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4- Objective probability
5- Frequency

6- Belief degree

7- Subjective probability
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4- Tail Value at Risk (TVaR)
5- Triangular distribution
6- Discrete stochastic programming (DSP)
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1- Fuzzy theory
2- Possibility theory
3- Uncertainty theory
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4- Uncertain measure

5- Normality

6- Self-duality

7- Countable sub-additivity
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1- Normal
2- Linear
3- Product
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1- Value at Risk (VaR)
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2- Cumulative distribution function (cdf)
3- Lobatto quadrature
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Table 1- RMSE index and results of the selection of the best form for uncertainty distribution for crop prices and rainfall

Belief degree groups Zigzag Normal Lognormal The best form
1 0.0333 0.0245 0.0463 0.049 “_s"&"'j
Zigzag
i 2 00242 00171 00279  0.0286 SIS
Rice cv. ‘Shirudi’ Zigzag
3 00709 00428 00499  0.0505 SIS
Zigzag
1 00627 00168 00438  0.0487 SIS
Zigzag
o plex 2 00225 00223 00426  0.0429 S5
Rice cv. ‘Tarom’ Zigzag
3 0.0197 0.0201  0.0232 0.0246 “b
Linear
1 0.094 0.0803  0.0593 0.0587 JleysY
Lognormal
N 2 0.0256  0.0243 00086  0.0086 b
Tomato Normal
3 0.0169 0.0135 0.0092 0.0063 JlpsY
Lognormal
1 0.0255 0.0099 0.0221 0.0091 JlpsY
Lognormal
wlyia 2 00277 00117 00267  0.0374 S
Watermelon Zigzag
’l.’ .
3 0.0134 0.0069  0.0207 0.016 J)S))
Zigzag
1 0.0091 0.0048 0.0072 0.006 ;.s"&"'j
Zigzag
";Aj) L 2 0.0418 0.0334 0.0234 0.0204 JleysY
Rainfall Lognormal
3 0.0542 0.0389 0.0431 0.0448 6"5\’ )
Zigzag

Source: Research findings
TVaR g (il lg ¢y Wil sol ;5 duwline (6139 camlio JISST GBS =Y Jgun
Table 2- Selection of appropriate forms for calculating expected revenue, variance and TVaR

29k 42,5 095
Jgame Belief degree groups
1 2 3
39y gy TSI SR JlepSY-S1%s5 SHRm SIS
Rice cv. ‘Shirudi’ Zigzag- Zigzag Zigzag-Lognormal Zigzag-Zigzag
T SIS S JepSY-S155,; SIS s
Rice cv. ‘Tarom’ Zigzag-Zigzag Zigzag-Lognormal Linear-Zigzag
(SpnsS S35 JleiSY JleySY-Jloys S35 Jle i SY
Tomato Lognormal-Zigzag Normal-Lognormal Lognormal-Zigzag
lgain S o pSY Jbo 5 SY-S155,5 SR S35
Watermelon Lognormal-Zigzag Zigzag-Lognormal Zigzag-Zigzag

oimgR sl :isle
Source: Research findings
el (S35k 4 bgsye canly p38 g Canid s bgye o )8 oSSl s 3 sl (S)k 4 bgiye o )b g Ceond & bgwpo sl b ()6 lyie 53 %
#In Persian title, the right form is related to the price and the left form is to the rainfall. In the English title, the left form is related to
price and the right form is to rainfall.
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Table 3- Results of estimating the coefficients of relationship between crop yield and rainfall

E3909 Ty Pl &y wlgaa KRS
Rice cv. ‘Shirudi’  Rice cv. ‘Tarom’ Tomato Watermelon
Bo 8.058 7.469 8.937 8.462
N 0.01851™" 0.01827™" 0.02821™" 0.03748™"
£ -0.0001™*" -0.000092"** -0.00015"" -0.00018™"
R?=0.98 Durbin-Watson stat =2.05

Sidgg saisl sisle
Source: Research findings

ol Ae g 00)d A8 lisebs! e j5 ol (g3 ime )Ll s iy

9

*** and * represent significant coefficients at 99% and 90% confidence levels, respectively.
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Table 4- Comparison of expected revenue per hectare of crops based on operational law in uncertainty theory and
probability theory (Unit: 10 Million Rials)

Capeis @35 (539
Uncertainty theory

Jboks! (5,95
Probability theory

)SL.' 4?)" 59; 1 2 3 1 2 3
Belief degree groups
. 98 @.)J' . 16.509 17.976 21.948 16.486 17.906 21.888
Rice cv. ‘Shirudi’
o f b gy 16.974 17.600 19.809 16.955 17.562 19.752
Rice cv. ‘Tarom’
e 10.087 10.453 15.997 10031 10.269 15.804
Tomato
Joss
S 9.907 11.106 16.592 9.804 10.940 16.432
Watermelon

Oidgh sail sisle
Source: Research findings
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Table 5- Comparison of standard deviation of income per hectare of crops based on operational law in uncertainty theory
and probability theory (Unit: 10 Million Rials)

Cools 04 (g 95 Jlial 598
Uncertainty theory Probability theory
9l 423095 1 2 3 1 2 3
Belief degree groups
SRt En 1.624 2.359 2.458 1.112 1.554 1.643
Rice cv. ‘Shirudi’
b
. prEeEn 1.245 1.673 2.230 0.838 1.092 1.490
Rice cv. ‘Tarom’
GRS 1.931 2,844 3.873 1.201 2,023 2578
Tomato
Wy 3.989 3.034 3.735 2.725 2.032 2528
Watermelon

Oidgh sail sisle
Source: Research findings
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Table 6- Comparison of TVaR of income per hectare of crops based on operational law in uncertainty theory and probability
theory (Unit: 10 Million Rials)

ool @AL (5593 Jisl (5,95
Uncertainty theory Probability theory
)913 a0 °9)§ 1 2 3 1 2 3
Belief degree groups
. &9 @.ﬁ . 13.434 13.633 17.300 13.434 13.631 17.299
Rice cv. ‘Shirudi’
o f b gy 14.738 14.540 17.470 14.738 14539 16.035
Rice cv. ‘Tarom’
s 6.720 5.204 9.208 6.719 5.163 9.204
Tomato
o
N 4.227 5.667 11.019 4.226 5.662 11.018
Watermelon

Sidgh saisl sisle
Source: Research findings
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Introduction: Selecting suitable crops for cultivation in a non-certain environment is considered as an
important management topic in the agricultural sector. Despite the multiple application of probability theory in
quantifying uncertainty in the form of risk programming, validity of this theory depends on the existence of
frequency for uncertain variable. For events that cannot be measured by frequency, the only solution is to use
subjective judgment of persons in the domain field rather than historical data. Some experts have mistakenly
considered subjective judgmentl as a subjective probability and thus used the probability theory to quantify
subjective judgmental. But based on existing evidence, the quantification of subjective judgment should be
carried out in another theory called the uncertainty theory. In uncertainty theory, in addition to using the belief
degree rather than frequency for calculating mathematical moments, the expected value of multiplicative
variables will be different with their corresponding relations in the probability theory. Considering these
conditions and having in mind that the agricultural sector is always faced with uncertain variables such as price
of crops and weather conditions like rainfall, in this study the revenue uncertainty measures of major crops in the
Goharbaran region of Sari have been calculated and compared. There are different measures for uncertainty,
which in the present study variance and Tail Value at Risk (TVaR) have been used.

Materials and Methods: The first step in the application of the uncertainty theory is the elicitation of the
belief degree or subjective judgments of the farmers about the crop's price and rainfall during the crop season.
To elicit the uncertainty distribution of these variables based on the subjective judgments of farmers, 120 farmers
were randomly selected in 2018. After eliciting the farmers' beliefs about uncertain rainfall and prices in the cdf
method, it was necessary to select the number of belief degree which current practice was based on previous
studies in this field. After calculating the above subjective judgments, while assuming linear, zigzag, normal and
normal forms for uncertainty distribution, the parameters of each function were calculated using the least squares
method. Among the forms of uncertainty distribution functions, the best form of the uncertainty distribution for
each crop's price and rainfall was selected by comparing the RMSE indexes. Subsequently, by calculating a
causal relationship between rainfall and crop yield, inverse uncertainty distribution of yield was also extracted.
Given the inverse uncertainty distribution functions of crop price and yield, required parameters such as
expected revenue, variance and TVaR of revenue at 95% confidence were calculated based on operational laws
of uncertainty theory and probability theory. Eviews and Matlab software were used to estimate the yield
response function and the uncertainty distribution functions, respectively.

Results and Discussion: In this study, after collecting the belief degree of farmers in the studied area about
different levels of price and rainfall, three groups of comprehensive beliefs about prices and rainfall were
determined by goodness of fit test. Then, according to the relationship between crop yield and rainfall, the
inverse function uncertainty distribution is also calculated. With the uncertainty distribution function of crops
price and yield, the expected revenue, variance (standard deviation) and TVaR measure for revenue per hectare
of crops were calculated and compared with the uncertainty theory as well as probability theory. Based on the
results of this study, the amount of the above measures varied in different belief degree groups, which is due to
differences in the uncertainty distribution parameters. Also, based on the results of this study in all groups of
beliefs for all crops, the probability theory compared to the uncertainty theory has estimated the variance
approximately more than 30% less, which is a significant result. In other words, applying probability theory to
belief modeling will lead to erroneous and misleading results. In the case of the TVaR measure in binary
multiplicative variable conditions, the use of probability theory and uncertainty theory in calculating TVaR does
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not yield conflicting results.

Conclusion: The purpose of this study was to compare the results of applying probability theory for
modeling belief degree rather than uncertainty theory in order to illustrate the necessity of using uncertainty
theory in belief degree modeling. Studying the effect of probability theory in modeling the belief degree also
suggests that the application of probability theory in the presence of two uncertain variables has no significant
effect on expected values and TVaR but has a significant effect on variance size. Based on the results of the
present study, assuming the binary multiplicative variable, in calculating higher mathematical moments such as
variance, the results of probability theory and uncertainty theory make a considerable difference. This
demonstrates the need to promote the uncertainty theory in belief degree modeling. In other words, basic training
in the belief degree modeling method should be considered.
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