
Interaction between elevated CO 2, nitrogen impact, and 
drainage under climate change conditions 

-Scenarios for a dry region in Northeast Germany-

Gerd Wessolek1 & Senthold Asseng2

1) Technical University Berlin, Dep. Soil Protection, Germany

2) CSIRO, Plant Division, Perth, Australia



Questions

• Consequences of a climate change scenario
(+1.5 K, -20% rainfall) within the next 50 years on 
evapotranspiration, drainage, and yield (wheat)

• Relevance of elevated CO2 and nitrogen level on   
soil-water-yield relations



Methods and Material

• Climate change scenario

PIK climate scenario that combines results of a global   
climate model (GCM) with long-term regional 
meteorological data (Gerstengarbe & Werner, 2003)

• Climate- plant- soil model

APSIM: for predicting evapotranspiration, drainage
and yield

Input
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• CO2 effect on plant growth according to Goudriaan (1985):

C350 = 350 ppm CO2 concentration (reference) 
Ce = elevated CO2 concentration (in this study: 525 ppm and 700 ppm)

• temperature dependent CO2 concentration point (g) 
according to Bykov et al. 1981:
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Data basis

• Climate data: past 1950-2002; future scenario: 2005-2055

•Water balances: lysimeter and field measurements (TDR,    
tensiometers)

•Soil hydraulic functions: for a silt and a loamy sand

•Yield: lysimeter and field data

•Nitrogen level: N1 - extensive, N2 – current praxis, N3 - luxury

•CO2-level: 350ppm, 550ppm, 750 ppm



model calibration: CO 2 effect  (550 ppm)
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long-term climate average:

past/today`s PIK scenario

rainfall: 540 mm/a    future : 432 mm/a

Epot : 650 mm/a     future : 725 mm/a

„BURG “



Climate W ater B alance = Rainfall – Epot (mm)
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Actual evapotranspiration on silt: past and future

(N2-level: moderate, CO2=350ppm)



Predicted yield on silt: past and future

(N2-level: moderate, CO2=350ppm)
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Managing climate change
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Conclusions

• Climate change= Reduction of drainage and yield due to 
reduced rainfall 

• Under elevated CO2 and increased temperature, there is a 
large potential to increase drainage by reducing yield
by lowering nitrogen input. 

• For hydrological modeling nitrogen and CO2 status 
should be considered
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DD silt� column 13:
Coefficients:
b[0]� -75.5869595071
b[1]� 0.2201268087
r ²� 0.0575512104

drain90� column 11:
Coefficients:
b[0]� -161.6530317499
b[1]� 0.5425531524
r ²� 0.6120742214

DD loam� column 15:
Coefficients:
b[0]� -54.2614677661
b[1]� 0.4012598112
r ²� 0.3818482982

drain150� column 9:
Coefficients:
b[0]� -139.2628752174
b[1]� 0.3676300931
r ²� 0.3600763211


