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Le projet MASC: objectif général 

Objectif général:  

étudier les mécanismes de rétroaction entre changements 
climatiques et changements de la surface du sol à l’échelle de la 
Belgique et de l’Europe occidentale 
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Le projet MASC: objectifs spécifiques 

1. produire des projections climatiques et de dynamique 
territoriale à l’échelle décennale (2015-2035) à haute résolution 
pour la Belgique et l’Europe occidentale, en tenant compte des 
rétroactions entre ces changements (Objectif 1)  

2. estimer l’impact des changements de surface attendus, liés à la 
couverture écosystémique (incluant structure, fonctionnement et 
gestion) et à l’exploitation socio- économique locale, sur le climat 
futur en Belgique et Europe Occidentale (Objectif 2)  

 

3. évaluer les impacts de la dynamique de surface et du climat sur le 
bilan carbone des écosystèmes terrestres (Objectif 3)  



Le projet MASC : outils 



Le modèle CARAIB 
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Monte Bondone (Italy)  
Grassland site. 
Eddy covariance data with 
error bar (green) assimilated in 
the CARAIB model (1200 runs; 
grey)   
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Validation/calibration  
sur prairies 

GPP on other grassland sites 
(Grillenburg, Germany; 
Oensingen, Switzerland; 
Laqueuille, France).  
 
Eddy covariance data with 
error bar (green) assimilated in 
the CARAIB model (1200 runs; 
grey)   

Minet et al., Biogeosciences, 2015 

Inversion du modèle 
CARAIB réalisée sur 
divers sites de prairies en 
Europe dans le cadre de 
FACCE-JPI MACSUR 



Intercomparaison de modèles 
de cultures (blé) – projet MACSUR 

Impact response surfaces of wheat yield 
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2 Material and Methods 122 

2.1 Crop models 123 

 124 

Wheat has received special attention by crop modellers worldwide, due to its role as a primary 125 

staple contributing to global food security and because of its importance as a cultivated crop 126 

in industrialized countries, including those in Europe (Goudriaan et al. 1994, Asseng et al. 127 

2013, Trnka et al. 2014). Wheat simulation models are the most widely used and advanced 128 

crop models applied in climate change impact research (White et al. 2011). 129 

 130 

Table 1 lists 26 process-based wheat models that were applied in this study, along with 131 

contact persons from the modelling groups and links to documentation. The same 132 

model/version was run by two modelling groups in two cases (CERES-wheat DSSAT v.4.5 133 

and WOFOST 7.1). Table S1 (Supplement 1) provides an overview of all models, including 134 

key references and a characterisation of how models treat various processes and 135 

environmental constraints. The models were applied using data from four contrasting study 136 

sites in northern, central and southern Europe (Fig. 1).  137 

 138 
Table 1. List of models applied in the study including the ID used in the text to identify models, 139 
contact persons and a link to web documentation of the model where available. Multiple entries are 140 
given for models where several groups provided results for the same model. For key references to 141 
models, see Supplement 1, Table S1) 142 
 143 

ID Model Contact person Web documentation 

1 AFRCWHEAT2 M Montesino/JR Porter –  

2 APSIM-Nwheat 1.55 D Cammarano/S Asseng www.apsim.info 

3 APSIM-Wheat (modified) 7.5 E Wang www.apsim.info 

4 AquaCrop 4.0 I Lorite www.fao.org/nr/water/aquacrop.html 

5 ARMOSA13.04 A Perego/M Sanna M Acutis – 

6 CARAIB Crop J Minet www.umccb.ulg.ac.be/Sci/m_car_e.html 

7 CERES-wheat DSSAT v.4.5 M Ruiz-Ramos dssat.net/ 

8 CERES-wheat DSSAT v.4.5  P Deligios dssat.net/ 

9 CERES-wheat DSSAT v.4.6 M Trnka/P Hlavinka – 

10 CropSyst 3.02 M Moriondo/R Ferrise/M 

Bindi 

www.bsyse.wsu.edu/CS_Suite/CropSyst/ 

index.html 

11 DNDC 9.5 P Baranowski/C Slawinski www.dndc.sr.unh.edu 

12 Fasset 2.5 I Öztürk/JE Olesen www.fasset.dk/ 

13 HERMES V 4.26 C Kollas/CK Kersebaum www.zalf.de/en/forschung/institute/lsa/ 

forschung/oekomod/hermes 

14 LINTUL-4 v6 I Supit/J Wolf models.pps.wur.nl/models 

15 LPJ-GUESS P Bodin/S Olin – 

16 LPJml C Müller www.pik-potsdam.de/research/projects/lpjml 

17 MCWLA-Wheat 2.0 F Tao – 

18 MONICA 1.2.5 C Nendel monica.agrosystem-models.com/en 

19 SALUS B Basso www.salusmodel.net 

20 SIMPLACE<Lintul2, Slim> H Hoffmann/T Gaiser/F Ewert – 

21 Sirius 2010 P Stratonovitch /M Semenov www.rothamsted.ac.uk/mas-models/sirius.php 

22 SiriusQuality 2.0 R Ferrise/M Bindi www1.clermont.inra.fr/siriusquality/ 

23 SPACSYS 5.0 L Wu – 

24 STICS V6.9 B Dumont/F Ruget/S Buis www7.avignon.inra.fr/agroclim_stics/ 

25 WOFOST 7.1 T Palosuo/RP Rötter www.wofost.wur.nl 

26 WOFOST 7.1 J Krzyszczak/C Slawinski www.wofost.wur.nl 

 144 

All these models are summary models and work on a daily time step, though demands for 145 

driving climate variables differ to some extent (Table S1, Supplement 1). Most of the models 146 

Correlation coefficients (r) for simulated versus observed yields over 

periods of N years during 1981-2010. Sites with spring (S) and winter (W) 

wheat are simulated in Germany (DE), Finland (FI) and Spain (ES) by 26 

different models. Ē and E50 are the model ensemble mean and median, 

respectively. Colours in cells denote the magnitude of r.  

Pirttioja et al. (submitted) 

CARAIB 



Validation/calibration  sur cultures 
(statistiques de rendement) 

(Jacquemin et al., en prep.) 

2000-2008 
r = 0.85  

2000-2008 
r = 0.75  

2000-2008 
r = 0.68  

Simulations sur le Brabant  
(données météorologiques de Beauvechain) 
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In this work, we compare the carbon fluxes (net ecosystem exchange (NEE), gross 

primary productivity (GPP), and ecosystem respiration (RECO)), simulated with the 

CARAIB dynamic vegetation model (Dury et al., iForest – Biogeosciences and 

Forestry, 4:82-99, 2011) with the carbon fluxes measured at 9 long-term eddy 

covariance flux tower sites chosen from the FLUXNET global network 

(http://fluxnet.ornl.gov/). The selected sites include 5 forest and 4 seminatural 

permanent  grassland locations. They are located in Belgium and Western Europe 

and experience different climate, altitude, soil and management conditions. The 

CARAIB model is forced with surface atmospheric variables derived from the 

monthly global CRU climatology, or with in situ meteorological data at a daily 

frequency. Two tree (Fagus sylvatica and Pinus sylvestris) and several grass species 

(e.g. Poaceae, Asteraceae) are simulated, depending on the species encountered on 

the studied sites. A model inversion has been performed on the grassland sites, using 

the DREAM(ZS) Markov chain Monte Carlo (MCMC) sampler (Minet et al., BGD 

accepted). 

We analyse the model ability to reproduce the daily, seasonal and interannual 

variablility of carbon fluxes. Several sensitivity tests are performed to investigate the 

model response to changes in parameters impacting the photosynthesis. 

Measured and modelled GPP (gC m-2 day-1) , RECO (gC m-2 day-1) and NEE (gC m-2 day-1) at the Vielsalm (BE) and  Soroe (DK) forest sites, and at the Monte-Bondone (IT) grassland site. Model inversion 

has been performed only for the grassland site (Minet et al., BGD accepted).  

Conclusions 
There are in general good agreements between measured and 

modelled signals. The agreement is poorer for the NEE. Better 

performances are obtained on grassland sites with model inversion. 

 

CARAIB tend to underestimate the measured carbon fluxes on 

forest and grassland sites. 

 

The seasonal variablility of the carbon fluxes is well reproduced, 

whereas the daily and interannual variablilities are underestimated. 

The modelled signal notably does not follow the fast fluctuations 

of the measured signals. 

 

Increasing the time resolution of the atmospheric forcing improves 

the temporal variablility of the model. 

 

Modifying parameters impacting the photosyntetic rate (e.g., 

clumping factor, Vcmax) improves the model-data agreement.  

(Acknowledgments: funding for this research from the BRAIN-be MASC project is 

gratefully acknowledged.)  

Site Coor dinates Altitude Star t-stop year s Site type

Brasschaat (BE) 4.52°E 51.31° N 16 m 1997-2009 forest (Pinus sylvestris)

Collelongo (IT) 13,59° E 41,85° N 1560 m 1997-2012 forest (Fagus sylvatica)

Loobos (NL) 5.74° E 52.17° N 25 m 1997-2012 forest (Pinus sylvestris)

Soroe (DK) 11.64° E 55.49°N 40 m 1998-2009 forest (Fagus sylvatica)

Vielsalm (BE) 6.00° E 50.30° N 450 m 1997-2011 forest (Fagus sylvatica)

Grillenburg (DE) 13.50°E 50.95° N 385 m 2004-2008 grassland

Laqueuille (FR) 2.73° E 45.63° N 1040 m 2004-2010 grassland

Monte-Bondone (IT) 11.03°E 46.00° N 1550 m 2003-2007 grassland

Oensingen (CH) 7.73°E 47.28° N 450 m 2002-2008 grassland

Vielsalm (BE) Soroe (DK) Monte-Bondone (IT) 

RM SE E R² RM SE E R² RM SE E R²

Brasschaat (BE) 3.03 -0.01 0.45 2.32 -0.54 0.04 2.01 -0.13 0.16

Collelongo (IT) 2.84 0.57 0.58 1.49 -0.06 0.26 3.1 0.13 0.24

Loobos (NL) 2.03 0.56 0.76 1.29 0.52 0.58 2.19 -0.36 0.07

Soroe (DK) 2.51 0.8 0.79 1.65 0.71 0.69 2.92 0.08 0.29

Vielsalm (BE) 2.3 0.64 0.64 1.48 0.48 0.61 2.63 -0.21 0.12

Grillenburg (DE) 2.65 0.52 0.66 1.33 0.75 0.77 2.01 0.08 0.45

Laqueuille (FR) 2.73 0.44 0.70 2.05 0.28 0.65 2.05 0.2 0.31

Monte-Bondone (IT) 2.31 0.69 0.76 1.40 0.73 0.85 1.60 0.39 0.41

Oensingen (CH) 3.00 0.52 0.57 1.61 0.71 0.73 2.34 0.04 0.20
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The simulation quality in predicting daily EC fluxes was performed using the root mean square error (RMSE in gC m-2 

day-1), the R² and the Nash and Sutcliffe (1970) model efficiency criterion (E). 

Impact on modelled GPP (gC m-2 day-1) at 

Vielsalm site of: 

monthly CRU climatology 
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Conclusions 

• Le projet MASC vise à étudier les rétroactions entre le climat régional et la 
dynamique de la surface, dans un contexte de changement climatique en 
vue de fournir des projections à haute résolution pour les prochaines 
décennies en Belgique et en Europe occidentale. 

• Le modèle CARAIB développé à l’Université de Liège  est un élément 
central pour la construction du module dynamique de surface au sein du 
projet MASC. 

 

• La phase 1 du projet MACSUR a permis de tester, calibrer et valider 
CARAIB pour les cultures et les prairies.  

• Dans l’avenir, CARAIB devrait fournir un outil spatialisé à haute résolution 
pour évaluer l’impact du changement climatique sur les rendements 
agricoles et le bilan en carbone des écosystèmes, mais il doit encore être 
amélioré dans le cadre de MASC (et de MACSUR-2 ???).   
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