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Introduction 

                                                                                                               

Å downscaled GCM outputs are available to show the different 

regional expressions of Climate Change and to provide dynamic 

agro-ecosystem models with daily input data for impact assessment 

on agricultural crops and their future management. 

Å beside the pure climatic effect, rising CO2 has physiological 

effects on photosynthesis and water consumption.  

Å based on findings of the German FACE experiment we tested 

different approaches to consider these effects in our model 

HERMES. 

Å we use the calibrated model to estimate the possible impact of 

climate change and rising CO2 on crop yield and management of 

winter wheat on a regional scale accross different regions in 

Germany. 



The model platform: HERMES 



CO2 ï Crop growth : 

1. SUCROS approach: direct impact of CO2 to Radiation use 

efficiency and photosynthesis (Nonhebel, 1996) 

2. Michaelis-Menten approach: combined effect of CO2 and radiation 

on photosynthesis (Hoffmann, 1995) 

3. Simplified Farquhar & von Caemmerer model (Mitchell, 1995) 

 

CO2 ï Transpiration: 

1. Combined approach of a transpiration model (Penman-Monteith; 

Allen et al. 1998) and a model for stomata resistance depending 

on CO2, saturation deficit and temperature (Yu, 2004) 

The algorithms 



Comparing gross assimilation rates  

for a clear day without stress 

300 350 400 450 500 550 600 650 700 750 800

atmospheric CO2 concentration [ppm]

550

600

650

700

750

800

850

900

950

Nonhebel

Hoffmann

Mitchel

g
ro

s
s

 c
a

rb
o

n
 a

s
s

im
il

a
ti

o
n

 [
k

g
 C

O
2
 h

a
-1

 d
-1

]



Results given as Wilmottós Index of Agreement (1.0 = Best Fit)  

Summary of CO2 algorithm test 

Hoffmann ambient N+ ambient N- 550 N+ 550 N- Hoffmann + Allen/Yu ambient N+ ambient N- 550 N+ 550 N-

Dry matter 0.99 0.98 0.99 0.99 Dry matter 0.99 0.99 0.99 0.99

Yield 0.98 0.96 0.97 0.94 Yield 0.98 0.98 0.97 0.97

LAI 0.61 0.55 0.57 0.54 LAI 0.57 0.55 0.61 0.56

Soil moisture 0-60 0.82 0.80 Soil moisture 0-60 0.86 0.85

0.84 0.85

Nonhebel ambient N+ ambient N- 550 N+ 550 N- Nonhebel + Allen/Yu ambient N+ ambient N- 550 N+ 550 N-

Dry matter 0.95 0.94 0.98 0.96 Dry matter 0.95 0.99 0.98 0.98

Yield 0.93 0.94 0.95 0.93 Yield 0.93 0.94 0.95 0.92

LAI 0.66 0.58 0.55 0.52 LAI 0.66 0.59 0.55 0.54

Soil moisture 0-60 0.82 0.80 Soil moisture 0-60 0.85 0.85

0.82 0.83

Mitchell ambient N+ ambient N- 550 N+ 550 N- Mitchell + Allen/Yu ambient N+ ambient N- 550 N+ 550 N-

Dry matter 0.99 0.95 0.99 0.99 Dry matter 0.99 0.95 0.99 0.99

Yield 0.98 0.98 0.97 0.96 Yield 0.97 0.97 0.97 0.96

LAI 0.52 0.49 0.51 0.49 LAI 0.52 0.50 0.52 0.50

Soil moisture 0-60 0.82 0.79 Soil moisture 0-60 0.86 0.84

0.82 0.82



Total dry matter - ambient CO2, N+
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Total dry matter - 550ppm CO2, N+
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data: Manderscheid und Weigel 
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Model results for FACE experiment Braunschweig/Germany 
Simulated and measured aboveground biomass 
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Comparison of water consumption  

under ambient and elevated CO2 concentration 

 
Measured and simulated water content 

Simulated cumulative evapotranspiration 

Kersebaum et al. 2009 



Climate change scenarios  

for different regions in Germany  

Background of the study 

 

Å GCM model ECHAM5/MPI-OMT63L31 

Å Scenario A1B  

Å Daily time series from statistical downscaling model WETTREG for weather 

stations in Germany (period 1961-2050) (SPEKAT et al. 2007) 

Å 3 representative realisations (wet, dry, normal) out of 8 statistical generated time 

series of weather situations classified for wetness 

Å Reference period 1970-1989 (350ppm), projected period 2031-2050 (550ppm) 

Å simulated crop: winter wheat, model runs without and with CO2 effect using the 3 

different algorithms in combination with the one for evapotranspiration 
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Selected regions with related met stations, elevation map, arable land (CORINE) 
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Data base: soil map 1:1.000.000 for Germany with 71 soil classes and profiles 


