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Pattern Recognition and Estimating Cultivar Coefficients of a Crop Simulation Model:
Old Approach, New Application

Mohammad Bannayan and Gerrit Hoogenboom

Introduction
• The introduction of a new cultivar in a process-based crop simulation model requires the estimation of cultivar coefficients that define its growth and development 
characteristics. An accurate estimation of these coefficients requires replicated field experiments that, in many cases, are not available to crop model users. 

• The objective of this study was to employ a pattern recognition approach to estimate cultivar coefficients from a minimum set of experimental data for use with a crop 
simulation model (Fig. 1). The pattern recognition approach is based on similarity measures. Its main goal is to classify groups of data or patterns based on either a priori 
knowledge or on statistical information extracted from the patterns. 

Materials & Methods
• The approach employed in this study was based on a few features of maize crop growth and development, including anthesis and harvest maturity dates, maximum leaf area 
index (LAImax), final above ground biomass, and grain yield, and these characteristics were used as the features vector. To construct the feature database, 18540 hypothetical 
cultivars were constructed by combining different values of the six cultivar coefficients of the Cropping System Model (CSM)-CERES-Maize model (Hoogenboom et al., 
1994; Jones et al., 2003). Patterns of observed crop data were matched with the feature database to estimate the most similar or “best match”.

• Euclidean distance (1), dj and Cosine relation (2) were used as the measures of similarity. 

where dj, is Euclidean distances, Vj is the jth component of vectors of observed and feature and Wj are weights. The cosine function calculates similarity of two vectors of data 
(x and y), containing the crop characters, thus as the two data segments become more similar, their cosine similarity approaches 1.0 and their distances approaches 0.0. In this 
equation, i is the number of crop characters which in our case i = 5. Therefore the cosine measure was used as a distance:

D (x, y) = 1- (cosine function)  

• The coefficients of best match cultivar will be used as the new cultivar coefficients.

• The index of agreement, d (3) (Fig. 3) was used to evaluate the accuracy of the estimations. In equation 3, Oi and Pi are as estimated and observed values and O-bar is the 
average of the observed data. 
Results 

Fig. 1. Interface of the Cultivar Coefficient Estimator 

• To evaluate our approach, we used 29 different maize cultivars as reported from field experiments that were available within the DSSAT cultivar database for maize. The 
CSM-CERES-Maize model simulation of growth and development of the 29 maize cultivars for three different sites using the simulation results based on the best match
coefficients and based on the original reported coefficients are shown in Figure 2.

• In order to determine if further adjustment of the cultivar coefficients obtained with our approach are needed , we evaluated the performance of three cultivars of which two 
of them were not used in development and evaluation of this tool. The time series comparison of the original and best match aboveground biomass, grain yield and leaf area 
index (Fig. 3) showed a good similarity for all three variables.

Fig. 2. Comparison of anthesis, maturity, grain yield, final biomass and LAImax of 29 different 
cultivars for Gainesville, Florida, Ames, Iowa, and Spain. (DAP: days after planting)
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Conclusion 
• The reasonable agreement between crop growth and development simulated based on the reported original cultivar coefficients and based on the best match coefficients, 
showed the reliability of pattern recognition approach for determining the coefficients for any maize cultivar with the minimum available crop data. 
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Fig. 3. Comparison of observed leaf area index (LAI), aboveground biomass, and grain weight of three 
different cultivars against simulated using original and best match cultivar coefficients.
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