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The disparity in agricultural production unit performance is a critical and
fundamental issue that necessitates the implementation of required programs and
policies to ensure an equilibrium in the distribution of resources and seeds in order
to increase efficiency. Enhancing efficiency can result in economic growth and
development in the agricultural sector, as well as rural development. In recent
years, the potato has been regarded as the dominant crop in Kabodarahang; policy
formulation based on production efficiency has become a necessity, given the
importance of production and the rational use of seeds in potato production. Thus,
the efficiency, effectiveness, and productivity of production units were determined
under uncertain conditions using various level-cut and fuzzy data envelopment
analysis methods for potato farms in Kabodarahang; the most efficient units were
selected. The result indicates that 14% of producers are efficient or near-efficient.
Additionally, 75% of producers operate at a level of efficiency between 70% and
100%. In total, unit 6 is the most productive and stable of the other units. As a
result, this unit is chosen as the best producer. Efficiency analysis at various levels
reveals that producers operate at a high level of efficiency. Therefore, to increase
production, manufacturing technology should be enhanced. Thus, politicians and
policymakers should take into account new technologies for planting, growing, and
harvesting.

Highlights

e Asaresult of the disparity in agricultural production unit performance, programs and policies must be implemented
to ensure an equilibrium in the distribution of resources and seeds.
Increasing efficiency can lead to increased agricultural and rural economic growth.
Given the importance of production and the rational use of seeds in potato production, policy formulation based on
production efficiency has become necessary.

o 14% of potato farms in KabodarAhang are efficient or near-efficient, 75% of producers are between 70% and 100%

efficient.

¢ Politicians and policymakers should consider new planting, growing, and harvesting technologies.

1. Introduction

Data Envelopment Analysis (DEA) can be considered a
robust performance management tool to evaluate decision-
making units (DMUs) capable of benchmarking the unit's
performance against other competitors and deciding on a
better future based on its outcomes. This tool measures the
relative efficiency of DMUs with the same inputs and
outputs and, accordingly, specifies efficient and inefficient
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units of performance (Alinezhad et al., 2018). In low-
income countries, agricultural production, indirectly
related to people's lives, is recognized as a strategic
product. Several studies indicate the specific status of this
product in the countries mentioned above (Mardani and
Ziaee, 2016). Potato products are of particular importance
because of their high nutritional value. Production of this
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product in developed countries is greater than in
developing countries (Sepehrdoust and Emami, 2017).

Potato production in Iran is about 5 million tons, and its
per capita consumption is about 45 kg (Ministry of Jahad
Agriculture, 2011). With 23.5% of the country's potato
production, Hamedan province has first place in the
production of this crop. Besides, in the 2012-2013 crop
year, 16.63% of the total potato croplands were allocated to
Hamedan. This province ranked first with 21.72% of the
Sepehrdoust and Emami, 2017). The Kabodarahang region
in this province, whose farmers pay a lot of attention to the
potato crops, is the leading producer of potatoes in the
country and the exporter of this product to neighboring
countries (Sepehrdoust and Emami, 2017). In this regard,
rational planning to manage the production of this product
and the way to use the production resources to increase
production efficiency is inevitable.

DEA is a tool to measure the relative efficiency of units
under evaluation that have multiple inputs and outputs.
DEA was first described by Charnes et al. in 1978 and is
widely used in Multi-Criteria Decision Making (MCDM).
It considers a nonparametric linear programming technique
to evaluate relative efficiency in decision-making units,
using multiple inputs and outputs. Over the last three
decades, various DEA models have been used to measure
technical efficiency or effectiveness in different units. Most
studies have compared the preference for technical
efficiency with technical performance (Chiou et al., 2010).
In many applications, they have encountered inaccurate or
ambiguous data; our knowledge of the production process
is inaccurate. This has led to combining the data
envelopment analysis model with fuzzy set theory (Chiou
et al.,, 2010). Bellman and Zadeh introduced the fuzzy
concept to measure the efficiency based on inaccurate data
in the decision-making process (Bellman and Zadeh, 1970).

Sengupta (1992) was the first to introduce a fuzzy
programming method that was used in DEA models for
multiple inputs. Cooper et al. (1999) proposed a model with
the ability to consider inputs and outputs as either crisp or
interval values. Guo and Tanaka (2001) considered data in
the form of fuzzy Triangular and then, by applying the a-
cut on constraint with comparison, determined the
efficiency interval for each DMU. Hatami Marbini et al.
(2017) proposed a novel fully fuzzy data envelopment

analysis (FFDEA) approach, in which all the variables are
considered fuzzy, including input and output data and
efficiency scores. Moreover, a lexicographic multi-
objective linear programming (MOLP) approach is
suggested for solving the fuzzy models. Chiou et al. (2010)
proposed two novel integrated data envelopment analysis
(IDEA) approaches, comprising ICCR and IBCC, to jointly
measure the technical efficiency and service effectiveness
for bus transit services under constant and variable returns
to scale technologies. It is demonstrated that the proposed
novel IDEA approaches have higher benchmarking power
than the conventional separate DEA. As Kumar et al.
(2014) investigated, DEA provides a robust approach to
supplier selection problems. Weber et al. (2000) proposed
MOP and DEA to evaluate suppliers. Farzipoor Saen
(2009) proposed a DEA model for supplier selection in the
presence of both undesirable outputs and inaccurate data.
Sengupta (1992) integrated fuzzy inputs and outputs in the
DEA model by defining boundary levels in the objective
function and constraining them. Hatami-Marbini et al.
(2011) proposed a linear programming (LP) model with
fuzzy parameters to measure the fuzzy efficiency of the
DMUs. For different a levels, Esmaeili (2012) addressed
an enhanced Russell measure (ERM) model with interval
Data to evaluate the efficiency of the decision-making
units. Azadi et al. (2015) used concept fuzzy in sustainable
supply chain management to find the best supplier, and
they created envelopment analysis using the Russell
measure model. Qin and Liu (2010) developed a fuzzy
random DEA (FRDEA) model, where randomness and
fuzziness exist simultaneously. Many researchers have also
proposed and applied various fuzzy DEA models (e.g.,
Nandy and Singh, 2021; Mardani et al., 2020; Dadmand
and Naji Azimi, 2018; Hatami Marbini et al., 2012; Tlig
and Hamed, 2017).

As mentioned above, several studies have examined
performance using data envelopment analysis and fuzzy
data envelopment analysis, and most of these studies have
only obtained the concept of efficiency for decision units,
but in this study, Using the proposed model, will obtain the
efficiency, effectiveness, and productivity of the
production units in conditions of uncertainty, using
different levels of alpha for potato fields in Kaboudar
Ahang, and the most efficient units will be selected.

Table 1. The nomenclatures.

Variable | Definition Variable | Definition

j The index of DMUSsL,...,j n g and &, | Predetermined acceptable levels of the possibility of objective function
r The index of outputsl,...,r s 4 The maximum value denoting return function of effectiveness

i The index of inputsl,...,i m F The maximum value denoting return function of efficiency

DMU, The DMU under evaluation 7, ...Tg | Predetermined acceptable levels of the possibility of constrains

Vrj The rth output of jth DMU Vi The weight for the ith input

Xij The ith input of jth DMU . B. . f. | The dual variables

Vio The rth output of DMU, 8o The tth goal of the DMU,

Xio The ith input of DMU, N The weight of the tth goal

u, The weight for the rth output

2. Material and method

In most studies that measure performance, efficiency
can only be achieved using a fuzzy concept. The proposed
model measures effectiveness, efficiency, and productivity
in a fuzzy context. DEA can be considered as a method to
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determine the efficiency of a set of decision-making units
(DMUs) based on the measure of outputs rather than inputs.

Although the typical method of DEA can be considered
a powerful tool for measuring the efficiency of decision-
making units, it also has some limitations. One of the most
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important of these limitations may be the high sensitivity
of this method to the value change in input and output data
or the uncertainty associated with these data, So that the
ranking and stimulation of unit efficiency level can be
changed entirely with the slightest change in the values of
input and output data (Kao and Liu, 2003). Due to the
sampling errors or the use of the central tendency indexes,
the uncertainty in the data for estimation of the DEA model
in the agricultural sector is inevitable, and the necessity of
using models that are capable of controlling the changes
resulting from unreliable data (Toma et al. 2015).

The indices, parameters and variables that will be used in
this study are described in Table 1.

The model used in the current study was developed by
Azadi et al. (2015). Assumptions are evaluated by the
Decision-making unit (DMU). Any DMU would consume
different inputs and produce different outputs. Consider
x;j(i = 1.2....m) and y,; = (1.2.....s) demonstrating data
fuzzy input and output of DMU;; u,. v; denote the rth output
weight and ith input weight, respectively. N is the number
of DUMs, (j=1, 2... n). Assuming all the inputs and outputs
are positive, Esmaeili (2012) proposed the dual of ERM as
follows:

Max E =a—-p (1)

SE X o w Y — X vixy; < 0. j=1l..n
1 .

'Uixio—[liSE. i=1...m

?—urym+fr50. R=1...s

im—ifr—BSO

o Bt Foo vy > 0

The dual variable o in the first constraint of the primal
model implies the average output efficiency. The dual
variables B and f,. associated with Equation (1) have no
practical implications. They have only been developed to
transform a non-linear model into a linear one. The E =
[0.1] denotes the efficiency score of DUM,. If the objective
function of the Equation (1) equals 1 known as theDUM,,,
it is a relatively efficient unit. Otherwise, the DUM is a
relatively inefficient unit. In many cases, measuring the
effectiveness of each DUM can be as important as the
efficiency measurement. Effectiveness refers to how much
a company can meet its predetermined goals. The
traditional DEA models fail to measure the effectiveness of
DUMs. In this paper, we define the effectiveness of a DMU
as the ratio of the output to the predetermined goals as
follows (Azadi et al., 2015):

output
goal (2)
To this end, a new model is proposed. To measure
both the efficiency and effectiveness of the DMU,, the
Equation (1) is converted as follows (Azadi et al. 2015):

Zr 1Ur¥ro (3)
Max a — e
« B—;(Zt 1T]tgto)

Effectiveness=

N

Zuryrj—Zvixij <0. j=1l...n
r=1 i=1

< ! 1
ViXio — Ui = —. I1=1...m
9 m
;—urym+er0. R=1...s

iﬂi—iﬂ—ﬁﬁo
i= r=1

§:$:11‘r370
ZZ:1 Nt8tj
Bty fr- U VM 2 0

<1 j=1...n

Where the t goal of the DMU, is denoted as g;,. The n, is
weight of the t goal. Equation (3) can be rewritten as
follows:

Max P = [Zt 1ntgto(a - .8)] + Zi:lur%‘o (4)
s.t

j=1..m

r=1 i=1

<1 1
ViXip — My < —. i=1..m
« m
——UYp +fr < 0. R=1...s
$n s
Zui—Zfr—ﬁso
i=1
:E: ryr] :E: ntgt] <:0 J =1..n
ocBylfruvnt>0 Vir.t

The P € [0.2] shows the productivity score of bmu,,. If
the optimal value of the Equation (4) equals 2, the DMU,is
relatively productive. Otherwise, the DMU s relatively
unproductive. As addressed by Dittenhofer (2001), there
are two reasons for measuring suppliers' productivity. One
is because productivity is used to check whether or not a
producer is performing satisfactorily. The second reason is
that measuring productivity is a motivator for the producer.
Productivity measurement may increase competition
among producers (Azadi et al., 2015). Now, the fuzzy
numbers are incorporated into Equation (4). Equation (4)
can be developed to Equation (5) as follows:

S

imgw @=P)|+ ) wo ©
=1

r=1

maxP =

j=1.m

r=1 i=1
o <1 1
ViXip = Hi = - t=1..m
« m
——uryro+er0 R=1...s
m
Zul Zﬂ B=<0

T
Zuryn ngt,_ j=1l.n
xsulfrurvl ne=0 Vir.t.

Where %;;(i =1...m),5,;(r=1...s) and g, ;(G=1...T)
are fuzzy input, output, and goals of DMUs.This fuzzy
integrated DEA model cannot be solved as a crisp model.
To solve this model, many methods have been proposed,
one of which is a — cut technique (Puri and Yadav, 2014;
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Azadi et al.,, 2015; Wen and Li, 2009; Lozano 2014a,
2014b). @ — Cut technique is a method that inputs and
outputs are shown by different « — cut and different
confidence intervals and levels. Each fuzzy coefficient can
be viewed as a fuzzy variable, and each constraint can be
considered a fuzzy event. Given the proposed model and
the concept of the possibility space of the fuzzy event, some
constraints are known as crisp values, and others are
defined as uncertain values. For this reason, the objective
function of the fuzzy integrated model can be written as
follows:
max§ + F (6)
s.t:

T

”(ngto(“ -B)= g_> =&
t=1

n(Zurflm > f) =&,

r=1

Where &; and &, are predetermined acceptable levels
of possibility for the two sections of the objective function.
Therefore, the objective value §G is the maximum value that
the return function ¥7_, n,8.,(a — B)can be achieved at
possibility level &; or higher. Moreover, the objective value
F is the maximum value that the return function ¥:3_; u,.3,,
can reach at the possibility level &, or higher and is subject
to the possibility levels of other fuzzy and crisp constraints.
By adding the other constraints, the fuzzy integrated model
can be reformulated by the following expression:

maxP=g+7F @)
s.t:

”(ngto(a -p)=z Q_> =
t=1
:E:llrjhu 2 jE) 2 82

2
(

T

TXieinBro =D 21
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i
$
<
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m s
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r=1 t=1
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The related constraints should achieve the possible
level where t,...75 are the predefined levels. In the crisp
condition, the DMU will be relatively productive if the
optimal value of Equation (4) equals 2. Meanwhile, the
objective value [Xi_;7:8eo(a — B)] + Xioi urFro IS the
productive criterion of the DMU. Also G and F in the fuzzy
integrated model are used to determine if the DMU is
relatively productive at the predetermined possibility level.
A DMU is productive if its P = § + F value is greater than
or equals 2, otherwise, it is nonproductive. This Equation
can be rewritten as follows:

maxP=G+F (8)

Wi — i, < posy i=1l..m

(;- urf/r: + f,)u <0

im—Zﬂ—ﬁSO
i=1

r=1
L

S T
( @y —ngt,) <0
r=1 t=1
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o B. i frUp VM 2 0
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Vir.t.

In the present study, we use triangular fuzzy numbers.
Consider z,; = (gf;.g7;-&¢;) is a fuzzy triangular number
for the t goal of DMU;; 3, = (yi.¥5;.y5;) is a triangular
fuzzy number for the rth output ofDMU;, and %;; =
(xf. xf;. xf;) is a triangular fuzzy number for the ith input of
DMU;. In this case, the linear programming model that

transformed into the fuzzy model is presented as follows:
maxP=G+F )
s.t:

T
(a— ﬂ)Zm (gfl - Sl(gfi - glgi)) =3
t=1
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3. Result

This study used the model developed by Azadi et al.
(2015) for ranking and measuring the efficiency of
agricultural units in the region of Kabodarahang.

The required data was collected through a questionnaire
in the villages of Kabodarahang in 2022—-2021. To evaluate
the validity and reliability of the questionnaire, Cronbach's
alpha test was used after reviewing and confirming it with
several subject matter experts. Its coefficient was estimated
to be 0.81, which indicates the appropriate validity of the
research tool. Then the data was analyzed using GAMS
software.

The GAMS software has run this model. In this study,
all the fuzzy constraints should be satisfied at the same
possibility level. The results for five different possibility
levels (0, 0.25, 0.5, 0.75, and 1) are presented in Table 2.

The results in Table 2 demonstrate that the three units
of 3, 6, and 21 have the highest productivity at five
probability levels. At the alpha level = 1, they have a
productivity of 2 and are pretty efficient. Unit 22 has the
lowest productivity rates of 0.67, 0.71, 0.75, 0.74, and 0.71
at five probability levels. By increasing the level of
probabilities studied, the productivity of production units
has also increased.

Table 2. Results of effectiveness, efficiency, and productivity indicators at different alpha levels

Alpha=0 Alpha=0.25 Alpha=0.5
[72] w (%2}

. £ 5 £ £ 5 £ g 5 g
S = 2 3 B s 3 k3] s 3 B
<3 g £ 3 g £ 3 g £ g

5 g g 5 g g 5 g £

1 0.476 0.714 1.19 0.528 0.714 1.242 0.584 0.714 1.299
2 0.667 1 1.67 0.739 1 1.739 0.818 1 1.818
3 0.667 1 1.67 0.739 1 1.739 0.818 1 1.818
4 0.667 1 1.67 0.739 1 1.739 0.818 0.96 1.78

5 0.667 1 1.67 0.739 1 1.739 0.818 0.99 181

6 0.667 1 1.67 0.739 1 1.739 0.818 1 1.82

7 0.524 0.786 131 0.581 0.786 1.366 0.64 0.79 1.429
8 0.571 0.857 143 0.634 0.857 1.491 0.70 0.857 1.558
9 0.667 1 1.67 0.739 1 1.739 0.818 1 1.181
10 0.476 0.714 1.19 0.528 0.647 1.175 0.511 0.641 1.153
11 0.476 0.711 1.187 0.528 0.638 1.166 0.502 0.641 1.144
12 0.476 0.714 1.19 0.525 0.701 1.226 0.579 0.786 1.221
13 0.524 0.786 131 0.581 0.786 1.366 0.643 0.786 1.429
14 0.571 0.857 143 0.612 0.857 1.469 0.674 0.801 1.475
15 0.433 0.714 1.148 0.413 0.714 1.127 0.584 0.520 1.104
16 0.667 1 1.67 0.739 1 1.739 0.818 1 1.818
17 0.571 0.857 143 0.634 0.857 1.491 0.701 0.857 1.558
18 0.524 0.786 131 0.581 0.786 1.366 0.643 0.786 1.429
19 0.429 0.643 1.07 0.475 0.643 1.118 0.526 0.606 1.132
20 0.333 0.5 0.83 0.370 0.488 0.858 409 0.409 0.818
21 0.667 1 1.67 0.739 1 1.739 0.818 1 1.818
22 0.286 0.429 0.714 0.317 0.429 0.745 0.336 0.411 0.746
23 0.571 0.857 143 0.634 0.824 1.458 0.589 0.857 1.446
24 0.476 0.714 1.19 0.528 0.654 1.182 0.446 0.714 1.160
25 0.550 0.857 141 0.634 0.754 1.387 0.511 0.857 1.368
26 0.554 0.857 1.401 0.634 0.757 1.390 0.522 0.857 1.379
27 0.407 0.714 112 0.528 0.572 1.10 0.363 0.714 1.077
28 0.381 0.571 0.95 0.422 0.571 0.994 0.468 0.571 1.039
29 0.571 0.857 1.43 0.634 0.857 1.491 0.639 0.857 1.496
30 0.381 0.571 0.95 0.422 0.513 0.935 0.330 0.571 0.901
31 0.667 0.955 1.62 0.79 0.882 1.622 0.697 0.924 1.622
32 0.381 0.558 0.94 0.422 0.485 0.907 0.378 0.496 0.874
33 0.571 0.827 1.40 0.531 0.857 1.388 0.520 0.857 1.377
34 0.476 0.714 1.19 0.480 0.714 1.194 0.457 0.714 1171
35 0.381 0.558 0.94 0.336 0.571 0.907 0.302 0.571 0.874
36 0.604 1 1.60 0.604 1 1.604 0.604 1 1.604
37 0.619 0.929 1.55 0.686 0.929 1.615 0.760 0.929 1.688
38 0.571 0.857 143 0.634 0.857 1.491 0.701 0.857 1.558
39 0.619 0.929 155 0.686 0.929 1.615 0.760 0.929 1.668
40 0.571 0.929 1.55 0.686 0.929 1.615 0.760 0.929 1.688
41 0.619 0.857 143 0.634 0.857 1.491 0.701 0.857 1.558
42 0.524 0.786 131 0.581 0.786 1.366 0.643 0.786 1.429
43 0.524 0.786 131 0.581 0.786 1.366 0.643 0.786 1.429
44 0.476 0.714 1.19 0.528 0.672 1.20 0.584 0.593 1.178
45 0.571 0.857 1.43 0.634 0.851 10484 0.701 0.772 1.1473
46 0.381 0.571 0.95 0.422 0.571 0.994 0.468 0.571 1.039
47 0.476 0.714 1.19 0.528 0.714 1.242 0.584 0.714 1.299
48 0.571 0.857 1.43 0.634 0.587 1.491 0.701 0.857 1.558
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Table 2 continued.

Alpha=0.75 Alpha=1
No. DUMs Effectiveness Efficiency Productivity Effectiveness Efficiency Productivity

1 0.646 0.714 1.409 0.714 0.694 1.361
2 0.889 1 1.889 1 0.889 1.889
3 0.905 1 2 1 1 1.905
4 0.771 1 1.766 1 0.766 1.771
5 0.818 1 1.822 1 0.822 1.818
6 0.905 1 2 1 1 1.905
7 0.711 0.786 157 0.786 0.786 1.497
8 0.776 0.857 1.70 0.857 0.845 1.633
9 0.853 1 1.86 1 0.860 1.853
10 0.414 0.714 1.10 0.714 0.387 1.128
11 0.405 0.714 1.09 0.714 0.377 1.119
12 0.496 0.714 1.19 0.714 0.473 1.210
13 0.711 0.786 157 0.786 0.786 1.497
14 0.743 0.732 1.47 0.821 0.650 1.475
15 0.614 0.466 1.05 0.672 0.381 1.080
16 0.895 1 1.90 0.957 0.947 1.895
17 0.776 0.857 171 0.857 0.857 1.633
18 0.711 0.786 1.57 0.786 0.786 1.497
19 0.582 0.531 1.08 0.643 0.439 1.113
20 0.452 0.322 0.727 0.5 0.227 0.775
21 0.905 1 2 1 1 1.905
22 0.336 0.371 0.67 0.336 0.336 0.707
23 0.577 0.857 1.42 0.563 0.857 1.434
24 0421 0.714 111 0.394 0.714 1.135
25 0.491 0.857 1.33 0.471 0.857 1.348
26 0.510 0.857 1.35 0.496 0.857 1.367
27 0.338 0.714 1.026 0.311 0.714 1.053
28 0.479 0.571 1.03 0.458 0.571 1.05
29 0.639 0.857 1.49 0.636 0.857 1.497
30 0.293 0.571 0.82 0.252 0.571 0.864
31 0.697 0.924 1.62 0.688 0.934 1.622
32 0.265 0.571 0.796 0.224 0.571 0.836
33 0.507 0.857 1.35 0.494 0.857 1.364
34 0.432 0.714 1.12 0.405 0.714 1.147
35 0.265 0.571 0.80 0.224 0.571 0.836
36 0.604 1 1.604 0.604 1 1.604
37 0.840 0.929 1.86 0.929 0.929 1.769
38 0.776 0.857 171 0.857 0.857 1.633
39 0.840 0.929 1.86 0.929 0.929 1.769
40 0.840 0.929 1.86 0.929 0.929 1.769
41 0.776 0.857 171 0.857 0.857 1.633
42 0.711 0.786 157 0.786 0.786 1.497
43 0.711 0.786 154 0.773 0.771 1.497
44 0.646 0.507 1.13 0.701 0.424 1.153
45 0.776 0.685 1.45 0.844 0.603 1.461
46 0.517 0.536 1.03 0.571 0.462 1.053
47 0.646 0.695 1.33 0.714 0.620 1.342
48 0.768 0.857 1.62 0.767 0.857 1.626

According to Table 3, the maximum effectiveness value
is 0.82, which is related to units (2, 3, 4, 5, and 6). The
maximum efficiency value is 1 (for units 2, 3, and 6); the
maximum productivity value among the production units
under study is 1.82 (for unit 6). The minimum of these
indicators is equal to 0.32, 0.41, and 0.72, and their average
is equal to 0.61, 0.78, and 1.37, respectively. According to
the results, 14% of production units are efficient. Units 2 to
6, 16, and 21 are superior to other units in terms of the
effectiveness index. Units 2, 3, 6, 9, 16, 21, and 36 are
efficient units. In total, unit 6 has the highest productivity
and is the most stable unit among the other units. Therefore,
this unit was selected as the best producer. Furthermore,
units 35, 22, 32, and 20 have the lowest efficiencies.

The effectiveness of production units increases with
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increasing probability levels; in other words, production
units get closer to their goals. Likewise, the productivity
index increases with increasing probability level and
efficiency decreases. The Table 3 shows that potato fields
have an average efficiency of 0.80, 0.78, 0.79, 0.78, and
0.73% at different probability levels. In other words, potato
production can be increased by using the same amount of
input; efficiency will also increase by 20, 22, 21, 22, and
27% at different probability levels. The difference between
the lowest and highest levels of efficiency shows that there
are many differences between farmers in the region, which
can be reduced by various methods, including the
introduction of sample farmers. Table 4 show the result of
Frequency distribution of effectiveness, efficiency and
productivity of potato fields in different alpha level.
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Table 3. Summary assessment result of effectiveness, efficiency and productivity for farms in sample in different levels.

Effectiveness

a=0 a=0.25 a=0.5 a=0.75 a=1
Average 0.53 0.58 0.61 0.64 0.70
Max 0.67 0.79 0.82 0.91 1.00
Min 0.29 0.32 0.30 0.27 0.22
Standard deviation 0.10 0.12 0.15 0.19 0.23
Efficiency
a=0 a = 0.25 a=0.5 a = 0.75 a=1
Average 0.80 0.78 0.79 0.78 0.73
Max 1.00 1.00 1.00 1.00 1.00
Min 0.43 0.43 0.41 0.32 0.23
Standard deviation 0.15 0.16 0.16 0.18 0.20
Productivity
a=0 a = 0.25 a=0.5 a = 0.75 a=1
Average 1.33 1.37 1.37 1.43 1.42
Max 1.67 1.74 1.82 2.00 1.91
Min 0.71 0.75 0.75 0.67 0.71
Standard deviation 0.25 0.27 0.29 0.37 0.33
Table 4. Frequency distribution of effectiveness, efficiency and productivity of potato fields
Effectiveness
a=0 a=0.25 a=0.5 a=0.75 a=1
Less than 50% 18 10 10 12 11
Between 50% to 60% 8 14 21 5 3
Between 60% to 70% 12 15 9 7 5
More than 70% 0 9 8 23 29
Efficiency
a=0 a = 0.25 a=0.5 a = 0.75 a=1
Less than 50% 8 14 12 12 17
Between 50% to 60% 15 12 12 13 9
Between 60% to 70% 11 10 11 10 13
More than 70% 13 12 13 13 9
Productivity
a=0 a = 0.25 a=0.5 a = 0.75 a=1
Less than 1 7 7 5 5 5
Between 1to 1.5 28 28 26 20 25
Between 1.5 to 2 13 13 17 23 18

4. Conclusion

Due to the importance of potato crops in Kabodarahang
city, an attempt was made to measure potato fields'
efficiency, effectiveness, and productivity. The presented
fuzzy model in this paper is a method for dealing with fuzzy
data. To solve the fuzzy model, the insoluble fuzzy model
must be converted to a solvable linear model, for which the
probability method is used. The findings indicate that the
potato growers of Kabodarahang are in good condition in
terms of efficiency. In addition, they can increase their
efficiency by reducing the use of inputs without reducing the
product to avoid wasting production inputs and be placed on
the verge of production efficiency. The efficiency index
shows that the efficiency values are different at different
levels of a. As the probability level increases, the unit's
effectiveness increases, the value of efficiency decreases,
and the value of productivity increases. Increasing efficiency
improves productivity and contributes to achieving the goals
of the production unit. According to the results, 14% of the
producers are efficient and the rest are on the verge of
efficiency. In addition, 75% of the producers have an
efficiency of between 70% and 100%. In total, unit 6 has the
highest productivity and is the most stable unit among the
other units. Thus, this unit was selected as the best producer.
An examination of efficiency at different levels of alpha
shows that producers are at a high level in terms of
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efficiency. Therefore, to increase production, production
technology should be improved. Thus, politicians and
policymakers should consider the new planting, growing,
and harvesting technologies.
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