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Abstract 

Agricultural activities are inherently riskier than other types of production and are often accompanied by 
inefficiencies. Therefore, studying risk and inefficiency simultaneously can help enhance productivity. The 
statistical population in this study consisted of rice farmers in Rasht County. Based on data from the Agricultural 
Jihad Organization of Guilan province (2016), the total number of farmers at the time of the study was 38,763. 
Using Cochran’s formula, the required sample size was calculated to be 226, representing approximately 58 
percent of the population. The questionnaire consisted of two parts: one focusing on the inputs used in the rice 
production process, and the other on the socio-economic characteristics of farmers and their farms. To 
simultaneously evaluate the technical efficiency and production risk of rice farmers in Rasht County in 2018, a 
generalized Stochastic Frontier Production (SFP) model with flexible risk properties was employed. The results 
of estimating production risk function showed that (i) rice production was significantly affected by land, seed and 
labour inputs; (ii) land, water, age, and gender variables were risk-increasing factors; (iii) seed, herbicides, 
machinery, farmer’s education, family size, and farming experience were risk-reducing inputs; (iv) seed, labour, 
membership in the agricultural cooperatives and insurance increased technical inefficiency; and (v) nitrogen  
fertilizer, water, gender, experience, and participation in educational and promotional programs reduce technical 
inefficiency in the studied area. The results of estimating technical efficiency showed that the average technical 
efficiency of the rice paddy field was 93.47 percent and 96.27 percent with and without a risk component, 
respectively. Therefore, it is clear that estimating the model without a risk component leads to biased results of 
technical efficiency. In conclusion, it is recommended that the risk component be considered when measuring the 
technical efficiency of paddy fields to achieve sound risk management and highly efficient production.  

 
Keywords: Agricultural inputs, Production risk, Rice farming, Risk management, Stochastic frontier model, 

Technical efficiency 
JEL classifications: M11, O13, Q12.  
 

Introduction1 

The assessment of the efficiency of 
agricultural production is an important issue in 
the process of development in countries. The 
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agricultural sector is considered a high-risk 
activity, influenced by a variety of factors such 
as climatic conditions, pests and diseases, 
fluctuations in input and output prices, financial 
uncertainties, human-related risks, and 
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production input risks. Production inputs 
contribute to the risk intensity by introducing 
uncertainty in terms of availability, cost 
fluctuations, quality variability, and their 
interaction with environmental conditions, all 
of which can significantly affect overall farm 
performance and profitability. Tveteras (1999) 
express two main reasons for considering 
production risk in inputs to examine the 
behavior and productivity of farms. First, risk-
averse producers choose the amounts of inputs 
that are different from the optimal level inputs 
that are chosen by risk-neutral producers. 
Second, when the risk-averse producers tend to 
adopt new technologies, they consider its risky 
aspects. Therefore, they may choose 
technology that has a high production average. 
According to Bokusheva & Hockmann (2006), 
the risk not only affects production but also 
influences the producers’ behavior mainly on 
inputs usage. So, when farmers consider risk 
management and decrease the risk in their 
decisions, changes in the amount and manner of 
using inputs may change significantly the 
technical efficiency. Studies have shown that 
the effect of risk on production can be 
investigated through the effect of inputs 
selection on production variance, because, 
some inputs increase output variance whilst 
some others reduce it.  Just & Pope (1978) have 
promoted the conventional approach of 
econometrics to evaluate the production risk. 
The implicit assumption of their model is the 
lack of inefficiency in the production units 
(farms). While the surveys show that these units 
are usually inefficient, researchers have 
concluded that for the simultaneous study of 
efficiency and risk, SFP models could be 
combined with the Just and Pope model 
(Jaenicke et al., 2003). For example, Battese et 
al., (1997) used stochastic frontier analysis 
(SFA) with heteroscedastic error terms to 
define the efficiency of small farmers in 
Ethiopia. Kumbhakar (1993, 2002) also applied 
this method to specify the efficiency and risk 
preferences of Swedish dairy farms and 
Norwegian salmon producers. Jaenicke et al., 
(2003) applied an SFA model with a 
heteroscedastic error term to compare technical 

efficiency and risk in different cotton cropping 
systems. Villano & Fleming (2006) used the 
methods to rainfed lowland rice farms in the 
Philippines. Bokusheva & Hockmann (2006) 
take up this combined approach to evaluate the 
efficiency of Russian arable farms. Sarker et al. 
(2016) studied production risk and technical 
efficiency in Thai koi farming by the Just & 
Pope framework extended to the stochastic 
frontier model (SFM) by Kumbhakar (2002). 
Lemessa et al. (2017) analysed the technical 
efficiency and production risk of 862 maize 
farmers in Ethiopia using the stochastic frontier 
approach with flexible risk properties. Also, the 
other studies done in this field can mention to 
Oppong et al. (2016), Yang et al. (2016), 
Agustina (2016), Baawuah (2015), Adinku 
(2013), Tiedemann & Latacz‐Lohmann (2013), 
Ogunniyi & Ojedokun (2012) and Villano et 
al., (2005).  

In Iran, a limited number of studies have 
simultaneously evaluated technical efficiency 
and production risk, including the study by 
Esfandiari et al., (2013) (Determining technical 
efficiency and rice production risk in 
Marvdasht County, Fars province); Alikhani et 
al. (2015) (Evaluation of technical efficiency 
and production risk of cold-water fish farms in 
Kurdistan province) and Hosseinzad & Alefi 
(2016) (Evaluation of technical efficiency and 
production risk of potato farmers in Ardabil 
province). 

The literature shows that a production 
function that takes into account the effects of 
inputs on both production risk and technical 
efficiency simultaneously is considerably better 
able to reflect production technology than a 
simple analysis of efficiency. Rice is the second 
most important food after wheat for Iranian 
people. Guilan province in the north of Iran is 
one of the important rice-producing provinces. 
This province has 238,544 hectares of 
cultivated area and 1,104,551 tons of paddy 
production. Rasht County also has the largest 
cultivated area and the largest production of this 
product among the counties of Guilan province, 
with 51,039 hectares of cultivated area and 
226,155 tons of paddy production (Statistical 
Yearbook of Guilan province, 2022). Given the 
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significant volume of rice production in Guilan 
province and especially Rasht County, a 
scientific study of the various dimensions of 
production risk and technical efficiency for 
making better use of existing facilities and 
helping planners and decision makers seems 
logical. Therefore, this study has examined two 
essential concepts in agricultural economics 
(technical efficiency and production risk) in an 
integrated model, unlike traditional methods 
that examine technical efficiency and 
production risk separately. Incorporating the 
production risk helps to obtain unbiased 
estimates of the technical efficiency. It also 
investigates production risk, technical 
efficiency, and factors associated with rice 
production of smallholder farmers. Thus, rice 
production variability is assessed from two 
perspectives: production risk and technical 
efficiency. 

 

Materials and Methods 

Theoretical Framework 

The method of analysis proposed for this 
study is consistent with the stochastic frontier 
approach, which was independently proposed 
by Aigner et al., (1977) and Meeusen & Vanden 
Broeck (1977). This model proposes that inputs 
have a similar effect on mean and variance 
outputs. But Just & Pope's (1978) production 
function proposed separate effects of the inputs 
on the mean and variance outputs, whilst 
Kumbhakar (2002) further incorporates the 
technical inefficiency model. Following 
Kumbhakar (2002), the production process is 
represented below as equation 1. 

𝑦𝑖 = 𝑓(𝑥𝑖; 𝛼) + 𝑔(𝑥𝑖;  𝛽)𝜈𝑖

− 𝑞(𝑥𝑖; 𝑧𝑗; 𝛾 )𝑢𝑖 
(1) 

where, yi refers to the observed output 
produced by the i-th farm, f(xi; α) is the 
deterministic output function, g(xi; β)  is the 
output risk function, β’s are the to be estimated 
coefficients of production risk function, xi are 
the inputs variables, α’s are the to be estimated 
coefficients of the mean output function, q(xi; 
zj; γ) represents the technical inefficiency 
model, γ’s are the to be estimated parameters in 
the technical inefficiency model, νi is the 
random noise, representing production risk and 

ui denotes farm specific technical inefficiencies. 
Given the values of the inputs, the inefficiency 
effects, ui, the mean output of the i-th farmer is 
given by equation 2: 

𝐸(𝑦𝑖|𝑥𝑖 . 𝑢𝑖) = 𝑓(𝑥𝑖; 𝛼)
− 𝑔(𝑥𝑖; 𝛽)𝑢𝑖 

(2) 

Technical efficiency of the i-th farm is the 
ratio of observed output given the values of its 
inputs and its inefficiency effects to 
corresponding maximum feasible output if 
there were no inefficiency effects (Battese & 
Coelli, 1988). The technical efficiency of the i-
th farm is given by equation 3, which is 
consistent with Kumbhakar (2002) 
specification of technical efficiency: 

𝑇𝐸𝑖 =
𝐸(𝑦𝑖|𝑥𝑖  . 𝑢𝑖)

𝐸(𝑦𝑖|𝑥𝑖 . 𝑢𝑖 = 0)

=
𝑓(𝑥𝑖; 𝛼) − 𝑔(𝑥𝑖; 𝛽)𝑢𝑖

𝑓(𝑥𝑖; 𝛼)

= 1 −
𝑔(𝑥𝑖; 𝛽)𝑢𝑖

𝑓(𝑥𝑖; 𝛼)
  

(3) 

And technical efficiency becomes as 
equation 4. 

𝑇𝐸𝑖 = 1 −  𝑇𝐼𝑖 (4) 
The technical inefficiency (TI), is 

represented as equation 5.  

𝑇𝐼𝑖 =
𝑔(𝑥𝑖 ;  β)𝑢𝑖

f(𝑥𝑖 ; α)
 

(5) 

The variance of output or production risk is 
given by equation 6. 

var (𝑦𝑖|𝑥𝑖 . 𝑢𝑖)

= 𝑔2(𝑥𝑖 ;  β) 

(6) 

The marginal effect of the input variables on 
the production risk is given as equation 7. 

∂var(𝑦𝑖)

∂𝑥𝑖
=

∂𝑔2(𝑥𝑖 ;  β)

∂𝑥𝑖
= 2g(𝑥𝑖 ;  β). 𝑔𝑖(𝑥𝑖 ;  β) 

(7) 

The marginal effect of the i-th input on 
production risk is positive or negative 
depending on the signs of g(xi; β), and gi(x; β), 
where the latter is the partial derivative of the 
production risk function with respect to the i-th 
input. If the marginal risk is positive, it means 
that input is risk increasing and if the marginal 
risk is negative, it means that the input is a risk 
decreasing. Based on the distributional 
assumptions of the random errors a log 
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likelihood function for the observed farm 
output is parameterized in terms of  𝜎2 = 𝜎𝜈

2 +

𝜎𝑢
2 and 𝜆 =

𝜎𝑢
2

𝜎𝜈
2  ≥ 0 (Aigner et al., 1977).  

 
Empirical Model Specification 

The empirical application of this study is 
consistent with models developed by 
Kumbhakar (2002), Aigner et al., (1977), 
Meeusen & Vanden Broeck (1977) and Just & 
Pope (1978). Deterministic part of the 
production frontier in equation 1 assumed a 
Translog model in equation 8. 

𝑙𝑛𝑦
=  𝛼0 + ∑𝑖=1

𝑛  𝛼𝑗𝑙𝑛𝑥𝑖𝑗

+ 0.5∑𝑖=1
𝑛 ∑𝑘=1

𝑛 𝛼𝑗𝑘𝑙𝑛𝑥𝑖𝑗𝑙𝑛𝑥𝑘𝑖 + 𝜀𝑖  

(8) 

 αj’s denote the unknown true values of the 
technology parameters. If, αjk=0 then the 
Translog stochastic frontier model reduces to 
Cobb-Douglas model specified as equation 9. 

𝑙𝑛𝑦𝑖 = 𝑎0 + ∑𝑗=1
𝑛 𝑎𝑗𝑙𝑛𝑥𝑗𝑖 + 𝜀𝑖 (9) 

The error term is specified as equation 10. 
𝜀𝑖 = 𝑔(𝑥𝑖;  𝛽)𝜈𝑖 − 𝑞( 𝑥𝑖 ; 𝑧𝑗  ; 𝛾)𝑢𝑖 (10) 

 

Production Elasticity and Return to Scale 

The sensitivity of a variable towards changes 
another variable is defined as elasticity. The 
concept of elasticity can be applied to the 
production function so as to determine the stage 
of production in which the rice farmers are 
operating. The Translog production function 
elasticities are a function of the level of input 
consumption to different inputs. They are 
expressed as equation 11. 

𝜕𝑙𝑛𝐸(𝑦𝑖)

𝜕𝑙𝑛𝑥𝑗𝑖
= 𝑎𝑗 + 𝑎𝑗𝑗𝑙𝑛𝑥𝑗𝑖

+ ∑𝑘≠1𝑎𝑗𝑘𝑙𝑛𝑥𝑘𝑖 

(11) 

A summation of the partial elasticities of the 
various input variables to output is a measure of 
the return to scale (RTS).  

If RTS> 1 → Increasing returns to scale 
(IRS); 

If RTS <1 → Decreasing returns to scale 
(DRS) and, 

If RTS = 1 → Constant returns to scale 
(CRS).  

Also, in equation 8, output and input 
variables have been normalized by their 
respective means. 

 Studies, investigated the effect of inputs on 
production risk in Iran using Just & pope model 
(1978) such as Mehri et al., (2020), Yazdani & 
Sassuli (2008), Karbasi et al., (2005), Sharzehei 
& Zibaei (2001), showed that a little percentage 
of production risk was related to production 
inputs (due to the low amount of the coefficient 
of determination and the adjusted coefficient of 
determination of the production risk function). 
So they concluded that various factors such as 
the geographical location of the farm, the age of 
the farmer, the level of education and 
experience, the farmer's gender, access to 
credit, extension services, rainfall and type of 
soil were all effective on production risk, and 
the lack of these variables in the model resulted 
in a lower coefficient of determination. 
Therefore, in the present study, in addition to 
the effects of inputs on production risk, the 
effect of factors such as farmers’ age, education 
level (edu), experience (exper), gender (gen), 
marriage status (mar) and household size (fam 
size) are also considered in the production risk. 
The linear production risk function is specified 
as Equation 12. 

𝑔(𝑥𝑖;  𝛽)𝜈𝑖 = 𝛽0 + ∑𝑖=1
𝑛  𝛽𝑖 𝑥𝑖 (12) 

Where, xi’s represent the input variables; β’s 
are the unknown true coefficients of the risk 
model parameters and νi’s are the pure noise 
effects. In production risk function, in addition 
to the effects of inputs on the production risk, 
the effect of a number of other variables (as 
already mentioned) is considered. If β’s 
becomes negative, the respective input reduces 
output variance and vice versa (Just & Pope, 
1978). 

 The technical inefficiency effects were 
given by Equation 13. 

𝑞(𝑥𝑖; 𝑧𝑗 ; 𝛾) = 𝛾0

+ ∑𝑖=1
𝑛 𝛾𝑖𝑥𝑖

+ ∑𝑗=1
𝑛 𝛾𝑗𝑧𝑗 

(13) 

Where, xi’s represent the input variables and 
zj’s are exogenous (socio-economic) variables; 
γ denote the unknown true values of the 
parameters of the technical inefficiency model. 

The SFP model with a flexible risk 
specification includes mean output function, 
risk function and technical inefficiency which 
are estimated simultaneously using the 
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maximum likelihood method by using Stata 
software (Version 15). 

 
Statement of Hypothesis: 

The following hypotheses were tested to 
determine the ability of the model to achieve the 
study objectives and whether input production 
risk and technical inefficiency can significantly 
explain production variations. The hypotheses 
are listed below:  

1- H0: αij =0, the coefficients of the second-
order variables in the Translog model are zero 
in favor of the Cobb-Douglas model. 

2- H0: β1=…=β14=0, output variability is not 
explained by production risk in inputs and 
socio-economic variables. 

3- H0: λ=0, inefficiency effects are absent 
from the model. Therefore, the variance of the 
inefficiency term is zero and deviations of the 
observed output from the frontier output are 
entirely due to pure noise effect. On the other 
hand, if λ>0 then technical inefficiency is 
present in the data and deviations from the 
frontier output are as a result of technical 
inefficiency and pure noise. 

4- H0: γ1=…=γ20=0, this implies that inputs 
and socio-economic variables do not account 
for technical inefficiency. The generalized 
likelihood-ratio statistic (LR test) tested the 
entire hypothesis. The statistic for this test is as 
follows: 

𝐿𝑅 = −2[𝑙𝑛𝐿𝑟 − 𝑙𝑛𝐿𝑢𝑟]~𝜒2 (14) 

In Equation 14, Lr is the value of the 
likelihood function of the restricted model, and 
Lur is the value of the likelihood function of the 
unrestricted model. The likelihood ratio (LR) 
test statistic has a χ2 distribution with degrees of 
freedom equal to the number of parameters 
under the null hypothesis. 

 
Data and Sampling Technique 

The statistical population in this study 
consisted of rice farmers in Rasht County. 
Based on data from the Agricultural Jihad 
Organization of Guilan province (2016), the 
total number of farmers at the time of the study 
was 38,763. Using Cochran’s formula with a 
margin of error of 0.065, the required sample 
size was calculated to be 226, representing 
approximately 58 percent of the population. 
Although more questionnaires were distributed 
and completed, only 221 were deemed usable 
for analysis. 

The questionnaire consisted of two parts. 
The first part was related to the inputs used in 
the rice production process, and the second part 
was related to the socio-economic variables of 
farmers and their farms. It should be noted that 
Stata and Excel software were used to analyze 
the data. 

A descriptive analysis of variables is 
presented in Table 1; subsequently the 
demographic characteristics of the respondents 
were expressed.  

 
Table 1- Summary statistics of output and input variables 

Variable  Symbol Type of variable Unit Mean Min Max SD 

Production pro Dependent Ton 4.94 0.2 36 4.96 
Land ln Independent Hectare 1.33 0.112 10 1.24 
Seed se Independent Kilogram 98.92 12 450 77.54 

Labour la Independent Man-days 29.50 3 128 20.82 
Nitrate fertilizer n Independent Kilogram 258.35 0 3500 344.37 

Phosphate fertilizer p Independent Kilogram 142.28 0 4000 294.74 
Herbicide hs Independent Liter 4.51 0 35 4.51 
Machinery ma Independent Hour 65.68 4 795 77.60 

 Source: Research Findings 

 

According to Table 1, the average cultivated 
area was 1.33 hectares. On average, rice 
farmers used 98.92 kilograms of rice seed, 
29.50 man-days of labor, 258.35 kilograms of 
nitrogen fertilizer, 142.28 kilograms of 
phosphate fertilizer, 4.51 liters of pesticide, and 
65.68 hours of agricultural machinery to 

produce 4.94 tons of output. Based on the 
completed questionnaires, the average age of 
rice farmers was 51 years, with over 97% being 
married. The average household size was three 
members, and 92% of the farmers were male. 
Rice farming was the primary occupation for 
more than 53% of respondents, and over 81% 
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were landowners. Regarding machinery 
ownership, only 10% of farmers owned 
machinery, while the remainder relied on rental 

equipment. Additionally, more than 48% of 
farms were insured, and 21% of farmers had 
participated in educational programs.  

 
Table 2- Results of estimation of the stochastic frontier model and efficiency with and without risk consideration 

 
Model estimation with risk 

component 

Model estimation without risk 

component 

variable definition Symbol Coefficients z P>|z| Coefficients z P>|z| 

Production function  
Constant  cons 0.01 0.58 0.56 -0.042 -1.11 0.266 

Log Land lln 1.11*** 22.02 0.000 0.756*** 6.98 0.000 

Log Seed  lse -0.125** -2.45 0.014 -0.049 -0.65 0.514 

Log Labour lla 0.05* 1.95 0.051 0.027 0.5 0.62 

Log Nitrate fertilizer ln -0.004 -0.14 0.888 0.167*** 2.8 0.005 

Log Phosphate fertilizer  lp 0.008 0.29 0.775 0.128** 2.48 0.013 

Log Herbicide lhs 0.019 0.47 0.642 0.045 0.7 0.482 

Log Machinery lma -0.002 -0.07 0.947 -0.016 -0.29 0.771 

0.5*(Log Land)2 lln2 1.377*** 19.92 0.000 0.789*** 5.71 0.000 

0.5*(Log Seed)2 lse2 0.643*** 3.85 0.000 0.202 0.77 0.44 

0.5*(Log Labour)2 lla2 -0.283*** -2.58 0.01 0.066 0.51 0.607 

0.5*(Log Nitrate)2 ln2 0.059*** 2.63 0.009 0.05** 2.14 0.033 

0.5*(Log Phosphate)2 lp2 0.003 0.66 0.507 0.024*** 2.66 0.008 

0.5*(Log Herbicide)2 lhs 0.048 1.08 0.278 0.006 0.23 0.816 

0.5*(Log Machinery)2 lma2 0.053 0.58 0.565 0.103 0.94 0.349 

Log Land*Log Seed llnlse -1.087*** -8.79 0.000 -0.225 -0.88 0.376 

Log Land*Log Labour llnlla 0.773*** 9.77 0.000 0.305** 2.41 0.016 

Log Land*Log Nitrate   llnln -0.272*** -3.57 0.000 -0.17* -1.79 0.074 

Log Land*Log Phosphate  llnlp -0.011* -1.92 0.055 -0.012 -1.02 0.307 

Log Land*Log Herbicide llnlhs -0.232*** -5.5 0.000 -0.041 -0.45 0.65 

Log Land*Log Machinery  llnlma -0.022 -0.26 0.797 -0.414*** -2.94 0.003 

Log Seed*Log Labour  lsella -0.122 -1.45 0.148 -0.259* -1.79 0.073 

Log Seed*Log Nitrate  lseln -0.599 -1.35 0.178 -0.021 -0.31 0.755 

Log Seed*Log Phosphate  lselp -0.013 -0.57 0.568 -0.013 -0.3 0.763 

Log Seed*Log Herbicide lselhs 0.442*** 5.85 0.000 0.004 0.04 0.968 

Log Seed*Log Machinery  lselma 0.065 0.98 0.328 0.262** 2.26 0.024 

Log Labour*Log Nitrate  llaln 0.055 0.73 0.463 -0.053 -0.54 0.588 

Log Labour*Log Phosphate  llalp 0.069*** 5.08 0.000 0.062** 2.44 0.014 

Log Labour*Log Herbicide llalhs -0.198** -2.09 0.037 0.088 1.13 0.26 

Log Labour*Log Machinery  llalma -0.27*** -3.66 0.000 -0.165* -1.77 0.076 

Log Nitrate*Log Phosphate  lnlp -0.028** -2.46 0.014 -0.007 -0.54 0.588 

Log Nitrate*Log Herbicide lnlhs 0.032 1.12 0.261 0.041 1.06 0.287 

Log Nitrate*Log Machinery  lnlma 0.12*** 2.77 0.006 0.094 1.44 0.15 

Log Phosphate*Log Herbicide lplhs -0.037 -1.25 0.213 -0.55 -1.37 0.171 

Log Phosphate*Log Machinery  lplma -0.007 -0.4 0.687 -0.009 -0.47 0.639 

Log Herbicide *Log Machinery  lhslma -0.093** -2.48 0.013 0.011 0.14 0.888 

Risk function  

Constant  Cons -9.187*** -5.18 0.000 - - - 

Land ln 4.409*** 7.84 0.000 - - - 

Seed  se -0.045*** -5.53 0.000 - - - 

Labour la -0.005 -0.58 0.562 - - - 

Nitrate fertilizer n -0.001 -1.23 0.22 - - - 

Phosphate fertilizer  p -0.0007 -0.44 0.662 - - - 

Herbicide hs -0.342*** -3.77 0.000 - - - 

Machinery ma -0.006** -2.05 0.04 - - - 

Water wa 1.458** 2.38 0.017 - - - 

Age age 0.128*** 6.23 0.000 - - - 

Gender gen 3.877*** 3.05 0.002 - - - 

Marital status  marr -0.819 -0.85 0.397 - - - 

Educational level edu -0.249* -1.95 0.051 - - - 

Household size  famsize -0.556*** -5.45 0.000 - - - 

Experience  exper -0.076*** -4.62 0.000 - - - 
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Technical inefficiency function  

Constant cons -1.6 -0.43 0.669 -13.74* -1.77 0.076 

Land ln -1.213 -0.84 0.401 10.91 1.1 0.269 

Seed  se 0.037*** 2.69 0.007 -0.002 -0.15 0.882 

Labour la 0.058* 1.73 0.083 0.034 0.54 0.59 

Nitrate fertilizer n -0.034*** -4.1 0.000 -0.017 -1.12 0.261 

Phosphate fertilizer  p 0.005 0.62 0.535 0.017 1.29 0.196 

Herbicide hs 0.357 1.08 0.279 -2.115 -1.24 0.215 

Machinery ma 0.005 0.76 0.446 -0.058 -1.32 0.188 

Water wa -2.486*** -2.63 0.008 -7.97** -2.05 0.04 

Age age -0.039 -0.63 0.530 0.225 0.86 0.388 

Gender gen -2.761*** -2.73 0.006 4.91 0.99 0.321 

Marital status  marr 2.397 0.92 0.355 -11.93 -0.89 0.374 

Educational level edu 0.039 0.13 0.895 -1.884 -0.43 0.669 

Household size  famsize 0.221 0.79 0.432 1.487 1.12 0.263 

Experience  exper -0.118** -2.05 0.041 -0.44 -0.91 0.365 

Main occupation  otherjob 0.339 0.37 0.713 5.167** 1.98 0.048 

Land ownership  pland 0.407 0.35 0.726 6.261 0.96 0.338 

Machinery ownership  pmachine 0.837 0.63 0.529 6.534 0.88 0.38 

Membership in cooperatives  membershipe 3.081*** 3.82 0.000 6.598** 2.18 0.029 

Insurance  insure 2.682*** 3.57 0.000 4.656 1.05 0.295 

Participating in training classes  class -10.66*** -3.56 0.000 -2.463 -0.95 0.342 

Observations 221   221   

Log likelihood 55.07   -10.5368   

Wald chi2(35) 422720.45   1973.21   

Prob>chi2 0.000   0.000   

E(sigma-u) 0.1581   -   

E(sigma-v) 0.2919   -   

lambda (𝜆 =
𝜎𝑢

𝜎𝜈
) 0.54   -   

Source: Research Findings    ***, **, * indicate 0.01, 0.05 and 0.1 level of significance respectively.  
 

Results and Discussion  

Estimated Generalized SFP Model  

The results of estimating the stochastic 
frontier function with and without considering 
risk are reported in Table 2. Since Translog 
coefficients cannot be directly interpreted, 
input elasticities were calculated for economic 
interpretation. 

 
Results of Estimated Production Elasticity and 

Returns to Scale (RTS) 

The concept of input elasticity in a 
production function is used to determine the 
stage of production in which the rice farmers 
are operating in using each input. The output 
elasticity shows the degree of responsiveness of 
rice output to changes in the amount of various 
inputs and a summation of the partial 
elasticities of the various inputs with respect to 
output is a measure of the return to scale of the 
rice farms.  

 
Table 3- Estimation results of production elasticities and returns to scale 

Variable Elasticities Production Area 

Land 1.04 First 

Seed -0.251 Third 

Labour -0.046 Third 

Nitrate fertilizer  0.258 Second 

Phosphate fertilizer  0.033 Second 

Herbicide 0.058 Second 

Machinery  0.0003 Second 

Returns to Scale (RTS) 1.092 - 

Source: Research Findings 
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According to Table 3, the elasticity of land 

input is positive and equals 1.04, showing one 
percent increase in the use of land input will 
increase output by 1.04 percent, and this input 
was used in the first stage of production in the 
studied area. The elasticities of nitrate and 
phosphate fertilizers, herbicide and machinery 
inputs had a positive sign and were 0.258, 
0.033, 0.058 and 0.0003, respectively. It means 
that a one percent increase in the usage of 
nitrate and phosphate fertilizers, herbicide and 
machinery inputs will increase output by 0.258, 
0.033, 0.058 and 0.0003 percent, respectively. 
Also, the value of these elasticities is between 
zero and one, indicating that farmers were 
currently operating in the second stage of 
production for these inputs. Consistent with our 
findings, Esfandiari et al., (2013) similarly 
reported positive production elasticities for 
both land and phosphate fertilizer inputs in rice 
production of Marvdasht County, Fars 
province. 

The seed input exhibited a negative elasticity 
of 0.251 percent, indicating that one percent 
increase in seed usage would decrease mean 
production by 0.251 percent. This negative 
elasticity value suggests over-utilization of 
seeds in the study area. In production economic 
terms, this places seed usage in Stage III of the 
production function (the irrational zone of 
production). 

The labour input demonstrated negative 
elasticity (-0.046 percent), implying that a one 
percent increase in labour usage would reduce 
mean output by 0.046 percent. This statistically 
significant negative elasticity confirms that 
labour is being overutilized in the study area, 
placing it in Stage III of the production function 
- the economically inefficient zone where the 
marginal product is negative. 

The sum of the partial elasticities of inputs 
to output indicates returns to scale (RTS) and, 
in fact, the flexibility of production.  

The returns to scale coefficient was 
estimated at 1.092. This means that a one 
percent increase in the use of production inputs 
increases the amount of rice produced by more 
than one percent, which is called increasing 

returns to scale. Sharzehei et al., (2001) also 
found that rice production in Guilan province 
exhibits increasing returns to scale. 

 
Production Risk Function 

Output variability in the production process 
has been explained by the inputs and exogenous 
variables which provide important information 
for production risk management. According to 
the estimated coefficients of the production risk 
function in the middle part of Table 2, the inputs 
of area under cultivation (Land), water, farmer's 
age, and gender increase production risk, and 
seeds, herbicides, machinery, education, 
household size, and rice farming experience 
reduce production risk. 

In other words, the land input coefficient 
was obtained as 4.409, showing that land input 
has a significant and positive effect on the risk 
of rice production and is a risk-increasing input. 
Because rice farming is labor-intensive, 
increasing the area under cultivation makes it 
difficult for each farmer to control the farm, and 
the time spent per square meter during the 
planting and harvesting stages of the rice crop 
decreases. This result is consistent with the 
findings of Yazdani & Sassuli (2008), Kopahi 
et al. (2009), Esfandiari et al. (2013), Villano & 
Fleming (2006), Tiedemann & Latacz‐
Lohmann (2013), Guttormsen & Roll (2014) 
and Oppong et al. (2016).  

The coefficient of water inputs was also 
1.458, which indicates that water has a positive 
and significant effect on rice production risk. 
Because of the abundant rainfall and climate 
conditions of the studied area, water input is 
considered as a dummy variable, usage of water 
from channels against traditional sources of 
water supply. Because the channels’ water is 
released on a certain date, it leads to a delay in 
the preparation of rice paddy fields and defers 
the stages of the rice production process, which 
increases production costs. So water is a risk-
increasing input, which is consistent with 
Yazdani & Sassuli (2008) on investigating the 
effects of inputs on the risk of rice production. 

The coefficient for seed input was -0.045, 
indicating that seed has a negative and 
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statistically significant effect on rice production 
risk. This suggests that seed is a risk-reducing 
input. Risk-averse farmers tend to use more 
seed to reduce output variability. In the study 
area, rice farmers were observed to use higher 
quantities of seed, primarily for two reasons: (1) 
after transplanting, some seedlings were 
displaced or damaged by water flow; and (2) in 
some cases, seedling stems were severed and 
destroyed by aquatic insects, necessitating 
replacement with healthy seedlings. Farmers 
used the seedlings remaining in the storage to 
reduce the production risk. The studies of 
Guttormsen & Roll (2014), Baawuah (2015) 
and Oppong et al. (2016) confirm this finding. 
The herbicide input coefficient was also found 
to be -0.342.  It means that herbicide had a 
significant and negative effect on rice 
production risk. Using herbicide to destroy 
weeds can create sturdy rice bushes and 
improve the quality and quantity of the product. 
Similarly, Kopahi et al. (2009), Villano et al. 
(2005), Villano & Fleming (2006) and 
Baawuah (2015) found that herbicide is risk 
reducing input in rice production. The input of 
machinery became significant, with a 
coefficient of -0.006. This means that 
machinery was a risk-reducing input. This 
implies that proper management of machinery 
can be used to reduce output variance. This 
result is in agreement with the findings of 
Karbasi et al. (2005), Adinku (2013), and 
Hosseinzad & Alefi (2016). 

Studies investigating the impact of inputs on 
production risk (Yazdani & Sassoli, 2008; 
Karbasi et al., 2005; Sharzehei & Zibaei, 2001) 
have shown that only a small portion of 
production risk is attributable to input use. 
Instead, various other factors significantly 
influence production risk, including the farm's 
geographical location, the farmer’s age, level of 
education or experience, gender, access to 
credit, availability of extension services, 
rainfall patterns, and the type of agricultural 
soil. Therefore, in the present study, in addition 
to examining the effect of inputs on production 
risk, the effect of factors such as the farmer's 
age, education level, experience, and farmer's 
gender, marital status, and household size on 

production risk was examined. These results are 
explained below. 

According to Table 3, the coefficient of the 
age variable was 0.128 and was significant. It 
means that age is a risk-increasing variable. As 
farmers get older their physical and cognitive 
powers diminish and the one behaves more 
conservatively and risk-averse showing a less 
tendency to adopt new technologies. Also, older 
farmers are more likely to be at individual risk. 
The coefficient of the gender variable was 
3.877 and had a significant positive effect on 
production risk. If the manager and decision 
maker of a farm is male, he will take more risky 
decisions. This can be consistent with the 
general belief that women are relatively risk-
averse. On the other hand, men have more 
financial independence than women, which can 
affect their decision-making. It can be true, 
especially in rural communities where women 
are more responsible for household duties. This 
result is consistent with the studies of Wik et al. 
(2004) and Guttormsen & Roll (2014).  The 
coefficient of the education variable in the 
production risk function was -0.249. This 
variable had a negative and significant effect on 
production variance and it was a risk-reducing 
factor. The higher level of education will reduce 
the production risk cause more educated 
farmers have comprehensive vision and a better 
understanding of issues related to their 
profession including production, markets for 
selling their product. The coefficient of the 
household size variable was -0.556 and was 
statistically significant. This result shows that 
the household size variable has a negative and 
significant effect on the risk of rice production 
and is a risk-reducing variable. A big family is 
considered to have more labour input at 
different stages of production, reducing the risk 
of labour scarcity in the production process and 
so on the production risk. The coefficient of the 
agricultural experience variable was -0.076 and 
was statistically significant. So, the experience 
of farmers in producing rice reduces production 
risk and is a risk reducing variable. The 
experienced farmers work better in their field of 
agricultural activities, which can ultimately 
improve productivity and reduce production 
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risk. 
Labour, nitrate and phosphate fertilizers, and 

marital status did not have a significant effect 
on the risk of rice production in the studied area. 
The labour has a negative sign and is a risk 
decreasing input, but not significant in this 
study. The studies of Yazdani & Sassuli (2008), 
Kopahi et al. (2009), Ogundari & Akinbogun 
(2010), Alikhani et al. (2015), Baawuah (2015) 
and Hosseinzad & Alefi (2016) also confirmed 
that labour is a risk reducing input.   

 
Technical Inefficiency Model  

The last part of Table 2 shows the results of 
estimating the technical inefficiency function. 
It should be noted that negative signs of the 
estimated variables indicate positive effects on 
technical efficiency, which imply such 
variables reduce rice production inefficiency, 
and the positive sign shows the negative effect 
on technical efficiency. According to Table 2, 
the seed variable coefficient was obtained as 
0.037. It means that with each additional unit of 
seed used, the amount of 0.037 units of farm 
inefficiency increases. So, seed has a positive 
and significant effect on technical inefficiency, 
indicating that farmers who have used more 
seeds were less efficient. Using more seed 
increases production costs and on the other 
hand, by increasing output density per hectare 
land reduces marginal productivity.  

The coefficient of labour input was 0.058 
and was statistically significant. This indicates 
that labour input has a positive effect on the 
technical inefficiency of rice farms. Using more 
labour due to the high level of wages increases 
production costs, and on the other hand, 
because of the excessive labour accumulation 
per hectare, production decreases. The 
coefficient of the variable membership in 
cooperatives was also positive and significant, 
with a value of 3.081. This means that 
membership in cooperatives in the study area 
had a positive effect on the technical 
inefficiency of farmers. Cooperative companies 
have different categories according to their 
activities. The cooperative corporations 
distribute various types of fertilizers and 
herbicides. Some cooperatives in the studied 

area were inactive, and rice farmers had to buy 
these inputs from the market at higher prices, 
which in turn would increase production costs. 
It should be mentioned that active cooperatives 
recommended fertilizers and herbicides to 
farmers without any soil testing and just based 
on their own experience, which cannot be the 
optimum amounts. According to the studies of 
Esfandiari et al. (2013) and Alikhani et al. 
(2015), membership in cooperatives has a 
significant relationship with technical 
inefficiency, which can be positive or negative. 
According to the results, the crop insurance 
variable also became significant, with a 
coefficient of 2.682 and had a positive effect on 
the technical inefficiency of rice farmers. Most 
of the rice farmers who had insured their 
product did not receive any indemnity after 
damage or received only a little, which was not 
enough to cover their costs. Thus, they 
considered the rice insurance program as an 
additional useless cost that only increases their 
production costs. Also, a large number of rice 
farmers had small farms, and due to the high 
amount of premium, they did not insure their 
product. The coefficient of nitrate fertilizer was 
-0.034. This means that nitrate fertilizer had a 
negative and significant effect on the technical 
inefficiency of rice farmers. In other words, 
nitrate fertilizer has a positive effect on 
technical efficiency and increases it. Nitrate 
fertilizer is an important input for increasing 
rice yield and can increase production if used at 
the right time. Water input had a negative and 
significant effect on the inefficiency of rice 
farmers. In other words, water input has a 
positive effect on the technical efficiency of 
farmers. The coefficient of water input was 
calculated as -2.486. As mentioned earlier, this 
input was considered a dummy variable. Using 
the water of channel because of the stability of 
its source increases technical efficiency. The 
findings of Esfandiari et al. (2013) also showed 
that the source of water supply has a positive 
effect on technical efficiency in rice production. 

In this study, the gender variable was 
significant with a coefficient of -2.761. So, Men 
work more efficiently than women. This could 
be explained by the fact that men have easier 
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access to credit, probably because of cultural 
prejudice, and hence men are closer to the 
production frontier. Also, men are more 
interested in expanding their activities. This 
result is consistent with the findings of Kibaara 
(2005), Onumah & Acquah (2010), Taraka et 
al. (2012), Adinku (2013), Baawuah (2015) and 
Kea et al. (2016). The experience variable with 
a coefficient of -0.118 had a negative and 
significant effect on farmers' inefficiency. In 
other words, experienced farmers are less 
inefficient. So, there is a positive relationship 
between farmers’ experience and technical 
efficiency. Findings of Esfandiari et al. (2013), 
and Alikhani et al. (2015), Ogundari & 
Akinbogun (2010), and Taraka et al. (2012) 
also confirm this result.  Educational classes 
was also significant with a value of -10.66. This 
variable had a negative effect on technical 
inefficiency and in other words a positive effect 
on the technical efficiency of rice farmers in the 

studied region. Educational classes that 
upgrade farmers' information and their 
managerial capacity, will increase production 
efficiency. Phosphate fertilizer, herbicide, 
machinery, age, marital status, education, 
household size, non-agricultural occupation, 
land ownership, and machinery ownership did 
not affect the technical inefficiency of rice 
farmers in the studied area. Adinku (2013) 
showed that age, land ownership, size of 
household and main occupation did not have 
any significant effect on technical inefficiency 
of rice production in Ghana. Also, according to 
Esfandiari et al. (2013), the variables of 
household size, primary occupation, and 
machinery ownership did not affect the 
technical efficiency of rice production in Iran.  

 
Testing of Hypotheses  

The likelihood ratio test (LR) results for the 
hypothesizes of the study are presented in Table 
4.  

 
Table 4- Hypothesis test for model specification and statistical assumptions of stochastic frontier model with 

flexible risk properties 

Null Hypothesis Log-likelihood Value LR Test Critical value (α=0.001) Decision 

1. H0: αij = 0 -27.18 ***164.52 58.30 Reject H0 

2. H0: β1=…=β14=0  -10.53 ***131.23 36.12 Reject H0 

3. H0: λ=0 -42.68 ***195.5 67.98 Reject H0 

4. H0: γ1=…=γ20=0 22.63 ***64.89 48.26 Reject H0 

  Source: Research Findings          *** statistically significante at 0.001 significance level. 

 
According to the Table 4: 
1- The Translog model is an adequate 

representation of the data, given its 
specification. 

2- Production risk in inputs and socio-
economic variables and technical inefficiency 
are present and estimated lambda is 0.54 and it 
is significantly greater than zero. This implies 
that variations in the observed output from the 
frontier output is due to technical inefficiency 

(u) and random noise (v).  
4- The study finds technical inefficiencies 

are explained by the exogenous factors and the 
conventional input factors.  

 
Comparison of Technical Efficiency Values with Risk 

and without Risk Component 

The results of estimating technical efficiency 
with and without considering risk components 
are shown in Table 5. 

 
Table 5- Technical efficiency with and without risk component 

Technical efficiency Min Max SD Mean Technical inefficiency 

Technical efficiency with risk 25.37 100 12.31 93.47 6.53 
Technical efficiency without risk component 15.49 100 10.43 96.27 3.73 

Source: Research findings  

 

The average technical efficiency of farms 
with the risk component was 93.47 percent. In 
this case, there is a 6.53 percent inefficiency 

(Table 5). Also, the average technical efficiency 
of farms without considering risk was 96.27 
percent. That is, in this case, the units have a 
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3.73 percent inefficiency. 
Therefore, considering risk in the production 

process clearly affects technical efficiency. The 
difference in the efficiency in both cases 
indicates that with the same amounts of inputs 
and facilities, the production level can be 
increased significantly, and this increase in 
production increases when the factors that 
create risk can be controlled. Therefore, it can 
be concluded that by considering risk in 
production, production can be increased by 6.53 
percent by using available resources efficiently. 
Without considering risk, this amount reaches 
3.73 percent. The economic interpretation of 
the efficiency estimate can be expressed as 
follows: On average, rice farmers in the study 
area can increase their technical efficiency by 
6.53 percent (with risk component) and 3.73 
percent (without risk component) without 
requiring additional resources for production. 
So, the technical efficiency score is 
overestimated when the production risk 
component is excluded. So, the conventional 
stochastic frontier model understimates 
technical efficiency scores than a stochastic 
frontier model with flexible risk specification. 
This result is consistent with findings of 
Alikhani et al. (2015), Ogundari & Akinbogun 
(2010), Adinku (2013), Baawuah (2015) and 
Oppong et al. (2016). 

 
Conclusion and Recommendation 

This study was carried out to investigate the 
technical efficiency and production risk of rice 
paddy fields in Rasht County, Iran, using the 
stochastic frontier model with flexible risk 
properties. In this model, the Translog 
production function was estimated 
simultaneously with production risk and 
technical inefficiency by a single-stage 
maximum likelihood estimation. The Translog 
production function was the most appropriate 
functional form for the production function part 
in the generalized SFP model of Kumbhakar 
(2002). Since the coefficients in the Translog 
function are not interpreted directly, the 
concept of input elasticity should be used for 
interpretation. The results showed that (i) the 
elasticity of cultivated area, nitrogen fertilizer, 

phosphorus fertilizer, herbicide, and machinery 
were positive, increasing these inputs could 
potentially increase the average production; (ii) 
the production elasticity of seed and labour was 
negative, indicating that higher levels of these 
inputs—relative to the study sample—led to a 
decrease in average rice production. (iii) the 
rice fields studied in Rasht exhibited increasing 
returns to scale. Moreover, variations in 
production were found to be influenced by 
input-related production risk. According to the 
estimated coefficients of the production risk 
function, certain inputs—including cultivated 
area, water usage, farmer's age, and gender—
were identified as risk-increasing factors. In 
contrast, inputs such as seed, herbicide, 
machinery, farmer education, household size, 
and rice farming experience were found to 
reduce production risk, indicating their role as 
risk-reducing inputs. 

Changes in technical efficiency are 
explained by the combination of the effects of 
inputs and exogenous variables. The results of 
the estimation of the technical inefficiency 
model showed that seed inputs, labor, 
membership in cooperatives, and agricultural 
insurance had a positive and significant effect 
on the technical inefficiency of rice production 
units in the study area, and the variables of 
nitrogen fertilizer, water, gender, rice 
cultivation experience, and participation in 
educational and extension programs had a 
negative and significant effect on the 
inefficiency of the units. Based on the results, 
farms in the study area operate below the 
production frontier, and this deviation from the 
production frontier was due to technical 
inefficiency and risk. 

The average technical efficiency estimated 
using the stochastic frontier function with 
flexible risk properties was 93.47%, and the 
average technical efficiency calculated without 
considering the risk component was 96.27%, 
which showed a higher value. Therefore, it is 
observed that not considering the risk 
component in estimating technical efficiency 
leads to biased results of technical efficiency. 
Based on the findings of this study, the 
following recommendations are made to help 
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farmers and policymakers to increase rice 
output, eliminating technical inefficiencies and 
decreasing the effect of risk in the production 
process by knowledge transfer through 
organizing practical training and encouraging 
farmers participation in cooperatives 
corporations to improve farmers knowledge on 
optimized usage of seed, cultivation area, 
nitrogen fertilizer, herbicides, and machinery. 
Additionally, facilitating farmers access to 

financial support, i.e. loan, to upgrade 
machineries can improve farmers efficiency. 
Finally, given the impact of agricultural 
insurance (specifically rice insurance), it is 
recommended that insurers fulfill their 
obligations by providing full and prompt 
compensation for damages, in order to 
encourage rice farmers to adopt this risk 
management tool  
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 چکیده

ه مطالع نیهمراه است. بنابرا یاغلب با ناکارآمد سکیر نیبوده و ا سکیپرر یتیفعال ،یدیتول یهاتیفعال ریبا سا سهیدر مقا یکشاورز یهاتیفعال
(، تعداد کل ۱۳۹۵)سال  یلاناستان گ یسازمان جهاد کشاورز یهاکاراتر شود. بر اساس داده دیتواند منجر به تولیم ییو عدم کارا سکیهمزمان ر

را  یتدرصد از جمع ۵۸ یباًنفر محاسبه شد که تقر ۲۲۶ یازنفر بود. با استفاده از فرمول کوکران، حجم نمونه مورد ن ۳۸۷۶۳کشاورزان در زمان مطالعه 
شاورزان ک یاقتصاد-یاجتماع یرهایبرنج و متغ یدتول یندمورد استفاده در فرآ یهامربوط به نهاده یبترتنامه شامل دو بخش بود که به. پرسشدهدیم یلتشک

 یتصادف یمرز یدمدل تول یک، از ۱۳۹۷کاران، در شهرستان رشت در سال برنج یدتول یسکو ر یفن ییهمزمان کارا یابیارز یو مزارع آنها بود. برا
 ریتحت تأث یداریطور معنبرنج به دینشان داد که تول دیتول سکیتابع ر نیتخم جینتا استفاده شد. پذیرانعطاف یسکر هاییژگی( با وSFP) یافتهیمتعم

 آلات،نیها، ماششکو بذر، علف ندهیفزا سکیر تیو جنس کاریآب، سن شال رکشت،یسطح ز یهانهاده ن،ی. همچناردکار قرار د یرویبذر و ن ن،یزم یهانهاده
 یکشاورز یهایدر تعاون تیکار، عضو یرویبذر، ن ن،یکاهنده هستند. علاوه بر ا سکیر یهااز نهاده یکشاورز، اندازه خانواده و تجربه کشاورز لاتیتحص

 یفن ییاثر مثبت بر کارا یجیو ترو یآموزش یهاتجربه کشت برنج و شرکت در کلاس ت،یآب، جنس ترات،یدهد. کود نیم شیرا افزا ینف ییناکارا مه،یو ب
 سکیلفه رؤدرصد و بدون م 4۷/۹۳ سکیلفه رؤبا م کارانیشال یفن ییکارا نیانگینشان داد که م یفن ییبرآورد کارا جیمورد مطالعه داشتند. نتا یدر منطقه

 جه،یشود. در نتیم یفن ییکارا زانیدر م ییبزرگنما یمنجر به خطا سکیلفه رؤواضح است که برآورد مدل بدون م نیدرصد بوده است. بنابرا ۲۷/۹۶
  شود. رفتهظر گدر ن سکیکارآمد، مؤلفه ر اریبس دیو تول حیصح سکیر تیریبه مد یابیدست یبرا زارهایشال یفن ییکارا یریگشود هنگام اندازهیم هیتوص

 
 یکشاورز یهانهاده سک،یر تیری(، مدSPF) یتصادف یمدل مرز ی،فن ییکارا ،شالیکاری د،یتول سکیر :یدیکل هایواژه
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