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Overview

e Definitions of drought

e What is WaterGAP?

e Ability of WaterGAP to model low-flow
e Drought frequency analysis

e Impact of global change on water
avallability and water use

e Impact of global change on droughts
e Summary
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Definitions of drought

e Climatological drought (rainfall
deficit)

e Agro-meteorological drought (soill
water deficit)

e River flow drought (deficit of river
discharge)

e Groundwater drought (recharge
deficit)

e Operational drought (water demand >
supply) yT———
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Natural climate variability

Precipitation deficiency High temperature, high winds,

(amount, intensity, timing) low relative humidity, more
sunshine, less cloud cover

Reduced infiltration, runoff,
deep percolation, and Increased evaporation

groundwater recharge and transpiration

[ea160]|010319|N

Soil water deficiency

Plant water stress, reduced
biomass and yield
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Reduced streamflow, inflow to
reservoirs, lakes, and ponds,
reduced wetlands and wildlife habitats
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Economic impacts Social impacts Environmental impacts
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Source: National Drought Mitigation Center, USA, Drought Watch
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What is WaterGAP?
Water Global Assessment

and Prognosis
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WaterGAP — Model overview

e| and Cover

Climate Global Water Availability
«Flow Direction Hydrology Model = Runoff (by grid-cell)
«Soil Texture eRecharge (by grid-cell)

= Slope ¢
<Hydrogeology
WATER STRESS &
Reduction of discharge

T

Water Withdrawals
e Population eDomestic  (by country)

e|lncome Global Water -In(_:lust_rlal (9)Y cquntry)
= Technology Use Model eirrigation  (by grid-cell)
«Climate elLivestock (by grid-cell)
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Global Hydrology Model

= Land Cover (Albedo) Potential

=Cloudiness gl £\ apotranspiration \

e Temperature Actual

Evapotranspiration

e and Cover ; Maximum Soil /
(Root Depth) Water Content
SOIL WATER
Rain & Snowmelt BALANCE

'

Surface/Subsurface Runoff
&
Groundwater Recharge

= Slope
e Texture
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Global Water Use Model

Domestic
Water Use

e Population

e|ncome

= Electricity Production
=\Water Intensity

Industrial
Water Use

eIrrigated Area

=Cropping Intensity Irrigation
= ivestock Intensity (+Livestock)
=\Water Use Efficiency Water Use
«Climate
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“Current” Situation

ater Withdrawal
(grid &
watershed level)

Water Use Global Water
(country level) Use Model

«UNESCO
e|ndividual Countries
Water Stress &

Drought Frequenc
Climate J 9 )/

Data
Global

Hydrology Model ater Availability

(grid &
watershed level)
Physiographic T calibration
Data
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- Mean Annual Discharge -

Saale River, long-term monthly mean for 1982-1995 (23.000 km?)
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Water Withdrawals
Current (1995)

Water Avallability
Current (1961-90)
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Current Water Stress

Y Water Stress
e Withdrawal
RleEe SN (Withdrawal to
Availability Ratio)

il
o &
-,
\“

AVEC summer school 2003




b g
# Center for Environmental Systems Research, University of Kassel, Germany

/ Wissenschaftliches Zentrum
fiir Umweltsystemforschung

s WaterGAP able to
reproduce low-flow?
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Drought frequency analysis
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Drought events and deficit volumes
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Monthly streamflow
hydrograph

Threshold level

Deficit volume

Accumulated deficit volume

Deficit Volume [km °]
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-- actual monthly discharge

threshold value
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eficit volume with seasonal threshold

-&- |ongterm monthly medians
-- actual monthly discharge
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Deficit volume with combination of thresholds

-8- |ongterm monthly medians
-- actual monthly discharge

volume below threshold
but no deficit volume
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Deficit volumes using WaterGAP

B Rhine at Rees, GRDC observed
O Rhine at Rees, WaterGAP modeled
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Deficiency Index
calculated by

times
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Drought frequency distribution
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-+ Rhine at Rees, GRDC observed
O~ Rhine at Rees, WaterGAP modeled

5 10 25 50 100 200

Return period [years]
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100-year drought deficit
volume [km?] 1:1 Line
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Modeling efficiency = 0.86

15 20 25 30
GRDC observed
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Impact of global change on
water availability and

water use
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To consider Global Change

Changes in:
<L opulation Global Water “Future*
<conomics Use Model
< echnology

Scenarios from:

UN

«|PCC “Future” Water Stress
<\World Bank & Drought Frequency

Changes in: Global
Climate E— Hydrology Model

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

Water Intensity (m3/cap-a) Water Intensity

Domestic
Domestic

>

& Income Time

Structural Change Technological Change
(changing behaviour (improving water use
and infrastructure) efficiency)

Water Intensity

Domestic

>
Income & Time

Structural & Technological Change (per country)
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- Water Use Model : Industry Sector -

Water Intensity (m3/kWh-a) Water Intensity

Industry
Industry

>
Income Time

<O
Structural Change Technological Change

(changing behaviour (improving water use
and infrastructure) efficiency)

Water Intensity

Industry

>
Income & Time

Structural & Technological Change (per country)
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- Water Use Model : Irrigation -

Crop-Specific Evapo-
Cropping Patterns transpiration
Precipitation

eirrigated Area
«Cropping Intensity

- ' —_—
= Soil Characteristics T
—> ' — * - +

e Temperature
= Precipitation

Growing Season |
Net Irrigation
Requirements

=|rrigation Efficiency |
(Field Efficiency) *

Irrigation
Water Withdrawals
- per 0.5° grid-cell -
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- Water Use Model : Irrigation -
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independent data of consumptive irrigation water use, km3/yr
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SRES Scenarios

Economic

Regional

Enyronmental
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IPCC emission scenario
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Climate scenario

AVEC summer school 2003



:-t.;:'!__
Center for Environmental Systems Research, University of Kassel, Germany

/ Wissenschaftliches Zentrum =
fiir Umweltsystemfarschung

IPCC emission scenario

ECHAMA4
HadCM3

______________________

Water use scenario

Drought calculation
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IPCC emission scenario

ECHAMA4 T i A2 and B2
+ Climate model
Climate scenario Water use scenario
| WaterGAP |

Drought calculation
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Impact of global change on
droughts
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Changes In low flow dlscharge
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Month with minimum average discharge Scenario A2

(c) Center for Environmental
Swetems Research,
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ECHAM4

Month with minimum average discharge Scenario A2

(c) Center for Environmental
Swetems Research,

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov DEC  maen oms - wiersar 240
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Deficit volumes using WaterGAP

B Rhine at Rees, GRDC observed
O Rhine at Rees, WaterGAP modeled
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Drought frequency distribution
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-+ Rhine at Rees, GRDC observed
O- Rhine at Rees, WaterGAP modeled
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Return period [years]
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Changes of drought frequencies
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Changes of drought frequencies
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2070s use
at today* s
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Change in 100-year drought deficit volume (%) Scenario A2

decreases small changes increases

(c) Center for Environmental
Systems Research,
University of Kassel,
March 2003 - WaterGAP 2.1D
25 -10 +10
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Changes of drought frequencies

future distribution
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2070s

K- [ \ -,
ECHAN4 4 HadCM3

!

Today's 100-year droughts return ... Scenario A2

less frequent more frequent

(c) Center for Environmental
Systems Research,
University of Kassel,

every 200 160 120 10 years March 2003 - WaterGAP 2.1D




2070s

ECHANA  (FRY (RIN HadCM3_

K PR K

Today's 100-year droughts return ... Scenario B2

less frequent more frequent

(c) Center for Environmental
Systems Research,
University of Kassel,

every 200 160 120 10 years March 2003 - WaterGAP 2.1D
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Smmary

WaterGAP delivers “acceptable” results for low-flow
discharge analysis (and includes water use!)

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

Drought frequencies react to climate changes and use
changes

Today’s 100-drought return period in Europe shows
opposite results in a north-south direction with
regional differences
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The impact of climate change:

*The upper picture is a real photograph
of the river Rhine taken at Diisseldorf.

*The picture on left hand-side has a
very low probability of occurrence.

*The picture on the right hand-side
remains as a fantasy!
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Thanks!
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