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Weather induced extreme events

Datenquelle MunichRe/NatCat Service 



A flood is the overflowing of the normal confines of a stream or other body of water, or the 
accumulation of water over areas that are not normally submerged (IPCC Glossary)

If a flood (described by discharge as a flowrate m3/s or water level) is exceeding a certain 
threshold above the average values that is calculated statistically. 

A return period, also known as a recurrence interval, is an average time or an estimated 
average time between events such as river discharge or floods to occur. 

Commonly calculated return periods are a 100-year flood, or 30-year flood or extreme flood 
(e.g., 200y or 500y). 

A 100-year flood is a flood event that has on average a 1 in 100 chance (1% probability) of 
being equaled or exceeded in any given year.

Regarding the rating curve at a certain gauging station, the flood water level can be mapped as 
an area of inundation. 

What is a flood?



What is a flood?

June 2007; approxm. 900 m3/s
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What is a flood?

Same river 
(same, same but different)

M. Evers 



Types and causes of floods

EXCIMAP 2007



• Flash floods are caused by heavy rain events  = large amount of rain in a short time (definition 
according to intensity and duration) 

• usually falls spatially limited 

• very large amounts of rainfall can cause water levels in small rivers and streams to rise rapidly

• flash floods occur even without bodies of water due to the enormous amount of rain, especially on 
slopes

• rain masses running off the surface collect in topographically low areas and can cause flooding and 
damage to infrastructure

• heavy rainfall and the resulting flooding are intensified by waterlogged soils, lack of retention areas, 
sealing and backwater in the sewage system

• due to a high degree of building and sealing, the damage potential of flash floods is high, especially in 
urban areas 

(Klimanavigator)

Flash flood



Floodlist

https://floodlist.com/?s=ghana&submit=



• Centre for Research on the Epidemiology of 

Disasters

• Located in Belgium

• Database EM-DAT

• Criteria: 

• 10 or more people reported killed 

• 100 people reported affected 

• declaration of a state of emergency 

• call for international assistance

CRED – EM-DAT



• Size and shape of the catchment matters  

• Upstream-downstream relations

• Geographical borders (e.g. administrative), transnational rivers 

• Multi-risk

• Other natural risks (landslides, erosion, …)

• Industrial risks

• Drinking water supply

• Water related diseases 

• Cascading risk → esp. relevance for critical infrastructure 

Spatial aspects



• Rapid local events – flash floods

• Small and medium-sized catchments

• Slow events – large lakes/reservoirs

• Historical floods

Temporal aspects



• Natural hazard: ” Natural processes or phenomena occurring in the biosphere that 
may constitute a damaging event. 

Hazardous events can vary in magnitude or intensity, frequency, duration, area of 
extent, speed of onset, spatial dispersion and temporal spacing.” 

• Disaster: ”A serious disruption of the functioning of a community or a society causing 
widespread human, material, economic or environmental losses which exceed the 
ability of the affected community or society to cope using its own resources” 

Key concepts 
(definitions from UN Internat. Strategy for Disaster Reduction)



▪ Flood risk means the combination of the probability of a flood event and of the 
potential adverse consequences for human health, the environment, cultural 
heritage and economic activity associated with a flood event.

▪ There different concepts / definitions of flood risk integrating different parameters 

Flood risk  



Influencing factors for Flood Risk 

Hazard
Risk

Changed after IPCC, 2012: Managing the Risks of Extreme Events and 
Disasters to Advance Climate Change Adaptation



Influencing factors for Flood Risk 

Changed after IPCC, 2012: Managing the Risks of Extreme Events and 
Disasters to Advance Climate Change Adaptation

Hazard Risk

▪ Awareness
▪ Information
▪ Prepardeness
▪ Income
▪ Adaptation
▪ Coping Capacity
▪ …

▪ Natural hazards
▪ Human induced

hazards

Increase of percentage of global 
population prone to floods
between 2000 and 2015 grew
by 20 to 24 % (NASA 2020)



• Risk is a function of hazards, vulnerabilities and exposure

• The hazard is assessed with probabilistic approach and different scenarios of return periods are used 

(e.g. 30 years, 100 years or 500years flood) 

• The exposure is increasing in many parts of the world as also in Ghana 

• The vulnerability refers to the physical, social, economic and environmental conditions, which increase 

the susceptibility of the exposed elements to the impact of hazards (UNISDR, 2016)

Flood risks factors



• Exposure: “People, property, systems, or other elements present in hazard zones that 
are thereby subject to potential losses.

Measures of exposure can include the number of people or types of assets in an 
area. These can be combined with the specific vulnerability of the exposed elements 
to any particular hazard to estimate the quantitative risks associated with that 
hazard in the area of interest.

• Risk assessment: “A methodology to determine the nature and extent of risk by
analysing potential hazards and evaluating existing conditions of vulnerability that
together could potentially harm exposed people, property, services, livelihoods and
the environment on which they depend.

Key concepts

https://www.preventionweb.net/files/7817_UNISDRTerminologyEnglish.pdf?_gl=1*temd20*_ga*MTg5
NjIwOTQ0MC4xNjI2ODcwNTI5*_ga_D8G5WXP6YM*MTcwMDE1Mjc3MS42LjAuMTcwMDE1Mjc3MS4w
LjAuMA..



Exposure to floods

https://earthobservatory.nasa.gov



▪ Vulnerability: ”The conditions determined by physical, social, economic, and
environmental factors or processes, which increase the susceptibility of a community
to the impact of hazards.

Key concepts
(definitions from UN Internat. Strategy for Disaster Reduction)



De Brito and Evers 2017

Vulnerability



Vulnerability (experts view)

Individual vulnerability maps generated for each one of 
the 22 expert stakeholders that attended the workshops 
(de Brito et al., 2018).



Projected flood risk 

Caretta et al. (2022)



Projected flood risk 

Caretta et al. (2022)



▪ Resilience: ”The capacity of a system, community or society potentially exposed to
hazards to adapt, by resisting or changing in order to reach and maintain an
acceptable level of functioning and structure. This is determined by the degree to
which the social system is capable of organizing itself to increase its capacity for
learning from past disasters for better future protection and to improve risk
reduction measures.”

Key concepts
(definitions from UN Internat. Strategy for Disaster Reduction)



FR Management Cycle

https://un-spider.org/risks-and-
disasters



Risk-reducing measures

After Lars Nyberg (2016)



▪ Brito, M. M., Evers, M., A. Almoradie (2018): Participatory flood vulnerability assessment: a multi-criteria approach. In: 
Hydrology and Earth System Science, 22,378-390. doi: 10.5194/hess-22-373-2018

▪ Caretta, M.A., A. Mukherji, M. Arfanuzzaman, R.A. Betts, A. Gelfan, Y. Hirabayashi, T.K. Lissner, J. Liu, E. Lopez Gunn, R. Morgan, 
S. Mwanga, and S. Supratid, 2022: Water. In: Climate Change 2022: Impacts, Adaptation, and Vulnerability. Contribution of 
Working Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University 
Press, Cambridge, UK and New York, NY, USA, pp. 551-712, doi:10.1017/9781009325844.006

• EXCIMAP (2007) Handbook on good practices for flood mapping in Europe. European exchange circle on flood mapping. 

▪ IPCC Glossary https://apps.ipcc.ch/glossary/

▪ IPCC (2012)  Managing the Risks of Extreme Events and Disasters to Advance Climate Change Adaptation. 
https://www.ipcc.ch/report/managing-the-risks-of-extreme-events-and-disasters-to-advance-climate-change-adaptation/

▪ Klimanavigator. https://www.klimanavigator.eu/

▪ UNISDR (n.d.) Terminology: Basic terms of disaster risk reduction. 
https://www.unisdr.org/files/7817_7819isdrterminology11.pdf

References

https://apps.ipcc.ch/glossary/
https://www.ipcc.ch/report/managing-the-risks-of-extreme-events-and-disasters-to-advance-climate-change-adaptation/
https://www.klimanavigator.eu/
https://www.unisdr.org/files/7817_7819isdrterminology11.pdf


THANK YOU FOR YOUR ATTENTION!



This material is licensed under the Creative Commons Attribution 
4.0 International License.

It is allowed to
Share — copy and redistribute the material in any medium or format for any purpose, even commercially
Adapt — remix, transform, and build upon the material for any purpose, even commercially
To see a copy of this license, visit http://creativecommons.org/licenses/by-sa/4.0/

Creative Commons 4.0


