitants per day (vertical axis) and mean daily temperature in degrees Celsius (horizontal axis).

Mitigating heat risks through effective climate action yields substantial economic benefits by avoiding 
mortality, morbidity, and productivity losses. The total economic benefit of reducing mortality is estimated to range 
from €594 million to €3.4 billion by 2100 if the 1.5°C limit is achieved compared to CPS (figure 16). More ambitious 
global mitigation could also lead to yearly medical cost savings of over €210,000 in the seven cities by 2100, equivalent 
to avoiding over 2,200 heat-related emergency admissions, highlighting the strain on health care systems under CPS. 
Heat-related productivity losses, measured by lost working hours, are projected to increase substantially across all 
seven urban areas, posing a significant threat to the economy, while achieving the 1.5°C goal is estimated to reduce 
heat-related losses in work hours by 6.9 million hours. This equates to avoided GDP losses of €358 million for the seven 
cities combined in 2100, directly linking climate resilience to economic productivity. 

Even with ambitious global climate action, German cities would need to urgently prepare for substantial heat-
related socioeconomic impacts by mid-century and earlier, given the inertia in both the economic and climate 
systems. Under the CPS, the seven cities would encounter substantial increases in mortality (11 percent), morbidity 
(14 percent), and productivity losses (36 percent) by 2050 compared to 2030. Under the optimistic Paris Agreement-
compatible scenario, German cities would still be expected to experience an 8 percent increase in excess mortality and 
life years lost, 10 percent increase in emergency admissions, and a 36 percent increase in lost work hours by 2050, 
compared to 2030. Regardless of which future climate scenario is considered, impacts due to locked-in warming will 
be substantial up to mid century, particularly on mortality, morbidity and labor productivity, thus supporting the urgent 
case for adaptation at national and local levels.
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Figure 16. Estimated number of heat-related deaths and labor hour losses, with avoided economic costs,  
in 2100 under two scenarios

a) Health-related deaths
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b) Labor hour losses (in thousand work hours)

1.5°C Paris Agreement (PA) 2020 Policies

Berlin

Cologne

Dusseldorf

Frankfurt

Hamburg
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Munich

EUR 65 million avoided GDP losses

EUR 41 million avoided GDP losses

EUR 35 million avoided GDP losses

EUR 52 million avoided GDP losses

EUR 54 million avoided GDP losses

EUR 97 million avoided GDP losses
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52,22
284,24

289,13
1.339,55

320,16
2.003,37

EUR 14 million avoided GDP losses

Estimated losses in labor hours and avoided GDP losses in 2100

Source: Climate Analytics and World Bank 2025, based on PROVIDE Climate Risk Dashboard and EUROSTAT

Note: avoided economic costs are calculated using the Value of Lost Life (VOLY) for lower estimates and the Value of Statistical Life (VSL) for upper 
estimates.

Germany has established a core heat preparedness framework, comprising a national warning system and 
local action plans, but its coverage remains limited, and implementation requires greater resources and 
integration. Central to the effort is the national HHWS, developed by the German Meteorological Service (DWD) in 
2003, which disseminates timely warnings.108 This is complemented by HHAPs (with guidelines published at national 
level and actual responsibilities held by municipalities),109 which over 20 cities, including Cologne, Berlin, and Leipzig, 
have published (and more cities are developing) to manage acute heat extremes and focus on vulnerable groups.110 
However, across Germany’s roughly 11,000 Gemeinden, HHAP coverage is limited. While local governments in Berlin, 
Stuttgart, Potsdam, Rostock, and other cities are increasingly implementing urban greening and soft measures, such 
as heat-adapted planning, trainings or information campaigns, challenges persist.111 Scaling these efforts is hampered 
by a lack of resources; the absence of a legal obligation for Gemeinden to create such plans; and difficulties in 
coordinating actions, assessing effectiveness and reaching the most vulnerable.112
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Costs and benefits: Heat adaptation measures save lives and yield economic dividends

Economic assessments confirm that heat adaptation measures in Germany are highly cost-effective, with 
benefits generally exceeding costs. Heat adaptation measures assessed in this report yield median benefits of €1–4 
for every €1 invested, and up to €500 in certain cases (figure 17). This positive return on investment is often driven by 
the high BCRs of soft measures and combining green and gray infrastructure measures, which generate significant 
health, social, and environmental co-benefits. While some hard measures, such as building retrofitting, may have BCRs 
below 1 due to high investment costs and indirect benefits that are hard to monetize, most adaptation measures show 
a strong economic rationale, which confirms the need for targeting and prioritizing infrastructure interventions to reduce 
productivity impacts of heat. Building ventilation and air conditioning are generally most cost-effective and urgent 
where they mitigate risks to vulnerable populations, such as nursing homes, though no specific BCR estimates are 
available for Germany. Soft measures, such as improved planning or HHWS, generally show very high BCRs. In general, 
given the range of returns, adaptation packages that include soft and hard measures are likely to yield higher BCRs than 
individual infrastructure measures. 

Figure 17. Average BCRs of selected heat adaptation measures in Germany 
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Source: World Bank team

Note: BCR ranges are aggregated and averaged from numerous case studies and analyses, including scientific literature and original analysis conducted 
for this report.

Given their low implementation cost and significant life-saving impact, soft adaptation measures are identified 
as high-yield, no-regret options. The HHWS113 can yield extremely high economic returns—€80–500 for every €1 
invested—primarily by substantially reducing heat-induced mortality and hospitalization. Implementing HHAPs114 and 
related soft measures in the health sector also show strong positive effects on real GDP due to both reduced heat-
triggered impacts and stimulated economic activity. A nationwide voluntary register for tailored heat alerts (elderly 
people with pre-existing conditions) is projected to have benefits (avoided morbidity and mortality) that exceed 
implementation costs by factors of 2 under the most conservative assumptions, and up to around 199 under the most 
advantageous conditions. A nationwide digital map of cooling spaces, combined with awareness campaigns and water 
provision, also shows benefits in terms of avoided health costs that outweigh costs by factors of about 3–41. Such 
information-based interventions could be combined to direct alerted vulnerable people to safe refuge at minimal 
additional cost, strongly supporting national expansion. The overall portfolio of heat information systems and planning 
assessed in this report yields median benefits of €3-41 per €1 invested.

Urban heat interventions are essential for safeguarding public health and economic productivity in Germany. 
Projected increases in heat extremes—even under 1.5°C—necessitate proactive, targeted adaptation measures. 
Detailed hazard and exposure mapping, particularly using WBGT, provides a robust foundation for identifying vulnerable 
areas and informing policy decisions. Based on this, policy makers can develop and implement comprehensive city-
level HHAPs, leveraging high-resolution urban modeling for street- and building-level heat reduction and tailoring 
adaptation measures to vulnerable groups considering population projections. Among others, the city of Karlsruhe, 
which integrated local UHI data and protective factors to refine warning capacity and provide tailored recommendations 
to vulnerable people, serves as a model.115 Ultimately, fully integrating heat adaptation into urban planning, health 
policies, labor protection, and civil protection strategies across all levels of government is crucial for building climate-
resilient cities that can protect their populations and economies in a hotter climate, as indicated by initial evidence on 
these measures’ full range of benefits. 

€1-4
Benefits generated 
for each €1 invested 
in heat adaptation

Up to €500 
Benefits per €1 
invested in HHWS 

Factor of 2–199 
Benefits of a 
nationwide voluntary 
heat alert register for 
vulnerable groups 
exceed costs  
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5.	 Preparing for wildfires: once limited in reach, their 
impacts are spreading 

Exposure and impacts: Spreading like wildfire

Germany is facing rapidly intensifying wildfire risk, with recent seasons demonstrating losses significantly 
above the long-term average, underscoring the urgent need for proactive interventions. In recent decades, 
wildfires have become a growing threat, with the 2022 fire season burning over 4,000 hectares and causing €5.13 
million in direct damages, dramatically exceeding the 1991–2021 long-term average of €1.87 million (figures 18 and 
19).116 The trend continues to worsen: as of November 2025, over 5,400 hectares had burned in 2025, marking the 
highest annual area in history and nearly half of the total 12,000 hectares total area burned over 2001–2020.117 This 
surge is directly linked to prolonged periods of heat and drought, which have increased wildfire risk, particularly between 
March and October.118 Given these emerging risks linked to climate change impacts in Europe, proactive investments 
in prevention and forest resilience are crucial to prevent potentially catastrophic losses.119

Figure 18. Number of fires and burnt area (2006-25)
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Source: European Forest Fire Information System (EFFIS) 2025 EFFIS Annual Statistics for Germany

Note: Up to 2024, the chart shows full year statistics. 2025 is updated up to November. Fires mapped in EFFIS of approximately 30 hectares or larger.

The wildfire threat is geographically concentrated, and impacts are projected to extend further due to a 
combination of climate change and forest shifts. Brandenburg is the most severely affected state, with impacts 
extending far beyond direct damage to include the climate and forestry sectors. Large parts of northeastern and 
northwestern Germany, and the Upper Rhine Plain, also frequently experience wildfires, but Brandenburg consistently 
bears the brunt, accounting for 51 percent of the total burned area between 2001 and 2020.120 This regional disparity 
is driven by a high proportion of fire-susceptible pure coniferous forests, sandy soils, and ammunition contamination in 
former military training areas, which complicate firefighting efforts.121

Climate change is projected to significantly exacerbate Germany’s wildfire risk, necessitating urgent, long-
term adaptation and risk reduction measures. The anticipated increase in prolonged droughts and heatwaves will 
create drier vegetative fuels and overall weather conditions that are highly conducive to wildfire ignition and spread, 
potentially expanding fire-prone regions into new temperate zones.122 Future climate projections indicate a substantial 
increase in some regions in both the frequency and intensity of wildfires, particularly in the northeast and under higher 
warming scenarios.123 The German Environmental Agency, Umweltbundesamt, has classified the pessimistic climate 
risk for forest fires at the end of the century as “high”, and adaptation as urgent, given the long lead times.124 This 
underscores the immediate need for action, including shifting from vulnerable monocultures to diverse, climate-resilient 
mixed deciduous forests to enhance overall resilience.125

5,475 hectares 
Area burned by 
wildfires in 2025  
(as of November) 

4,000+ hectares 
€5.13 million 
Direct damage from 
wildfires during the 
2022 fire season

Burned Area (ha) 

Number of Fires

https://forest-fire.emergency.copernicus.eu/apps/effis.statistics/estimates?
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Figure 19. Direct damage from wildfires (2018–21)
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Cascading effects: Wildfires affect critical services, industrial facilities, human health, and ecosystems

High exposure of communities, particularly in periurban areas, to wildfire hazard due to proximity to forested 
areas is a warning sign when considered in the context of climate trends and forest health. Germany has a high 
wildland-urban interface area, where forests border settled areas, making communities and infrastructure susceptible 
to fire due to proximity to high fuel loads and frequent human-induced ignitions.126 Communities are also vulnerable 
to wildfire risk: exposure is particularly high near urban centers and in areas with high shares of socially vulnerable 
people—including young people (under 18) women, and older adults (over 65).127 Wildfires also release substantial fine 
dust and air pollutants, with the 2022 fires emitting almost 0.28 million tons of carbon dioxide equivalents, severely 
compromising the German forest’s function as a carbon sink and harming both human health and the environment.128

Sectoral impacts from wildfires are substantial and projected to worsen. Beyond immediate damage, wildfires cause 
high losses to the forestry sector, particularly coniferous forests, with the 2022 season resulting in an estimated €30–40 
million loss in terms of impacts on forest products.129 Critical infrastructure is also significantly exposed: over 18,000 km 
of roads and over 39,000 km power lines are in zones with high wildfire hazard.130 Emergency response facilities are also 
at risk, with thousands of fire stations, police stations, health and education facilities located in potential high-hazard 
areas. And when fires occur in former military training areas, it poses unique challenges for firefighting due to the presence 
of unexploded ordnance. At 9 percent of its total land area, Germany has Europe’s largest wildland-industrial interface area 
(figure 20). This indicates an urgent need for more refined sector and asset-specific wildfire risk assessments to inform 
prevention and preparedness investments as well as business contingency planning.131 

Figure 20. Wildland-industrial interface map and ratio of wildland-industrial interface area  
over total fuel area map

a) Interface map b) Ratio

Source: Planas, E, Paugam, R, Àgueda, A, Vacca, P and Pastor, E. 2023 Fires at the Wildland-industrial Interface. Is There an Emerging Problem?  
Fire Safety Journal 141: 10 3906.

€30–€40 million 
Estimated losses to 
the forestry sector 
due to wildfires in the 
2022 season

https://forest-fire.emergency.copernicus.eu/apps/effis.statistics/estimates?
https://www.sciencedirect.com/science/article/pii/S0379711223001741
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Germany is actively strengthening its wildfire risk management framework through proactive, climate-smart 
forest management and advanced technology, though it faces resource and scaling challenges, particularly on 
private lands. Policy is guided by the Federal Forest and Civil Protection Acts, supported by the Forest Climate Fund and 
EU funds.132 Prevention efforts emphasize strategic fuel reduction and shifting from vulnerable monocultures to climate-
resilient mixed forests.133 For preparedness, key tools include the DWD’s daily fire danger forecasts and Brandenburg’s 
FireWatch camera monitoring system.134 While local firefighting forces are highly effective (99 percent fires contained 
under one hectare and within two hours), efforts are focusing on enhancing capabilities for large-scale vegetation fires, 
including specialized training and equipment, strengthening interagency cooperation, and dedicated aerial firefighting 
resources.135 Challenges persist in ensuring consistent implementation of prevention across fragmented private forest 
ownership, raising public preparedness, evaluating the effectiveness of measures, and securing funding for forest 
conversion.136 Examples such as the 2022 Germany-Czechia fire also highlight the need for unified approaches to 
transboundary fire management.137

Costs and benefits: Emerging evidence makes a strong case for investments in wildfire prevention and response

Investing in dedicated wildfire resilience interventions is highly cost-effective and crucial for mitigating 
substantial economic damage. While there are practically no studies on BCRs of wildfire resilience investments for 
Germany, findings for other countries confirm that the potential benefits of avoided losses far outweigh the costs. The 
total potential damage caused by wildfires, particularly when affecting critical infrastructure and industrial sites, justifies 
proactive investment to reduce future losses. National-level adaptation in forestry in Germany shows potential to reduce 
up to €40 billion real GDP losses due to climate change.138 Quantitative evidence from Europe shows that, depending 
on investments, BCRs range from 1.6–39.3 for varied interventions across Greece, Portugal, Austria, and Sweden in: 
prevention (fuel management, fire breaks, and water supply; critical infrastructure protection), preparedness (monitoring 
and early detection; public awareness campaigns), response (fire suppression), and climate adaptation (decision support 
tool for forestry adaptation).139 These types of investment are also qualitatively outlined to be beneficial in Germany and 
are being developed or already implemented in certain states.140

New quantitative evidence for Germany also shows that investing in soft measures and forest resilience can yield 
substantial net benefits. Case studies conducted for this report highlight that investments in wildfire preparedness are 
highly cost-effective (figure 21). Measures to strengthen early detection and response capabilities are key to  contributing 
to a more resilient landscape in the face of climate risks.

Figure 21. Average BCRs of selected wildfire adaptation measures in Germany
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Emergency response

BCR (log10 scale)

Source: World Bank team

Note: BCR ranges are aggregated and averaged from original analysis conducted for this report.
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Early detection investments are highly cost-effective, with returns set to increase significantly under future 
climate change scenarios. Brandenburg’s automated FireWatch system, which detects roughly 60 percent of all 
daylight forest fires, has proven operational reliability, is low cost, and is integrated into state-level response.141 It 
currently yields an estimated €3 return for every €1 invested, a figure projected to grow to €4.4–6.5 under medium and 
high future climate scenarios as wildfire risk increases; this is aligned with BCRs found across Europe for wildfire alert 
and preparedness factors, which range from 1.6 to 39.3.142 This information system is estimated to help avoid over 
€1.2 million in direct losses annually under current conditions, (€2.5 million under a future climate change high warming 
scenario), confirming a strong value for investment even without considering co-benefits from avoided emissions and 
health and ecosystem services.143 To sustain and build on these benefits, opportunities exist to modernize and expand 
the system, which could reduce damage by an additional 10–15 percent.144

Rapid suppression is essential for effective wildfire emergency response, with early aerial intervention offering 
significant benefits. An illustrative case study on rapid aerial suppression (within 15–30 minutes) versus delayed action 
shows it can prevent €16,500–27,400 per incident in combined damage and response costs, significantly reducing 
fire spread and translating to a high BCR of 3.7.145 This supports evidence that aerial firefighting, though costly and 
complex, is most beneficial in the initial response phase.146 Opportunities exist to maximize suppression effectiveness 
by streamlining authorization, improving equipment, and integrating FireWatch data to directly support aerial dispatch 
decisions,147 or using unmanned aerial vehicles and infrared technology for a potential 31 percent suppression cost 
savings.148 But challenges remain, as highlighted in Brandenburg’s Directorate-General for European Civil Protection 
and Humanitarian Aid Operations wildfire peer review, including the need to improve the system’s capacity to use aerial 
resources, reduce mobilization time, clarify cost and reimbursement processes, and managing factors such as strong 
winds, thick smoke, or safety limitations in munition-contaminated areas.149

Investing in complementary measures significantly enhances the benefits of wildfire preparedness 
investments, including action-oriented information campaigns and a crucial shift to climate-smart forest 
management. Since most wildfires are caused by humans, public education offers substantial benefits by reducing 
ignition sources.150 Climate-smart forest management is a cornerstone of long-term prevention and resilience: though 
initial conversion costs are high, active strategies are considered economically sustainable over the long term (including 
higher yields), avoiding the nonreversible ecosystem and productivity impacts of passive maladaptive approaches.151 
National-level adaptation in forestry shows potential to reduce up to €40 billion real GDP losses due to climate 
change.152 Beyond direct timber yields, these measures offer co-benefits, such as enhancing disaster resilience and 
supporting the bioeconomy through new biomaterials.153 Crucially, as German forests have become a net source of 
carbon dioxide since 2018, due to tree death triggered by droughts and pests, climate-smart management is key to 
restoring its function as a carbon sink and ecosystem benefits, which can help fund resilience and wildfire management 
investments.154

Wildfire risk management requires a sustained, multilevel investment strategy that prioritizes cost-effective 
interventions and long-term forest adaptation to prevent escalating climate risks. Given the significant losses 
avoided on health and economy and the projected exacerbation of risk, proactive investments are needed. Analysis 
confirms the high value of interventions such as the FireWatch early detection system. Capitalizing on these proven 
high returns would require investments in modernizing EWS, streamlining deployment protocols, ensuring consistent 
implementation of climate-smart forest management, and reducing the vulnerability of settlements and critical 
infrastructures exposed to high risk.

€4–€7 
Return for every €1 
invested, as wildfire 
risk increases 
under medium and 
high future climate 
scenarios 

€16,500–27,400 
Estimated reduction 
in damage and 
response costs for 
each fire incident 
when effectiveness of 
aerial suppression is 
increased (deployed 
within 15–30 
minutes)
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Conclusion and recommendations

Proactive investment in multihazard resilience is an economic imperative for Germany, as avoiding escalating 
climate impacts offers high returns on investment when carefully evaluated. With future cumulative climate costs 
projected to reach up to €900 billion by 2050, resilience and prevention measures are an economically rational choice. 
Resilience investments consistently demonstrate high BCRs, generally yielding a median return of around €2-6 in benefits for 
Germany for every €1 invested.155 Specific, hazard-focused findings from the analysis underscore the urgency and value of 
targeted investments that are economically compelling for safeguarding its population, critical infrastructure, and economy.

Action is needed to enhance civil protection capacities, while mandating the integration of complex, compound, 
and Natech risks across planning levels. This strategy provides the most robust path for safeguarding people, 
maintaining economic productivity, and securing the country’s economic future against the increasing likelihood of 
major cascading disasters. Table 3 summarizes recommended priority actions derived from this report and highlights the 
key role of enhanced civil protection capacities. They include: i) strengthening resilience against compound, cascading, 
multi-hazard risks through enhancing risk-informed planning, information and early warning systems effectiveness; 
ii) preventing further increases in flood exposure and impacts through enhanced flood protection measures, supporting 
flood resilient settlement development and enhancing preparedness to floods; iii) ensuring protection against extreme 
heat through implementing local prevention and preparedness measures and national level measures to tackle 
productivity and health impacts; and iv) support wildfire resilience by managing exposure of settlements, industrial 
facilities, and infrastructure, enhancing ecosystem resilience, and strengthening preparedness and effective response. 

Low-regret, soft measures provide the highest and most immediate economic returns, justifying their rapid 
nationwide implementation to address compound risks. EWS, improved planning, and awareness campaigns are 
crucial for saving lives and protecting assets across all hazards, forming the cornerstone of effective preparedness. 
For extreme heat, improving the effectiveness of the national HHWS and its outreach to vulnerable populations has 
potential for very high returns of up to around €199 for every €1 invested. This is driven by substantially lower mortality 
and hospitalization costs. Other targeted heat measures—such as a public digital map of cooling spaces combined 
with awareness—show strong economic net benefits, with BCRs of around €3–41 per €1 invested. For floods, soft 
EWS measures are highly efficient, returning up to €44.5 for every €1 invested, contributing significantly to the overall 
median range of BCRs of 2.3-7.6 for all flood adaptation measures.

Technological investments in rapid response and early detection for wildfires offer high, quantifiable returns that 
are set to increase as climate risk escalates. Brandenburg’s automated FireWatch early detection system yields high 
net benefits (€3 for €1 invested), avoiding over €1.2 million in direct annual losses, and is projected to rise to €4.4–6.5 
per €1 invested under future warming scenarios. Rapid aerial suppression also offers a high return (€3.7 per €1 invested), 
preventing €16,500–27,400 in combined damage and response costs per fire incident through timely intervention.

Long-term structural and ecosystem investments are essential for deep resilience, supported by economic 
evidence showing a wide range of positive returns. While nonstructural measures show high economic returns, 
more complex structural flood measures (dikes, infrastructure, wastewater) also yield positive BCRs, typically yielding 
€1.7–6.8 per €1 invested. Achieving long-term resilience requires financing for integrating gray and green measures, 
such as urban greening for heat mitigation, creating natural flood plains and polders, and the essential shift to climate-
smart forest conversion for long-term wildfire prevention and restoring the forest’s function as a vital carbon sink.
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Table 3. Recommendations and priority policy actions for Germany to move forward 

Actors and sectors Recommendations and priority policy actions 

Strengthen resilience against compound, cascading multi-hazard risks 

Key actors: Federal, state and municipal 
authorities, companies

Key sectors: DRM, civil protection, building 
and infrastructure 

Enhance multi hazard-risk informed planning: 

•	 Improve vulnerability analytics of critical assets, networks, and settlements and evidence on 
BCRs of multi-hazard investments 

•	 Enhance cross-sectoral and institutional planning for complex emergencies (incl. private sector 
contingency planning and financing) with “what-if” scenarios

•	 Strengthen resilience of critical infrastructure and building stock 

Key actors: Federal, state and municipal 
authorities, meteorological services, 
households, companies

Key sectors: DRM, civil protection

Strengthen multi-hazard information and early warning systems: 

•	 Enhance effectiveness of multi-hazard EWS 

•	 Support situational awareness and community preparedness (drills, tailored action-oriented 
communication and warnings, information campaigns)

Prevent increase of flood exposure and impacts 

Key actors: Federal, state and municipal 
authorities 
Key sectors: Building and infrastructure, 
transportation, water, environment

Enhance comprehensive flood protection measures:

•	 Identify underprotected areas, enhance protection and strengthen resilience of vulnerable 
infrastructure and civil protection services

•	 Combine green and grey infrastructure to increase co-benefits 

•	 Strengthen evidence for current BCRs for flood hazard interventions

Key actors: Federal, state and municipal 
authorities

Key sectors: Building and infrastructure, 
spatial planning

Support flood resilient settlement development:

•	 Enhance enforcement of flood risk informed land use and spatial planning 

•	 Enforce flood risk informed building regulations and incentivize insurance uptake

Key actors: Federal, state and municipal 
authorities, households, companies

Key sectors: DRM, civil protection 

Enhance public preparedness to floods: 

•	 Promote contingency planning of civil protection and critical infrastructure systems

•	 Enhance FEWS effectiveness through action-oriented awareness campaigns 

Ensure awareness and preparedness against extreme heat 

Key actors: Municipal authorities, 
households, companies

Key sectors: Building and infrastructure, 
urban planning, health, civil protection

Enhance local heat prevention and preparedness:

•	 Implement urban scale heat reduction measures, including seasonal response planning  
(cooling spaces, water provision, healthcare capacity)

•	 Support implementation of Heat Health Action Plans by enhancing capacity, coordination, and 
knowledge exchanges 

•	 Retrofit buildings and tackle indoor heat in high risk locations 

Key actors: Federal state and municipal 
authorities, healthcare providers, companies 

Key sectors: Civil protection, health, building 
and infrastructure

Implement measures to tackle heat-related productivity and health impacts:

•	 Implement measures to address heat-related productivity impacts (e.g. heat protection 
equipment, labor protection regulations) 

•	 Enhance the effectiveness of HEWS (incl. nationwide voluntary heat alert register) and 
implement sectoral contingency planning (health sector)

Support wildfire resilience of forests, people and assets 

Key actors: Federal state and municipal 
authorities, companies, forest and 
landowners, households 

Key sectors: DRM, civil protection, building 
and infrastructure

Manage wildfire exposure of settlements and infrastructure:

•	 Improve wildfire vulnerability analytics of settlements and critical or industrial infrastructure 
assets 

•	 Promote individual preparedness and contingency planning of communities and industrial  
sector actors

Key actors: Federal state and municipal 
authorities, forest and landowners

Key sectors: Environment, forestry

Enhance wildfire resilience of forests and ecosystems:

•	 Implement forest resilience and wildfire prevention measures in exposed areas (fuel reduction 
and breaks, forest management, drought resilience, access for emergency services) 

Key actors: Federal state and municipal 
authorities, local and voluntary fire brigades

Key sectors: DRM, civil protection

Strengthen wildfire preparedness and effective response: 

•	 Scenario planning and trainings for wildfires and natural-technological hazards, including 
managing hazardous chemical materials and unexploded ordnance 

•	 Enhance effectiveness of emergency and information services (incl. rapid detection and aerial 
response, water prepositioning) 

•	 Implement public awareness campaigns and tailored action-oriented trainings 

Source: World Bank team
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Strategy, and National Bioeconomy Strategy and supported by the Civil Protection Act, as well as various national laws on forests, natural 
conservation, and environment and ecosystem protection, including the Federal Forest Act, the Nature Conservation Act Nature conservation, 
the Forest Damage Compensation, the Federal Climate Change Mitigation and the Fuel Emissions Trading Acts (Scientific Advisory Board 
on Forest Policy (WBW) 2022 Adaptation of Forests and Forestry to Climate Change; BBK 2022 Deutsche Strategie zur Stärkung der 
Resilienz gegenüber Katastrophen; Spielmann, M, Bücking, W, Quadt, V and Krumm, F 2013 Integration of Nature Protection in Forest 
Policy in Baden-Württemberg (Germany). INTEGRATE Country Report EFICENT-OEF). As Germany‘s main legislation governing forest fire 
management, the Federal Forest Act sets out the rules and guidelines for managing and protecting forests, while the Civil Protection Act 
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regulates civil protection and rescue activities, including forest fire management and suppression operations. Under the national legislation 
framework, implementing wildfire prevention and suppression measures, and coordinating emergency responses and firefighting operations, 
is overseen by the Federal Ministry of Food and Agriculture (BMEL) and are the duties of state forestry administrations and civil protection 
ministries (Eftychidis et al. 2023. FirEUrisk - Developing a Holistic, Risk-wise Strategy for European Wildfire Management). These efforts are 
integrated across various levels of government (the Gemeinden, the 16 federal states, and the federation), blending strategic documents, 
legal instruments, and practical measures (WBW 2022; BBK 2022; Spielmann et al. 2013). The Forest Climate Fund (Waldklimafonds) is a 
key financial mechanism supporting projects to increase forest ecosystem resilience and design preventive measures against large-scale 
wildfires (BBK 2022). The BMEL also fosters crossborder and regional cooperation in forest fire prevention, notably with the Global Fire 
Monitoring Center in Freiburg, and leads on panEuropean initiatives such as the Forest Risk Knowledge Mechanism to inform policy decisions 
and support coordination to increase forest resilience against risks (BBK 2022). The EU has launched projects like DRYADS and TREEADS 
to develop holistic fire management systems by integrating innovative solutions such as satellite data (Copernicus), AI-driven simulations, 
and machine learning for fire prediction, drones for real-time monitoring, virtual reality for training, and ecofriendly extinguishing materials 
(Feuerwehr-Magazin April 4, 2022 Projekt DRYADS 23 Millionen Euro für die Waldbrandprävention).

133	 These include fuel management and breaks (especially on rescue routes), fire drills, water extraction points or water wells, forest fire 
protection through fuel management (clearing flammable material from "wound strips" and creating protective strips, fire barriers, or fuel 
breaks), and network path maintenance. Some experts also recommend other methods, such as targeted controlled grazing, to reduce 
ground vegetation. Various wildfire risk prevention options that emphasize proactive forest management and adaptation strategies have 
also been promoted, including shifting from conifer-dominated monocultures to diverse, climate-resilient mixed deciduous forests to reduce 
flammability and strengthen resilience. For the prioritization of prevention measures in areas where people or critical infrastructure are 
at high fire risk, key actions include establishing priority zones for silvicultural prevention by combining forest stock and exposure data, 
active management of easily flammable deadwood, and developing dynamic vulnerability maps incorporating forest structure parameters 
(BBK 2022; Süddeutsche Zeitung June 4, 2023 Waldbrandprävention und Feuer-Bekämpfung kosten Millionen; Müller, M M, Vilà-Vilardell, 
L and Vacik, H 2020 Waldbrände in den Alpen – Stand des Wissens, zukünftige Herausforderungen und Optionen für ein integriertes 
Waldbrandmanagement EUSALP; Brand Herde Waldweide: Konzept Brandherde – integrative Waldbrandvorsorge; BBK 2022; BMLEH 2024 
Ergebnisse der Waldzustandserhebung 2024; WBW 2022; BMUV 2024 Draft Federal Action Plan on NBS for Climate and Biodiversity; Land 
Brandenburg 2024 Pyrophob: Strategien zur Entwicklung von widerstandsfähigen Wäldern auf Waldbrandflächen; Hartebrodt, C, Hengst, Y, 
Gehrke, A, Jentner, E and Held, A 2023 Management von Totholz in der Waldbrandprävention; Hartebrodt, C, Hengst, Y, Maitry, F and Held, 
A 2024 Neue Informationsquellen für das Waldbrandmanagemen; ErWIN Project 2024 Erweiterung des ökologischen, waldbaulichen und 
technischen Wissens zu WaldbrändeN (ErWiN)).

134	 DWD Overview - Weather and Climate; IQ – FireWatch.

135	 In Germany, Gemeinden are generally responsible for emergency response, including firefighting operations (ETH Zürich 2023 Adapting 
to Climate Change: Lessons for Swiss Civil Protection). Public education and information campaigns have also been promoted to raise 
awareness and promote prevention and preparedness, undertaken notably through the BBK’s Federal Academy for Civil Protection and Civil 
Defense (Nordakademie June 4, 2024 Digitale Waldbrandprävention mit Erfolg; Hepper, J 2023 Forschung zum präventiven Waldbrandschutz 
Brennpunkt Wald; BBK Bundesakademie für Bevölkerungsschutz und zivile Verteidigung; Müller, M 2022 Gutachterliche Stellungnahme 
auf der Grundlage der Beauftragung vom 30.09.2022 gemäß der Vorhabensbeschreibung vom 23.09.2022 auf der Grundlage des 
Kabinettsbeschlusses vom 23.08.2022 mit dem Kernthema der Analyse des Einflusses von Totholz auf das Brandgeschehen im Nationalpark 
Sächsische Schweiz; Mendes C, Negro D, Piñeiro A, Rodríguez C, Casartelli, V, Marengo, A, Melinato, S, My-siak, J, Mohammadi S, Salpina, 
D, Brăilescu, C, Sørensen, J and Griem, G 2025 UCPM Wildfire Peer Review Report: Land Brandenburg 2025 CMCC). Germany has requested 
assistance from the Union Civil Protection Mechanism in the form of aerial firefighting capacities during the 2022 fire season, as well as 
using rapid mapping provided by the Copernicus Emergency Management Service; Dammers, T. 2022. Katastrophenhilfe – nicht gefragt, 
Tagesschau; Seidler, C. 2022. Braucht Deutschland diese Maschine?, Der Spiegel. Germany does not have any publicly owned firefighting 
aircraft but use military or the federal police helicopters on a needs basis, and discussions are ongoing around acquiring dedicated aircraft 
for firefighting purposes (FVA EFI 2021 Waldbrandbekämpfung aus der Luft -eine Fachempfehlung für Entscheidungsträger; DPT 2023). To 
further enhance the effectiveness of firefighting in Germany and cooperation and communication between stakeholders at multiple levels 
(e.g. municipal fire departments, forest administrations, forest companies, and volunteer firefighters), operational tactical maps are also being 
developed, which contain information about forest roads, permissible weight for emergency vehicles, location of water extraction points, 
and escape routes (BMI June 2, 2022 Bund und Länder geben Startschuss für das Gemeinsame Kompetenzzentrum Bevölkerungsschutz; 
BBK Das Gemeinsame Kompetenzzentrum Bevölkerungsschutz; Weidinger, J, Schlauderer, S and Overhage, S 2024 Determinants for the 
Acceptance of Emergency Response Information Systems: Ethnographical Insights into the Digitalization of a Voluntary Fire Department; 
Center of Fire Statistics 2023 World Fire Statistics No 28; Müller, Vilà-Vilardell and Vacik 2020; Hartebrodt et al. 2024). Efforts need to 
be made to enhance firefighting capacity and effectiveness, including through investments in more specialized equipment for accessing 
and suppressing wildfires, improved training for firefighters in nonurban fire environments, and establishing better data and information 
systems on wildfire risk, forest cover, and at-risk communities and infrastructure (DPT 2023; Hepper 2023; Hartebrodt et al. 2024; 
Expertenkommission 2023 Bericht der Expertenkommission Waldbrände Sommer 2022 in Sachsen).

136	 The new Federal Forest Act is still in draft form and under discussion, and while its final scope remains uncertain, it may include provisions 
to strengthen support for preventive wildfire measures for forest owners (BMEL 2024 Viertes Gesetz zur Änderung des Bundeswaldgesetzes; 
BBK 2022; Süddeutsche Zeitung 2023; Müller, Vilà-Vilardell and Vacik 2020; FNR 2024 Wie entstehen feuerabweisende Wälder? 
Fachagentur Nachwachsende Rohstoffe e V).

137	 GFDRR and World Bank. 2025. Management of Wildfire Risk in the European Union.

138	 GWS. 2022. Volkswirtschaftliche Folgekosten durch Klimawandel: Szenarioanalyse bis 2050 Studie im Rahmen des Projektes Kosten durch 
Klimawandelfolgen in Deutschland.

139	 BCRs from European countries: Cross-border support and coordination mechanisms for wildfires (Portugal and Spain): 1.6, Firefighter 
training and capacity building (Sweden): 2.1, Improvements to industries in WUI (Portugal): 2.1, Improvements to houses in WUI (Portugal): 
3.1, Decision support tools for adaptation and sustainable forest management (Austria): 5.8, Alerting and evacuation planning (Portugal): 11, 
Fuel management (Portugal): 11.9, Alerting and evacuation planning (Greece): 39.3. For details, see World Bank and European Commission 
2021 and World Bank. 2024. From Data to Decisions: Tools for Making Smart Investments in Prevention and Preparedness in Europe. 
Washington, D.C.: World Bank Group.
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140	 These include fuel management, fire breaks, and water supply—e.g. narrow 10–30-meter zones and active management of easily 
flammable deadwood, particularly where settlements or critical infrastructure are at risk (Hartebrodt et al. 2023; Hartebrodt et al. 2024), 
clearing flammable material from "wound strips" in Mecklenburg-Vorpommern (Süddeutsche Zeitung 2023), and establishing water wells, 
as discussed by Berlin Parliament (Abgeordnetenhaus Berlin. 2023. Waldbrandprävention in Berlin - Drucksache 19 / 15 316 Schriftliche 
Anfrage des Abgeordneten Karsten Woldeit (AfD)—and critical infrastructure protection, including building codes related to fire safety 
established and implemented as prescriptive rules, regulated in the "Musterbauordnung"-short MBO model building code (Maiworm, B, 
Hammann, C and Schleich, M 2023 Prescriptive Building Regulations, Safety Objectives, and Residual Risk in Germany Fire Technology 

59: 3203–3230). Qualitative evidence suggests that the current building code regulations are sufficient to prevent fire from spreading 
(Maiworm, B, Göldner, M, Mannl, K and Hammann, C 2024 Evaluating 900 Potentially Harming Fires in Germany: Is the Prescriptive Building 
Code Effective? German Fire Departments Assessed Fire Safety Measures in Buildings Through On-Site Inspections Fire Technology 60: 
2041–2065). Germany’s infrastructure has generally been quite well protected against various hazards in the past (Eismann, C 2014 Trends 
in Critical Infrastructure Protection in Germany TRANSACTIONS of the VŠB – Technical University of Ostrava Safety Engineering Series 9(2); 
BMI Protecting Critical Infrastructure).

141	 IQ FIreWatch March 2, 2023 IQ Firewatch – 20 Years of Protecting People, Nature, and Property; Müller M.M., Vilà-Vilardell L., Vacik H. 
2020 Forest fires in the Alps – State of knowledge, future challenges and options for an integrated fire management. EUSALP Action Group 
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151	 Griess, V C, Acevedo, R, Härtl, F, Staupendahl, K and Knoke, T 2012 Does Mixing Tree Species Enhance Stand Resistance Against Natural 
Hazards? A Case Study For Spruce Forest Ecology and Management 267: 284–296. For example, implementing climate-adapted forest 
conversion could require annual investments of €540–640 million per year over the next 50 years, averaging €485 million over a 200-year 
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and returns, becoming economically advantageous after approximately 90 years, considering a 1.5% interest rate (Rosenkranz et al. 2023). 
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