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Abundance of water 

Blessing          Curse 



Disaster risk management and climate change adaptation can influence the 

degree to which extreme events translate into impacts and disasters 

(IPCC SREX, 2012    www.ipcc.ch) 
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Increasing vulnerability, exposure, or 

severity and frequency of climate 

events increases disaster risk 



Source: Kundzewicz, Z. W.; Kanae, S.; Seneviratne, S. I.; et al., 

(2014) Flood risk and climate change: global and regional 

perspectives. Hydrol. Sci. J. 59(1), 1-28.  



Changes in flood risk 

• Changes in climate and hydrological systems 

(heavy precipitation, land-use change, urbanization, 

deforestation, river regulation – channel 

straightening, embankments) 

• Changes in socio-economic systems: (increasing 
exposure – flood plain development, growing wealth 
in flood-prone areas) 



1000-year flood 



Old 1000-year flood 
New 1000-year flood 



In comparison to rural areas, the peak flow corresponding 
to a given precipitation is higher and faster in urban areas. 



Water holding capacity of the atmosphere  

 

Clausius-Clapeyron equation  

des(T) / es(T) = L dT / R T2 
where es(T) is the saturation vapor pressure at                           

temperature T,  

L is the latent heat of vaporization,  

and R is the gas constant.   

T grows    es(T) grows 

1oC       6-7% 
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Exposure to floods  Source:  Kundzewicz, Z. W.; Kanae, 

S.; Seneviratne, S. I.; et al., (2014) Flood risk and climate change: 

global and regional perspectives. Hydrol. Sci. J. 59(1), 1-28.  



Source: Kundzewicz, Z.; Pińskwar, I; Brakenridge, R. (2013) Large floods 

in Europe, 1985-2009. HYDROL. SCI. J. 58(3), 736-736.  



Trend in number of days with precipitation in excess of 30 mm, and 
(b) trend in maximum 5-day precipitation, 1971–2002 (after Lorenc & 
Olecka, 2006). 



Catastrophic floods of 
regional extent in Poland:  

from 1946 to 1970;  from 
1971 to 1990;  from 1991 

to 2010;  

 from 1946 to 2010. 

Source: 

Kundzewicz et al. (2012) 





Mean duration (in days) of circulation patterns for the winter 

season of the decades 1951–1960 (left) and 1991–2000 (right). 

(Hattermann et al., 2012; based on Merz) 



Trends in (a) 24-hour maximum and (b) 5-day maximum precipitation. 
(Hattermann et al., 2012) 

 



Trends in annual maxima of river discharges in the five big German river 
basins, including their upstream parts in neighbouring countries in the 
period 1951–2003, estimated with the help of the SWIM model (based on 
Huang et al., 2010). 



Trend slope of the material damages over 
Germany, adjusted for inflation, in the 
period 1951–2003 (Hattermann et al., 2012). 



Losses from floods and wet storms for 1980–2010 in Germany (in 

2010 values). It is assumed, for simplicity, that water component is 

responsible for half of in damage caused by wet storms (the other half 

being wind, hail, etc.) – Note: the height of the bar for 2002 is not 

consistent with the axis (Source: Kron et al., 2012). 
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Kundzewicz, Z. W. (2013)  Floods: lessons about early warning systems. 

In: European Environment Agency (EEA)  Late lessons from early warnings: 

science, precaution, innovation.  Vol. II. Part B Emerging lessons from 

ecosystems. Ch. 15, 347-368, EEA Report, Copenhagen, No. 1/2013. 

Two interpretations of the notion of early warning: 

 

1) Notion referring to a short-term flood preparedness system - ‘flood 

warning’ is specific timely information, based on a reliable forecast, that a high 

water level is expected to occur at a particular location at a 

particular time. 

 

2) Notion referring to a long-term flood preparedness system - ‘early 

warning’ is a ‘prediction’ of change in flood frequency, e.g. 

statement that the present (i.e. corresponding to some reference period, such 

as the climate standard normal, 1961-1990) 100-year flood (river flow exceeded 

once in 100 years; on average) may occur more frequently, e.g. becoming a 50-

year flood in some defined future time horizon.  



Projections of 

intense 

precipitation 

Source: 

IPCC SREX 
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Projections of changes in 100-year flood. Kundzewicz, Z. W., Lugeri, N., Dankers, R., 

Hirabayashi, Y., Döll, P., Pińskwar, I., Dysarz, T., Hochrainer, S., Matczak, P. (2010) Assessing 

river flood risk and adaptation in Europe—review of projections for the future. Mitig. Adapt. 

Strategies for Global Change 15(7), 641 – 656. 



Feyen et al. (2009) 

Assumption: Future flood protection level depends 
on the country’s GDP (protection up to 100-year, 
75-year, and 50-year flood for countries with GDP 
above 110%; in the range from 55% to 110%; and 
below 55% of the average EU 27 GDP level, 
respectively).  

Present expected annual damage of 6.5 billion 
Euro may rise to 18 billion Euro in 2071–2100 
under SRES A2 scenario  

In five countries the expected annual damage in the 
future horizon was projected to exceed 1 billion Euro, 
with highest value being 4 billion Euro. Among 27 
countries of the EU in 25 there were non-zero flood 
damages in the control period. Out of these 25 
countries, increase (up to 80%) is projected in 20 
and decrease (even by 85%) is projected in five 
countries. 
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  European Union Floods Directive  

 

„Firstly, the scale and frequency of floods are 

likely to increase in the future as a result of 

climate change, inappropriate river 

management and construction in flood risk 

areas.  

 

Second, there has been a marked increase in 

vulnerability due to the number of people and 

economic assets located in flood risk zones.” 
 



Changes in frequency of 100-year river discharge  

(Hirabayashi et al., 2013) 



Better accommodation of extremes of 

present climate variability augurs 

better for the future climate, subject to 

change. 

Since uncertainty in projections for the 

future is large, precautionary attitude 

should be taken when planning 

adaptation.  



Despite the uncertainty, water managers in a few 

countries have begun to consider the implications of 

climate change explicitly in flood management.  

In the UK and in some German federal states (e.g. 

Bavaria) design flood magnitudes have been 

increased by 20% and 15%, respectively, to reflect 

the possible effects of climate change. 

Measures to cope with the increase of the design 

discharge for the Rhine in the Netherlands from 

15 000 to 16 000 m3/s must be implemented by 

2015 and it is planned to increase the design 

discharge to 18 000 m3/s in the longer term due to 

climate change.  
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Flood protection and management strategies 

modify either flood waters, or susceptibility to 

flood damage and impact of flooding.  

Protect 

[Absolute protection does not exist] 

Accommodate 

[Living with floods, learning from them] 

Retreat 

[The state/province purchases land and property in flood-prone areas] 
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Flood protection depends depends on wealth    Kundzewicz, Z. W. 

& Takeuchi, K. (1999) Flood protection and management: quo vadimus? 

Hydrol. Sci. J. 44(3) 417-432.  



I. Keeping water away from people 

- Flood defence  

- Flood flow improvement and retention 

II. Keeping people and wealth away from water 

- Flood risk prevention  

III. Being prepared to a flood occurrence 

- Flood risk mitigation  

- Flood preparation  

- Flood recovery 



Strategies do not have to be inclusive. Usually they 

come together: If DEFENCE is a sole strategy, this 

means ignorance of the residual risk. Diversification 

of Flood Risk Management Strategies: multiple 

strategies are applied simultaneously and linked 

together. Multi-layer strategy. 

Be prepared for coincidence of abundant water and 

damage potential in the same place and time. 

Instead of limiting consideration to a fail-safe 
system that never fails, we should strive to build a 

safe-fail system that fails in a safe way and 

recovers after failure.  

This is the essence of the notion of resilience.  



Flood risk management strategies in Poland – experts´ assessment 

Source: Polish report for STAR-FLOOD 
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Resilience and appropriateness 

(legitimacy, effectiveness, efficiency) 

Source: STAR-FLOOD DoW 



Marleen Van Rijswick:  

 

The governance arrangements differ in: 

- the division of responsibilities among the actors 

involved (collective/public vs individual/private),  

- how priorities are set,  

- how Flood Risk Management Strategies are integrated 

with other societal ambitions,  

- the standards of protection that are in place,  

- financing structures,  

- the distribution of costs and benefits, 

- how risks are communicated.  



Actors in Poland 

Source: Polish report for STAR-FLOOD WP3 



Source: STAR-FLOOD DoW 
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Thank you 

kundzewicz@yahoo.com 


