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Cropping system models are widely used tools for simulating the growth and development of crops at field scale. However, it is often difficult to satisfy their detailed input and output data requirements for a proper evaluation of model. In this study, expert knowledge data were used as alternative source to fulfill these data requirements. The model was first calibrated for major crops of the studied area and then evaluated for the same crops by using expert knowledge data. Results showed that the model accurately simulated above-ground biomass and grain yield with a relative root mean square error (RRMSE) of 20 and 17%, respectively.

On the other hand, simulated results were less satisfactory for N uptake and cumulated

Introduction

Cropping system models are useful tools for simulating the growth and development of crops at field scale under diverse conditions of soil, climate and management (e.g. EPIC: [START_REF] Williams | The EPIC Crop Growth Model[END_REF]; APSIM: [START_REF] Mccown | APSIM: a novel software system for model development, model testing and simulation in agricultural systems research[END_REF]; DSSAT: [START_REF] Jones | The DSSAT cropping system model[END_REF]; CropSyst: [START_REF] Stöckle | CropSyst, a cropping systems simulation model[END_REF]; [START_REF] Corre-Hellou | Adaptation of the STICS intercrop model to simulate crop growth and N accumulation in pea-barley intercrops[END_REF]. For such purposes, there is need to evaluate the models for their ability to simulate the key variables of crop phenology, growth, yield and water and N balances using experimental data in the range of cropping conditions representative of the targeted use. In order to evaluate the model's performance in simulating the particular biophysical conditions, calibration and evaluation should be done on two different sets of independent experimental data [START_REF] Odum | Systems Ecology: An Introduction[END_REF][START_REF] Shugart | A Theory of Forest Dynamics[END_REF][START_REF] Jorgensen | Fundamentals of Ecological Modelling[END_REF][START_REF] Power | The predictive validation of ecological and environmental models[END_REF]). However, it is often difficult to find an independent set of data for model evaluation i.e. the data that have not been used for calibration [START_REF] Stöckle | CropSyst, a cropping systems simulation model[END_REF]. The main reason is that the observed data needed for model evaluation mainly require destructive observation that are usually time consuming, costly and performed under limited soil, crop management and climate conditions.
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A c c e p t e d M a n u s c r i p t

In order to assess model performance in a large range of cropping conditions, two steps are usually followed [START_REF] Oreskes | Verifcation, validation and confirmation of numerical models in the earth science[END_REF][START_REF] Belhouchette | Integrating spatial soil organization data with a regional agricultural management simulation model: a case study in northern Tunisia[END_REF][START_REF] Belhouchette | Assessing the impact of the Nitrate Directive on farming systems using a bioeconomic modelling chain[END_REF]. Firstly, the crop model is calibrated with several dynamic and cumulative variables (e.g. yield, biomass, LAI, N-leaching) but under limited cropping conditions and then the crop model is validated for a wider range of cropping systems but usually only for crop yield which is the common variable measured in all crop experiments [START_REF] Bouman | The 'School of de Wit' crop growth simulation models: a pedigree and historical overview[END_REF][START_REF] Jagtap | Adaptation and evaluation of the CROPGRO-soybean model to predict regional yield and production[END_REF][START_REF] Van Ittersum | Modelling cropping systems-highlights of the symposium and preface to the special issues[END_REF][START_REF] Faivre | Spatialising crop models[END_REF][START_REF] Therond | Using expert knowledge data to validate crop models on local situation data[END_REF]. In many studies dealing with cropping systems analysis at regional scale i.e. covering a large range of crop, management, soil, and climate conditions (see for example [START_REF] Belhouchette | Assessing the impact of the Nitrate Directive on farming systems using a bioeconomic modelling chain[END_REF], the input-output data used to describe cropping systems are obtained through farmer surveys or existing regional databases [START_REF] Middelkoop | Implementation of temporal relationships in knowledge based classification of satellite images[END_REF][START_REF] Faivre | Spatialising crop models[END_REF][START_REF] Clavel | Integrating expert knowledge and quantitative information for mapping cropping systems[END_REF][START_REF] Therond | Using expert knowledge data to validate crop models on local situation data[END_REF]). These sources of information have many drawbacks; e.g. (i) they lack detailed information on soil climate conditions such as limited or unlimited water and nitrogen conditions as well as management practices (e.g. dates and rates of irrigation and fertilization) (Launay & Guérif 2005); (ii) surveys require long and costly data collection (Biarnés et al. 2004); (iii) they do not take into account the interactive effects of soil, climate and management on output data and (iv) the cropping system performance is generally described only with cumulative variables, especially yield.

On the other hand, there are regional experts who have detailed knowledge on the crop growing conditions in the region, their behaviour during crop cycle and their performances [START_REF] Clavel | Integrating expert knowledge and quantitative information for mapping cropping systems[END_REF]. This knowledge, gained during years of field experiments, field's surveys and interactions with farmers, is often not expressed in terms of input-output variables of a crop model [START_REF] El Hajj | Integrating SPOT-5 time series, crop growth modeling and expert knowledge for monitoring agricultural practices-The case of sugarcane harvest on Reunion Island[END_REF]). However, it is usually used for recommendations and extension services. The present study was focused on analyzing whether it is possible to elicit expert knowledge in a model-compatible format, both for
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A c c e p t e d M a n u s c r i p t cumulative and dynamic variables, in order to use this "expert dataset" to evaluate a cropping system model for crop yield and externalities at regional level in the Midi-Pyrénées region of France. A specific protocol for this expert knowledge elicitation and its use for model evaluation has been developed and tested in the Midi-Pyrénées region.

Materials and methods

Description of the study area

The study area was in the Midi-Pyrénées region, in the south-west of France. It is a French region with the highest number of farms with an agricultural area of about 2 540 000 ha and mainly devoted to livestock and arable crops. In this study, we considered only the arable zone (Gers Department), which accounts for approximately 40% of the cultivated area of the region [START_REF] Belhouchette | Assessing the impact of the Nitrate Directive on farming systems using a bioeconomic modelling chain[END_REF]. In this zone, a wide range of agronomic conditions including crops, soils, crop management and weather (rainfall and temperature) can be observed. The main cultivated crops are cereals (durum wheat, soft wheat, maize and barley), legumes (soybean, peas and fababean) and oilseeds (sunflower and rape). There are mainly two soil types (loam and clay loam), which can be sub-divided into different types depending on the soil texture and depth. Major crops that are usually grown on loamy soil are irrigated maize combined with durum wheat, sunflower and peas. On clay loam, usually grown major crops are durum and soft wheat combined with sunflower [START_REF] Nolot | Principes et outils de conception, conduite et évaluation de systèmes de culture [Principles and tools for design, conduct and evaluation of cropping systems[END_REF].

The arable zone has a temperate climate with temperatures increasing from south-east to north-west, while rainfall and evapotranspiration increase from east to west. The arable zone represents only 9% of the total cultivated area as irrigable; consequently rainfed annual grain crops are predominant in the region [START_REF] Belhouchette | Assessing the impact of the Nitrate Directive on farming systems using a bioeconomic modelling chain[END_REF] A c c e p t e d M a n u s c r i p t mm/yr). As a consequence, crop yields vary from year to year depending on weather, soil type, and water and nitrogen management [START_REF] Belhouchette | Assessing the impact of the Nitrate Directive on farming systems using a bioeconomic modelling chain[END_REF].

APES model

The APES (Agricultural Production and Externalities Simulator) model [START_REF] Donatelli | Environmental and agricultural modelling: Integrated approaches for policy impact assessment[END_REF] was used for this study. 

Experimental data

The model was calibrated by using experimental data collected for the main crops including durum wheat (Triticum durum), sunflower (Helianthus annuus), maize (Zea mays) and pea (Pisum sativum) cultivated in the arable zone of the Midi-Pyrénées region. The data of cropping system experiment conducted by INRA in the region Auzeville near Toulouse (latitude 43° 32' N, longitude 1° 28' E) between 1996 and 2002 [START_REF] Nolot | Principes et outils de conception, conduite et évaluation de systèmes de culture [Principles and tools for design, conduct and evaluation of cropping systems[END_REF] was used for this purpose. Soil samples were taken up to 1.5 m in depth before sowing in order to determine the initial soil moisture, soil mineral nitrogen (NO 3 -N) and organic matter content.
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Volumetric water content at permanent wilting point (PWP) and field capacity (FC), and maximum bulk density (BD) were estimated from soil texture using the pedotransfer functions provided by SoilPAR [START_REF] Acutis | Soil PAR 2.00: Software to estimate soil hydrological parameters and functions[END_REF] (Table 1). The weather data i.e.

daily maximum and minimum temperature, precipitation, wind speed, global solar radiation and maximum and minimum relative air humidity were recorded at the experimental site.

Management practices were described such as sowing and harvesting dates as well as the dates and amounts of irrigation and fertilization. The key phenological stages such as flowering, grain filling and physiological maturity were noted and grain yield, above ground biomass and above ground N uptake were measured at harvest (Table 2).

Procedure for model evaluation

The model was evaluated (for cumulative and dynamic variables) for four crops (durum wheat, sunflower, peas and maize grain), under typical combinations of soil and management of the Midi-Pyrénées region, for specific type of climatic years. A 3-step evaluation protocol was defined and applied in interaction with four experts from the region (Figure 1). These experts had the skills and expertise of given crops behaviour based on surveys and various experiments conducted under the actual field conditions. The work with the experts was accomplished during a one-day workshop. It is assumed that, if experts are properly chosen, then this local knowledge is accurate and reliable enough to be used as a reference to which the model simulation were compared.

Step 1: Input data Selection of representative agricultural activities in the region. In order to represent the cropping system diversity of the arable zone (Gers department), the representative activities were selected by the experts. Initially three crop families, i.e. cereals, oil crops and protein crops were identified. Then, the major crops of each family in the region were selected, which included the maize and durum wheat as cereal, sunflower as oil crop and peas as protein crops. Each expert identified activities for which he had enough confidence to characterize them in terms of crop management and then of crop behavior (yield, biomass, etc.). Overall, twelve representative agricultural activities were selected (Table 3). These activities included four crops (maize, durum wheat, sunflower and peas), two soil types (loam and clay loam)

and, except for maize, two climatic conditions (wet and dry year). The maize crop, being an irrigated crop, is cultivated under potential and limited water conditions. Durum wheat and sunflower are cultivated on both soil types, while peas and maize are cultivated only on loam soil (Table 3).

Crop management data. The experts also provided average crop management data, i.e. sowing dates along with the dates and amounts of fertilization and irrigation for each individual activity (Table 3). The management data were specified by taking into account the soil type (clay loam, loam), year type for rainfed crops (wet, dry) and water condition (limited and unlimited) for maize. Experts identified recent real year corresponding to the two year types (wet, dry). Experts considered a year wet and dry, when the average rainfall ranged respectively from 700 to 920 mm/year and 530 to 600 mm/year respectively.

Initial soil conditions, soil and climate data. The initial water and nitrogen conditions are difficult to measure and rarely assessed in experiments and farmers fields. They depend mainly on the previous crop in the rotation cycle, the capacity of the soil to retain water and nitrogen and the rainfall pattern during the intercropping period [START_REF] Leenhardt | Working with Dynamic Crop Models: Evaluation, Analysis, Parameterization, and Applications[END_REF]). It was difficult to get data for initial soil conditions for several years; therefore, we assumed that experts with experience of experimentation for many years (10 to 15 years) know the initial 3). The weather data of the climatic year specified by each expert were provided by the local meteorological station. We used daily values of rainfall, minimum and maximum temperature, minimum and maximum relative air humidity, solar radiation and wind speed.

Step 2: Output data

For each activity (crop by soil, climate and management type), each expert was also asked to fill specific tables and graphs for an imposed set of output variables of the model:

• cumulative variables in the form of table: above ground biomass, grain yield, above ground N uptake and cumulated evapotranspiration at harvest (Table 3).

• dynamic variables in the form of curves: above ground biomass, leaf area index, above ground N uptake, cumulated evapotranspiration and rooting depth (see an example in Figure 2).

They had to provide these data before we run the APES model for the specific situation, in order to ensure that the expert-elicited data are independent of the simulated data.

The experts were allowed to communicate during the identification of the activities and the description of the input data, in order to ensure complementarity and consistency among the situations described as well as exchange of information on soils and climate. But they were not allowed to communicate during the description of the output variables, in order to avoid interactions in the way they expressed their results. After this process, we then asked each expert to describe what was the approach he considered to draw the curves for the dynamic variables? We found that all the four experts used a similar approach that: i) determines the number of days required to reach a specific stage of crop cycle, i.e. flowering, grain filling and physiological maturity; ii) determines the value of the cumulative variable at each
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Step 3: Criteria for model evaluation

The method for global and dynamic model evaluation was also determined through discussion with the experts. The calibrated APES model was run for each activity by using input data given in step1. Simulated output data were then compared with the experts' output data both for cumulative and dynamic variables. A global evaluation of the model, conducted on cumulative variables, was achieved by using relative root mean square error (RRMSE) [START_REF] Loague | Statistical and graphical methods for evaluating solute transport models: overview and application[END_REF]. The over and underestimation of simulated variables, compared to the expert values, were calculated by coefficient of residual mass (CRM).

Where:

Si: simulated data, Oi: observed data Wherever possible, simulated and expert data were evaluated by using other data provided by the literature for biophysical and management conditions similar to the simulated activity. The dynamic evaluation of the model was done with dynamic variables i.e. above ground biomass, green LAI, actual cumulated evapotranspiration, above ground N uptake and root depth at key phenological stages i.e. flowering, grain filling and physiological maturity.

Correlation between simulated and expert data at these stages was assessed by relative root mean square error (RRMSE) [START_REF] Loague | Statistical and graphical methods for evaluating solute transport models: overview and application[END_REF]. 

Results and discussion

Model calibration

APES model was calibrated for phenological stages of flowering, grain filling and physiological maturity by using the experimental data. Then the calibration was done for light interception, biomass production and nitrogen parameters to match the observed and simulated data of above ground biomass (AGB), grain yield and N uptake. Some of these parameters were fixed as default values which were derived from previous studies (Adam et al. 2012, 2013; Therond et al. 2011) (data not shown). The values of all parameters were adjusted within a reasonable range of variation based on previous research and expert knowledge [START_REF] Donatelli | Simulations with CropSyst of cropping systems in Southern France, common agricultural policy strategy for Regions[END_REF]. In order to ensure a good correlation between observed and simulated data sets, the adjustment process was stopped when further modification of crop parameters values generated little or no change on the basis of the relative root mean square error (RRMSE) [START_REF] Loague | Statistical and graphical methods for evaluating solute transport models: overview and application[END_REF].

Where:

Si: simulated data, Oi: observed data, Ō: average observed data and n: observation number.

Statistical analysis shows that the model accurately simulated the crop phenology with a RRMSE ranging from 3 to 19% for all phenological stages of flowering, grain filling and physiological maturity, except for maize, for which the model simulated the crop flowering with less accuracy (RRMSE of 39%), (data not shown). The calibrated model also successfully simulated the above ground biomass, grain yield and N uptake for all crops of the experiment, with the RRMSE ranging from 6 to 15% for biomass, 8 to 14% for grain yield and 6 to 14% for N uptake. For the latter variable (N uptake), sunflower and pea were poorly simulated, with an RRMSE of 28% (Table 4).

RRMSE =  - = n i Si Oi

Model evaluation for cumulative and dynamic variables

Above ground biomass (AGB) and grain yield

The model accurately predicted the cumulative AGB and grain yield for all activities with a RRMSE of 20 and 17% for AGB and grain yield, respectively (Figure 3 (a) & (b)). All the data pairs are close to the 1:1 line and the activities with over or under-estimation are same for grain yield and above ground biomass. The model also well predicted the dynamic AGB in most of the activities with a RRMSE of 32, 19 and 18% for flowering, grain filling and physiological maturity respectively (Figure 4). Statistical analysis shows that model-predicted values were closer to the expert-given values of grain yield and above ground biomass. The consistency of over and under-estimation of grain yield and above ground biomass for similar data pairs might be due to the fact that experts declared, after filling the table, that for the given activity, they were generally estimated grain yield and then above ground biomass by using typical crop harvest index.

Above ground N uptake

Statistical analysis shows that, for all the activities, the model predicted the cumulative N uptake less accurately (RRMSE = 27%) than for biomass and grain yield. The model underpredicted the N uptake with an average CRM value of 16% (Figure 3 (c)). Similar to cumulative N uptake, APES model also predicted the dynamic N uptake with less accuracy as shown in figure 5. Overall, the model under-predicted the N uptake for all activities with a CRM value of 20% for all phenological stages. The discrepancy between simulated and expert given N uptake was much higher for the pea and maize crops (activities 5, 6 and 11, 12 respectively). The simulated data for pea crop shows that total N uptake ranged from 150 to

Comment citer ce document : Faisal, M., Wéry, J., Hussain, S., Shahzada, T., Arslan Ashraf, M., Therond study, initial modeling solution of APES was used, which had the tendency of underestimation of crop nitrogen uptake. These results were also confirmed by [START_REF] Adam | Protocol to support model selection and evaluation in a modular crop modelling framework: An application for simulating crop response to nitrogen supply[END_REF], where APES model also underestimated the crop nitrogen uptake in maize crop due to fraction of soil nitrogen absorbed by the microbes. Similarly, in another study, [START_REF] Adam | A systematic approach for re-assembly of crop models: An example to simulate pea growth from wheat growth[END_REF] reported the lower contribution of N 2 fixation in total crop nitrogen uptake in pea crop under water stress conditions. These results also confirmed the findings of [START_REF] Wery | Production de graines et fixation d'azote par des cultures de légumineuses sous contrainte hydrique. Formation doctoral sur les bases de la production végétale [Seed production and nitrogen fixation by legumes under water stress conditions[END_REF] that, under potential growth conditions, N fixation contribute more to total crop N uptake as compared to water limited conditions, which also reduced the above ground biomass by 20-40% and consequently the N fixation and total crop N uptake.

Actual cumulated evapotranspiration (ETC)

Statistical analysis showed a discrepancy between simulation and expert data for cumulative ETC with a higher value of RRMSE of 31%. Most of the data pairs are far away from the 1:1 line. Overall the model under-predicted the ETC with a CRM value of 15% (Figure 3 (d)). In case of dynamic evaluation, a large difference was also observed between simulated and experts' ETC curves as shown in figure 6. Similar to cumulative evaluation, for all phenological stages, the model also under-predicted the ETC with a CRM value of 32%, but this under-prediction was higher at flowering (CRM of 38%) than at grain filling (CRM of 33%) and physiological maturity (CRM of 25%). For all crops, the bad prediction of cumulated evapotraspiration was due to the model, as for similar environmental and soil conditions, the ETC values reported in literature are similar to the values given by the experts.

For example, [START_REF] Nolot | Principes et outils de conception, conduite et évaluation de systèmes de culture [Principles and tools for design, conduct and evaluation of cropping systems[END_REF] reported average ETC of 560 mm for durum wheat, 715 mm for maize, 586 mm for sunflower and 562 mm for pea. Other studies also showed the same range of ETC for almost similar biophysical conditions, e.g. 444 to 570 mm for durum wheat, 483 to 660 mm for maize and 470 mm for sunflower (Claude Mailhol et al. 1997;[START_REF] Ruget | Sensitivity analysis of a crop simulation model, STICS, in order to choose the main parameters to be estimated[END_REF][START_REF] Utset | Comparing Penman-Monteith and Priestley-Taylor approaches as reference-evapotranspiration inputs for modeling maize wateruse under Mediterranean conditions[END_REF]). For all crops, except for pea, these amounts are close to
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Green Leaf area index (LAI)

The statistical analysis showed that, for all the activities, the model predicted the LAI dynamic with a RRMSE of 17 and 20% respectively for flowering and grain filling stages.

Most of the data pairs are close to the 1:1 line with a higher correlation at grain filling stage than at flowering (Figure . 7).

Rooting depth

The statistical analysis showed that the model predicted the rooting depth at all phenological stages with a RRMSE of 23, 16 and 15% respectively for flowering, grain filling and physiological maturity (Figure 8).

Global evaluation of cumulative variables for all activities showed that the model simulated wet climatic conditions relatively more accurately than dry ones. For all cumulative variables, the difference (CRM) between simulated and experts given variable values were higher for dry conditions as compared to wet conditions. [START_REF] Adam | APES an agricultural production and externalities simulator evaluated for two main crops in Midi-Pyrenee[END_REF] also found that APES is less sensitive to water stress conditions for above ground biomass and also its possible residual effect on N uptake.

Statistical analysis shows that same trend was observed for simulated and expert given dynamic curves of above ground biomass, LAI and rooting depth as compared to N uptake and cumulated evapotranspiration. For N uptake and ETC the simulated results were consistent with the simulated results of cumulative variables. Moreover, the better simulation of later stages (physiological maturity) of crop development than the earlier ones (flowering and grain filling) might be due to the fact that, for drawing the dynamic curves for all variables, the experts kept in their mind the cumulative variable value at main phenological Comment citer ce document : Faisal, M., Wéry, J., Hussain, S., Shahzada, T., Arslan Ashraf, M., Therond 

Methodology analysis

We found only a single seven-year dataset for four major crops in one location of the region (INRA experimental station in Toulouse, France) with several key crop variables measured at harvest and at some phenological stages [START_REF] Nolot | Principes et outils de conception, conduite et évaluation de systèmes de culture [Principles and tools for design, conduct and evaluation of cropping systems[END_REF]. These data were precious to conduct the necessary work of parameterization of crop specific parameters [START_REF] Wallach | Parameter estimation in crop models: exploring the possibility of estimating linear combinations of parameters[END_REF]. Nowadays, for model-based assessment of agricultural systems in a region, it is a common practice to use the simplified regional data sets for the evaluation of the models [START_REF] Leenhardt | Working with Dynamic Crop Models: Evaluation, Analysis, Parameterization, and Applications[END_REF][START_REF] Therond | Using expert knowledge data to validate crop models on local situation data[END_REF]). However, these regional data mainly focus on yield and phenology, while local experts with a good knowledge of regional crops, soils and farms can provide not only the detailed input (climate, management) and output data but also the intermediate variables' data of shoot and root growth, and water and nitrogen balances.

In some recent studies, author used the expert knowledge data for different purposes. developing a method to improve the flexibility in crop models. In later both studies qualitative expert knowledge data was used to built the models. However, in this study, we used the expert's knowledge to get the detailed input and output data for evaluation of the model. The initial soil water and nitrogen status was an exception but this type of data is rarely available in regional databases [START_REF] Leenhardt | Working with Dynamic Crop Models: Evaluation, Analysis, Parameterization, and Applications[END_REF][START_REF] Therond | Using expert knowledge data to validate crop models on local situation data[END_REF]. Moreover it was easier and less time consuming to get a complete data set for contrasted soil, crop, management and climatic conditions during a one day meeting with local experts than from experimental network not aimed for model evaluation.

On the other hand, it is very important to identify the most widely-acknowledged, experienced and skilled experts from the study area. The interpretation and transformation of qualitative information into quantitative, called 'defuzzification problem' [START_REF] Alcamo | Environmental Futures: The Practice of Environmental Scenario Analysis[END_REF]) is an important challenge when using experts' knowledge data. For example, the meaning of wet and dry year was found to be different for different experts. The experts considered a year wet and dry, when the average rainfall ranged respectively from 700 to 920 mm/year and 530 to 600 mm/year. It is well known that such assumptions on rainfall variation can affect crop growth and development differently. The key aspect of the approach is the assumption that the data produced with expert knowledge can be considered as a reference for the model assessment. To ensure quality of expert data the protocol of elicitation of expert knowledge in a compatible form with the model input and output, included the following elements:

• the experts need to be as much as possible confident with the situations for which they provide the dynamic and cumulative variables. This is why, during the workshop, we left experts select the crop, the climatic year, the soil and the crop management of the A c c e p t e d M a n u s c r i p t first situation they described. In a second phase we asked them to complete the datasets with contrasted situation representative of the region. The experts were asked to provide, on a 1 to 5 scale, the confidence level for each variable in each situation.

This information was difficult to use as most of the answers were in the 3-4 range and no curve or table value was provided by the experts when they were not confident enough with the variable, e.g. as in case of pea crop for dynamic curves.

• in order to ensure independence of the evaluation dataset, compared to the model and also possibility of imposing the opinions and decisions of one expert on another [START_REF] Koehler | Citizen participation in collaborative watershed partnerships[END_REF], the experts were not allowed to use the model or to see simulation results with the model prior to the workshop when they provided the variables for the various situations.

• before simulation of the situations described by the experts, we verified in the literature, when data on similar situations were available, that the values given by the experts were similar. As shown in the results we identified only two cases (N uptake and cumulated evapotranspiration in pea crop) where the expert provided the wrong data.

Conclusion

This methodology is valuable for global and dynamic evaluation of cropping system models in case of unavailability of experimental data for typical crop-soil-management-climate conditions of a region. Often several regional experts are able to provide detailed knowledge on the crop growing conditions, their behaviour and performances during the crop cycle. This expert knowledge, which is generally used for recommendations and extension services, can be elicited into model compatible format and can be used as input-output variables of a crop model. Local experts with a good knowledge of regional crops, soils and farms can not only

Comment citer ce document : Faisal, M., Wéry, J., Hussain, S., Shahzada, T., Arslan Ashraf, M., Therond The results of the study show that, if experts are properly chosen, their local knowledge can be used as a reference for evaluation of the crop models. It is commonly accepted that more experts (depending upon the number of crops and growing conditions) are better for collective representation of the systems under studies [START_REF] Mermet | Participation, strategies and ethics: roles of people in wetland management[END_REF][START_REF] Becu | Identification et modélisation des représentations des acteurs locaux pour la gestion des bassins versants [Identification and modeling representations of local stakeholders for watershed management[END_REF][START_REF] Bars | Use of a decision support system and a simulation game to help collective decision-making in water management[END_REF]. But, it was challenging to identify the reliable, skilled and experienced experts having detailed knowledge of growing conditions for all crops cultivated in the region. Therefore, we could get only four experts for providing the input and output data for four main crops (durum wheat, sunflower, maize and peas). Although, it was important to consider all the crops and their growing situation in the region, here, our objective was not to build the consensual representation of all the crops and their biophysical conditions in the region, rather to demonstrate the possibility of integrating the expert knowledge data for global and dynamic evaluation of crop models in case of non-availability of detailed input and output experimental data for large heterogeneous area of a region. In order to cover all the crops and to get good representativeness of all the cropping system in a region, the most widelyacknowledged, experienced and skilled experts can be identified from the study area.
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Experts (4) APES Evaluation

Step 3 
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For

  example Clavel et al. (2011) used the expert knowledge to get the data of cropping systems distribution in a given region. Qualitative information's are usually required to establish the relationship between cropping systems and their location factors. Use of farm typology is an important way to determine relationship between crops and farm types and area of different farm types. However, use of farm typology lacking the data, regarding different combinations of crops, farms, soils and irrigation practices.[START_REF] Clavel | Integrating expert knowledge and quantitative information for mapping cropping systems[END_REF] showed that, these data can be obtained from experts. In another study,[START_REF] Lamanda | A protocol for the conceptualisation of an agro-ecosystem to guide data acquisition and analysis and expert knowledge integration[END_REF] used the expert knowledge to develop the conceptual modelling of an agro-ecosystem (CAM) protocol in order to define the crop management practices for improving the production of coffee in Guinea (West Africa), determining the factors responsible for increasing yield variability of cotton crop in Mali (West Africa) and factors explaining the decline of individual Syrah Comment citer ce document : Faisal, M., Wéry, J., Hussain, S., Shahzada, T., Arslan Ashraf, M., Therond, O., Hatem, B. (2016). Using expert knowledge data to validate crop models on local situation data. Archives of Agronomy and Soil Science, 62 (2), 217-234. DOI : 10.1080/03650340.2015.1043528 A c c e p t e d M a n u s c r i p t grapevines in southern France. Similarly, Adam et al. (2010) developed a procedure for combining different modelling approaches based on expert knowledge data. They used the expert knowledge data of crop phenology, integrated with software technology, for
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Figure 1 .

 1 Figure1. Methodology for calibration and validation of the model; using experimental and expert knowledge data. First the model was calibrated classically by using experimental data. Then the model was evaluated, which is divided into 3 steps, the global and dynamic evaluation of model was achieved by using expert knowledge data.

Figure 2 .AAFigure 4 .AFigure 5 .AFigure 6 .AFigure 7 .AFigure 6 .

 245676 Figure 2. An example of expert drawn dynamic curve for activity 1 (durum wheat cultivated on clay loam soil under wet climatic conditions)

  It is a modular model developed within the SEAMLESS project[START_REF] Van Ittersum | Integrated assessment of agricultural systems -A component-based framework for the European Union[END_REF], as a part of a modeling chain enabling ex-ante impact assessment of agricultural and environmental policies and technological innovations in different EU regions.It is a multi-year, multi-crop and daily time step simulation model used for estimating the

biophysical behaviour of land-bound agricultural activities at field scale featuring a wide range of climate, soil and agro-technical management options

[START_REF] Donatelli | Environmental and agricultural modelling: Integrated approaches for policy impact assessment[END_REF]

. It can simulate soil-water budget, soil-plant nitrogen budget, crop phenology, crop canopy development, root growth, biomass production and partitioning, crop yield, soil erosion and soil carbon budget. It is a flexible and generic model which facilitates the adjustment of model structure depending on the simulation goal

[START_REF] Adam | Protocol to support model selection and evaluation in a modular crop modelling framework: An application for simulating crop response to nitrogen supply[END_REF]

, and can be adapted to different environments and management practices for a wide range of biophysical conditions

(e.g. soil, rainfall)

, type of crops, land use or agro-management systems (cereal, legume crops, and oil crops) as described in this study.
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  the value given by the experts. The underestimation of ETC by the APES model is consistent with the observation done by[START_REF] Adam | APES an agricultural production and externalities simulator evaluated for two main crops in Midi-Pyrenee[END_REF] that the plant available water is usually underestimated in the APES model.
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Table 1 .

 1 Experimental (INRA Toulouse) soil data used for calibration of the model on 1 meter soil depth.

	Soil Characteristics	Soil types (average value for all layers)
		Clay loam	Loam
	Sand (%)	26	35
	Silt (%)	40	37
	Clay (%)	34	28
	Bulk density (g cm -3 )	1.3	1.3
	Permanent wilting point (m 3 m -3 )	0.19	0.16
	Field capacity (m 3 m -3 )	0.34	0.30
	Organic matter (%)	1.34	1.41
	Maxi. Depth (m)	0.95	0.94

Comment citer ce document : Faisal, M., Wéry, J., Hussain, S., Shahzada, T., Arslan Ashraf, M.,

Therond

, O., Hatem, B. (2016). Using expert knowledge data to validate crop models on local situation data. Archives of Agronomy and Soil Science, 62 (2), 217-234. DOI : 10.1080/03650340.2015.1043528

Table 2 .

 2 Experimental crop data (INRA Toulouse) used for calibration of the APES model Comment citer ce document : Faisal, M., Wéry, J., Hussain, S., Shahzada, T., Arslan Ashraf, M., Therond, O., Hatem, B. (2016). Using expert knowledge data to validate crop models on local situation data. Archives of Agronomy and Soil Science, 62 (2), 217-234. DOI : 10.1080/03650340.2015.1043528

	Note: N*: Total number of selected plots for each crop

Table 3 .

 3 Typical agricultural activities selected by experts in the arable zone of the Midi-Pyrénées region.Comment citer ce document : Faisal, M., Wéry, J., Hussain, S., Shahzada, T., Arslan Ashraf, M.,Therond, O., Hatem, B. (2016). Using expert knowledge data to validate crop models on local situation data. Archives of Agronomy and Soil Science, 62 (2), 217-234. DOI : 10.1080/03650340.2015.1043528

			Selected activities				Crop input data				Crop output data		
	Crops	Soil types	Climate condition	Real year specified by experts	Activities	Initial soil conditions Water content (m 3 m -3 ) Nitrogen content (kg N ha -1 )	Average sowing date	Management Fertilization (kg N ha -1 )	Irrigation (mm)	Above ground biomass (t ha -1 )	Cumulative variables Above Grain ground N accumulated Actual yield uptake evapotranspiration (t ha -1 ) (kg ha -1 ) (mm)	Expert
		Clay	Wet year	1996-1997	1	0.34	22	Ist Nov	200	Rainfed	15	7	220	400	1
	Durum	loam	Dry year	2004-2005	2	0.34	22	Ist Dec	150	Rainfed	10	4.5	160	300	1
	wheat	Loam	Wet year Dry year	1997-1998 2002-2003	3 4	0.34 0.34	22 22	11-Nov 11-Nov	220 150	Rainfed Rainfed	14 12	5.5 6	200 200	450 450	2 2
	Peas	Loam	Wet year Dry year	2001-2002 2006-2007	5 6	0.34 0.34	18 18	15-Dec 15-Dec	0 0	Rainfed 90	10 10	4.5 5	250 250	250 245	2 2
	Sunflower	Loam Clay	Wet year Dry year Wet year	2002 2003 2008	7 8 9	0.38 0.38 0.38	9 9 9	20-Apr 20-Apr 15-Apr	50 0 60	Rainfed Rainfed Rainfed	9 5.5 8	3 2.5 3	150 130 125	450 350 450	2 2 3
		loam	Dry year	2009	10	0.38	9	15-Apr	60	Rainfed	7	2.5	115	400	3
			Unlimited												
			water	2009	11	0.23	15	20-Apr	200	240	22	11	260	580	4
	Maize	Loam	conditions Water												
			limited	2009	12	0.23	15	20-Apr	200	170	18	9	240	500	
			conditions												

Table 4 .

 4 Statistical analysis of the calibration results for above ground biomass, grain yield and above ground N uptake Comment citer ce document : Faisal, M., Wéry, J., Hussain, S., Shahzada, T., Arslan Ashraf, M.,Therond, O., Hatem, B. (2016). Using expert knowledge data to validate crop models on local situation data. Archives of

	Notes: N: Number of plots, Ô: average observed value Ŝ: average simulated value, RRMSE:
	Relative root mean square error.
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