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Abstract

Introduction: Considering the essential role of the agricultural sector in Iran's economy, it is very
important to investigate and identify optimal production methods from an economic point of view.
The purpose of this study is to calculate the economic indicators of sugar beet production, using the
Data Envelopment Analysis (DEA) method to identify the efficient units, and use of the Adaptive
Neuro-Fuzzy Inference System (ANFIS) to predict the benefit-cost index based on the input
consumption in Hamedan province.

Materials and Methods: The required information including data related to labor, machinery,
diesel fuel, electricity, seeds, chemicals, farmyard manure, chemical fertilizers, and irrigation water
were collected from 88 farmers of Hamedan province, Iran. The indices of gross revenue, net
income, gross income, economical productivity and benefit-cost ratio were calculated using
information obtained from farmers. Then technical, pure technical, scale and cross efficiencies
were calculated using CCR and BCC models. The benefit-to-cost ratio was considered as the
economic index criterion in modeling with ANFIS. In this modeling, value of various inputs used
for sugar beet production were selected as input variables. Various membership functions such as
Triangular, Trapezoidal, Gaussian, Logarithmic and Gbell functions were tested. Also, different
configurations were examined to provide the best configuration that predicts the model. In order to
measure the accuracy of ANFIS models for estimating the observed values some quality
parameters including the coefficient of determination (R®), root mean square error (RMSE) the
mean relative error (RME) between the observed and the predicted values were applied to evaluate
the performance of different models with different configurations.

Results and Discussion: Variable costs account for 84% and fixed costs account for 16% of the
total costs of sugar beet production. Cost of labor, water consumption, and land rent have the
largest share of costs among all fixed and variable costs. The indexes of gross income, net income
and benefit-cost ratio were obtained as 1188.99 $ha™, 694.28 $ha™ and 1.34, respectively .
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The results of data envelopment analysis showed that 19 and 55 farmers were technically and pure
technically efficient, respectively. In other words, the farmers who are identified with the BCC
model are more efficient than the farmers who are identified with the CCR model. Average
technical efficiency, net technical efficiency, and scale efficiency were obtained as 0.73, 0.94 and
0.77, respectively.

Data envelopment analysis indicates that farmers should focus on increasing the degree of
mechanization of production by reducing the cost of human labor. The saving percentage of total
input costs in the CCR model is higher than that of the BCC model. By optimization of input
consumption in sugar beet farming, the production cost can be decreased by 51.64% in the CCR
model and by 28.27% in the BCC model. To predict the economic performance using inputs in
sugar beet production, the three-layer arrangement with seven parameters obtained the best results.
The modeled ANFIS is able to predict economic performance values with R? of 0.96. This
prediction is acceptable due to its high coefficient of determination and can be used in modeling.
Conclusion: Considering the high share of variable costs compared to fixed costs, it can be
concluded that by applying appropriate management methods, the total costs of sugar beet
production in Hamadan province can be significantly reduced. By mechanizing farms, the variable
costs of farms can be reduced significantly. If the cultivated land does not have a problem with
weeds, the use of conventional seeds can also reduce production costs. The DEA results showed
that based on the CCR model, about 78.4% of farmers produce outside the efficiency and by
providing management solutions taken from efficient DMUs (the recommendations of this study),
they can reduce consumption costs by keeping product yield constant. The results of multi-level
ANFIS implementation showed that the three-level ANFIS structure including four ANFIS models
in the first level, two ANFIS models in the second level and a final model in the third level have
the best performance for benefit-cost ratio prediction. It is proposed that implementation of multi-
level ANFIS is a useful tool in helping to predict the economic indices of agricultural production
systems.
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Table (1) Items of costs in sugar beet production
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Variable Costs - sz claay 3 (all

7 8 0 194.45 Chemical Fertilizers Lo clas s

2 2 0 47.81 Micro Fertilizers gz},

1 1 0 27.61 Manure i s>,

2 2 0 50.20 Chemicals les ¢y

8 10 0 234.29 Seed 4,

0 0 0 8.21 Diesel Fuel J;s o5 s

1 2 0 39.66 Electricity &,

38 45 0 1105.52 Labor =s £,

16 19 0 466.10 Water for Irrigation ¢ LT T

7 9 0 215.84 GoaaliS sla pndle o)l b (5505 0

Machinery

2 2 0 42.41 b eile (6,1 5 pons

Repair and Maintenance of Machinery

84 100 0 2432.10 Total Variable Cost i slaa 3o JS

Fix Costs et slaay 3a (o

1 0 8 41.55 Depreciation s .5l ¢S gzal

15 0 92 453.16 Land Rent .. sle o)l

16 0 100 494.71 Total Fix Costs =t (slac 2 ¢ sazse

100 2926.81
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Table (2) Economic indicators in sugar beet production in Hamadan province
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0.06 $ kgt Average selling price ;5 cwd Sl
1069 kg ha The amount of pulp s i
0.19 $ kg The average sale price of pulp Js 355 cad Sl
3621.06 $ ha* gross revenue s ..7,s
2926.81 $hat Total production COSts . 5 slaay ;o JS°
0.05 $ kgt Total production costs .J s laay ;a JS°
1188.99 $ ha' Gross income ,alls-t » s
694.28 $ ha* Net income ol 5 5
1.34 - Benefit-Cost ratio « j» 4 ot cos
18.26 kg $* Productivity ., se e

W3 yuidr g 50 e 9 (A (G338 (2T polie s (F) Jou
Table (3) Frequency distribution of technical, pure technical and scale efficiency of sugar beet farmers
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U
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efficiency

L P

55 14 9 5 4 1 0 0 0 Pure technical
efficiency

orlte oS

19 12 11 14 16 6 3 0 1 Scale
efficiency
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Figure (1) Classification of farmers based on technical, net technical and scale efficiency
parameters
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Table (4) Statistical indicators of different efficiencies in sugar beet production
Sldie 4t Hldie S slre Col il Average .S (tem) ol e
Max Min Standard Deviation
5 o8
1 0.15 0.22 0.73 e
Technical efficiency
b b s
1 0.41 0.11 0.94 b
Pure technical efficiency
Las ol
1 0.18 0.20 0.77 T
Scale efficiency
BCC 9CCR Jw 93 b 21517 (wlal p O1359lis™ (Sadd 5 (0) S
Table (5) Ranking of farmers based on efficiency with two CCR and BCC models
BCC Jw CCR Ju
-, gl Slads ;l-.\,: o 5skaS o led o gl s ;t..w S 5asleS o les
Rank Frequency in Score Farmer Rank Frequency in Score Farmer
referent set No. referent set No.
1 13 1 84 1 48 1 75
2 3 1 53 2 17 1 33
3 3 1 74 3 17 1 67
4 1 1 83 4 5 1 74
5 0 1 33 5 3 1 83
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Table (6) The amount of cost savings in CCR and BCC models in sugar beet production

BCC J CCR U
Y oo =3 R } oo - 2 oS Losl
A £ D . cs;,\ 3’ s a S D - tB‘_I’.\ j:, ~'s R
YEE AN os £S5 hzg2 hoE PP Inputs
ST wg 2 c ié@ T n g B 12@
178 1% - 3 &
° o D ®) ° o %) ®)
36.02 295.38 707.27 26.88 171.65 808.39 Labor s 2,8 ¢4
Diesel J;_sc=
28.25 3.20 5.89 36.24 1.87 5.23 I e
fuel
Chemical Lo ss
16.12 19.96 203.21 25.91 37.24 179.48 .
fertilizer
50.82 15.01 13.58 57.97 14.7 11.60 Manure s> 558
.
46.89 33.78 26.66 58.94 20.03 20.61 = =
Chemicals
Water for ,L.T T
29.03 77.84 330.78 30.94 86.69 321.89 e
irrigation
20.87 31.84 185.39 27.42 39.74 170.05 Seed L4
31.34 68.26 205.84 34.41 69.36 196.64 Machinery s .5t
29.04 5.47 28.14 31.57 8.59 27.14 Electricity «... =31
9.43 16.39 410.41 15.59 29.29 37.80 Lant rent ;. ol
Total eslg v
28.27 567.13 2117.17 51.64 479.17 2119 et

cost

70

Lodlg soladl 9549 o 30 BCC 9 CCR g5 9 4wy o (V) <&

% Saving CCR  E% Saving BCC

CCR g 4bpee

BCC g dbyo

Figure (2) Comparison of two CCR and BCC methods in cost saving of inputs
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Figure (3) Three level ANFIS structure to predict economical productivity of sugar beet production

SoLaBl & Ko s (S g 0Okl 3550 Y du il Dlaseio (Y) Jau
Table (7) Error parameters for prediction of economical productivity of sugar beet by applying three-

level ANFIS.
RGP Ao s S Type of MF &y e i ¢ 5
Ol g
o Sl sl R
e i Output I Input S99 ltem
RMSE RME
5,8 2l Y o]
0.40 0.26 0.73 e o o=t
Logarithmic Triangular ANFIS 1
5 & "
0.53 0.31 0.62 e o Yo
Logarithmic Triangular ANFIS 2
5 & v
0.35 0.22 0.81 e S o
Logarithmic Triangular ANFIS 3
] " f
0.25 0.13 0.92 e e o=
Logarithmic Triangular ANFIS 4
Rt n > il
0.28 0.15 0.90 i e o
Logarithmic Triangular ANFIS 5
-, % o]
0.22 0.11 0.95 e e o
Logarithmic Triangular ANFIS 6
Rt n Vv ol
0.18 0.07 0.98 e e o=t
Logarithmic Triangular ANFIS 7
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Figure (4) Cross-correlation of predicted and observed values for economical productivity of
sugar beet production
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