Iran Agricultural Research (2022) 41(1) 49-60

Research Article

— N

Shiraz
University

Ranking production units by integrating data envelopment

analysis and multi-criteria decision-making: The case of potato-
producing provinces in Iran

S. M. J. Esfahani’, E. Barikani

Agricultural Planning, Economic and Rural Development Research Institute (APERDRI), Tehran, I. R. Iran.

* jesfahani@gmail.com
DOI: 10.22099/1AR.2022.42629.1473

ARTICLE INFO

Article history:

Received 28 December 2021
Accepted 02 August 2022

Available online 09 November 2022
Keywords:

Data Envelopment Analysis
Efficiency

Potato

TOPSIS

INTRODUCTION

ABSTRACT - Efficiency is the first step towards accomplishing sustainable
agriculture. To provide a comprehensive image of the status of potato-
producing provinces in Iran, this research was conducted to rank potato-
producing provinces in Iran using the DEA ranking models, including cross-
efficiency, super efficiency, best and worst relative efficiency, and distance to
the ideal hyperplane. Then to provide a more comprehensive image of their
status, the results were integrated using the TOPSIS technique for 2018. In this
regard, the research considered yield and gross profit as indicators of production
and profitability. The results showed that considering yield as an output shows
higher efficiency than when profit is considered. Higher yield efficiency than
profit efficiency means that producers care more about increasing production as
an objective output than increasing profitability. The rankings of the provinces
revealed that different ranking models do not provide similar results, so they
need to be integrated to give a more precise assessment. The integration of these
indicators by the TOPSIS method shows that the provinces of Mazandaran,
Kerman and West Azerbaijan, which have good ranks in yield and profit
efficiency, can be good patterns for other provinces. Furthermore, profit and
yield efficiency are negatively related to seed, K-fertilizer, and pesticide, so the
management of biofertilizers, as well as biological control and integrated pest
management, are recommended for the improvement of the efficiency of potato-
producing provinces.

The Sixth Development Action Plan in Iran has
required the government to increase potato production

The potato has an essential role in food security and
poverty alleviation, especially in developing countries
(Wijesinha-Bettoni & Mouillé, 2019). The potato, rice,
wheat, and corn constitute the four crops that supply
50% of the global food energy demand (Durst &
Bayasgalanbat, 2014). The year 2008 was declared the
International Year of Potato by the UN General
Assembly to formally recognize the role of this crop as
the most important non-cereal staple food in ensuring
food security and eradicating poverty (UN, 20006).
Potato has the adaptation and extensive geographical
distribution, further, farmers have the chance to produce
it to grasp the added value of potato markets, which will
contribute to economic development and livelihood
protection (Haverkort et al., 2013). So, this crop is a
major food whose potential for meeting food security
should be taken seriously. The development of the
cultivation and production of this crop has, therefore,
drawn the attention of policymakers in most developing
countries (Devaux et al., 2020).

ONOIE

as an important staple food by up to 5,596,000 tons. A
look at the trend of potato production during the years
of this action plan shows that this goal has not been
accomplished. In 2018, 142,904 ha of arable land in Iran
was allocated to potato cultivation, and a total of
523,733 tons of potato was harvested (Ministry of
Agriculture-Jahad of Iran, 2020). Potato production has
even declined in recent years due to the decline in its
cultivation area from 2016 to 2020 (FAO, 2020).

In the agricultural sector, indicators such as
production and yield are commonly used to explain
position and prioritization, which is the basis for
decision- making in most cases. Since less attention is
paid to the production inputs in calculating these
indicators, the use of these indicators has always been
criticized (Shahnavazi, 2017a). Decisions in agriculture,
especially in the cultivation of crops, are issues in the
real world that require attention to many factors such as
available land, natural resources, manpower,
technology, etc. (Kazemi et al., 2017). Therefore, other
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indicators have been used to prioritize production areas
in addition to production and yield(Esfahani,2022a).

It has been shown that improving resource use
efficiency is an important prerequisite for establishing a
link between development and environmental impacts
(Wood et al., 2018). In addition to increasing income
and food access, efficiency has been reported to be the
first step toward sustainable agriculture (Naderi Mahdei
et al., 2015). Today, all these should be considered.

In this respect, since the Iranian government is
obliged to increase production to improve food
availability and enhance efficiency in the five-year
development action plans, it is crucial to consider
improving efficiency and optimally using production
inputs and resources. Recognizing the status of different
regions in terms of efficiency and determining the
production-apt regions that use production resources
more optimally are important steps for guiding the
policymaking process towards production and
efficiency improvement. The data envelopment analysis
(DEA) technique is one of the most well-known
techniques for estimating the efficiency of production
units. Despite its extensive application, DEA cannot
distinguish efficient units, so researchers have been
motivated to improve it and present new techniques
(Bian & Xu, 2013; Peykani et al., 2021). Along with
their advantages, all ranking methods have limitations,
so their application as the only decision-making
criterion may not yield rational and correct results.

The DEA was used by Amadeh et al. (2011) to
measure the technical efficiency Of the Industrial
Sector of Iranian provinces from 1996-2004. Then, the
efficient units were ranked with the Anderson-Peterson
method. Results indicated that Boohsher, Kerman,
Khuzestan and Hormozgan provinces have the greatest
value of technical efficiencies.

Sargazi et al. (2014) used the integrated DEA
approach and analytic hierarchy process (AHP) for
ranking farm units in the Sistan region. Their study
indicated that the farm units could not be appropriately
ranked in the DEA method identifying only the ranks of
efficient and inefficient groups. Therefore, they showed
that a complete ranking requires a measurement of the
relative productivity and comparing units in terms of
some applied aspects such as AHP, controlling the
inputs and outputs again to ensure their accuracy.

An integrated AHP/DEA- Assurance Region (AR)
technique (AHP/DEA-AR technique) was used as a
multi- criteria decision-making method to evaluate the
efficiency performance of 24 major international
airports and analyze using the empirical analysis
method (Lai et al, 2015). Their results indicated that
discriminatory power in the proposed AHP/DEA-AR
model is greater than in the basic DEA model when
measuring the efficiency of airports.

Lo Storto (2016) combined DEA Cross-Efficiency
and Shannon’s Entropy Method to compute the
ecological efficiency of a sample of 116 Italian
provincial capital cities. Their results showed that the
proposed index has a good discrimination power and
performs better than the ranking provided by the
Sole240re method, which is generally used in Italy.

Through a astudy, 25 onion-producing provinces of
Iran were ranked using DEA. The evaluation of average
efficiency rankings showed that the provinces of Ilam,
South Khorasan, Golestan, Sistan, and Baluchestan had
the best ranks (Shahnavazi.,2017a).

Lee & Chang (2018) applied Multi-criteria decision-
making (MCDM) methods to rank renewable energy
sources (RESs) for electricity generation in Taiwan. The
ranking results showed that hydro RES is the best
alternative in Taiwan, followed by solar, wind, biomass
and geothermal RESs.

The integrated DEA-TOPSIS Model has been used
to measure the efficiency and ranking of 25 Indian
companies known for best practices for controlling their
carbon footprints. The model has helped compute the
efficiency score of all DMUs and provide a unique rank
to each efficient unit identified with the help of the DEA
technique (Mehta et al.,2019).

DEA has been used to analyze the performances of
different sugarcane production systems of Thailand
from an efficiency perspective. The efficiency analysis
indicates a huge potential for improving efficiency
through a reduction in the current pattern of farm inputs
in the lower north, upper central and upper northeastern
regions (Ullah et al., 2019).

Najafi et al. (2020) used Estimation Efficiency and
Ranking of Iranian Sugar Beet Producers as the DEA
approach. Their results show that West Azarbaijan,
Kermanshah and Khorasan Razavi provinces have the
highest and Semnan, South Khorasan, and Ilam have the
lowest rank.

Window Data Envelopment Analysis (DEA) has
been used to assess the input use efficiency of
agricultural sectors of EU countries for the 2005-2019
period. Results indicate that Estonia (1.000), the
Netherlands (0.999) and Slovenia (0.999) are the most
efficient countries in terms of input use efficiency. At
the same time, Finland, the UK, and Hungary (0.670,
0.755 and 0.771) score the least(Kyrgiakos et al.,
2021).

Khare et al. (2021) used the superefficiency DEA
method to ranking transit-oriented development (TOD)
areas in Bhopal city, India.

The literature shows that although in the industry
and services sectors, DEA combined with different
multi-criteria decision making has been used to rank
different regions, units, or technologies, in the
agricultural sector, this method has not been used. .
Given the importance of efficient use of resources in
reducing economic and environmental costs in the
agricultural sector, determining the position of each
province in terms of efficiency can help better planning
and policymaking along with other factors influencing
decision-making .

This research first estimates the rank of potato-
producing provinces using different ranking methods in
DEA. Then, TOPSIS is employed to integrate different
criteria to provide a general image of the status of each
province in the production of this strategic crop. The
results can provide policymakers and planners of the
agricultural sector with useful information to help the
process of planning and policymaking for increasing
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crop production by enhancing efficiency and using
resources optimally.

MATERIALS AND METHODS

Data envelopment analysis (DEA)

Data envelopment analysis (DEA) is one of the most
important techniques to evaluate the relative efficiency
of decision-making units (DMUs) that produce similar
products in different quantities by consuming different
amounts of similar inputs (Podinovski & Bouzdine-
Chameeva, 2021). This method includes two different
models known as BCC and CCR. CCR model was
named after Charnes, Cooper, and Rhodes to measure
technical efficiency (TE). BCC was proposed by
Banker, Charnes, and Cooper who first introduced it.
The CCR model assumes constant returns to scale
(CRS) so that all observed production combinations can
be scaled up or down proportionally (Cullinane et al.
2004). BCC is based on the variable return to scale
(VRS) model further divides TE into pure technical
efficiency (PTE) and scale efficiency (SE) (Esfahani,
2022b). The overall form of DEA CCR is shown by Eq.
(1), (Zahedi-Seresht et al., 2021).
_Ztsil UrYro
Max= Zigl ViXio
&st:
Z:-luijd<1 (@

I ik

u,>0,v,>0
in which y,; represents the rth output of the jth DMU, x;
represents the ith input of the jth DMU, and u and v
represent the weight equivalent of the outputs and
inputs, respectively.

The BCC model, or Pure Technical Efficiency
(PTE), developed by Banker et al. (1984), divides TE
into PTE and SE. It is represented by Eq. (2) (Zheng &
Park, 2016):
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in which W is a sign-free variable representing the
return to scale of the jth unit. If W = 0, the unit is
working within the optimal scale; if W > 0, the unit has
a decreasing return to scale; and if W < 0, the unit has an
increasing return to scale.

SE is defined by TE and PTE as follows

(Bolandnazar et al., 2014):
TE

SE=-— €)

It has been reported that efficiency assessment
models in DEA cannot distinguish efficient DMUs
(Zamani et al., 2017). It has been shown that they only
divide DMUs into efficient and inefficient groups (Bian
& Xu, 2013). The lack of diagnosis in DEA is related to
the fact that DMUs are highly flexible in their weight
selection (Jahanshahloo et al., 2009). Researchers have
gradually presented new methods for the full ranking of
DMUs. Sexton et al. (1986) presented a cross-efficiency

matrix. They suggested using the set of weights of other

DMUs for determining the efficiency score instead of
weight assignment based on the information of the
DMUs themselves. The cross-efficiency of each DMU;
can be calculated by the optimal weights of DMUy, i.e.,
Eg, as Eq. (4) (Aparicio & Zofio, 2020).
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The cross-efficiency of the jth DMU can be
calculated by Eq. (5) (Tavana et al., 2021).

Ej=-35, Ey (5)

Cross-efficiency may not be capable of ranking all
efficient units due to the likelihood of giving multiple
optimal solutions (Najafi et al., 2020).

Anderson and Peterson (1993) introduced the super-
efficiency model for ranking DMUs. The super-
efficiency model refers to a modified DEA in which
enterprises can have efficiency scores greater than one
(Aydin et al., 2020). They excluded the DMU under
assessment from the production set and executed the
model for the remaining DMUs. The general form of

Anderson and Peterson’s (AP) model is as follows (Tran
etal., 2019):

minf,
st:
Zjl:l;jzo VinjSeoxio izlazr . 'nm (6)
r=1,2,...,s
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in which if 8 > 1, the DMU (O) is efficient; otherwise,
it is inefficient (Tone, 2001). The AP model may not be
feasible for DMUs whose input is zero. In addition, it
may not be able to precisely assess the DMUs whose
data are close to zero (Aghayi et al., 2018).

In the subsequent efforts to modify DEA, ideal and
anti-ideal virtual DMUs were introduced. An ideal
DMU is a virtual unit with maximum production and
minimum inputs. On the contrary, an anti-ideal DMU is
a unit that exhibits minimum production with maximum
inputs (Hatami et al., 2010). In this case, the efficiency
of the ideal DMUwas expressed by Eq. (7) (Wang &
Luo, 2006):

GIDMU=% (7

An ideal DMU should be able to gain the best
relative efficiency. Thus, the relative efficiency score of
an ideal DMU can be calculated by Eq. (8) (Wang &
Luo, 2006).

Maximize 6;, = Y31 UrYrj,

subject to XLy vixgj, =1,
Xr=1 ury]max - X Vi(91DMU’xlmin) =0,8)
Sy Wy — EI vy <0, = 1,0,
Uy, V; = & V7,10

After solving the above model, the best relative
efficiency of the jth unit is obtained by Eq. (9).

Maximize 6;, = Y31 UrYrj,
subject to X%, vix;j, =1,
Y51 w " = B vi(Oomu ™) = 0, ©)
Xr=1 WYrj— Ximg vixij 0,5 =1,..,m,
U, v > & V1, 1.
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For an anti-ideal DMU, too, the relative efficiency
shows the worst efficiency among the DMUs, which is
expressed as Eq. (10).

: i=1 ury;nin
Min ==
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Eq. (11) is used to determine the worst relative
efficiency of each DMU (Wang & Luo, 2006):
Minimize @;, = ¥7=1 UrYyj,
subject to Y%y vix;j, =1,
Yioq upy" = X1 vil@ipmu ™) = o(11)
Yot WYrj — X2 VX 20,/ =1,..,n,
Uy, V; = & V7,10

If ¢;, or 6, is equal to 1, the oth DMU will be
inefficient and efficient, respectively. Indeed, ¢;, and 6,
provide us with two distinctive assessments of the
performance of the oth DMU and may lead to different
conclusions. It is, therefore, necessary to consider these
two efficiency scores together. So, the multiple attribute
decision making (MADM) method can combine these
two indices to form a comprehensive index called
relative closeness (RC).

RC, = (p;o_‘p:\DMU

% (#5o=@hpmu)+ (Pipmu=0j,)

(12)

The index RC, represented by Eq. (12), gives us a
general assessment of each DMU. The greater
difference between @pmy and ¢j and the lower
difference between 6 and Opyy imply the better
performance of the oth DMU.

Aghayi et al. (2018) presented a ranking method
based on the distance to an ideal hyperplane. In this
case, the minimum distance of the DMU from the ideal
hyperplane obtained from Eq. (13) will be the basis of
ranking (Aghayi et al., 2018).

Min Zj-‘zl Y

s.t. Yio1 UrYyj — 2itq ViXgj +Sp =0, j = 1,..,m,
Yoo wys — X v =0, (13)

u.-=¢, r=1,..,s,

vize, i=1,..m

in which S; is the distance of the jth unit from the ideal
hyperplane. The lower the distance is, the higher the
rank of the DMU will be (Aghayi et al., 2018).

TOPSIS Technique

Given the limitations of the DEA-based ranking models,
it is preferred to use an ensemble of models to rank
DMUs. In other words, using multi-criteria techniques
can provide a more precise and comprehensive
assessment of DMUs. Indeed, a more comprehensive
image of each unit's status can be obtained by applying
multi-criteria assessment techniques as they integrate
the results of different ranking techniques. Technique
for Order Preference by Similarity to Ideal Solution
(TOPSIS) is a multi-criteria decision-making technique

that many researchers have integrated with DEA to rank
production units in different economic sectors (Bian &
Xu, 2013; Lotfi et al., 2011; Rakhshan, 2017;
Varatharajulu et al., 2021; Venkata Subbaiah et al.,
2014). The TOPSIS technique was introduced by
Hwang and Yoon (1981) for assessing the jth alternative
with » indices. In this method, the selected alternative
should have the lowest distance from the positive ideal
and the highest distance from the negative ideal (Jozi &
Majd, 2014).

In this method, the decision matrix, composed of m
DMUs and n criteria, is first converted to a normalized
dimensionless matrix using the Euclidean norm and Eq.
(14) (Singaravel & Selvaraj, 2015). x;; show the rank of
DMU; using DEA model j.

Ny = ——2

m 2
i1 X{j

j=12,..,n (14)

Then, the weight of each index is calculated. The
weight of each index (W)) can be obtained by the
entropy method using Eq. (15)-(18) (Dehdasht Id et al.,
2020; Zheng et al., 2018).

_ Xy
P = T4 (15)
E; = —kYP;jLn(P;;) (16)
d=1-E (17)
__4%
W= 2j-1d; (18)

After calculating the weight of each index and
building the weighted matrix [V;], the hypothetical
positive ideal and negative ideal alternatives are
calculated by Eq. (19) and (20), in which J* represents
the optimal criterion, so its higher values are more
optimal. In contrast, J represents the non-optimal
criterion so that its smaller values show more optimality
(Chen, 2021).

At = {MaXVij | (JeJt), (Minvij | ]51_)} =

WV e VD) (19)
A~ = {MinVj; | JeJ*), (MaxVj; | Je] )} =
Wi Vs V) (20)

The distance of each alternative to the positive and
negative ideal alternatives is obtained from Eq. (21) and
(22) (Behzadian et al., 2012).

d* = [X(A* — 4;)%°°
d~ = [Y(A™ — A4;)%]°°

2]
(22)

The closeness coefficient (CC) of each alternative is
calculated by Eq. 23, where the ratio of the ideal
solution to the ideal alternative is obtained. (Yoon &
Kim, 2017).

dj

The rank of alternatives will be obtained according
to the CC; in descending order, allowing relatively
better performances to be compared. According to the
value CC;, the higher the value of the closeness
coefficient, the higher the ranking order and hence the

better the performance of the alternatives (Rejab et al.,
2021).
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This study was conducted for different potato-
producing provinces of Iran. In this study, the ranks of
each DMU using different models of DEA were
considered as criteria and integrated by TOPSIS. The
data requirement of the research on the amount of input
use (water, nitrogen fertilizer, phosphate fertilizer,
potash fertilizer, manure, and pesticides) and yields in
the 2018-2019 crop year was supplied from the production
cost system. Data on the cultivation areas were collected
from the agricultural statistics books of the Ministry of
Agriculture Jahad. They were analyzed in MATLAB and
MS-Excel software packages.

RESULT AND DISCUSSION

Table 1 presents the amounts of production, gross profit,
and consumption rate of the inputs. The mean
production per ha of the potato farms is about 34 tons
with a standard deviation of about 7863 kg. The
maximum value is 50 t/ha and the minimum is 20 t/ha.

Based on the data of Table 2, the highest potato
cultivation areas are related to the Hamedan, Ardabil,
and Isfahan provinces, respectively. 11.21 percent of the
Hamedan irrigated farms are allocated to potato
production, which ranks first in the country. In this
respect, followed by Kurdistan and Ardabil provinces are
in the next rank, respectively (Table 2).

For in-depth analysis and achievement of interpretable
results, the models presented in the previous section were
run in two distinctive cases considering yield and gross
profit as the indices of production and profitability,
respectively.

The mean TE, PTE, and SE are lower when gross
profit is considered the output than when vyield is
considered the output (Table 3). In this respect, it should be
remembered that a yield increase will not necessarily lead
to more profitability, and it is necessary to consider
production costs in addition to revenue and increase
production up to the maximum point of producers’
profitability by considering input prices.

According to the ranking of the potato-producing
provinces using different models of DEA, including the
Cross-Efficiency (CE), Anderson-Peterson method (AP),
Relative Efficiency (RE), and Distance to Ideal Hyperplane
(DIH), it was observed that different techniques do not
provide similar rankings (Tables 4 and 5).

Najafi et al.,, (2020) ranked Provinces producing
sugar beet in Iran by different DEA models, and their
results were not the same. The use of different DEA
models by Shahnavazi (2017b) to rank the irrigated
crops in the Iranian agricultural sector did not yield the
same results. So it is necessary to integrate the results
by a multi-criteria technique to have a clearer image of
the ranking of the provinces. Accordingly, the TOPSIS
technique was employed to assess and rank the provinces
in this study (Table 6).

Based on the closeness coefficient (CC), when yield
is considered the output, the provinces of Mazandaran,
Qazvin, Kerman, West Azerbaijan, Markazi, and East
Azerbaijan are ranked first to fifth, respectively. Based
on gross profit, the TOPSIS technique shows that the
provinces of Mazandaran, Kerman, West Azerbaijan,
Qazvin, Chaharmahal and Bakhtiari are ranked first to
fifth, respectively (Table 6).

This study showed that the important potato-
producing provinces were not in a good position in
terms of efficiency. Similar results have been reported
in other studies. Amadeh et al. (2011) showed that
important industrial provinces did not gain a good rank
of provinces in terms of industry efficiency. Shahnavazi
(2017a) showed that the important onion-producing
provinces were not in a favorable position in the
efficiency ranking. Based on the results of this study
and studies that have been done in the past, it seems that
although there is an emphasis on increasing efficiency
in the upstream laws, in the implementation phase,
increasing production has a higher priority than
increasing efficiency.

Table 1. The descriptive statistics on yield and input consumption of potato farms in Iran

Mean Max Min Sd
Yield (kg /ha) 34110.35 50000.00 20000.00 7863.84
Gross profit (1000IRR/ha) 29494.77 112305.19 375.33 23617.20
Water price (1000IRR/ha) 3356.98 7365.38 721.15 1790.54
Seed (kg/ha) 3976.07 6845.10 1533.30 1031.05
Phosphate (kg/ha) 166.56 278.80 50.00 59.86
Nitrogen (kg/ha) 298.00 750.00 42.50 148.98
Potash (kg/ha) 98.56 233.30 0.00 64.99
Labour (day/ha) 28.51 71.40 5.80 15.27
Pesticides (kg/ha) 3.30 5.43 0.00 1.74
Land rent (1000IRR/ha) 6495.13 11013.38 1033.33 2623.50
Manure (ton/ha) 4.68 18.40 0.00 5.43
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Table 2. The descriptive statistics of potato cultivation areas in different provinces of Iran
Rank

Proportion of

Province Cultivation area Rank in area o in Proportion of
irrigated lands .
irrigated lands
Ardabil 21174 2 9.709% 3
Chaharmahal o
and Bakhtiari 5400 12 7.294% 5
East Azerbaijan 7709 7 3.776% 9
Fars 9539 5 1.542% 14
Golestan 6760 10 1.878% 12
Hamedan 21236 1 11.208%
Isfahan 16247 3 6.233% 7
Kerman 3800 15 3.073% 11
Kermanshah 6631 11 3.219% 10
Khuzestan 4495 13 0.463% 19
Kurdistan 9410 6 9.895% 2
Lorestan 6787 9 4.866% 8
Markazi 2586 16 1.616% 13
Mazandaran 1000 18 0.295% 20
Qazvin 380 21 0.259% 21
Razavi 4476 14 1.098% 16
Khorasan
Semnan 867 20 1.314% 15
South Kerman 11873 4 7.431% 4
Tehran 890 19 0.641% 17
West 1646 17 0.514% 18
Azerbaijan
Zanjan 7475 8 7.035% 6

Table 3. Technical Efficiency (TE), Pure Technical Efficiency (PTE) and Scale Efficiency (SE) of the potato-
producing provinces in Iran

Provi Considering yield as the output Considering Gross profit as the output
rovinee TE PTE SE TE PTE SE

Ardabil 1 1 1 1 1 1

Chaharmahal and Bakhtiari 1 1 1 0.048 1 0.048
East Azerbaijan 1 1 1 0.64 1 0.64
Fars 0.832 0.837 0.994 0.7 0.886 0.79
Golestan 0.851 0.879 0.968 0.196 0.873 0.224
Hamedan 0.848 0.861 0.985 0.706 0.876 0.806
Hormozgan 1 1 1 1 1 1

Isfahan 0.771 0.953 0.81 0.555 0.953 0.583
Kerman 1 1 1 1 1 1

Kermanshah 0.956 1 0.956 0.527 1 0.527
Khuzestan 1 1 1 0.871 1 0.871
Kurdistan 1 1 1 1 1 1

Lorestan 1 1 1 0.279 1 0.279
Markazi 1 1 1 0.356 0.958 0.372
North Khorasan 0.98 1 0.98 0.45 0.805 0.559
Razavi Khorasan 1 1 1 1 1 1

Semnan 0.93 0.933 0.997 0.395 0.848 0.465
South Kerman 1 1 1 0.747 1 0.747
Tehran 1 1 1 0.515 1 0.515
West Azerbaijan 0.809 1 0.809 0.622 1 0.622
Zanjan 1 1 1 1 1 1

Average 0.951 0.974 0.976 0.648 0.962 0.669

TE, PTE and SE represent Technical Efficiency, Pure echnical Efficiency and Scale Efficiency, respectively.
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Table 4. Ranking of potato-producing provinces considering yield as the output in Iran

Province RE Rank DIH Rank AP Rank CE Rank

East Azerbaijan 0.044 10 828.98 5 0.747 6 0.605 6
West Azerbaijan 0.082 1 859.27 6 0.608 4 0.644 4
Ardabil 0.052 6 878.50 7 1.236 17 0.457 14
Isfahan 0.050 8 1032.40 13 1.047 13 0.520 9
Tehran 0.046 9 817.99 4 1.298 18 0.362 20
South Kerman 0.030 19 1900.31 21 1.202 15 0.396 16
Chaharmahal and Bakhtiari 0.022 21 1243.93 19 0.767 7 0.569 7

Razavi Khorasan 0.026 20 1026.09 12 1.421 20 0.347 21
Khuzestan 0.055 3 1065.72 14 0.784 9 0.533 8

Zanjan 0.042 11 1127.98 16 1.228 16 0.435 15
Semnan 0.034 15 1212.59 17 1.437 21 0.388 17
Fars 0.039 13 1487.61 20 0.802 10 0.382 18
Qazvin 0.051 7 950.10 11 0.280 2 0.735 2

Kurdistan 0.038 14 1086.01 15 1.075 14 0.491 12
Kerman 0.042 12 887.65 8 0.342 3 0.470 13
Kermanshah 0.032 18 806.79 3 0.861 11 0.502 11
Golestan 0.034 17 1238.22 18 1.325 19 0.374 19
Lorestan 0.054 4 918.25 10 0.778 8 0.611 5

Mazandaran 0.053 5 304.52 1 0.000 1 0.766 1

Markazi 0.065 2 503.75 2 0.716 5 0.680 3

Hamedan 0.034 16 889.69 9 1.020 12 0.519 10

RE, DIH, AP and CE represent Relative efficiency, Distance to an ideal hyperplate, Super-efficiency and Cross-

efficiency respectively.

Table 5. Ranking of potato-producing provinces considering gross profit as the output in Iran

Province RE Rank DIH Rank AP Rank CE Rank
East Azerbaijan 0.002 5 2617.13 11 2.808 18 0.174 17
West Azerbaijan 0.002 3 2550.06 8 1.562 10 0.347 12
Ardabil 0.001 7 2286.09 5 1.609 12 0.417 10
Isfahan 0.001 12 2724.65 15 1.899 13 0.375 11
Tehran 0.001 16 1926.93 3 1.203 6 0.528 5
South Kerman 0.001 21 4652.80 21 1.429 9 0.440 8
Chaharmahal and Bakhtiari 0.001 18 2644.81 13 0.355 4 0.858 1
Razavi Khorasan 0.001 17 2571.31 10 2.357 16 0.268 14
Khuzestan 0.001 10 2663.00 14 1.564 11 0.445 7
Zanjan 0.001 13 3017.60 17 1.417 8 0.418 9
Semnan 0.001 6 3353.07 19 20.871 21 0.028 21
Fars 0.002 2 3885.14 20 3.730 19 0.111 19
Qazvin 0.001 20 2380.07 7 0.216 0.775 2
Kurdistan 0.001 11 3014.40 16 2.533 17 0.257 15
Kerman 0.001 9 2178.11 4 0.005 2 0.661 4
Kermanshah 0.001 15 2376.58 6 1.961 14 0.245 16
Golestan 0.002 4 3335.55 18 5.104 20 0.103 20
Lorestan 0.001 8 2626.66 12 1.339 7 0.461 6
Mazandaran 0.007 1 1123.82 1 0.000 1 0.113 18
Markazi 0.001 19 1420.11 2 0.804 5 0.685 3
Hamedan 0.001 14 2562.75 9 2.224 15 0.314 13

RE, DIH, AP and CE represent Relative efficiency, Distance to an ideal hyperplate, Super-efficiency and Cross-

efficiency, respectively

When the provinces are ranked based on gross profit
versus yield, the results show that the provinces of East
Azerbaijan, Fars, Kermanshah and Hamedan need more
improvement than the other provinces. Farmers in these
provinces seem to care more about increasing production
than profit. These results imply a better orientation of their
policies and programs toward increasing production in
these regions.

Also, Ardabil, South Kerman, Tehran and Zanjan
provinces had the highest improvement in terms of gross
profit relative to yield efficiency. This shows that cost
management in these provinces is better than in other
provinces.

The Spearman correlation (Winter et al., 2016) was
used in the current study to analyze the relation between
potato-producing provinces' rank in terms of gross profit
and yield efficiency. The analysis showed that the yield
and gross profit efficiency ranks negatively related to seed,
K-fertilizer, and pesticide (Table 7). So management of
conception of these inputs is necessary for increasing the
efficiency rank. For this purpose, the use of biofertilizers,
as well as biological control and integrated pest
management, are recommended.
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Table 6. The closeness coefficient (CC) and ranking of each potato-producing provincesin Iran

Considering yield as

Considering Gross

Province the output profit as the output
CC Rank CcC Rank

East Azerbaijan 0.502 6 0.745 15
West Azerbaijan 0.621 4 0.787 3
Ardabil 0.293 15 0.769 7
Isfahan 0.342 13 0.755 12
Tehran 0.275 16 0.764 10
South Kerman 0.144 21 0.753 13
Chaharmahal and Bakhtiari 0.422 10 0.774 5
Razavi Khorasan 0.194 18 0.736 19
Khuzestan 0.473 8 0.766 9
Zanjan 0.242 17 0.762 11
Semnan 0.165 20 0.034 21
Fars 0.396 11 0.736 18
Qazvin 0.728 2 0.774 4
Kurdistan 0.304 14 0.740 17
Kerman 0.682 3 0.791 2
Kermanshah 0.429 9 0.746 14
Golestan 0.179 19 0.679 20
Lorestan 0.493 7 0.774 6
Mazandaran 0.868 1 0.909 1
Markazi 0.578 5 0.768 8
Hamedan 0.350 12 0.742 16

CC : Closeness Coefficient, The higher value of the CC, the higher ranking

Table 7. The correlation between inputs and efficiency in terms of yield and gross profit in potato-producing provinces of Iran

P- N- K- .. Land
Input Water Seed fortilizer  fertilizer  fertilizer Labor  Pesticide rent Manure
Yield efficiency  -0.186 iggﬁ -0.194 -0.277 -0.521 (8?22 -0.522 -0.186 -0.093
(0.420) ')* (0.401) (0.225) (0.015) ') (0.015)"  (0.420)  (0.690)
Profit efficiency  -0.132  -0.501 -0.308 -0.280 -0.483 -0.254 -0.659 0.021 0.009
(0.568)  (0.02)" (0.174) (0.218)  (0.026)" (0.27) (0.001)" (0.926) (0.968)

** and *. Significant in statistic level of 1% (P < 1%) and 5% (P < 5%).

CONCLUSIONS

Policymakers have always considered increasing potato
production, especially in developing countries, due to its
significance in households’ food baskets and its role in
creating employment and alleviating poverty. The Sixth
Development Action Plan of Iran has required the
government to increase potato production to at least 5596
thousand tons. Any plan and policy for production increase
should consider efficiency enhancement and optimal use of
resources. Accordingly, the knowledge of the status of
different  potato-producing  regions can  provide
policymakers with useful information. Given the limitation
of DEA in ranking producing units, various models have
been suggested to improve it, each with its limitations. So
far, no consensus has happened in authentic scientific
resources for introducing a certain model as the best
method of DMU ranking. Therefore, it seems more
appropriate to use an ensemble of methods and integrate
their results to provide a general assessment of DMU
rankings.

This research integrated the results of different DEA
ranking models using the TOPSIS technique. To gain more
practical results and better interpretation, gross profit was
also considered in efficiency estimation and yield. The

results of ranking potato-producing provinces reveal that
the provinces of Hamedan, Ardabil, Isfahan, South
Kerman, Fars, and Kurdistan, which account for over half
of the potato production in Iran, are not ranked high in
efficiency. Hamedan is ranked 12", Ardabil 15", Isfahan
13" South Kerman 21", Fars " and Kurdistan 14*. Based
on the results, higher production levels and yield will not
necessarily lead to higher efficiency. This is consistent with
similar studies (Graubner & Ostapchuk, 2018; Malana &
Malano, 2006; Shahnavazi, 2017a; Shahnavazi, 2020). On
the other hand, the lower ranks of the main potato-
producing provinces show that there is a high potential for
increasing potato production by enhancing production
efficiency.

South Kerman, Fars, Ardabil, and Zanjan provinces,
which are in a good rank in terms of area under cultivation,
exhibited the highest improvement in their ranks when they
were ranked by yield than when they were ranked by gross
profit. One important factor underpinning production
increase is to make crop cultivation attractive by increasing
its profitability, which will increase cultivation area and
production in the long run. Among potato-producing
provinces, Mazandaran, Kerman and West Azerbaijan
were ranked higher in efficiency regardless of whether the
yield was the output or gross profit. This means that inputs
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in this province have been optimally applied to increase
yield and profitability considering production costs.
Furthermore, higher mean TE of yield than the mean TE of
profit means that producers care more about increasing
production as an objective output. The experience of These
provinces in optimally using production inputs and
simultaneously considering both yield and profitability
can be used by other provinces. Accordingly, it can be
noted that the increase in yield is regarded as an
increase in profit in most parts of Iran. In contrast, gross
profit is the yield of revenue minus costs, while the
increase in yield will only increase revenue. However,
to achieve the maximum profit, sound management of
costs is as important as yield increment.

According to the correlation between efficiency and
seed, P-fertilizer, and pesticide, the use of biofertilizers,
as well as biological control and integrated pest
management, are recommended for improvement of
efficiency of potato producing provinces.
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