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Rainfall distribution in time and space has significant impact on water 
availability and socio-economy in West Africa

Severe droughts in 1970s and 1980s (i.e. Sahel zone)

Rainfed agriculture highly exposed to rainfall variability
70% of population depends on rainfed agriculture
Food Security: severe - very severe

Crucial problem for rainfed agriculture: Decision about the sowing date
Sowing as early as possible to avoid wasting of valuable growth time
Sowing too early may lead to crop failure and high economic losses

Solution: Prediction of Onset of the Rainy Season (ORS)

Motivation

Global clim
ate change is expected to aggravate rainfall 

variability
 and water scarcity in 21. Century (IP

CC, 2007)
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Required:

Scientific
ally sound information 

under w
eak infrastructure

“Challenge”
 

West Africa
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Case study 1: Volta Basin (Ghana & Burkina Faso)

Observed signals of climate change 

Regional climate modeling: expected future climate

Impact climate change on regional water availability

Impact climate change on agricultural sector

Case study 2: Cameroon

Impact climate change on food production

Conclusions

Outline
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Research foci 

Volta Basin (Ghana & Burkina Faso), Cameroon
Similar climate: High spatial and temporal rainfall variability

Climate: sub-humid to arid
Rainy Season (Intertropical Convergence Zone ITCZ) 
South: bimodal (Maximum June)
North: unimodal (Maximum August)
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Vorführender
Präsentationsnotizen
Aus klimatologischen Gesichtspunkten spannendes Untersuchungsgebiet:

Hohe räumliche Variation der Niederschläge (von ca. 500 mm – 1800(2000)mm; insgesamt zonale Verteilung; Anomalie im SE Ghanas, die sich in der Vegetation durchschlägt)

Zeitliche Variabilität der Niederschläge: 1-2 gipflige Verteilung; kleine Trockenzeit 
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Observed Climate Change (1961-2000)

Trends in Temperature

Maximum Temperature 
Fada N’Gourma

Mean Temperature

[Neumann et al., 2007]
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Observed Climate Change (1961-2000)

XY

XY

XY

XY

XY

XY

XY

XY

XY

XY

XY

-88.7
-0.4%
80%

-62.6
-0.4%
80%

-93.8
-0.3%
80%

-2 37
-0 .6 9%

95%
-232.4
-1.1 %
95%

-148.2
-0.48%

95%

-277.8
-1.08%

90%

-242.7
-0.96%

95%

-63.5
-0.38%

80%

-152.2
-0.46%

80%

-156
-0.55%

80%

-155.1
-0.91%

80%

-109.1
-0.69%

95%

-66.2
-0.35%

90%

-211.9
-1.07%

99%

Legend

t rend  MP(y) [m m/25 y]

trend  MP(y) [%  of 25-yea r averaged sum] 

s ignif icance [% ]

XY not significant

Significant decrease 
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≈
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rainfall amount within 25 
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Trends annual rainfall amounts

Vorführender
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Insgesamt Abnahme der Niederschläge



Jedoch 
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Regional Climate Modeling 
(Dynamical Downscaling)

ECHAM4 & MM5
Scenario IS92a

WaSiM

•
 

Orography
•

 
Land use

•
 

Soil properties
•

 
Aquifer properties

•
 

Flownet structure

•
 

Temperature
•

 
Precipitation

•
 

Wind
•

 
Relative Humidity

•
 

Radiation

Evapotranspiration Surface runoff Groundwater flowInfiltration

1 km

 

resolution

2.8°→ 9

 

km resolution



11 | P. Laux | Institute for Meteorology and Climate Research (IMK-IFU) | 26.03.09

KIT – die Kooperation von
Forschungszentrum Karlsruhe GmbH
und Universität Karlsruhe (TH)

Mean Monthly Temperature (Domain 3)
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Regional Climate Modeling
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Monthly mean precipitation [mm]
and change [%] 
(2030-2039 vs. 1991-2000)

Mean annual precipitation change [%]

Precipitation Change till 2039

Significant decreases in April 

Regional Climate Modeling
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Regional Hydrological Modeling
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Impact Climate Change on Water Balance
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Regional climate modeling: expected future climate

Impact Climate Change on regional water availability

Impact Climate Change on agricultural sector
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Impact Climate Change on food production
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Agricultural Decision Support System DSS

Agricultural Decisison Support for the Volta Basin

Agricultural meaningful definition
Onset of the Rainy Season (ORS)

Nowcasting
ORS

Forecasting
ORS

Climate Change
Rainfall Variability

Risk Maps

Linear Diskriminant
Analysis

Weather Pattern
Analysis

Linear Regression-
Analysis

Stat. Downscaling +
Stoch. Simulation

[Laux et al., 2007, 2008 & 2009]
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→ Significant delay of the ORS up to 30 days for 1961-2001
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Onset of the Rainy Season in future?
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in future! 
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Impact Sowing Date on Crop Yield 

CropSyst

Management
• Sowing date
• Ploughing
• Fertilization

Soil properties

Climate
•

 
Temperature

•
 

Precipitation
•

 
Radiation

•
 

CO2

Crop Yield 
(1979-2003)

Joint Climate Crop Modelling (only useful for rainfed agriculture)

Agr. approach
Onset Rainy Season

[Laux et al., 2008]

“optimal sowing date”
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Approach ORS vs. Traditional Sowing Rules
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Some conclusions

Spatially distributed change of precipitation (between -20 and +50%) in 
the Volta Basin

Increase in the rainy season
Decrease at the onset of the rainy season
Significant delay of ORS expected in future

Agricultural DSS could significantly increase crop yield (food security) 
in a cost-effective way

Spatially distributed climate information useful for different sectors
e.g. health sector  
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Challenges and opportunities for a 
German-Nigerian collaboration

Development
 

Agro-
 Hydro-Meteorological 

Decision Support System 
for Ghana & Burkina Faso

Status: finalized

Evaluation
 

of 
methods for 
Cameroon 

Status: ongoing

Application
 

for Nigeria:             
German-Nigerian 

cooperation

Status: wanted?
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Further Information

Thank you 

for your attention!
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What can be done to help farmers? 

Evaluation & Improvement of existing tools (further projects)
Capacity building at a very early stage of collaboration
Reading the rains: intra-annual time scale
Spreading the risk (alternatives)

Irrigation strategies
Drought resistant species
DSS for rainfed agriculture …
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Catchment
Hydrology:

Δx ≈
 

1km…100m

GCMs
Atmosphere & Ocean
Δx ≈

 
300…100km

RCMs
Δx ≈

 
50…10km

Dynamic downscaling by RCMs

Hydrology

Regional Climate Modelling: Downscaling
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Momentum conservation
Energy conservation

Gas law

Conservation water mass
Energy 
conservation at land 
surface

Precipitation physics
Soil water 

infiltration

Soil temperature diffusion

Air mass 

conservation

Regional Climate Modeling
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