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Preface

This report is prepared by the DLO Centre for Agrobiological Research in the framework of the development, validation and testing of crop-specific agrometeorological models for yield forecasting purposes. It describes the parameterization and calibration of the crop simulation model WOFOST of the Crop Growth Monitoring System, which in turn will form part of an Agricultural Information System on the European Community. The description of the crop simulation model and its validati​on against official regional agricultural statistics are given in other reports.

The Crop Growth Monitoring System was developed by the DLO Winand Staring Centre on behalf of the Institute for Remote Sensing Applications of the Joint Research Centre (JRC-Ispra Site) of the Commission of the European Community under con​tract 3965-90-04 ED ISP-NL "Yield Forecasting Models, Part II" (SC Project 7185), and further elaborated in co-operation with the DLO Centre for Agrobiological Research under contract 4436-91-08 ED ISP NL "Crop specific agrometeorological simula​tion models" (SC Project 7220). 

This report is a contribution of the DLO Centre for Agrobiolo​gical Research (CABO-DLO, CABO Project 836) to the second contract. The overall objective of the second contract was to develop, validate and test new or existing crop-specific agrometeorological simula​tion models for routine quantitative forecasting of national and NUTS-1 yields every 10 days, and for areawise qualitative monitoring, every 10 days, of the conditions of the agricultu​ral season over the whole of the EC. The model should work for each of the following annual crops : wheat, barley, oats, maize, rice, potato and sugar beet, tobacco, cotton, pulses, soybean, oilseed rape, sunflower.

This report deals with the development of the crop simulation model, in particular with its parameterization and calibration for specific crops on the basis of detailed field experiments and regional crop calendars.

The sets of crop and crop type parameters represent the best estimate that could be made on the basis of the relative​ly limited amount of available data. There is clearly much room for refinements of the data sets, which can be done by analyzing much more trials and experiments, supported by an assessment of their relevance and representativeness for typical current agricultural systems, per crop and per region.

C.A. van Diepen

Project leader
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Summary

At the request of the Joint Research Centre of the European Community, the DLO Winand Staring Centre (SC-DLO) in co-operation with the DLO Centre for Agrobiological Research (CABO-DLO) in  Wageningen the Netherlands, has executed the project: "Development, validation and testing of crop specific agrometeorological simulation models". The objective of this project is to investigate the possibilities of agrometeorological simulation models for quantitative forecasting of national and regional yields of the main agricultural crops of the European Community.

This report describes the preparation of crop specific data files of winter wheat, grain maize, spring barley, rice, sugar beet, potato, field bean, soybean, winter oilseed rape and sunflower. The crop specific data files makes the yield simulation by the model specific for the chosen crop.

For all the crops an initial crop specific data file was created or adapted (parameterization). The simulation results of the model with the initial crop specific data file were adapted to field experiments and crop calendar data by altering some elements of the initial crop specific data file (calibration). The simulation results with the calibrated file were used in de Koning et al. (1993) for validation with Eurostat yields.

Because abundant information was available of winter wheat, this crop was most attention paid to in this study. For this crop the mathematical calibration procedure was used to calibrate the initial crop specific data file. The mathematical calibration did not improve the results of the crop growth model because the initial crop specific data file was optimal calibrated already through the years. An optimal calibrated data file appeared not to be a guaranty for satisfying validation results. Some reasons were:

The WOFOST results were calculated for one point in the Netherlands and compared with Eurostat data of a whole country. The WOFOST model does not account for pest, diseases and management.

For the other crops the crop specific data file was calibrated according to the manual calibration procedure.

For every crop the following data are given:

- Initial crop specific data file (appendix A1 to J1)

- Field experiments used for calibration and their sources (appendix A2 to J2)

- Differences between initial crop specific data file and calibrated data file (appendix A3 to J3)

- Crop calendars and their sources (appendix A4 to J4)

- Temperature sums between emergence and flowering and between flowering and harvest
(except for rice, sugar beet and potato). For sugar beet and potato instead of flowering an
alternative growth stage was chosen, secondary tap root growth for sugar beet and tuber
initiation for potato (appendix A4 to J4)

1 General introduction

The Directorate General for Agriculture of the EC requires timely forecasting of agricultural production to support the Common Agricultural Policy (CAP). Integration of Community statistics has until now been performed by the Statistical Office of the European Community (O.S.C.E. or Eurostat) in Luxembourg. Prediction of yields by Eurostat is based on statistical methods, using historical data and taking into account time trends and weather indicators.

The Institute for Remote Sensing Applications (IRSA), of the Joint Research Centre (JRC) of the EC, located in Ispra, Italy, is in charge of a program to improve agricultural yield forecasts. This program is known as the Agriculture project or MARS project. Within the Agriculture Project of the EC, an Advanced System of Information on Agriculture is being developed. Three methods are investigated by JRC: conventional surveys, remote sensing, and agrometeorological modelling.

At the request of the JRC, the Winand Staring Centre (SC-DLO) in co-operation with the Centre for Agrobiological Research (CABO-DLO) in Wageningen the Netherlands, has executed the project: "Development, validation and test of crop specific agrometeorological simulation models". The objective is in the contract described as "to develop, validate and test new or already existing agro-meteorological simulation models for 10 day routine quantitative forecasting of national and NUTS-1 yields and for 10-day areawise (regional), but qualitative monitoring of agricultural season conditions over the whole of the EC and for each of the following crops: wheat (spring and winter; hard and soft), barley (spring and winter), oats, maize (grain), rice, potato, sugar beet, pulses (human consumption), soybean, oilseed rape, sunflower, tobacco and cotton."

The project is succeeds the project "Yield Forecasting Models, Part II", executed by the Winand Staring Centre in 1991.

In "Yield Forecasting Models Part II", The Winand Staring Centre has developed a Crop Growth Monitoring System (CGMS). This system includes a non-crop specific agrometeorological simulation model, linked with a weather system and a Geographical Information System (GIS). In the weather system, historic and current daily weather data are stored and interpolated to the grid points of a 50 x 50 kilometres mesh over the whole of the EC. The weather data are used in the crop growth model and the model results can be analysed and visualized with the GIS. In "Yield Forecasting Models, Part II", the crop growth simulation model was non-crop specific. In the current project, yields of all main agricultural crops of the EC were simulated individually. A yield forecasting model was defined, based on comparison between simulation results and historical records of statistical data.

The contribution of the Centre for Agrobiological Research (CABO-DLO) consisted of the adaptation of the crop growth model for crop specific calculations and development of a yield forecasting algorithm. For each of the crops, standard values were gathered of parameters that represent specific crop characteristics. Insufficient data were available for oats, tobacco and cotton and these crops had therefore to be omitted. For the other crops, crop parameter values were adapted to regional conditions throughout Europe.

The effectiveness of using standard mathematical calibration procedures for optimizing parameter values was investigated. As result of this investigation for most crops a more simple approach for calibration was followed, namely the manual adaptation of crop parameters to limited regional data using general modelling knowledge. Crop simulation outputs of the calibrated model were compared with results from independent field trials.

After CABO-DLO calibrated and validated the model at point level, SC-DLO calculated grid yields with the model for historical weather records with the CGMS and aggregated these yields to yearly regional averages. These historical records of simulated regional yields were analysed by CABO-DLO and compared to historical official statistical yields by means of regression methods. This resulted in the formulation of a forecasting algorithm using crop model output of the current year for the forecasting of official yields in that year.

This procedure has resulted in the integration of the yield-forecasting model in the CGMS, allowing yearly forecasts of official yields and updating of the forecasting model to data of the most recent years.

In this report, the procedures used for updating crop parameters and calibration of the model will be presented.

In chapter 2 a short overview is given of the methodology followed for the project at CABO-DLO. Detailed information about the methodology of the research for this project is discussed in de Koning et al. (1993). In chapter 3 parameters, crop calendars, temperature sums and calibration of crop specific parameters are described per crop. In chapter 4 the study is discussed and some suggestions are made.

CABO-DLO has executed the project in the period from 1-1-1992 until 31-12-1992.

2 The crop growth model

2.1 Introduction

WOFOST (WOrld Food STudies) was chosen as the crop growth model for the Crop Growth Monitoring System (CGMS). This model has been developed by the Centre for World Food studies in Wageningen, the Netherlands, in co-operation with the Agricultural University and the Centre for Agrobiological Research (van Diepen et al., 1988, 1989).The model simulates phenological development and growth of a field crop from emergence to maturity as determined by the crop's response to environmental conditions.

Within the model two production levels are distinguished: potential and water-limited. The potential yield is determined by crop genetic properties, solar radiation, temperature regime and sowing date, and indicates the production ceiling for crops growing under optimum soil moisture conditions. The water-limited yield depends on natural water supply and includes effects of water-shortage. For both potential and water-limited production, nutrient availability, pest, weed and disease control and farm management are taken to be optimal (de Koning et al., 1993).

The main model can be broadly divided into two sub models: the crop growth sub model and the soil water sub model. These sub models are connected by means of a relation, describing the effect of the soil water status on the transpiration and photosynthesis rate of the crop. The simulations are carried out in time steps of one day. For this document only the crop growth sub model is considered.

2.2 The crop growth sub model

Figure 1 illustrates the processes, described in the crop growth sub model. The amount of intercepted light is determined by the level of incoming solar radiation and the leaf area of the crop. From the absorbed radiation and the photosynthetic characteristics of single leaves, the daily rate of potential gross photosynthesis is calculated. Part of the daily production of assimilates is used to provide energy for the maintenance of the life biomass (maintenance respiration). The remaining carbohydrates are partitioned among the major plant organs: roots, leaves, stems and storage organs and converted into structural plant material such as cellulose, proteins, lignin and lipids. In this conversion process some of the weight of carbohydrates is lost as growth respiration, in dependence of the composition of the various organs (Penning de Vries et al., 1989). The leaf area index of the crop is calculated by multiplying the life leaf weight by the specific leaf area. During ageing of the crop, part of the life crop tissue dies due to senescence. Leaf mass is subdivided into age classes, and if the temperature sum of a class exceeds the crop-specific value during which leaves are functioning, they are assumed to die.

The crop growth curve and resulting yield are found by integrating the daily dry matter increase, partitioned to the plant organs, over the total crop growth period. Some simulated crop growth processes are influenced by temperature like the maximum rate of photosynthesis, and the maintenance respiration. Other processes are steered by the development stage: the partitioning of assimilates, the specific leaf area and the death rate of crop tissue. Phenological development of a crop can be characterized by the order and rate of appearance of vegetative and reproductive plant organs. In the model the development rate is a function of ambient temperature, possibly modified by the effect of daylength (de Koning et al., 1993).

Figure 1
Crop growth processes (de Koning et al., 1993). Ta/Tp is the actual transpiration (mm d-1) divided by potential transpiration (mm d-1), a measure for water deficiency of the plant by air.

2.3 Crop parameters

To be able to run the crop growth model a number of crop parameters is needed. They are listed in crop specific data files as given in appendix A1 to J1. This section explains their meaning.

After sowing the crop, the time needed until emergence has taken place is determined by a temperature sum (TSUMEM) of daily average temperatures above a threshold temperature (TBASEM) and with a maximum daily increase of the temperature sum of TEFFMX. In order to initiate crop growth, the dry weight (TDWI) and leaf area index (LAIEM) of the crop at emergence must be estimated. Growth after emergence depends on the photosynthesis rate, though the increase of leaf area during juvenile growth my be limited by the maximum relative daily increase of the leaf area index (LAI) in dependence of air temperature (RGRLAI). Phenological development is determined by temperature sums: TSUM1 from emergence to anthesis (development stage 1), TSUM2 from anthesis to maturity (development stage 2). The increases of temperature sum in dependence of the average air temperature is given by function DTSMTB. For some crops, phenological development is also influenced by daylength (IDSL), using an optimum (DLO) and critical (DLC) daylength. The assimilation parameters describe the response curve of single leaves to light: the maximum photosynthesis rate (AMAX) at light saturation and the light use efficiency (EFF) under light limiting conditions. AMAX depends on development stage (AMAXTB) and average temperature (TMPFTB). The gross photosynthesis of the canopy can also be limited due to low minimum temperatures (TMNFTB). Light distribution within the canopy is influenced by the leaf angle distribution of the crop, in the model accounted for by the extinction coefficient for diffuse visible light (KDIF). The relative rates of maintenance respiration (RML, RMO, RMR, RMS) and growth respiration (CVL, CVO, CVR, CVS) of each organ are determined by the composition of the crop tissue. Q10 indicates the relation between the maintenance respiration rate and temperature. The partitioning functions FRTB, FLTB, FSTB and FOTB distribute the daily dry matter growth between different plant organs as function of the development stage. Also depending on development stage is the specific leaf area (SLATB) which converts leaf weight into leaf area, while the life span (SPAN) of the leaves is used for the description of leaf death due to ageing. Leaf death due to drought stress is separately determined by the relative death rate PERDL. Initial rooting depth (RDI), root growth rate (RRI), maximum rooting depth (RDMCR), specific evapotranspiration (CFET) and drought sensitivity (DEPNR) of the crop are required to describe drought stress. RDRRTB and RDRSTB are the relative death rate of roots and stems, respectively, both depending on development stage.

The crop growth sub model model is structured in a way that the growth of different annual crops can be simulated by only adapting the crop specific parameters (de Koning et al., 1993).

When the temperature sums for a crop are chosen too high, it is possible that the simulated crop does not reach the development stage at harvest (DVSEND). It is possible to stop the crop growth simulation model after a fixed number of days (FINTIM). Table 1 gives the number of days used as emergency break for the different crops.

Table 1
Forced end of crop growth simulation model calculation per crop.
J. day nr. = Julian day number.

	crop
	FINTIM
J. day nr.

	winter wheat 
	300

	grain maize
	190

	barley
	200

	rice
	200

	sugar beet
	300

	potato
	200

	field bean
	200

	soybean
	200

	oilseed rape
	250

	sunflower
	225


2.4 Parameterization

Valuation of crop specific parameters is called parameterization. It is the aim of the project to calculate the yield per crop in 50 x 50 km grids of the EC, each grid can be identified by a number. In every grid the environmental conditions are different. The growth and development rate of crops are adapted to these varying circumstances, and this is reflected in the values of the crop specific parameters. For example, it is obvious that TSUM1 (section 2.3) in Germany is lower than the TSUM1 in Spain when crops are sown on the same date and have to flower on the same date. To be able to distinguish the different crop specific data files per region for one crop, crop types were distinguished. Per crop type, one specific date file was composed and linked to regions and to grid cells.

In 1988, a collection of plant data values for use in crop growth simulation models has been documented by van Heemst. From these values the initial sets of crop specific model parameters were selected for use by the WOFOST-model (van Diepen et al., 1988). The WOFOST model of 1988 contained standard data sets for all the crops used in the present study. In a study by van Lanen et al. (1992) part of the original crop data files were adapted to European conditions with plant values for winter wheat, silage maize, potato and sugar beet from SUCROS87 (Spitters et al., 1989) and for oilseed rape from various sources. The original and updated crop data files (van Diepen & de Koning, 1990) are the starting point for the present study. The initial crop specific data files composed this way are given in appendix A1 to J1. Detailed information about the literature used for parameterization is given per crop in chapter 3.

2.5 Calibration

Calibration is the selection of the optimal value of parameters of the crop specific data file with the aid of detailed field experiments and crop calendars. This can be done by a mathematical or manual calibration procedure. The advantage of a mathematical calibration procedure is the uniform treatment of the chosen parameters that have to be changed but detailed field experiment results are the basic condition for such an approach. This means that the leaf area index (LAI, ha ha-1), total above ground dry weight of dead and living plant organs (TAGP, ha ha-1) and the dry weight of living storage organs (WSO, kg ha-1) would have been measured during the growing season, for every crop and for different, well described, locations.

At the beginning of the project a questionnaire has been sent to a number of researchers within the EC, asking for such data. It turned out that within the time frame of this project for most crops, not enough data would become available for a thorough mathematical calibration. After all the mathematical calibration could only be used for winter wheat, while for the other crops a more conventional way of adjusting the model was inevitable, the manual calibration. This is described in  section 2.5.3. Detailed information about the mathematical calibration is given in de Koning et al. (1993).

The sources of the field experiment data used for calibration are given per crop in chapter 3. The data itself are listed in appendix A2 - J2.

Field experiments may also provide sowing, anthesis and harvest data, which are useful for the creation of another calibration tool, the crop calendar. The crop calendar contains regional average sowing/planting dates, flowering/anthesis and harvest/maturity dates and is used to check simulated anthesis and harvest dates with. Due to lack of sufficient field experiment data for most of the crops this goal was not attained. As a consequence the crop calendars were derived from literature. The calendars and the literature sources they are based on are given in appendix A4 to J4.

2.5.1 Temperature sums

It was not the intention to use the crop calendar for calibration only but for calculation of temperature sums as well. A temperature sum is the summation of the daily average temperature (°C) above a base temperature over a defined period.

When sowing, flowering and anthesis dates and weather data of a specific grid cell are known the temperature sum from emergence to anthesis (TSUM1) and from anthesis to harvest (TSUM2) can be calculated. Attention have to be paid to the fact that when the temperature sum from sowing to anthesis is calculated, the temperature sum from sowing to emergence (TSUMEM) has to be subtracted to get the TSUM1 as defined for the WOFOST model.
For calculation of the temperature sums the following method was used.

Some grid cells within a country were selected and sowing, flowering and harvest date of a specific crop was given. With the long year average temperatures of a nearby weather station the temperature sums between sowing and flowering and between flowering and harvest for this crop were calculated. To get TSUM1 and TSUM2 the temperature sum between sowing and emergence (TSUMEM) was subtracted from the calculated temperature sum between sowing and flowering. When this was done it appeared that some stations gave a TSUM1 that was too low, because in mountainous areas the weather stations tend to be build above the level where agriculture is possible. As a consequence the measured temperatures are lower than on crop level and the temperature sums drop. So the TSUM1 and TSUM2 values were obtained by calibration.

Later on during the study when the calibrated specific crop data files were ready, the yields were simulated with temperatures corrected for height and interpolated for every grid cell but the temperature sums were not recalculated.

In chapter 3 per crop the sources for crop calendars and calibrated temperature sums are given. The crop calendars and calculated temperature sums are given in appendix A4 to J4.

2.5.2 Start day of winter crops

It is possible to start a calculation run with the WOFOST model on a certain sowing or emergence day number. For winter crops like winter wheat and winter oilseed rape, the sowing date would be in the previous year. It is possible to calculate for this year but due to the fact that  the model does not account for effects like vernalisation, the results may not be accurate. For winter crops the results improve when the simulation starts with an emergence at the 1st of January, with an estimated initial total crop dry weight (TDWI). As a consequence the calculation of the temperature sum between emergence and anthesis (TSUM1) starts on 1st of January for a winter crop.

2.5.3 Manual calibration

The manual calibration starts with a potential simulation run for a crop with the initial crop specific data file, weather data of a nearby weather station and a suitable soil type. The sowing or planting date is chosen according to crop calendar dates.

The simulated flowering date was compared with the flowering date of an experiment or the crop calendar. If the flowering date did not correspond, the TSUM1 value of the initial crop specific data file was changed. If the calculated date was later the value of TSUM1 became shorter, when the calculated date was too early the TSUM1 became higher. The same procedure was followed for the maturity/harvest date and TSUM2.

Next step was to compare the calculated yield and leaf area index with the measured yield and LAI. When, according to field experiments, too much leaf material was calculated with a too low dry matter production in the storage organ, the dry matter partitioning could be changed. With the adapted values of parameters the calibrated crop specific data file was created. Per crop the changed parameter values are given in appendix A3 to J3.

It appeared that TSUM1 and TSUM2 and the dry matter partitioning were the parameters that had to be adopted most often with calibration.

2.6 Aggregation and validation

With the calibrated crop specific parameters, yields are calculated for every grid cell. For historic years before 1990, the yield is calculated using weather from weather stations in stead of interpolated weather on the grid cells because the interpolation algorithm of weather from weather stations on a daily basis to grid cells was not operational.

For the current year it was possible to simulate with interpolated weather and temperatures corrected for height.

In the aggregation procedure, the simulated yields of a crop in all grids were summarized for every NUTS 1 and 0 region. Only with winter wheat the aggregated yields were compared with experimental data from other fields than the field experiments used for calibration (validation). For the other crops such data were not available and for validation the aggregated yields were compared with Eurostat yield data. This is extensively described in de Koning et al. (1993) and this aspect will not be further treated in this report.

3 Crops

3.1 Winter wheat

3.1.1 Parameterization

For winter wheat values of the crop specific parameters (section 2.4) are collected from van Diepen & de Koning (1990).

Calculation of temperature sum between emergence and anthesis (TSUM1) starts on 1st of January. This start point is chosen, due to the difficulty to simulate during the winter season. For example, there is no routine in the WOFOST model to calculate vernalisation.

The initial crop specific data file for winter wheat is given in appendix A1.

3.1.2 Field experiments

Field experiment data are from the United Kingdom (Rothamsted 1980 and 1981) , Belgium (Helecine 1985) and the Netherlands (Eest 1981, PAGV 1983, 1984, De Bouwing 1983, 1984). In appendices  A2a - h relevant data of these experiments are given.

3.1.3 Crop calendar and temperature sums

For winter wheat the crop calendar data are collected from Narciso et al. (1991), Falisse & Decelle (1990), Hough (1990).

For winter wheat the temperature sums were calculated. For every region a grid cell was chosen close to a weather station, situated on a representative altitude for wheat growing. The summation of the long year average temperature data of this station between 1st of January and flowering gave TSUM1 and between flowering and harvest gave TSUM2 for this grid. This leads to different values for the temperature sum in each grid cell. Each different temperature sums is interpreted as a distinct crop type. The crop calendar and calculated temperature sums are given in appendix A4.

The calculated temperature sum of TSUM1 shows a range of 950 - 1500 °Cd. To restrict the number of crop types, TSUM1 is divided into 7 classes. Because of uncertainty of the harvest dates, especially in southern Europe, a common value for TSUM2 is chosen: 950 °Cd for some parts in the United Kingdom and Denmark, and 1000 °Cd for other countries. An overview of temperature sums for the European Community is given in table 1.1. The detailed distribution of crop types within the European Community is given in appendix A3.

For some NUTS 1 regions no sowing, flowering or harvest data were available. In that case the TSUM1 and TSUM2 were estimated from surrounding regions.

3.1.4 Calibration

Winter wheat is the only crop with enough crop data (section 2.4) for mathematical calibration with the Price Algorithm (Stol et al., 1992). A brief overview of the procedure follows here.

Table 1.1
Temperature sums for winter wheat from the 1st of January to flowering (TSUM1) and from flowering to harvest (TSUM2) per crop type of winter wheat based on the calculated temperature sums of appendix A4 for countries and regions within countries of the European Community. The temperature sums are chosen with a temperature base of 0°C.

	crop type
	country
	NUTS code of regions
	TSUM1
°Cd
	TSUM2
°Cd

	0101
	United Kingdom
	R71, R7A, R7B
	1000
	  950

	
	Denmark
	R9
	
	

	0102
	United Kingdom
	R7 without R71, R7A, R7B
	1050
	1000

	
	Ireland
	R8
	
	

	
	the Netherlands
	R41, R42, R47
	
	

	
	Germany
	R11, R12, R13, R14
	
	

	0103
	Germany
	R15, R19
	1125
	1000

	
	the Netherlands
	R45
	
	

	
	Belgium
	R5
	
	

	
	Luxembourg
	R6
	
	

	0104
	Germany
	R16, R17, R18, R1A, R1B
	1200
	1000

	
	France
	R23, R24
	
	

	0105
	France
	R2 without R23, R24
	1250
	1000

	
	Italy 
	R3 without R37, R39, R3A, R3B
	
	

	
	Spain
	RB1,RB2
	
	

	
	Portugal
	RC1
	
	

	0106
	Italy
	R37, R39, R3A, R3B
	1300
	1000

	
	Spain
	RB3, RB4, RB5
	
	

	
	Portugal
	RC2
	
	

	
	Greece
	A1
	
	

	0107
	Spain
	RB6
	1350
	1000

	
	Greece
	RA2, RA3, RA4
	
	


Of the 40 parameters of the crop specific data file, five were chosen to be used in the calibration procedure. These five parameters are: 

1)
One value (DVS1) of the partitioning function of dry matter to leaves and stems depending on development stage, (DVS), see appendix A3 table A3b.

2)
Specific leaf area as a function of development stage, (SLA)

3)
Maximum relative increase in leaf area index, (RGRLAI)

4)
Life span of leaves growing at 35 °C, (SPAN)

5)
Maximum leaf CO2-assimilation as a function of development stage, (AMAX)

The five parameters were chosen because of their importance for leaf development and final yield. On the first place partitioning of assimilates (DVS) within above ground dry matter determines the increase of leaf weight and this forces the leaf area index (LAI), because LAI is leaf weight multiplied by the specific leaf area (SLA). On the second place the life span of the leaves (SPAN) determines when the leaf life weight decreases due to death of leaf tissue. Leaf area directly determinates light interception and therefore assimilate production. The maximum photosynthesis rate at light saturation is determined by AMAX.

Within the calibration procedure simulation results, using different values of the 5 crop parameters, were compared with results of the 8 field experiments. Comparisons were made on the basis of the total above-ground dry weight of dead and living plant organs (TAGP, kg ha-1), the dry weight of living storage organs (WSO, kg ha-1) and the leaf area index (LAI, ha ha-1).  During the calibration procedure the values of the five parameters were allowed to vary between fixed boundaries according to their biologically plausible range. The values of the 5 crop parameters that caused the best fit of simulation results and field experiment values for TAGP, WSO and LAI were the results of the calibration procedure and used as the updated crop specific parameters. The values of the five parameters before and after calibration are given in table 1.2.

The calibration of the partitioning of assimilates (DVS) needs further explanation. For the calibration only one value (DVS1, 0.70; see appendix A3) in the total dry matter partitioning range from 0.00, 0.10 to 2.00 for winter wheat is used. This value could vary between 0.51 and 0.94. The other values of the dry matter partitioning remained unchanged.

The mathematical procedure is described in more detail by de Koning et al. (1993) and Stol et al. (1992).

Table 1.2
Five parameters used to calibrate the crop data file of the WOFOST growth model. Values before and after calibration and the biological plausible ranges are given.

	parameter
	unit
	standard value
	range
	value after calibration

	AMAX 
	kg ha-1yr-1
	40.00
	35. - 45.
	35.83

	SLA 
	ha kg-1
	0.0020
	0.001 - 0.003
	0.00212

	RGRLAI 
	ha ha-1d-1
	0.0070
	0.006 - 0.015
	0.00817

	SPAN
	d
	35.
	31. - 39.
	31.3

	DVS1
	-
	0.7
	0.51 - 0.94
	0.646


The best fitting values found for these five parameters were implemented in the crop specific data file, appendix A3.

In figure 1.1 - 1.3 the effect is shown of the calibration procedure on dry matter grain production
(kg ha-1), total above-ground dry matter production (kg ha-1) and leaf area index (ha ha-1) in the following situations:

1- when calculated with the standard WOFOST crop specific data file (suffix s)

2- when calculated with the WOFOST crop data file with the values after calibration of the five 

     parameters of table 1.2 (suffix c).

The simulation results are compared with the measured experimental field data (suffix m).

Figure 1.1 - 1.3 shows that improvement of the results with the values of the calibration procedure was marginal. Indicating that the standard WOFOST crop parameter file is the result of developments in earlier research.

In appendix A5 some examples are given of the simulated values of WSO, TAGP and LAI, before and after calibration and values of LAI, WSO and TAGP of field experiments.



Figure 1.1
Measured dry matter grain yield (WSOm) of a PAGV field experiment of 1983 and simulated grain yield, using the initial crop specific data file (WSOs) or the crop specific data file after calibration (WSOc), in kg ha-1.



Figure 1.2
Measured total above-ground dry matter (TAGPm) of a Helecine field experiment of 1985 and simulated total above-ground dry matter, using the initial crop specific data file (TAGPs) or the crop specific data file after calibration (TAGPc), in kg ha-1.



Figure 1.3
Measured leaf area index (LAIm) of a PAGV field experiment of 1984 and simulated leaf area index, using the initial crop specific data file (LAIs) or the crop data specific file after calibration (LAIc), in ha ha-1.

3.1.5 Validation

After calibration the WOFOST-model was run with the calibrated crop specific data file. The results were compared with independent series of field experiments to find out whether the yield over a series of years is simulated correctly by the model. For winter wheat data are used from former RIVRO now CPRO (Centre for Plant breeding and Reproduction Research). In figure 1.4 an example is given for simulated winter wheat yields on sandy soils (available water capacity (AWC) 0.10 cm3 cm-3), loam (AWC 0.14 cm3 cm-3) and loam/clay soils (AWC 0.21 cm3 cm-3). RIVRO winter wheat yields on sandy soils and clay soils and Eurostat yields for the Netherlands are also given. Yields are indicated in ton dry matter ha-1year-1. Numbers of figure 1.4 are given in appendix A6.

As can be seen from figure 1.4, the loam/clay soil has the same yields as the potential yield, no water limitation occurred on these soils.

Both trial yields are lower than the water limited yields on the loam and sandy soil. Only in 1986
(a dry year) the model calculates a lower yield on sandy soils. This may be explained by the fact that during a dry year the pressure by diseases decreases, and that pests and diseases are not implemented in the model.

Winter wheat yields rise over the years due to improved management and variety. This causes a trend in the Eurostat data and field experiment data as well. Because the simulation model does not account for the trend, Eurostat and RIVRO data had to be corrected for a linear trend when compared with simulated data. An example of such a comparison is given in figure 1.5. Each dot indicates a year for which the corrected Eurostat yield is plotted against the WOFOST yield. From both measured and simulated yields, the average (measured and simulated) yield over the series of years has been subtracted respectively. This way a positive value means a better than average year, and a negative value a worse than average year. Good measured values should correspond



Figure 1.4
Dry matter yield from field experiments of RIVRO stations at sandy soils, Eurostat dry matter yield in The Netherlands, potential and water limited dry matter yield (ton/ha) simulated with the calibrated crop data file for a series of soils in the Netherlands (weather station Wageningen). Soils with 0.21 cm3 cm-3, 0.14 cm3 cm-3 and 0.10 cm3 cm-3 available water capacity (AWC) are used in the simulation.



Figure 1.5
Comparison of normalized Eurostat yield data with normalized WOFOST (ton/ha) results for a series of years (1975 - 1989, every o is one year) of winter wheat on clay with an available water capacity of 0.21 cm3 cm-3.

with good simulated values and vice versa. 

Ideally there should be a linear relationship between the Eurostat data and the simulated data. Figure 1.5 indicates that there is no such a relation at all. Note also that the variation in simulated yields is larger than the variation in observed regional yields.

The relation between RIVRO and WOFOST data, and Eurostat and WOFOST data was not really satisfying. The variability in year to year yields was similar in both data sets, but directions of annual deviations from the average were not always consistent. Although the model and the crop, soil and weather data sets are not perfect, also the experimental and statistical data are somewhat inaccurate due to measuring estimation errors and inrepresentativeness.

An other possible reason for the mismatching relation between RIVRO data and WOFOST results may be that these numbers were data for one point in the Netherlands, compared with Eurostat numbers which are an average over the whole country. As a consequence, differences between farming systems and soils are levelled out in the Eurostat data. For more information about corrections for average and trend see de Koning et al. (1993).

3.2 Grain maize

3.2.1 Parameterization

The basis crop data file for grain maize is the fodder maize crop specific data file documented in Wolf & van Diepen (1991). This basis crop data file is given in appendix B1.

3.2.2 Field experiments

For the calibration procedure of grain maize data were available on only two field experiments from Cabelguenne of the INRA in Toulouse (1980 and 1981). The field experiments are listed in appendix B2.

3.2.3 Crop calendar and temperature sums

Grain maize crop calendar data of sowing, flowering and harvesting are collected from Eurostat data (1989), Narciso et al. (1992) and Bignon (1990). Based on these data a division of 5 crop types over the EC is made (table 2.1). This means that the EC is divided in large regions with the same temperature sum regime. The temperature sums coinside with values given by Derieux & Bonhomme (1982). The crop calendar for maize is given in appendix B4. In this appendix regions received a value "-1" for TSUM1 and TSUM2 when no grain maize could be grown for climatological reasons.

Table 2.1
Temperature sums for grain maize from emergence to flowering (TSUM1) and from flowering to harvest (TSUM2) for regions within the European Community.

	crop type
	country/region
	TSUM1
°Cd
	TSUM2
°Cd

	0201
	Germany

Luxembourg
	695
	800

	0202
	Southern Germany
	695
	860

	
	Northern France
	
	

	0203
	Central France
	775
	880

	
	Northern Italy
	
	

	0204
	Southern France
	855
	900

	
	Italy
	
	

	
	Spain
	
	

	
	South Spain
	
	

	0205
	Greece
	935
	920

	
	Southern Italy
	
	

	
	Southern Spain
	
	


3.2.4 Calibration

For grain maize the crop data file from Wolf and van Diepen (1991) was used. The values for assimilate partitioning were changed according to data from Wermke (1986). 

Especially in the regions with higher temperatures the leaves died to soon with the data in the original crop data file. Based on data from van Heemst (1988) the leaf life span was increased. The values of these variables are used in the crop data file. The development of grain maize continues until maturity, while fodder maize normally does not reach that stage. Fodder maize is harvested before the grains are physiologically ripe. The crop data file for grain maize is given in appendix B3. Because the calibration did not improve the results of fodder maize and the crop specific data file for grain maize is very much the same, no calibration was considered necessary for grain maize.

3.3 Spring barley

3.3.1 Parameterization

As a basis the non-specific spring cereal crop specific data file from the WOFOST documentation of van Diepen et al. (1988) was used (appendix C1).

3.3.2 Field experiments

For calibration the variety experiments of the European Brewery Convention from 1983 to 1991 by Schildbach et al., (1983, 1984, 1985, 1987), Schildbach & Larsen (1986), Curtis et al. (1988, 1989, 1990) and Sarx & Duijnhouwer (1991) (appendix C2) are used. These field experiments match practical circumstances. This means that the experiments did not receive extra fertiliser, water or special protection against pests and diseases, therefor the yields may not be considered as potential yields.

3.3.3 Crop calendar and temperature sums

The crop calendar was derived from Russell (1990). Temperature sums of appendix C4 were calculated per grid cell by the Staring Centre.

3.3.4 Calibration

The lower threshold temperature for emergence (°C, TBASEM) was derived from van Heemst (1988).

The dates of the crop calendar were used to calibrate the temperature sum from emergence to heading (°Cd, TSUM1) and the temperature sum used from heading to harvest (°Cd, TSUM2). Dates between sowing and emergence were used to calibrate the temperature sum from sowing to emergence (°Cd, TSUMEM).

The table of daily increase in temperature sum as function of the average temperature (°C; °Cd, DTSMTB), the initial total crop dry weight (kg ha-1,TDW), the table of specific leaf area as a function of development stage, the extinction coefficient for diffuse visible light (-,KDIF), the table of maximum leaf CO2 assimilation rate as a function of development stage (- ; kg ha-1 hr-1, AMAXTB), the reduction factor of AMAX (kg ha-1 hr-1, maximum leaf CO2 assimilation rate) as function of average temperature (kg ha-1 hr-1, TMPFTB), efficiencies of conversion of biomass into leaves, storage organ, roots and stems (kg kg-1, CVL, CVO, CVR, CVS), maintenance respiration rates of leaves, storage organ, roots and stems (kg CH2O kg-1 d-1, RML, RMO, RMR, RMS), the table with dry matter partitioning to roots, leaves, stems and storage organs (-; kg kg-1, FRTB, FLTB, FSTB, FOTB) and initial rooting depth (cm, RDI) from van Diepen et al. (1988) are used.

3.4 Rice

3.4.1 Parameterization and calibration

The crop specific date file of rice is based on MACROS from Penning de Vries et al. (1989) and slightly adapted data from the standard WOFOST parameter file (van Diepen et al., 1988), it is given in appendix D1. 

For rice no individual experiments in Europe were available to calibrate the crop specific parameters.

On basis of the crop calendar derived from Narciso et al. (1992) (appendix D4) temperature sums for rice were calculated. Due to dependence of emergence of sown rice on water temperature rather than air temperature (which is used to calculate the temperature sums) for rice fixed emergence dates are used. They are listed in table 4.1.

Table 4.1
Julian day number for emergence of rice for regions within the European Community.
J. day nr. = Julian day number

	crop type
	country
	NUTS code of regions
	emergence 
J. day nr.

	0501
	Italy
	31 - 39, 3A, 3B
	126

	
	Greece
	RA
	135

	
	France
	R28
	126

	
	Spain
	RB2,RB3, RB4, RB5,RB6
	135


3.5 Sugar beet 

3.5.1 Parameterization

The updated crop parameter set of WOFOST version 5.0 (van Diepen & de Koning, 1990) was used as initial data to run WOFOST. Most important variables are temperature sums and dry matter partitioning. Sugar beets do not reach the flowering stage. Therefore TSUM1 (temperature sum from emergence to flowering) has another meaning in the crop growth model. For sugar beets it will be defined as the temperature sum from emergence to growing point date (g.p.d.) (Spitters et al., 1990). G.p.d. is defined as the date on which a beet contains 4 g. of sugar which coincides approximately with the start of full ground coverage (LAI of 3.5 - 4). This point also marks the start of secondary thickening of the tap root (Spitters et al., 1990). Other authors place full ground coverage at an LAI of 2.5 - 3 (Milford et al., 1985c,d).

The initial crop specific data for sugar beet is given in appendix E1.

3.5.2 Field experiments

For calibration field experiments of PAGV, 1983 and 1984 (van der Schans & Drenth, 1989), Brooms Barn, 1983 (Brown et al., 1987) and Italian field experiments of 1985 - 1989 (L'Informatore Agrario), Zocca (1982) and Laureti et al. (1984) are used. The experiment results are listed in appendices E2a - d.

3.5.3 Crop calendar and temperature sums

The crop calendar (appendix E4) contains dates of sowing, fast tap root growth and harvest per grid cell and region. For sugar beet these dates are collected from Falisse (1992), Hough (1990) and Narciso et al. (1992).

3.5.4 Calibration

For the temperature sum from emergence to secondary tap root growth a base temperature of 3°C is used (van Heemst, 1988), and for the temperature sum from secondary tap root growth to harvest a base temperature of 0°C. After calibration 4 crop types of sugar were formed. Table 5.1 gives the distribution of the types within the European Community.

Table 5.1
Distribution of sugar beet types within the European Community and sowing and harvest day  per region and NUTS code.
J. day nr. = Julian day number.

	crop type
	country/region
	NUTS code of regions
	sowing day
J. day nr.
	harvest day
J. day nr.

	0601
	Germany
	R1
	  90
	300

	
	N. France
	R21 - R25 and R27
	  95
	300

	
	the Netherlands
	R4
	100
	300

	
	Belgium
	R5
	100
	290

	
	Luxembourg
	R6
	  95
	290

	
	United Kingdom
	R7
	  95
	290

	
	Ireland
	R8
	105
	290

	
	Denmark
	R9
	  95
	290

	0602
	S. France

Italy

Spain

Portugal
	R26 and R28

R31 - R36 and R38

RB1, RB2, RB3, RB4

RC
	  95

  85

  85

  85
	300

270

300

300

	0603
	Southern Italy

Southern Spain
	R37, R39, R3A, R3B

RB5, RB6
	  85

  85
	260

300

	0604
	Greece
	RA
	  85
	300


The difference between the initial crop specific data file and the calibrated crop specific data file is given in appendix E3.

3.6 Potato

3.6.1 Parameterization

The initial values of the crop parameters for potato are taken from the crop data file of WOFOST version 5.0 (van Diepen & de Koning, 1990). This basic crop data file is given in appendix F1.

3.6.2 Field experiments

Field experiments used for calibration are Varseveld 1968, 1969 by Gmelig Meyling & Bodlaender (1981), Varseveld 1971 - 1973 by Caesar et al., (1981) and Heilbronn & MacKerron, (1984). The data are given in appendices F2a - f.

3.6.3 Crop calendar and temperature sums

The crop calendar consists of three marking point, sowing/planting, anthesis and maturity date or day. Planting and harvest are clear points in the potato crop but flowering has no relation with the final tuber yield, if the plants flower at all. When the WOFOST model is used for potato, anthesis should be understood as the moment of tuber initiation. However the tuber initiation is difficult to spot and is never measured or mentioned in field experiments. As a consequence the temperature sums for potato are calibrated with the field experiments of section 3.6.2.

3.6.4 Calibration

The calibration procedure resulted in four crop types for potato differing in temperature sum and life span of the leaves (table 6.2).

Table 6.2
The four potato crop types with temperature sums and life span of leaves at 35 °C.

	crop type
	TSUM1
°Cd
	TSUM2
°Cd
	SPAN
d

	0701
	150
	1550
	37

	0702
	150
	1675
	37

	0703
	150
	1800
	40

	0704
	200
	1800
	40


In table 6.3 the distribution of the four potato types within the European Community is given.

Table 6.3
Regional distribution of potato types and planting day.
J. day nr. = Julian day number

	crop type
	country/region
	NUTS code of regions
	planting day
J. day nr.

	0701
	Germany
	R1
	105

	
	N France
	R21, R22, R23, R24, R25
	105

	
	the Netherlands
	R4
	105

	
	Belgium
	R5
	105

	
	Luxembourg
	R6
	105

	
	United Kingdom
	R7
	115

	
	Ireland
	R8
	105

	
	Denmark
	R9
	105

	0702
	S France
	R26, R27, R28
	105

	0703
	N Italy
	R31, R32, R33, R34, R35, R36
	105

	0704
	S Italy
	R37, R38, R39, R3A, R3B
	105

	
	Greece
	RA
	  65

	
	Spain
	RB
	115

	
	Portugal
	RC
	115


3.7 Field bean

Development stages of field beans principally differ from a cereal crop. The filling of the storage organ of a cereal starts after the flowering and this is the end of the vegetative development. 

Field beans produce flowers over a longer period (one month, Sibma et al., 1989). So it may occur that the first flower has a full grown pod and the latest flower just appears from the bud. Meanwhile the vegetative development continues, the plant grows and produces more leaves. Before the filling of the seeds reserves are already prepared. These features urged to use a different definition of the development stages.

Table 7.1
Crop specific and related development stages (Stokkers, 1990)

emergence:
DVS = 0.01

start flowering:
DVS = 0.60

start pulse growth:
DVS = 0.80

end flowering/start pulse filling:
DVS = 1.00

harvest ripe: 
DVS = 2.00

3.7.1 Parameterization and calibration

Like rice, field bean has no separate basis and calibrated crop specific data file. The basis crop file was derived from data of Grashoff (1992). The crop specific data file is given in appendix G1.

For field beans one crop type is used, only the sowing date is adapted to regional differences within the European Community. The sowing dates per region are given in appendix G3. The number of days between emergence and harvest (d, FINTIM) given in appendix G3  may be considered as the ultimate harvest date but normally the crop should reach development stage 2 at which stage the simulation stops.

3.7.2 Field experiments

Outdoor pot experiment data from Kropff (1989) are used to calibrate original crop specific data file. The experiment data are given in appendix G2a.

Results of the calibrated WOFOST-model were compared with field experiments from Dantuma et al. (1983), Ebmeyer (1984) and Ebmeyer (1986), data of the experiments are given in appendix G2b. But the fact that these experiments were not irrigated and no intermediate harvests were available, made them inconvenient to use as a test case for the WOFOST-model.

The results from WOFOST seemed reasonable using the initial crop specific data file so  the original WOFOST crop specific data file is left unchanged.

3.7.3 Crop calendar and temperature sums

The crop calendar was derived from the field experiments of Dantuma et al. (1983), Ebmeyer (1984) and Ebmeyer (1986) and from Martínez (1988). For some places (written in Italic) the dates were estimated on basis of surrounding regions. The temperature sums were calculated by the Staring Centre.

3.8 Soybean

3.8.1 Parameterization

The initial crop specific data file is based on the WOFOST soybean data file (van Diepen et al., 1988). Temperature sum from emergence to anthesis (°Cd, TSUM1) was taken from van Heemst (1988).

The lower threshold for emergence (°C, TBASEM) and the temperature sum from sowing to emergence (°Cd, TSUMEM) was derived from Narciso (1992).

The reduction factor of AMAX (kg ha-1 hr-1, maximum leaf CO2 assimilation rate) as function of average temperature (kg ha-1 hr-1, TMPFTB) was taken from Penning de Vries et al. (1989). The initial crop specific parameters are given in appendix H1.

3.8.2 Field experiments

Two irrigated soybean field experiments from INRA in France were used to calibrate the crop file. They are given in appendix H2a and b. WOFOST results were compared with data from Sivakumar et al. (1977) as well.

3.8.3 Crop calendar and temperature sums

Table 8.1
Sowing date and number of days between sowing day and harvest (cycle length) of 4 precocity classes of soybean in France for several regions. " * " means that irrigation is necessary (Arnaud & Prudon, 1986).

	Class
	00 (very early)
	0 (early)
	I (mid late)
	II (late)

	Region
	sowing date
	length cycle
	sowing date
	length cycle
	sowing date
	length cycle
	sowing date
	length cycle

	A
	-
	-
	-
	-
	-
	-
	-
	-

	B
	118
	150
	-
	-
	-
	-
	-
	-

	C
	123
	130
	118
	150
	-
	-
	-
	-

	D
	-
	-
	115
	130
	110
	150
	-
	-

	E
	till 182
	110*
	-
	-
	110
	145
	110
	150

	F
	till 187
	100*
	till 187
	110*
	till 187
	110*
	125
	150


	region
	NUTS region number

	A
	21, 23, 221, 222, 223, 225, 24, 252, 263, S 272, N 281, NE 262

	B
	251, 224, 226, 243

	C
	253

	D
	261, S 262

	E
	N 262, 281

	F
	S coast of 281and 282


The crop calendar is derived from data of Narciso (1992), L'Informatore Agrario (1989), Arnaud & Prudon (1986) and Ecochard (1986). In table 8.1 are the sowing dates and cycle length given of  very early, early, mid late and late soybean varieties in France.

In table 8.2 the temperature sums from sowing to harvest are given per precocity class in France.

Table 8.2
Temperature sums per precocity class from sowing to harvest of soybean in France with a temperature base of 6°C (Arnaud & Prudon, 1986).

	
	class
	00 (very early)
	0 (early)
	I (mid late)
	II (late)

	crop type
	temperature sum
°Cd
	1550-1700
°Cd
	1700-1800
°Cd
	1800-2000
°Cd
	2000-2200
°Cd

	0901
	1300
	
	
	
	

	0902
	1400
	
	
	
	

	0903
	1300
	
	
	
	

	0904
	
	1700
	1700
	
	

	0905
	
	1700
	1700
	
	

	0906
	
	
	
	1900
	


In appendix H3 the temperature sums from emergence to flowering (°Cd, TSUM1) and from flowering to harvest (°Cd, TSUM2) are given. The main soybean areas are in Southern France, Italy and Central en Southern Spain.

3.8.4 Calibration

The differences between the initial crop specific data file and the calibrated file are given in appendix H3. The following section explains where the new values originates from. The values for the maximum relative increase of the leaf area index (ha ha-1 d-1, RGRLAI), the extinction coefficient for diffuse visible light (-, KDIF), the maximum leaf CO2 assimilation rate as function of the development stage (-; kg ha hr, AMAXTB), efficiencies of conversion of biomass into leaves, roots and stems (kg kg-1, CVL, CVR, CVS) and the maintenance respiration rates of leaves, storage organ, roots and stems (kg CH2O kg-1 d-1, RML, RMO, RMR, RMS) are derived from van Heemst (1988). Efficiency of conversion of biomass into storage organ (kg kg-1, CVO) is calculated with data from Penning de Vries (1989).

Dry matter partitioning is based on van Diepen et al. (1988) and Hanway (1976).

3.9 Winter oilseed rape

3.9.1 Parameterization

The crop data file of WOFOST version 5.0 for oilseed rape (van Diepen & de Koning, 1990) has served as starting point for the parameterization. Appendix I1 gives these initial crop specific parameters of oilseed rape.

3.9.2 Field experiments

The oilseed rape crop specific data file is calibrated with a rape seed field experiments from J.P. Palleau from 1984 to 1988. The data of figure 9.1 are given in table 9.1. Field data are given in appendix I2.



Figure 9.1
Simulated potential seed yield (SY sim) and field experiment data of oilseed rape dry matter seed yield (SY exp.) (t/ha) and leaf area index (LAI sim and LAI exp.) from 1984 to 1988 in Dijon (France).

Table 9.1
Measured and simulated dry matter seed yield and leaf area index at flowering of rape seed in Dijon 1984 - 1988.

	year
	measured seed yield
t/ha
	simulated seed yield
t/ha
	measured LAI

ha/ha
	simulated LAI

ha/ha

	1984
	3.1
	3.3
	2.3
	2.2

	1985
	3.6
	3.3
	3.1
	3.3

	1986
	1.8
	2.6
	1.6
	2.3

	1987
	3.3
	3.1
	3.0
	2.3

	1988
	2.7
	3.2
	3.3
	5.5


Table 9.2
Seed yields of oilseed rape per country, * means from field experiments.

	country
	seed yield
     t/ha
	source

	Sweden
	2.8 - 3.4
	Andersson & Bengtsson, 1989

	Denmark
	    2.9
	Bromand, 1990

	Germany
	    3.0
	Bromand, 1990

	Netherlands
	    3.4
	Bromand, 1990

	France
	    3.1
	Bromand, 1990

	Italy
	1.6 - 2.75
	Narciso, 1992

	Spain
	1.3 - 2.5
	Narciso, 1992


3.9.3 Crop calendar and temperature sums

A point of consideration is the dependence on daylength of oilseed rape. Not only the temperature provides the date of flowering but the daylength as well.

With the flowering and harvest dates of the crop calendar the parameters TSUM1 (number of °Cd from emergence to flowering), TSUM2 (number of °Cd from flowering to harvest), the SPAN (d, life span of leaves growing at 35 C°) and the DLO (hr, optimum daylength for development) of the crop specific data file are calibrated. Values for these parameters changed per region so three crop types were defined, they are given in appendix I3.

The crop calendar is derived from Falisse (1992), Hough (1990) and Narciso et al. (1992) and given in appendix I4.

3.9.4 Calibration

In the calibrated crop specific data file the parameter AMAXTB (-; kg ha hr, maximum leaf CO2 assimilation rate as function of development stage) is based on van Heemst (1988) and the parameter RMO (kg CH2O kg-1 d-1, relative maintenance respiration rate of the storage organ) is based on Penning de Vries et al. (1989).

3.10 Sunflower

3.10.1 Parameterization

The initial crop specific data file is the original sunflower file of WOFOST (van Diepen et al., 1988).

Some parameters like maximum relative increase of the leaf area index (ha ha-1 d-1, RGRLAI) and leaf area index at emergence (ha ha-1, LAIEM) are not given in the WOFOST file and derived from other sources. RGRLAI of grain maize is used and LAIEM is calculated from TDWI. TDWI 
(kg ha-1, initial total crop dry weight), FRTB (-; kg kg -1, fraction of total dry matter to roots as function of development stage), SLATB (-;ha kg-1, specific leaf area as a function of development stage). 

The lower threshold temperature for emergence (°C, TBASEM), the maximum effective temperature for emergence (°C, TEFFMX) and the temperature sum from sowing to emergence (°Cd, TSUMEM) are derived from van Heemst (1988).

The initial crop specific data file is given in appendix J1.

3.10.2 Field experiments

The data of the field experiments from INRA in France, that are used for calibration are given in appendices J2a and b.

3.10.3 Crop calendar and temperature sums

The crop calendar is given in appendix J4 and is derived from Narciso et al. (1992) and Eurostat (1989).

3.10.4 Calibration

With the flowering and harvest dates of the crop calendar the parameters TSUM1 (number of °Cd from emergence to flowering), TSUM2 (number of °Cd from flowering to harvest) and  the SPAN (d, life span of leaves growing at 35 C°) of the crop specific data file are calibrated. Because the values for these parameters didn't change per region only one sunflower crop type is defined. The difference per region originates from the sowing date. The sowing dates per region are given in appendix I3.

The conversion efficiencies of assimilates into biomass and the maintenance respiration is based on the values of oilseed rape. The results with these parameters were better than with the original values. Oilseed rape was chosen because the oil content of the seeds is comparable.

4 Discussion and suggestions

The aim of this project was to investigate whether crop modelling is an appropriate method to calculate the crop yield as a function of weather, for the purpose of yield prediction. This is based on three assumptions:

- sufficient crop parameters could be obtained from literature. This proved to be correct for all crops, except tobacco, and cotton

- weather is the main cause of yield fluctuations for field crops. This is true for crops on fields in optimal conditions.

- good model

It is possible to get a acceptable fit for individual field experiments for a certain year. For a more accurate calculation more detailed knowledge of field experiments is necessary. It must be possible to get more information from experiment stations within the EG. After an inventarisation it may be necessary to do field experiments to fill in appearing gaps. For the modelling work there is a special need for:

- development of plant organs with time and temperature sums

- dry matter partitioning and absolute dry matter yields per plant organ against time, temperature and development stage

- sowing, flowering or start of flowering, harvest dates at least (crop calendar)

- leaf area measurements
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