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Introduction

The relationship between economic development and the environment is known as one of the most important
issues facing societies. If in the context of sustainable development, economic and environmental activities are
considered together, the environment and economic development are two complementary factors and, as a result,
it will lead to ecological balance. In this case, economic activities will not disturb this balance. Presently, the
imperative of safeguarding the environment and attaining sustainable development has ascended to a prominent
position on the agendas of diverse societies, Iran included. This commitment is underscored by the execution of
comprehensive economic, social, and cultural initiatives aimed at fostering long-term ecological resilience and
balanced societal progress. Therefore, to preserve the environment and meet the goals of sustainable development,
as well as to guide and rationally manage plans and projects, especially in the agricultural sector, serious measures
should be taken. Therefore, this study was carried out to evaluate the operational, environmental, and eco-
efficiency of the major agricultural products of the irrigation and drainage networks of Gotvand.

The irrigation and drainage network of Gotvand is located in the southwest of Iran in Khuzestan province. This
network is designed to irrigate lands located in three regions of Gotvand, Aghili, and Dimcheh, enclosed between
two rivers, Karun and Lor. According to the official statistics of government organizations, the consumption of
fertilizers and chemical poisons in the lands covered by this network is 3.6 times the average limit in Iran. The
excess irrigation water in this network is returned to the rivers by the built-in drains and causes water pollution
downstream of the network. Therefore, considering that environmental protection is one of the most important
aspects of sustainable development, it is very important to investigate the effects of the use of pesticides and
chemical fertilizers in agriculture and to introduce solutions to improve the efficiency of the environment in the
study area.

Materials and Methods

Eco-efficiency includes operational and environmental impacts, which are presented as the ratio of the
weighted sum of outputs to the weighted sum of inputs (operational inputs + environmental inputs). However,
since agricultural activities are carried out in uncertain environmental conditions, there is uncertainty regarding
inputs and outputs. The uncertainty in some of the effective input and output parameters in the ranking of networks,
and as a result, the inaccuracy of the model calculation results, and the need to pay attention to the use of
uncertainty models, make it more obvious. Therefore, in the present study, to include the conditions of uncertainty
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and risk, the robust data envelopment analysis (RDEA) model was used, which is one of the most powerful and
useful models in conditions of uncertainty. The required data were collected by completing a questionnaire of the
Gotvand, Aghili, and Dimche regions using a simple random sampling method in 2019.

Results and Discussion

The alfalfa producers in the Gotvand region assigned the highest environmental and Eco-efficiency by
obtaining points in the range of 81 to 89 percent and 90 to 96 percent, respectively. The rice crop in the Aghili
region had the highest types of operational efficiency based on different levels of deviation probability in the range
of 77-87%, environmental efficiency in the range of 80-90%, and environmental-economic efficiency in the range
of 87-95%. Dimanche sugarcane region has the highest average of efficiency types for different levels of deviation
probability by obtaining points in the range of 78 to 90, 80 to 89, and 87 to 95 respectively for operational,
environmental, and Eco-efficiency. Comparing the results of technical efficiency with environmental efficiency
shows the lack of attention and skill of farmers in the correct and optimal use of production inputs. Therefore, it is
necessary to hold educational and promotional classes to empower farmers to improve production methods and
optimal consumption of inputs to improve farmers' income and increase their profits. Given that a substantial
portion of energy consumption within the agricultural sector is attributed to fuels and diesel, optimizing energy
usage and promoting the adoption of newer, less polluting energy sources emerge as crucial imperatives.
Enhancing environmental efficiency in this context involves a strategic focus on reducing reliance on traditional,
environmentally taxing energy forms in favor of more sustainable alternatives.

Conclusion

The average operating efficiency in all different probability levels for the studied products in Goutvand , Aghili,
and Dimche areas, except for beans in the Gatund area, was estimated to be lower than the average environmental
efficiency. This shows the lack of ability and skill of farmers to produce a certain product with the lowest amount
of input, while the farmers of these areas pay great attention and care to environmental issues.

Keywords: Khuzestan, Operational efficiency, Robust data envelopment analysis, Undesirable output,
Undesirable input
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Table 1- Analysis of input variables in measuring environmental-economic efficiency

gRe ‘LJ w1 u:.wLo s Koy (S L;LMJL@
Labor, machinery, water, seeds Traditional inputs Slles o)
oSl g5l ( Jpd e gm l5e6550 (slmonlys Operational efficiency
Diesel fuel, electrical energy Energy inputs
Sland (19545 ol 35
Potash, nitrogen, phosphate Fertilizer
Sz (iSe i ¢ S ale pgems
Herbicide, insecticide, fungicide Pesticides

CO2 ;5 ,lawl
CO; emissions

sl )8
Environmental efficiency

(dlm'l}clf dhb)'lf (orilano )LJ:.IJI) ;,91]@:13 9>

Undesirable output (direct emission of greenhouse gases)

S5 claaisl :isle
Source: Research findings
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Table 2- Statistical description of study variables in the Goutvand region
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w
g Sl 28698 0.1 098 097 424 29 29 129 2838 40 83 51 18274
Alfalfa Max
Jslas 20249 0 0 0 74 6 6 50 0 10 33 19 7590
Min
Sobe 24297 0.05 0.44 055 241 17 17 90 1199 24 58 36 12793
Average
e Gilpal 2602 0.03 0.3 027 112 7 7 23 998 9 16 10 3233
Standard
deviation
Ly Sl 17755 0 0.01 0 202 305 0 120 4824 50 50 48 9540
Beans Max
Jslas 11025 0 0 0 95 127 0 41 0 10 25 30 6337
Min
Sobe 14416 0 0.004 0 147 214 0 81 2537 31 38 40 7946
Average
Shee Gl 1982 0 0.002 0 33 56 0 24 1304 13 8 5 1036
Standard
deviation
Msl, Sl 21523 0.1 0.01 0 78 41 82 90 2783 40 39 46 7918
Beans Max
Jolas 15097 0.005 0 0 42 12 12 40 0 10 19 19 7924
Min
oSbe 18218 0.05 0.005 0 60 26 50 64 1179 25 29 28 4589
Average
e Gilpal 1840 0.03 0.003 0 11 9 22 16 964 9 6 6 6158
Standard
deviation
e Sl 41669 2 2 2 138 586 12 121 4838 80 31 48 9467
Rice Max
Jslas 26294 0 0 0.01 77 287 5 41 0 20 16 12 6771
Min
oSlbe 34192 0.053 0.68 1 108 443 9 81 2652 49 24 29 8114
Average
e Gl 4587 0.62 0.67 0.6 19 85 2 22 1178 17 5 11 768
Standard
deviation
Sl o Sl 45766 0.1 0.01 1 205 444 82 30 4838 120 39 39 11492
Vegetale Max
Jslas 33033 0.001 0 0 96 253 44 10 0 50 19 19 7264
Min
oSlbe 39685 0.05 0.005 0.59 150 355 63 20 2584 89 29 30 9191
Average
e Gl 3745 0.03 0.003 0/50 31 50 12 6 1407 21 6 6 1320
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deviation
pus Sl 32729 0.5 0.99 2 138 588 12 121 3637 196 19 38 5461
Wheat Max
Jslas 19012 0.01 0 0.01 76 288 5 67 979 47 6 21 3774
Min
nSibe 25995 0.26 049 091 109 452 8 93 2319 126 12 29 4643
Average
e Gl sl 4111 014 029 057 17 85 2 16 802 47 4 5 488
Standard
deviation
350 slaaisly sisle
Source: Research findings
(slde alaio ;0 axlllae (G ko (5 jlof mogi —Y Jgu
Table 3- Statistical description of study variables in the Aghili region
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=y Sl 41767 2 2 2 138 586 12 121 4820 79 31 48 9476
Rice Max
Jolas 26028 0 0 0/1 76 290 5 41 0 20 16 12 6775
Min
Sobe 33717 0.62 0.67 1 108 444 9 86 2649 49 24 29 8035
Average
Jbee il 4833 062 067  0/58 18 87 2 22 1360 17 4 10 822
Standard
deviation
oy s #Shs 45585 0.1 0.01 11 203 443 82 30 4864 120 39 39 11531
Vegetable  Max
Jsls 32085 0.001 0 0 95 251 43 10 0 50 19 19 7286
Min
oSk 39374 005 0005 047 149 347 62 20 2740 83 29 29 9421
Average
Jbee Gilesl 3519 0.03 0.003 05 31 57 12 6 1398 19 6 6 1221
Standard
deviation
pus Sl 32680 049 1 2 138 587 12 121 3639 198 19 38 5439
Wheat Max
Jolas 19035 0 0.01 0.02 76 287 5 68 1013 46 6 21 3770
Min
oSk 25895 024 049 1 109 448 7 95 2299 122 13 30 4560
Average
Slse il 3779  0.13 0.28 0.58 18 87.9 2.3 15 748 47 47 5 506
Standard
deviation
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Source: Research findings
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Table 4- Statistical description of study variables in the Dimche region
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Product
8,lo!
Statistics
CO; gas (kg)
oS E B
Fungicide (liter)
OS50 g
Insecticide (liter)
oSl
Herbicide (liter)

Oj9r

Olowd
Phosphate (kg)

ilo

Nitrogen (kg)
)
potassium (kg)
FrY
Seeds (kg)

MR

5> Cegw

Diesel fuel (liters)

S 55

Electric energy (kwh)
Electric energy (kWh)

PLTIYS
Labor (people)
Machinery (hours)

ol
Water (cubic meter)

& Sl 48662 1 1 0.96 150
Maize Max
Jslas 20066
Min
ke
Average
Byl
e
Standard
deviation

0.004 0.01 0.03 72

33862 0.49 0.46 0.5 108

8189 0.27 0.3 0.29 24

80 12 200

N
[0}
@
=
[0}
©
ol
o

109

21 5 81 0 10 32 30

51 8 135 1219 45 42 69

17 2 33 989 23 6 24

18443

7447

12677

33921

S Sl 95557 2 1 4 891
Sugar Max
cane
Jslas 33012 0.01 0.01 0.04 98
Min
ke
Average
8yl
Slme
Standard
deviation

62211 1 0.52 2 498

17019 0.58 0.29 0.96 235

700 82 30 4860 120 39 80

251 43 10 0 50 19 19

479 62 20 2563 83 28 48

136 12 6 1316 21 6 18

11511

7334

9488

1283

o5 sl 62594 049 0.99 2 138

Wheat Max
Jalas 29015 0.01 0 0.05 76
Min
oke
Average
8yl
Sze
Standard
deviation

47222 0.24 0.46 1 107

10185 0.14 0.29 0.58 18

588 12 121 3646 196 19 38

288 5 67 1035 46 6 21

437 8 95 2301 106 13 30

91 2 17 804 45 4 6

5479

3768

4646

497

suios sbaaisl, 15l
Source: Research findings
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Table 5- The results of estimating the average efficiency of products in the Goutvand Region

&1, Elgil Byl Jlosin! z glan P=1  P=08 P=05 P=01
Deviation probability levels of efficiency types

d5g

Maize
Slles oS 0.86 0.76 0.74 0.73
Operational efficiency

s jlae )l
Environmental efficiency
ool — g lacse 0.96 0.91 0.91 0.90
Environmental-economic efficiency

0.89 0.83 0.82 0.81

Ly
Beans
Slles ol 0.63 0.6 0.58 0.57
Operational efficiency
el 0.59 0.53 0.52 0.51
Environmental efficiency
ool — g jlame LS 0.65 0.61 0.61 0.6
Environmental-economic efficiency
ML
Beans
Slles Sl 0.83 0.78 0.75 0.74

Operational efficiency
s slae o8
Environmental efficiency
ookl — g jlams LS 0.91 0.86 0.86 0.85
Environmental-economic efficiency

0.86 0.81 0.79 0.78

&r

Rice
Slhles 0.86 0.79 0.76 0.75
Operational efficiency

s jlme ol
Environmental efficiency
ooladl = _tugjlame S 0.95 0.90 0.89 0.88
Environmental-economic efficiency

0.87 0.8 0.78 0.77

b je
Vegetables
Shlee Ll 0.84 0.76 0.74 0.72
Operational efficiency
sl S 0.85 0.76 0.75 0.73
Environmental efficiency
bl — g lases K 0.91 0.83 0.82 0.81
Environmental-economic efficiency
pais
Wheat
Slles Sl 0.78 0.71 0.68 0.67
Operational efficiency
i jlae oS 0.83 0.77 0.75 0.73
Environmental efficiency
coobatdl — s lame S 0.88 0.81 0.8 0.79

Environmental-economic efficiency

suis sbaaisl, 1L
Source: Research findings
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Table 6- The results of estimating the average efficiency of types of products under the study of the Aghili Region

2y gl Bl il Jlois] g glaw P=1 P=08 P=05 P=0.1
Deviation probability levels of efficiency
types
Slhlee Shls gy 0.87 0.80 0.78 0.77
Operational efficiency Rice
i jlae 090 0.83 0.81 0.80
Environmental efficiency
olal = ugjhame S 095 0.89 0.80 0.87
Environmental-economic efficiency
Vegetables
Slhles S5 0.86 0.78 0.75 0.74
Operational efficiency
il oL 0.88 0.81 0.79 0.78
Environmental efficiency
ol = _tujlame ol 094 0.87 0.87 0.86
Environmental-economic efficiency
puS
Wheat

Slhles o)
Operational efficiency
e jlae )8
Environmental efficiency
dlaidl = Lt jlasce o)
Environmental-economic efficiency

079 071 0.69 0.67

081 0.73 0.71 0.70

086 0.79 0.78 0.77

Source: Research findings
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Table 7- The results of estimating the average efficiency of different types of products under the study of the Dimche region

2y gl Bl ol Jlois] 7 glaw
Deviation probability levels of
efficiency types

P=1 P=08 P=05 P=01

Slles LK
Operational efficiency
s jlme )8
Environmental efficiency
Environmental-economic
efficiency
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