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• Definitions of drought
• What is WaterGAP?
• Ability of WaterGAP to model low-flow
• Drought frequency analysis
• Impact of global change on water

availability and water use
• Impact of global change on droughts
• Summary

OverviewOverview
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• Climatological drought (rainfall
deficit)

• Agro-meteorological drought (soil
water deficit)

• River flow drought (deficit of river
discharge)

• Groundwater drought (recharge
deficit)

• Operational drought (water demand > 
supply)

Definitions of droughtDefinitions of drought
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Natural climate variability

Precipitation deficiency
(amount, intensity, timing)

High temperature, high winds,
low relative humidity, more
sunshine, less cloudcover

Increased evaporation
and transpiration

Economic impacts Social impacts Environmental impacts

Reduced infiltration, runoff,
deeppercolation, and
groundwater recharge
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Soil water deficiency

Plant water stress, reduced
biomass and yield

Reduced streamflow, inflow to
reservoirs, lakes, and ponds,

reduced wetlands and wildlife habitats

Source: National Drought Mitigation Center, USA, Drought Watch
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What is What is WaterGAPWaterGAP??
WaterWater GGlobal lobal AAssessment ssessment 

and and PPrognosisrognosis
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WaterGAP – Model overview

Global
Hydrology Model

Global
Hydrology Model

•• Land CoverLand Cover
••ClimateClimate
••FlowFlow DirectionDirection
••SoilSoil TextureTexture
••SlopeSlope
••HydrogeologyHydrogeology

WaterWater AvailabilityAvailability
••RunoffRunoff ((byby gridgrid--cellcell))
••RechargeRecharge ((byby gridgrid--cellcell))

Global Water
Use Model

Global Water
Use Model

••PopulationPopulation
••IncomeIncome
•• TechnologyTechnology
••ClimateClimate
••IrrigatedIrrigated AreaArea

WaterWater WithdrawalsWithdrawals
••DomesticDomestic ((byby countrycountry))
••Industrial Industrial ((byby countrycountry))
••IrrigationIrrigation ((byby gridgrid--cellcell))
•• LivestockLivestock ((byby gridgrid--cellcell))

WATE R S TR E S S &
Reduction of discharge

WATE R S TR E S S &
Reduction of discharge
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Global Hydrology Model

Potential
Evapotranspiration

Potential
Evapotranspiration

Maximum Soil
Water Content

Maximum Soil
Water Content

Rain & SnowmeltRain & Snowmelt

Actual
Evapotranspiration

Actual
Evapotranspiration

Surface/Subsurface Runoff
&

Groundwater Recharge

Surface/Subsurface Runoff
&

Groundwater Recharge

SOIL WATER
BALANCE

SOIL WATER
BALANCE

•Land Cover (Albedo)
•Cloudiness
•Temperature

•Land Cover 
(Root Depth)

•Slope
•Texture

+

�
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Global Water Use Model

••PopulationPopulation
••IncomeIncome
••ElectricityElectricity ProductionProduction
••WaterWater IntensityIntensity

••IrrigatedIrrigated AreaArea
••CroppingCropping IntensityIntensity
•• LivestockLivestock IntensityIntensity
••WaterWater UseUse EfficiencyEfficiency
••ClimateClimate

Domestic
Water Use
Domestic
Water Use

Industrial
Water Use
Industrial
Water Use

Irrigation
(+Livestock)
Water Use

Irrigation
(+Livestock)
Water Use
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“Current” Situation“Current” Situation

•UNESCO
•Individual Countries

Water Stress &
Drought Frequency

calibration

Water Use
(country level)

Water Use
(country level)

Physiographic
Data

Physiographic
Data

Climate
Data

Climate
Data

Water Withdrawal
(grid & 

watershed level)

Water Withdrawal
(grid & 

watershed level)

Water Availability
(grid & 

watershed level)

Water Availability
(grid & 

watershed level)

Observed DischargeObserved Discharge

Global Water
Use Model

Global Water
Use Model

Global
Hydrology Model

Global
Hydrology Model

•CRU

•GRDC
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Calibration and validation
Note: all graphs with seasonal
regimes show specific discharge
in mm/month derived from
time series 1961-90
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 GRDC observed
 WaterGAP modeled

Seasonal discharge:
Elbe at Neu-Darchau

(derived from time 
series 1961-90)
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 GRDC measured
 WaterGAP simulated

-- Mean Annual Discharge Mean Annual Discharge --
Saale River, long-term monthly mean for 1982-1995 (23.000 km²)
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Water WithdrawalsWater Withdrawals
Current (1995)Current (1995)

20752075

[mm]

[mm] Water AvailabilityWater Availability
Current (1961Current (1961--90)90)
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Current Water StressCurrent Water Stress

Low

Medium

Severe

0.2

0.4

Water Stress
(Withdrawal to 
Availability Ratio)
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Is Is WaterGAPWaterGAP able to able to 
reproduce lowreproduce low--flow?flow?
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Q90 [m³/s]Q90 [m³/s]
from monthly figures 1961 from monthly figures 1961 -- 19901990
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ME = 0.91
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from monthly figures 1961 from monthly figures 1961 -- 19901990



�������������������� 	�
��������
�	�
��������
� �������������� ����
�������
��������
���������������
�����������
�����
������������
������
��

AVEC summer school 2003

0

200

400

600

800

1000

1200

1400

0 200 400 600 800 1000 1200 1400

��������	
��
������

�
�
�
�
	�
��
�

ME = 0.82

Q99 [m³/s]Q99 [m³/s]
from monthly figures 1961 from monthly figures 1961 -- 19901990



�������������������� 	�
��������
�	�
��������
� �������������� ����
�������
��������
���������������
�����������
�����
������������
������
��

AVEC summer school 2003

Drought frequency analysisDrought frequency analysis
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Deficit volume with constant thresholdDeficit volume with constant threshold
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Deficit volume with seasonal thresholdDeficit volume with seasonal threshold
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Deficit volume with combination of thresholdsDeficit volume with combination of thresholds
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Deficit volumes using Deficit volumes using WaterGAPWaterGAP
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Drought frequency distributionDrought frequency distribution

0

5

10

15

20

25

30

35

40

45

1.111 1.25 2 5 10 25 50 100 200

Return period [years]

D
ef

ic
it

vo
lu

m
e

[k
m

³]

Rhine at Rees, GRDC observed

Rhine at Rees, WaterGAP modeled



�������������������� 	�
��������
�	�
��������
� �������������� ����
�������
��������
���������������
�����������
�����
������������
������
��

AVEC summer school 2003

�������� �		�
���
� �
����

���������	�
��
� 	������

�
���� �����

�
�
��
��
�
�
	


�
�
��
�

�����
������	

���
����



�������������������� 	�
��������
�	�
��������
� �������������� ����
�������
��������
���������������
�����������
�����
������������
������
��

AVEC summer school 2003

Impact of global change on Impact of global change on 
water availability and water availability and 

water usewater use
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To consider Global ChangeTo consider Global Change

Global Water
Use Model

Global Water
Use Model

Global
Hydrology Model

Global
Hydrology Model

Scenarios from:
•UN
•IPCC
•World Bank

“Future” Water Stress
& Drought Frequency

Changes in:
•Population
•Economics
•Technology

Changes in:
•Population
•Economics
•Technology

Changes in:
Climate

Changes in:
Climate

“Future“
Water Withdrawal

“Future“
Water Withdrawal

“Future“
Water Availability

“Future“
Water Availability

•GCM: HadCM3, Hadley Centre
•GCM: ECHAM4-OPYC3, Max Planck Inst.
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- Water Use Model : Domestic Sector -

Income

Structural Change
(changing behaviour 
and infrastructure)

Domestic

Water Intensity (m3/cap-a)

Structural & Technological Change (per country)
Income & Time

Domestic

Water Intensity

To
da

y

T ime

Technological Change
(improving water use 

efficiency)

Water Intensity

Domestic
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- Water Use Model : Industry Sector -

Income

Structural Change
(changing behaviour 
and infrastructure)

Industry

Water Intensity (m3/kWh-a)

Structural & Technological Change (per country)
Income & Time

Industry

Water Intensity

To
da

y

T ime

Technological Change
(improving water use 

efficiency)

Water Intensity

Industry
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-- Water Use Model : Irrigation Water Use Model : Irrigation --

•Irrigated Area
•Cropping Intensity 
•Soil Characteristics
•Temperature
•Precipitation

Cropping PatternsCropping Patterns

Net Irrigation
Requirements
Net Irrigation
Requirements

Crop-Specific Evapo-
transpiration

Precipitation

Growing SeasonGrowing Season

•Irrigation Efficiency
(Field Efficiency)

Irrigation
Water Withdrawals
- per 0.5° grid-cell -

Irrigation
Water Withdrawals
- per 0.5° grid-cell -

- +
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Climate scenario

Climate model

IPCC emission scenario
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Climate scenario

Climate model

WaterGAP

Drought calculation

IPCC emission scenario

ECHAM4

HadCM3

Water use scenario
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Water use scenarioClimate scenario

Climate model

WaterGAP

Drought calculation

IPCC emission scenario

A2 and B2ECHAM4

HadCM3

Water use scenario
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Decrease

Increase

Change in Water Change in Water 
AvailabilityAvailability

(HadCM3 (HadCM3 -- 2070s)2070s)
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2070s2070s
HadCM3HadCM3

Change in Water Change in Water 
WithdrawalsWithdrawals

(2070s)(2070s)
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Impact of global change on Impact of global change on 
droughtsdroughts
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Changes in low flow dischargeChanges in low flow discharge
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Changes in low flow dischargeChanges in low flow discharge
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Deficit volumes using Deficit volumes using WaterGAPWaterGAP
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Drought frequency distributionDrought frequency distribution
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Changes of drought frequenciesChanges of drought frequencies
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Changes of drought frequenciesChanges of drought frequencies
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SummarySummary
•• WaterGAPWaterGAP delivers “acceptable” results for lowdelivers “acceptable” results for low--flow flow 

discharge analysis (and includes water use!)discharge analysis (and includes water use!)

•• The macroThe macro--scale is suitable for the analysis of drought scale is suitable for the analysis of drought 
(droughts spread widely in space and time )(droughts spread widely in space and time )

•• Drought frequencies react to climate changes and use Drought frequencies react to climate changes and use 
changeschanges

•• Today’s 100Today’s 100--drought return period in Europe shows drought return period in Europe shows 
opposite results in a northopposite results in a north--south direction with south direction with 
regional differencesregional differences
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Thanks!Thanks!


