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Crop models: main developments, their 
use in CGMS and Integrated modeling

Main developments in Crop growth models in 
Wageningen
The Wageningen UR research groups PPS (http://www.pps.
wur.nl/UK/) and CWE (http://www.cwe.wur.nl/UK/) have a long 
tradition in developing and applying crop models, based on 
the pioneering work of C.T. de Wit. In the 1960s and 1970s 
the main aim of these modeling activities was to obtain 
understanding at the crop scale based on the underlying pro-
cesses. De Wit and co-workers developed the model BACROS 
and evaluated components of the model (such as canopy 
photosynthesis) with especially designed equipment and 
field experiments. These modeling approaches have served 
as the basis and inspiration for modeling groups around the 
world. A pedigree of the Wageningen crop models has been 
extensively described by Bouman et al. (1996).
In the 1980s a wide range of scientists in Wageningen became 
involved in the development and application of crop models. 
The generic crop model SUCROS for the potential produc-
tion situation was developed (Van Laar et al., 1997), which 
formed the basis of most recent Wageningen crop models 
such as WOFOST (Van Keulen and Wolf, 1986; Boogaard et 
al., 1998), MACROS and ORYZA. A simplified approach with 
respect to simulation of dry matter accumulation was deve-
loped by Spitters and Schapendonk (1990) based on the light 
use efficiency (LUE): the models LINTUL for arable crops and 
LINGRA for grasslands. For water- and nitrogen-limited pro-
duction situations, model components (e.g. components for 
soil water and nitrogen, crop transpiration, soil evaporati-
on, etc.) were added to SUCROS (Figure 1).
In the 1990s the Wageningen groups focused more on appli-
cations in research, agronomic practice and policy making. 
In a major project (Simulation and Systems Analysis for 
Rice Production, SARP) of Wageningen, the International 
Rice Research Institute (IRRI) and 15 National Agricultural 
Research Systems in Asia, interdisciplinary teams of Asian 
scientists were trained in the development and application 
of simulation models. Along with this program, a wide ran-
ge of issues was studied using crop models, such as: mixed 
cropping, effects of climate change, breeding applications, 
yield gap analyses, and water and nitrogen management. 
In the 1990s crop models also found their application in stu-
dies at higher levels of integration, i.e. farm and regional scale. 
In these studies, crop models were used to quantify a broad 
range of land use systems; subsequently these land use systems 
were aggregated to farm or regional  scale using various tech-
niques (e.g. linear programming) or procedures. Studies on 

designing environmentally friendly systems for arable, dairy 
and flower bulb farms were conducted, also enabling analysis 
of trade-offs between economic and environmental objecti-
ves. Land use studies were carried out with a focus on inter-
active exploration of different development strategies for 
the European Union, Southeast Asia, etc. Furthermore, crop 
models were used to explore limits for food production capa-
bilities at global scale (Penning de Vries et al., 1995).

This overview of currently available crop modeling approa-
ches is derived from the article by  Van Ittersum et al. (2003), 
who give an extensive overview of approaches and applicati-
ons of the Wageningen crop models.

WOFOST model in Crop Growth Monitoring System 
(CGMS)
Models are also used to monitor the influence of weather on 
crop growth and yields, for instance in the operational Crop 
Growth Monitoring System (CGMS) covering the EU. The 
heart of CGMS is the crop growth simulation model WOFOST. 
The required inputs per spatial unit are daily weather data, 
soil characteristics, crop parameters and management prac-
tices (i.e. sowing density, planting date, etc.). WOFOST com-
putes the instantaneous photosynthesis at three depths in 
the canopy and for three moments of the day. These instant 
values are next integrated over the depth of the canopy and 
the daylight period to obtain the daily total canopy photo-
synthesis. After subtracting the respiration losses for main-
tenance of the crop, assimilates are partitioned over the 
different plant organs (i.e. roots, stems, leaves and grains) 
as a function of the crop’s development stage. This stage is 
calculated by integrating the daily development rate over 
time, which rate is a function of temperature. Assimilates 
are finally converted into structural plant material taking 
into account the respiration losses for this conversion. These 
processes that determine biomass accumulation and its dis-
tribution over the crop organs, are simulated from sowing 
to maturity on a hectare basis. 
Growth simulations for arable crops are done with the 
WOFOST model (Boogaard et al., 1998) for two production 
situations: the potential and the water-limited. The potenti-
al situation is only determined by temperature, day length, 
solar radiation and crop parameters (e.g. leaf area dynamics, 
assimilation characteristics, dry matter partitioning, etc.). 
For this situation the effect of soil moisture content on crop 
growth is not considered and a continuously moist soil is 
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assumed. In the water-limited situation soil moisture con-
tent determines whether the crop growth is limited by drou-
ght stress or not. Therefore, soil water dynamics are simu-
lated over time, indicating the soil moisture content in the 
rooted zone. In both the potential and water limited situati-
ons optimal supply of nutrients is assumed and damage cau-
sed by pests, diseases, weed and/or extreme weather events 
is not considered. 
The first version of WOFOST in CGMS was coded in Fortran 
and data were stored in ASCII files. Migration to a relatio-
nal database ORACLE was the next major upgrade. Data 
IO was coded in ProFortran. In 1995 the development con-
tract ended and CGMS was delivered to the Joint Research 
Centre of the European Commission (EC-JRC). From then on, 
EC-JRC took over and migrated the (Pro)Fortan code into C++, 
keeping the model description identical. Though the code 
base is structured in different routines and libraries, it is 
not a real component based system. Therefore, new thema-
tic issues like climate change that require different process 
description or coupling with other models, cannot easily be 
accomplished as that requires (major) code changes.

Recent development in Crop models and Integrated 
modeling systems
The recently finalized SEAMLESS project (for more informa-

tion, see www.seamless-ip.org; being funded by the EU 6th 
Framework Research Programme) had the overall objective to 
overcome fragmentation in European efforts of modeling agri-
cultural systems, and to provide a better information basis for 
impact assessment of agricultural and environmental policies. 
It has developed a computerized and Integrated Framework 
(SEAMLESS-IF) to assess and compare, ex-ante, alternative agri-
cultural and environmental policy options, allowing analysis 
(a) at the full range of scales (farm to EU and global), (b) of the 
environmental, economic and social contributions of agricul-
ture towards sustainable rural development, and (c) of a broad 
range of issues, such as environmental policies, effects of an 
enlarging EU and trade liberalisation.
A main objective of the approach in SEAMLESS-IF was to 
develop a software architecture that allows re-usability of 
model and database components and knowledge in model 
chains for integrated assessment (for more information, see 
Van Ittersum et al., 2008). Key models in SEAMLESS-IF are 
APES, FSSIM, EXPAMOD and SEAMCAP of which the first 
one, the modeling platform for cropping systems, will be 
described in the following. The models simulate different 
aspects (from bio-physical to market) of the system at dif-
ferent levels of organization (from field to farm to region to 
EU), and are linked from cropping system to farm (i.e. FSSIM) 
and from farm to market and policies at the EU level (i.e. 

Figure 1  Basic structure of the crop model SUCROS (source: 
Kropff and Van Laar, 1993)
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SEAMCAP). The software infrastructure that allows the (re-) 
use and linkage of the different components in SEAMLESS-
IF, is described below.

APES modeling platform
APES (Agricultural Production and Externalities Simulator) is a 
modular, deterministic simulation modeling platform targeted 
at estimating the bio-physical behaviour of agricultural pro-
duction systems in response to the interaction of weather, soils 
and different agro-technical management options (Donatelli 
et al., 2009). Using mostly modeling approaches already made 
available by research and previously tested in other simulati-
on tools, APES runs at a daily time-step in the communication 
among components and simulates one dimensional fluxes at 
field scale. APES computes the yields, both averages and vari-
ability across years, as well as the other consequences of crop-
ping (e.g. nitrate leaching). 
APES consists of several components (Figure 2) representing 
land uses (crops, grassland, vineyards, orchards and agro-
forestry), soil water, carbon and nitrogen, soil erosion, pesti-
cide fate, and agro-management activities.

Software infrastructure of SEAMLESS-IF: SeamFrame
The main components of SeamFrame are: the modeling 
environment, project manager, processing environment 
and the domain manager (Figure 3). The SeamFrame server 
interacts with the SEAMLESS database and knowledge base. 
SeamFrame uses ontology to structure domain knowledge 
and semantic meta-information about components in order 
to facilitate organisation, retrieval and linkage of knowledge 
in components. To guarantee consistency between the data-
base and the ontology, the domain manager generates the 
relational database schemas from the ontology. The ontolo-
gies and their content are stored in a so-called knowledge 
base (Rizzoli et al., 2008). The use of ontologies to semanti-
cally annotate the component models allows, among other 

things, for checking the match between sources in terms of 
linking the proper output variables of a component to the 
input variables of a second component. 
Modeling environments assist users to develop and edit 
their executable models and datasets with as current choi-
ces MODCOM (Hillyer et al., 2003) for the biophysical models 
and GAMS (Brooke et al., 2006) for farm economic and mar-
ket models. Modelers can use a model development tool to 
deliver models which will be wrapped up as components 
thanks to specific wrappers in SeamFrame. All model compo-
nents implement an interface based on the standard Open 
Modeling Interface (OpenMI; www.openmi.org; Gijsbers and 
Gregersen, 2005). OpenMI provides a standardized inter-
face to define, describe and transfer data between software 
components that run simultaneously or subsequently. The 
standard has been extended to meet the requirements of 
SEAMLESS (Gijsbers et al., 2006). 

Concluding comments
Wageningen crop models have shown to be good at simula-
ting potential production under measured climatic conditi-
ons. The development and application of models appeared 
to be very helpful for research purposes, i.e. to design expe-
riments, test hypotheses and generate new research questi-
ons. The crop models still face challenges in proper simu-
lation of dynamics in soil water, nutrients and soil organic 
matter. For example, modeling of soil organic matter and 
organic fertilisers requires major attention in view of deve-
loping ecological farming systems. For different crops often 
different models or model versions are applied. However, 
the WOFOST model is operational for a wide range of crop 
types, which made it suitable for yield forecasting for a large 
number of crops over wide areas (e.g.  the EU).
The flexibility of APES and SEAMLESS-IF to integrate, select 
and link models, data and indicators as dependent on the 
application, is of key importance for future use. Technical 

Figure 2  Components in the 
APES (source: Donatelli et al., 
2009)
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coupling and re-usability of model components is greatly 
improved through adequate software architecture. The 
use of ontology strongly supports conceptual consistency 
of model linkages. However, the scientific basis for linking 
models across disciplines and scales is still weak and requi-
res specific attention in future research. (Ewert et al., 2009). 
To remain informed about future developments, see the 
home pages of APES (http://www.apesimulator.org/) and the 
SEAMLESS Association (http://www.seamlessassociation.org/) . 

References
Boogaard, H.L., Diepen, C.A., Rötter, R.P., Cabrera, J.M.C.A., Laar, H.H. 

van, 1998. User’s guide for the WOFOST 7.1 crop growth simula-

tion model and WOFOST control center 1.5. Technical document 

52, Winand Staring Centre, Wageningen, the Netherlands, 144 

pp.

Bouman, B.A.M., Van Keulen, H., Van Laar, H.H., Rabbinge, R., 1996. 

The ‘School of de Wit’ crop growth simulation models: a pedi-

gree and historical overview. Agricultural Systems 56, 171-198

Donatelli, M., Russell, G., Rizzoli, A.E., Acutis, M., Adam, M. et al., 

2009. A component-based framework for simulating agricultu-

ral production and externalities. In: Brouwer, F., van Ittersum, 

M.K. (Eds.), Environmental and agricultural modelling: inte-

grated approaches for policy impact assessment. Springer, 

Dordrecht, in press.

Ewert, F., Van Ittersum, M.K., Bezlepkina, I., Therond, O., Andersen, 

E., Belhouchette, H., Bockstaller, C., Brouwer, F., Heckelei, T., 

Janssen, S., Knapen, R., Kuiper, M., Louhichi, K., Alkan Olsson, 

J., Turpin, N., Wery, J., Wien, J.E., Wolf, J., 2009. A methodology 

for enhanced flexibility of integrated assessment in agriculture. 

Environmental Science & Policy, in press.

Gijsbers, P.J.A., Gregersen, J.B., 2005. OpenMI: a glue for model integra-

tion. In: Zerger, A., Argent, R.M. (Eds.), MODSIM 2005 International 

Congress on Modelling and Simulation. Modelling and Simulation 

Society of Australia and New Zealand, pp. 648–654.

Gijsbers, P.J.A., Wien, J.E., Verweij, P., Knapen, R., 2006. Advances in 

the OpenMI. In: Proceedings of 7th International Conference on 

Hydroinformatics, HIC 2006. Nice, France, pp. 72-81.

Hillyer, C., Bolte, J., van Evert, F., Lamaker, A., 2003. The ModCom 

modular simulation system. European Journal of Agronomy 18, 

333– 343.

Kropff, M.J., van Laar, H.H. (Eds.), 1993. Modelling Crop–Weed 

Interactions. CAB International, Wallingford, UK, 274 pp.

Penning de Vries, F.W.T., Van Keulen, H., Rabbinge, R., 1995. Natural 

resources and limits of food production in 2040. In: Bouma, 

J., Kuyvenhoven, A., Bouman, B.A.M., Luyten, J., Zandstra, H.G. 

(Eds.), Eco-Regional Approaches for Sustainable Land Use and 

Food Production. Kluwer Academic Publishers, Dordrecht, The 

Netherlands, pp. 65_/87.

Rizzoli, A.E., Donatelli, M., Athanasiadis, I.N., Villa, F., Huber, 

D.,2008. Semantic links in integrated modelling frameworks. 

Mathematics and Computers in Simulation 78, 412-423.

Spitters, C.J.T., Schapendonk, A.H.C.M., 1990. Evaluation of bree-

ding strategies for drought tolerance in potato by means of crop 

growth simulation. Plant and Soil 123, 193-203.

Van Ittersum, M.K., Leffelaar, P.A., Van Keulen, H., Kropff, M.J., 

Bastiaans, L., Goudriaan, J., 2003. On approaches and applicati-

ons of the Wageningen crop models. European J. of Agronomy 

18, 201-234.

Van Ittersum, M.K., F. Ewert, T. Heckelei, J. Wery, J. Alkan Olsson, E. 

Andersen, I. Bezlepkina, S. Brogaard, M. Donatelli, G. Flichman, 

L. Olsson, A. Rizzoli, T. van der Wal, J.E. Wien, J. Wolf, 2008. 

Integrated assessment of agricultural systems – A compo-

nent-based framework for the European Union (SEAMLESS). 

Agricultural Systems 96, 150-165.

Van Keulen, H., Wolf, J., 1986. Modelling of Agricultural produc-

tion: weather soils and crops. Simulation Monographs. Pudoc, 

Wageningen, The Netherlands, p. 479.

Van Laar, H.H., Goudriaan, J., Van Keulen, H., 1997. SUCROS97: 

Simulation of crop growth for potential and water-limited pro-

duction situations. Quantitative Approaches in Systems Analysis, 

No. 14. C.T. de Wit Graduate School for Production Ecology and 

Resource Conservation, Wageningen, The Netherlands, pp. 52 

& appendices.

Figure 3 SEAMLESS-IF software infra-
structure, with its SeamFrame server 
and end-user (client) applications 
(source: Van Ittersum et al., 2008)
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