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Abstract

The agricultural sector in Iran is based on exploitation systems, so analyzing the efficiency of these

systems is of particular importance. In the present study, 10 active exploitation systems in Khuzestan during
the cropping seasons spanning from 2015 to 2022 are evaluated using the windowed data envelopment
analysis (DEA) method. DEA window analysis is based on a dynamic perspective, regarding the
same decision-making unit (DMU) in different periods of time as entirely different DMUs. The findings
indicate that during the agricultural seasons of 2015 to 2022, the Nahieh Shomal exploitation system
achieved the highest average efficiency, recording a value of 0.971. The exploitation system of Mehr
Omidgaran Qaleh Madreseh exhibited the lowest average efficiency at 0.423. In addition, the
results showed a consistent decrease in the average efficiency of the Ferdos and Keshtgaran exploitation
systems each year.

Introduction

Iran is one of the direst areas in the world, and its water deficiency is considered the main obstacle to
agricultural development. Khozestan province is located in the southwest of Iran. 33% of the total surface
water resources of the country flow in this province from the Karun, Dez, Karkheh, Jarahi, and Hendijan
rivers. In this province, 445000 hectares of major irrigation and drainage network and 338000 of
subnetwork are operated and managed by a variety of exploitation systems. So Management processes
study of water resources in khozestan province is so significant to utilize the optimal of resources and
prevent the waste of them.

Methods
Data Envelopment Analysis (DEA) is a management tool employed to estimate the efficiency of number
of decision making units (DMU’s). DEA can be used to calculate the efficiency measures, and has a wide
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applicability in various service and industry sectors. The first model in DEA was presented in the CCR
paper (after Charnes, Cooper and Rhodes1978) to produce the efficiency of DMUs under constant returns
to scale (CRS) assumption. Subsequently, Banker et al. (1984) proposed a variable returns to scale version
of the CCR model which was named BCC model. Since in real situations, variable returns to scale is more
flexible, so in this study, the BCC model is used. Suppose there is a set of n peer DMUSs, {DMUj tj=1K ,n}

each using m inputs to produce s outputs and also assume X: =(X;:,Xq e X ' be

the input and output vectors for DMU;, respectively, such that Xj2 o,xj #0 and yj > O,yj # 0. The input-

oriented and output-oriented BCC models evaluate the efficiency of DMUj by solving the following linear
programs respectively:
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The choice of input- or output-oriented models depends upon the production process characterizing the
firm (i.e. minimize the use of inputs to produce a given level of output or maximize the level of output
given levels of the inputs). DEA window analysis is based on a dynamic perspective, regarding the same
DMU in different periods of time as entirely different DMUs (Charnes et al. (1985)). The benefit of this
method is to describe the dynamic change of the efficiency of each DMU comprehensively, both
horizontally and vertically. More importantly, the number of DMU is increased in this method; hence, it
enhances the discriminating power by increasing the number of DMUs when a limited number of DMUs is
available. Consider asetof N (n =1,2,..,N)DMUs in T(t =1,2,...,T) period of time. Every DMU has m

kinds of input and s kinds of output. Let DMU{1 denotes the level of input or output for DMU n in t period

of time, then input vector x?and output  vector ytnwill be presented as:

Xy :(xft,xgt,...,x”mt)-r,y? =(yft,y2t,...,y2t)T Consider the window starts at the time point of

k(1<k <T), and the window width isw(1< k <T —Kk), then input X, and output Y, of each window
kw will be presented as:
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The input-oriented BCC model of DEA window problem for DMUF is given by solving the following
linear program:
0 =min®
n _
st X ASOxg, t=1K,T
YMNXZy?, t=1K,T ©)

er=1
A>0
Where A = (7”1'7‘2""'7‘N) ande=(11,...,2).. And the output-oriented BCC model is as follows:

¢ =maxg
s.t. kax3xQ, t=1K ,T
YMNKZQy?, t=1K ,T (4)

er=1
A>0
Results

After analyzing 180 models, the derived values concerning the average efficiency of each window and
the yearly averages serve as the metrics for evaluating the efficacy of 10 active exploitation systems of
Khuzestan during the cropping seasons spanning from 2015 to 2022.

The average window efficiency values for each operational system throughout the assessment period serve
as the foundation for analyzing and evaluating system performance.

The findings indicate that during the agricultural seasons of 2015 to 2022, the exploitation system of Nahieh
Shomal achieved the highest average efficiency, recording a value of 0.971. The exploitation system of
Mehr Omidgaran Qaleh Madreseh, exhibited the lowest average efficiency at 0.423.

Examining the annual average efficiency reveals that only the exploitation system of Nahieh Shomal
attained full efficiency in 2018. Conversely, the exploitation system of Mehr Omidgaran of Qaleh Madreseh
in 2017 registered the lowest average efficiency at 0.370. The highest and lowest average efficiency values
for each year for Karkheh & Shavoor exploitation system were 0.960 and 0.723, respectively. For the Goor
sephid exploitation system, these values were 0.973 and 0.740, and for the Karoon Bozorg exploitation
system, they were 0.963 and 0.740.

Results showed a consistent decrease in the average efficiency of Ferdos and Keshtgaran exploitation
systems each year. This decline can be attributed to factors such as inadequate production efficiency,
delayed agricultural water supply, improper irrigation cycles, and network inefficiencies.

Conclusion
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The primary factor contributing to the lowest average efficiency in production cooperatives' exploitation
systems is their reliance on government support and a government-oriented structure.
The substantial disparity between the highest and the lowest average efficiencies of these systems each year
underscores an imbalance in resource allocation, such as annual budget distribution, for exploitation,
maintenance, and repairs of irrigation networks.
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Table 1- Selected water exploitation systems of Khozestan Province for efficiency evaluation

Exploitation system's Exploitation system's
type name

Cities of area activity

Agricultural water Zohreh & Jarrahi
exploitation systems of Nahieh Shomal
exploitation companies Maroon

of irrigation and Karoon Bozorg
drainage networks Karkheh & Shavoor

Ramhormoz,Hendigan,Ramshir,omidieh&Shadegan
Dezfol,Shosh,Andimeshk&Karkheh Shomal
Behbahan&Gayzan
Shoshtar,Gotvand,Miyanab&Shomal Shargh Ahvaz
Dasht Azadegan,Hovyzeh,Markazi Ahvaz, Karkheh,

Abadan&Khoramshahr
Agricultural water Goor sephid Dezfol
exploitation systems of Ferdos Dasht Azadegan
production cooperatives Keshtgaran Ramshir
Tadbir&Omid Shoshtar
Mehr Omidgaran Behbahan

Ghaleh Madreseh




DOI: 10.22055/jise.2024.46611.2123

O

...6[.&5}‘) 6‘:“&}{' J.:l’d' Dﬂ)l{ *or :6jla.:>3) ?JA\

PR S ST Sasls 31 (618 30 5@ SRS 4 (S5 9Lis™ OT (8318 o 4 P o o3Il =Y oo

Slo yxis (SWodld hbg s 9y 3 odlaiel b IFAE-1E+) Sy Sl
Table 2-Efficiency measurement of Agricultural water exploitation systems of exploitation
companies of irrigation and drainage networks during 2015-2022 using DEA windows

Zohreh & Jarrahi

Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Av. Eff. Per year

Nahieh Shomal

Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Av. Eff. Per year

Maroon

Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Av. Eff. Per year

Karoon Bozorg

Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Av. Eff. Per year

Karkheh &
Shavoor
Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Av. Eff. Per year

1394 1395

0.67 0.61

0.64

0.670 0.625

1394 1395

0.98 0.92

0.94

0.980 0.930
1394 1395
0.75 0.70
0.71

1396
0.70

0.78
0.73

0.736
1396
1.00

0.98
0.96

0.980
1396
0.73

0.77
0.78

1396
0.90

0.99
1.00

0.963
1396
0.72

0.71
0.74

1397 1398 1399 1400 1401
0.85
0.78 0.66
083 077 074
0.66 083 0.74
089 079 0.78
0.820 0.696 0.820 0.765 0.780
1397 1398 1399 1400 1401
1.00
1.00 1.00
1.00 099 097
1.00 091 1.00
090 099 0.95
1.000 0.996 0.926 0.995 0.950
1397 1398 1399 1400 1401
0.69
0.74 0.72
071 079 0.78
081 078 0.77
075 077 0.77
0.750 0.705 0.760 0.713 0.773 0.770 0.770 0.770
1394 1395 1397 1398 1399 1400 1401
091 0.86
0.89 0.84
0.81 0.90
081 100 0.86
090 082 0.74
089 0.76 0.74
0.910 0.875 0.820 0.933 0.856 0.750 0.740
1394 1395 1397 1398 1399 1400 1401
079  0.69
0.68 0.82
0.86 0.83
0.80 080 0097
084 088 095
0.83  0.97 0.88
0.790 0.685 0.826 0.823 0.893 0.960 0.880

0.723

Av. Eff. per
window
0.660
0.756
0.723
0.780
0.743
0.820
0.747

Av. Eff. per
window
0.966
0.973
0.986
0.986
0.970
0.946
0.971

Av. Eff. per
window
0.726
0.723
0.746
0.760
0.786
0.763
0.750

Av. Eff. per
window
0.890
0.906
0.903
0.890
0.820
0.796
0.867

Av. Eff. per
window
0.733
0.736
0.810
0.856
0.890
0.893
0.819
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Table 3- DEA windows analysis for efficiency of Agricultural water exploitation systems of
production cooperatives during 2015-2022

Goor sephid

Window 1
Window 2
Window 3
Window 4
Window 5
Window 6

Av. Eff. Per year

Ferdos

Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Av. Eff. Per year

Keshtgaran

Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Av. Eff. Per year

Tadbir&Omid

Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Av. Eff. Per year

Mehr Omidgaran
Ghaleh Madreseh

Window 1
Window 2
Window 3
Window 4
Window 5
Window 6
Av. Eff. Per year

1394

0.74

0.740

1394

0.72

0.720

1394

0.73

0.730

1394

0.84

0.840

1394

0.42

0.420

1395 1396 1397
0.79  0.79
070 081 088
081 0.85
0.88
0.745 0.803 0.870
1395 1396 1397
0.68 0.65
068 071 0.65
0.67 0.66
0.64
0.685 0.673 0.653
1395 1396 1397
0.73 0.69
071 068 0.69
0.68 0.66
0.62
0.720 0.683 0.656
1395 1396 1397
0.88  0.87
089 084 090
0.84 0.89
0.92
0.885 0.850 0.903
1395 1396 1397
049  0.39
048 035 045
0.37 0.46
0.46
0.485 0.370 0.456

1398 1399 1400
0.93
0.89  0.97
0.89 1.00 0.99
0.95 0.90
0.903 0.973 0.945
1398 1399 1400
0.61
0.60 0.64
0.61 059 0.60
0,58 0.58
0.606 0.603 0.590
1398 1399 1400
0.60
0.64 0.59
061 058 055
058 0.57
0.616 0.583 0.560
1398 1399 1400
0.81
0.80 0.77
078 078 0.82
0.77 079
0.796 0.773 0.805
1398 1399 1400
0.41
045 040
044 042 043
040 0.39
0.433 0.406 0.410

1401

0.92
0.920

1401

0.59
0.590

1401

0.55
0.550

1401

0.75
0.750

1401

0.41
0.410

Av. Eff. per
window
0.773
0.796
0.863
0.913
0.960
0.923
0.871

Av. Eff. per
window
0.683
0.680
0.646
0.626
0.600
0.590
0.637

Av. Eff. per
window
0.716
0.693
0.646
0.616
0.580
0.566
0.636

Av. Eff. per
window
0.863
0.876
0.846
0.830
0.793
0.770
0.829

Av. Eff. per
window

0.433
0.426
0.413
0.436
0.430
0.400
0.423
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