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PASIM (Riedo et al., 1998, Vuichard et al., 2007) is a biogeochemical grassland ecosystem model that 
simulates fluxes of C, N, water and energy at the soil-plant-atmosphere interface, as well as net primary 
productivity and forage intake by domestic herbivores (Figure 1). This model is being used intensively in a 
set of European research projects (CarboEurope IP, NitroEurope IP, CarboExtreme) aiming at understanding 
the C and N cycles, carbon sequestration, greenhouse gas emissions (GHG) and the effects of climate 
variability and climate change. 
 

 
Figure 1: The Pasture Simulation Model (PASIM) 

 
To simulate the impacts of climate change on grasslands and the adaptations, we have improved the model 
in order to better simulate soil temperature, N2O emissions, water stress and vegetation dynamics. 
Moreover, management now includes irrigation and ploughing in addition to N fertilization, cutting and 
grazing, and can be either set by the user or optimized (see Vuichard et al., 2007) by the model. 
The aims of this work were: a) to simulate the impacts of climate change on production, GHG emissions, 
carbon sequestration, water demand and test the sustainability of contrasted grassland systems; b) to identify 
sources of uncertainty and of variability in projections; c) to determine possible adaptations to climate 
change of grassland management and livestock production systems. 
We have compared impact projections for a range of IPCC SRES scenarios (A1B, A2 & B1), of climatic 
models (ARPEGE, GISS, NCAR, MRI, CCCMA) and of downscaling methods (anomalies, variable 
correction and statistical disagregation, Boé et al., 2006) at 13 French sites (Figure 2). Moreover, we have 
compared six grassland systems, differing by grassland type (permanent or sown, sown species, legume 
fraction) and by management (fertilization, irrigation, cutting and/or grazing). The agricultural practices 
were set at their current level for these first runs. 
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Figure 2: Grassland sites selected for projections of impacts 

 
An example is provided for the Colmar site in Eastern France using the ARPEGE GCM model (Figure 3). 
Results emphasize a large effect of interannual climate variability for grassland production. When averaged 
over 30 yrs, future production does not vary significantly compared to the reference period (1970-2000) and 
there is no indication of a change in interannual yield variability according to the PASIM model. Soil 
organic C (SOC) content increases markedly through time, indicating that compared to the reference period 
the increased atmospheric CO2 concentration combined with warming leads to C sequestration according to 
the PASIM model. This is observed both for the extensive management (same management as during model 
initialization) and the intensive management (intensification of management compared to model 
initialization) (Figure 3). 
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Figure 3: Projected climate change impacts at Colmar (France) of soil carbon and forage yields of a short-
term (5 yrs) grassland sown with Lolium perenne. Soil carbon was initialized at equilibrium with climate in 
1950-1952 and with extensive management. a,b) extensively managed (low fertilized and not irrigated) 
grassland for figures; c,d) intensively managed (well fertilized and irrigated) grassland. Error bars (± s.d.) 
show the interannual variability during the period. 
 
A variance decomposition analysis allows comparing management and climate change variability in dry 
matter yield and uncertainties related to climate model, SRES scenario and downscaling methods (Table 1). 
Results show that climate change has a relatively small effect, compared to management and to interannual 
variability. Moreover, SRES and climate models introduce an uncertainty which is not to be neglected 
compared to the climate change signal. 
 

 
 
Table 1: Results of variance decomposition analysis for dry matter yield of a grassland sown with Lolium 
perenne (Colmar site). Data include the results of two management practices, three IPCC scenarios, three 
downscaling methods and two initializations of the ARPEGE (GCM) model. Interannual variability is used 
to scale variance of other factors. 
 
Nevertheless these preliminary results should be taken with caution, in regard to current model limitations 
for simulations of high temperatures and of severe droughts. Model tests and parametrisation against data 
from climate change experiments are planned (see VALIDATE and CarboExtreme projects) and should 
allow more realistic projections of climate change impacts. 
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