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What is Drought?What is Drought?

Drought means lack of water that would Drought means lack of water that would 
normally by available in a region;normally by available in a region;
Drought is a world wide phenomenon;Drought is a world wide phenomenon;
Drought is a complex phenomenon with wide Drought is a complex phenomenon with wide 
ranging social, environmental and economic ranging social, environmental and economic 
impacts;impacts;
Drought research and operational Drought research and operational 
applications have been lagging behind the applications have been lagging behind the 
development in flood related areas. development in flood related areas. 



DroughtDrought as as comparedcompared to Floodto Flood
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Drought is a nonDrought is a non--
event;event;

Drought develops Drought develops 
slowly in time and slowly in time and 
space;space;

Drought can not be Drought can not be 
forecasted based on a forecasted based on a 
preceding preceding 
precipitation event;precipitation event;

Drought must be Drought must be 
described in terms of described in terms of 
several variables to several variables to 
assess the impacts of assess the impacts of 
drought.drought.



The Drought HazardThe Drought Hazard

Recent severe droughts 
The OFDA/CRED International Disaster Database, 2001



DroughtDrought DefinitionDefinition
Drought is a sustained Drought is a sustained 
and regionally extensive and regionally extensive 
occurrence of below occurrence of below 
average natural water average natural water 
availabilityavailability
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Streamflow droughtStreamflow drought

Time series of Time series of 

-- Low flow Low flow 
characteristicscharacteristics

-- Deficit Deficit 
characteristicscharacteristics
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Groundwater droughtGroundwater drought

FluxesFluxes
-- rechargerecharge
-- groundwater discharge (base flow)groundwater discharge (base flow)

State variablesState variables
-- groundwater heads or levelsgroundwater heads or levels
-- storagestorage



Multivariable indices, e.g. PDSI, SWSIMultivariable indices, e.g. PDSI, SWSI

•Based on several 
variables

•Often include water 
balance calculations

•SWSI: Includes snow, 
precipitation, reservoir 
storage, streamflow

•PDSI: Meteorological 
drought index, snow not 
included



Spatial variabilitySpatial variability

the spatial extent of the eventsthe spatial extent of the events
the variability within the affected area the variability within the affected area 
the dynamics of an event the dynamics of an event 
possible recurrent patterns in spacepossible recurrent patterns in space

Droughts are Droughts are 
regional regional 
events, it is events, it is 
thus important thus important 
to assess:to assess:



Drought indicatorsDrought indicators

The choice of drought indicator and The choice of drought indicator and 
relief measures depends on:relief measures depends on:

The purpose of the studyThe purpose of the study
The hydrological regime under studyThe hydrological regime under study
The data availabilityThe data availability
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CD to accompanying the Textbook



The ASTHyDA projectThe ASTHyDA project
Analysis, Synthesis and Transfer of Knowledge and Tools on Analysis, Synthesis and Transfer of Knowledge and Tools on 

Hydrological Drought through a European NetworkHydrological Drought through a European Network

An Accompanying Measure in the EC’s 5th Framework Programme

http://drought.uio.no



ARIDE Assessment of the  Regional Impact of Droughts in Europe
European Community Framework Programme for Research and Technical Development

Climate change and impact on natural resources:
1.1.4.1 European Water Resources

Groundwater
Drought
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Hydrological 
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University of Freiburg, Germany (Co-ordination) 



Examples of panExamples of pan--European drought European drought 
studies within the ARIDE projectstudies within the ARIDE project

Trends in streamflow droughtTrends in streamflow drought
Streamflow drought monitoring Streamflow drought monitoring 
Streamflow drought forecastingStreamflow drought forecasting



1. Pan-European Trend study

Have 
streamflow 
droughts in 

Europe become
more severe or 

frequent?



CEH, 2001

2. Hydrological drought
Monitoring, Pan-European scale



3. 3. Links with the climate systemLinks with the climate system

NAO Index: pressure difference between Iceland NAO Index: pressure difference between Iceland 
and the Azores/Gibraltar/Lisbonand the Azores/Gibraltar/Lisbon

High winter Index: 
• Storm tracks shifted 

northwards, sparing 
southern Europe, 
where anticyclone 
persists
Reduced winter rain
Drought

Drought 
in Spain

(from CRU)



Joint FRIEND and ASTHyDA meeting
Bratislava, 12-15 May 2004

Research needs:Research needs:
Drought Drought monitoringmonitoring and forecastingand forecasting
Development of drought indicatorsDevelopment of drought indicators
Drought patterns in time and spaceDrought patterns in time and space
Impact of land use and climate change Impact of land use and climate change 
Propagation of drought through the hydrological cyclePropagation of drought through the hydrological cycle
Links between drought and stream ecologyLinks between drought and stream ecology
Methods for assessing the severity of droughtMethods for assessing the severity of drought
Estimation at the ungauged siteEstimation at the ungauged site
Need for good quality, longNeed for good quality, long--term data (easy assess)term data (easy assess)



Joint FRIEND and ASTHyDA meeting
Bratislava, 12-15 May 2004

Other aspects:Other aspects:
Assess the operational needs for drought Assess the operational needs for drought 
monitoring and forecastingmonitoring and forecasting
Arrange workshops and joint research projectsArrange workshops and joint research projects
Transfer of knowledge through International study Transfer of knowledge through International study 
courses and workshops (Training)courses and workshops (Training)
Communication to policy makers and the publicCommunication to policy makers and the public
Establish a European Drought Centre as a Establish a European Drought Centre as a 
framework for future cooperation and improved framework for future cooperation and improved 
coordination of research and operational activitiescoordination of research and operational activities
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ARIDE

Stakeholders Water
managers

Scientific
community

European Drought Centre (EDC) Policy
makers

Drought Watch System (incl DSS)

DATA
• historic
• real time

(monitoring)

TOOLS
• forecasting
• prediction

OTHER
• ecology  
• environment 
• socio-econ.

DOCUMENTS
• policy 
• directives
• approved

plans
• …….

Drought 
management

Communication
general public

Conceptual Diagram EDCEDC



Concluding remarksConcluding remarks

Drought is a natural hazard that cannot Drought is a natural hazard that cannot 
be preventedbe prevented
But, its impacts can be reduced through But, its impacts can be reduced through 
mitigation, i.e. knowledge, preparedness mitigation, i.e. knowledge, preparedness 
and good management practiceand good management practice

Monitoring Forecast Prediction

now


