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Abstract— The shape persistence of a crop yield 

probability density function (PDF) was studied by using 

two variants of the Visual Impact Method (VIM) to elicit 

subjective estimations by farmers. In one variant ten 

weights were used to describe the PDF and in the other 

variant the farmer chose the number of weights. Results 

were compared directly and by means of Weibull 

distributions fitting, with evidence being obtained in 

favor of methodological persistence and the equivalence 

of the two estimation methods. 

Keywords— Subjective crop yield PDF elicitation, 

Visual impact method, Methodological persistence. 

I. INTRODUCTION  

In recent years, the debate over the shape of crop 

yield probability density functions (PDFs) ([1], [2], 

[3], [4], [5], [6], [7], [8], [9]), as well as the economic 

impact of crop production distributions used in risk 

management models, has moved forward. A 

significant contribution, and a summary of the state of 

the art, can be found in [10]. Nevertheless, the 

objections raised by [11] cannot be considered to have 

been resolved. The necessary advances in the 

subjective estimation of variables in the area of risk 

programming have been defended by authors such as 

[12], [13], [14] or [15]. From a DSS development 

perspective, it is important to continue moving 

forward in determining the best PDF estimation 

techniques for farmers. 

Previous works by the authors ([16], [17]) have 

shown the methodological and time persistence of 

subjective point parameter estimations (mean, median, 

mode, etc.) when farmers estimate crop yield PDFs. 

The question examined in this work is whether the 

functional form elicited from farmers is also 

maintained when variants are introduced to the method 

used to express the form (methodological persistence). 

Concretely, the farmers’ crop yield PDF estimates 

were examined using two variants of the Visual 

Impact Method (VIM) with data from rainfed and 

irrigated crops. In one case ten weights were used to 

describe the PDF and in the other case the farmer 

could freely select the number of weights. The results 

were compared to determine if the two variants 

offered similar results.  

II. MATERIALS AND METHODS  

In the year 2000, a group of 44 farmers expressed 

their opinion on the form of a crop yield PDF with 

which they were familiar (34 responses for rainfed 

crops and 15 for irrigated crops). Two variants of the 

VIM ([18], [19]) were used to this end. 

Each farmer stated range (between maximum and 

minimum) yield values for the crops they were 

familiar with. The interviewers (university students) 

divided the range into five equal intervals and invited 

the farmers to assign a frequency to each of the 

intervals. This assignment was done with the help of 

(a) ten weights that the farmer distributed amongst the 

five intervals, and (b) a number of weights chosen 

freely by the farmer. In the latter case all the farmers 

assigned an equal or greater number of weights than 

the original ten units. 

Histograms estimated using the ten-weight VIM 

were compared with histograms estimated using a 

number other than ten, to determine the 

methodological persistence of the estimation. This 

comparison was done in three ways:  

• Comparing graphic representations of the 

skewness and kurtosis moment-ratio diagrams of both 

distributions.  

• Comparing the PDFs obtained for both modalities 

of the VIM, using the Kolmogorov-Smirnov test. 
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• Fitting to Weibull distributions and comparing the 

parameters (shape and scale) estimated with each 

method
1
. 

III. RESULTS  

The results of the methodological persistence 

evaluation of the VIM, for the density functions 

estimated using ten weights or a distinct number of 

weights, are described here below. 

A. Skewness-kurtosis moment-ratio diagrams 

The estimations obtained using the ten-weight or 

ten-plus-weight VIM are available. Graphic 

representation makes it possible to obtain moment-

ratio diagrams in which skewness and kurtosis are 

shown. The results can be seen in Figures 1 and 2 (for 

the rainfed crops) and 3 and 4 (for the irrigated crops). 

In the case of rainfed crops, farmers elicited largely 

asymmetric functions, with positive and negative 

skewness in similar proportions for both cases. With 

respect to kurtosis, a greater number of cases with 

negative values are seen, especially with the ten-

weight VIM. 
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Fig. 1 Skewness-Kurtosis diagram (ten-weight VIM, rainfed 

crops) 

In the case of irrigated crops, a greater quantity of 

cases with negative skewness are seen, both with the 

ten-weight and the ten-plus-weight VIM. With respect 

to kurtosis, negative values also predominate. 

                                                           
1 To avoid the bias mentioned by [20] and [21], if d1 and d2 are the values to be 

compared, relative differences are expressed as: (d1 – d2) / [(d1 + d2) / 2] 
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Fig. 2 Skewness-Kurtosis diagram (ten-plus-weight VIM, 

rainfed crops) 
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Fig. 3 Skewness-Kurtosis diagram (ten-weight VIM, 

irrigated crops) 
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Fig. 4 Skewness-Kurtosis diagram (ten-plus-weight VIM, 

irrigated crops) 
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Which is to say, farmers tend to estimate platykurtic 

distributions for both for rainfed (ten-weight VIM) and 

irrigated crops using both variants of the VIM. 

B. Comparison of probability density functions 

The ten-weight and ten-plus-weight VIM estimated 

histograms were compared for each farmer. The 

proximity of the two distributions was estimated using 

the Kolmogorov-Smirnov test (0.05 significance). 

The results obtained indicate that the hypothesis of 

similarity between the two functions cannot be 

rejected for any of the rainfed and irrigated cases 

studied (for n=10, Massey 0.410), reinforcing the idea 

of persistence between the distinct estimations elicited 

from farmers. In the case of n=number of weights used 

by the farmer in the ten-plus-weight VIM, the result 

indicates that the hypothesis of similarity between 

functions cannot be rejected in 31 of 32 (97%) cases 

of rainfed crops and in all irrigated crops. 

C. Fitting to the Weibull distribution 

Weibull distributions were fitted, and were 

evaluated using the Kolmogorov-Smirnov test (0.05), 

with the result that, for rainfed crops, the hypothesis of 

similarity between the two functions studied could not 

be rejected, in all the ten-weight cases and 29 of the 32 

ten-plus-weight cases. 

In irrigated crops, it is not possible to reject the 

similarity hypothesis of the functions studied in all the 

ten-weight cases and in 10 of the 14 ten-plus-weight 

cases. 

The shape and scale parameters for the Weibull 

distribution and the various PDFs elicited (using the 

ten-weight and ten-plus weight VIM variations) are 

available. Table 1 shows the relative differences 

obtained for these parameters. 

 
Table 1 Relative differences between shape and scale 

parameters of the Weibull distribution (%) 
Sh: Shape, Sc: Scale 

 

Mean SD Median Max Min 
Crop n 

Sh Sc Sh Sc Sh Sc Sh Sc Sh Sc 

Rainfed 32 10 3 7 2 9 3 29 11 0 0 

Irrigated 14 14 2 21 3 6 1 75 8 0 0 

 

Given that the scale parameter has a much smaller 

variability than that of the shape parameter, Table 2 

shows detailed results obtained for the shape 

parameter, classified into three groups of cases: those 

that have a shape coefficient less than seven, those 

between seven and ten, and those greater than ten. 
 

Table 2 Observed cases for the Weibull distribution’s shape 

parameter (%) 
10W: ten-weight VIM, >10W: ten-plus-weight VIM 

 

Shape <7 Shape 7-10 Shape >10 
Crop 

10W >10W 10W >10W 10W >10W 

Rainfed 72 72 9 9 19 19 

Irrigated 36 36 14 28 50 36 

 

For the ten-weight VIM (10W), the majority of 

observed cases presented a shape parameter inferior to 

seven for rainfed crops. In the case of irrigated crops, 

half the observed cases presented a shape coefficient 

greater than ten.  

In the case of using ten-plus-weight VIM (>10W), 

the values were identical to the results seen when ten 

weights were used, in the case of rainfed crops. In 

irrigated crops, the cases in which the shape 

coefficient is less than seven are equal to those which 

have a shape coefficient greater than ten, with the 

cases having shape coefficients between seven and ten 

remaining in the minority. 

The shape parameter indicates the level of kurtosis, 

with primarily platykurtic estimations being obtained 

in rainfed crops and a less evident tendency in 

irrigated crops, where the functions were flattened in 

14% of cases when the number of weights was other 

than ten. 

The Wilcoxon test (with a 0.05 level of 

significance) for related samples was used for the 

shape and scale parameters, for the ten-weight and ten-

plus-weight VIM variants, indicating that the 

similarity hypothesis between the values studied could 

not be rejected in any of the cases, for both rainfed and 

irrigated crops. 

IV. CONCLUSIONS  

When using the VIM for PDF crop yield estimation, 

similar results are obtained using ten weights or a 

number of weights freely chosen by the farmer. As a 

consequence, the ten-weight VIM is recommended, 

since it is the simplest variant to use. 
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The similarity of responses indicates 

methodological persistence, one of the logical 

conditions needed to have confidence in the estimates. 
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