olp! o aibie wlibios
Iran-Water Resources
Research

Evaluation of Irrigation and Drainage
Networks Using Analytic Hierarchy Process
with Virtual Water Approach (Case Study;

Shahid Rajaee, Ramshir and Hendijan

Networks)

M.A Hasily 7, M. Golabi* and S. Boroomand Nasab?

Abstract

According to the importance of virtual water in water
management, the amount of virtual water was determined in
Shahid Rajaee, Ramshir and Hendijan irrigation and drainage
networks. First, the crop water requirement was calculated by
CROPWAT using meteorological data for 10 years. Then, the
virtual water of the networks was determined using crop yield.
Also, the networks performances were evaluated by
questionnaire and analytical hierarchy process regarding the
virtual water. Results showed that the green virtual water of
wheat in Shahid Rajaee, Ramshir and Hendijan irrigation and
drainage networks were 7183.33, 7148.88 and 7501.11
md/year, respectively. The amounts of green virtual water of
barley in the mentioned networks were obtained 8033.33,
8252.78 and 8705.56 m3/years, respectively and that of sesame
were 9836.28 m?/year and 10252.31 m3/year respectively for
Shahid Rajaee and Ramshir irrigation and drainage networks.
Comparing the calculated data and delivered water indicated
that in Shahid Rajaee, Ramshir and Hendijan irrigation and
drainage networks water is delivered respectively 31, 23 and
28 percent more than actual water requirement. The results of
AHP and ranking of mentioned networks using Super
Decisions with virtual water approach showed that the field
factors in Shahid Rajaee and Hendijan networks and the
climate factors in Ramshir network had the greatest weight.
The least influential factor in all three networks was the
economics factors. Comparing the result of AHP and
computational virtual water indicated that Hendijan network
was in the first rank in both methods. Qualitative assessment
of networks operation according to virtual water and water
productivity showed that the studied networks are in
undesirable conditions.
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Productivity.
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[ Assessment virtual water of irrigation and drainage networks

—

Sociocultural Territorial Economic Climate
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Fig. 2. A hierarchical tree pattern of irrigation and drainage networks with virtual water approach
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Table 2. Computing quantities of virtual water in the studied irrigation and drainage networks
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Irrigation and drainage

network

Sesame

Wheat Barley

Shahid Rajaee
Ramshi
Hendijan

Net irrigation
requirement (mm)

666.9
695.1

578.4
594.2
626.8

646.5
643.4
675.1

Shahid Rajaee
Ramshi
Hendijan

Gross requirement
(mm)

1111.5
1158.5

964
990.3
1044.4

1077.5
1072.3
1125.2

Shahid Rajaee
Ramshi
Hendijan

Green water
(m3/year)

9836.3
10252.2

8033.3
8252.8
8705.6

7183.3
7148.9
7501.1

Shahid Rajaee
Ramshi
Hendijan

Blue water
(m3/year)

22167
23167

8778
7917
8778

10444
9278
10444
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Fig. 3. The Weight of criteria in the studied irrigation and drainage networks
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Table 3. The Weight of sub criteria in Shahid Rajaee irrigation and drainage network
) e (IS8 9 (S yltl A )3 (w2 390 (S, bre 55 (339 Y S

Criterion Sub-criterion Weight (%) Criterion Sub-criterion Weight (%)
Climate Evapotranspiration 3.95 Drainage Status of drainage 2.26
Wind speed 2.82 Depth and distance of drains 2.82
Humidity 1.69 The use of drain water 0.56
Maximum temperature 451 Water supply to plants 1.98
Minimum temperature 1.69 Relative irrigation water 2.26
supply
Precipitation 1.69 Status of allocation of water 2.26
Status of watery year 1.69 Water requirement of plant 2.26
The cost of planting and harvesting 1.69 Following the cropping pattern 2.82
Product value 0.56 Water quality 1.69
The price of water 0.56 Mechanization 2.26
Product price per unit of delivered water 0.56 Irrigation Water quantity 2.26
Product price per unit of consuming water 0.56 Soil texture and structure 1.13
Economic Status of products Insurance 3.39 Status of water distribution in 3.95
network

utilization on the design
Status of product guarantee bought 2.82 (Book design) consultant 2.54
Status of production processed 0.56 Efficiency and system 1.69

performance

Status of equipment and modernization 1.41 Type of irrigation system 0.56
L Integration Status 3.39 The type and status of water 3.39

Territorial management structures
Area under cultivation 3.39 The type an(é;:t(‘)ar;dltlon of the 3.56
Farmers participating in the design 0.56 The type and degree of canals 3.10
Status of offenses in network 1.13 Structural Status of canal covering 3.95
The responsibility of farmers 0.56 Status of canals sedimentation 1.69
Sociocultural Water user associations 3.95 Status of weeds in canals 1.81
The trust in experts' advice 3.78 Status of water entering from 2.26

the canal to the field
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Table 4. The Weight of sub criteria in Ramshir irrigation and drainage network
ol y (SR 9 (5l A5 )3 (w2 3590 Wy bre 5 (9 -F S

Criterion Sub-criterion \ivg,'/g)h Criterion Sub-criterion W(ﬁ/'g)ht

Evapotranspiration 4.21 Status of drainage 2.83
Wind speed 3.01 Drainage Depth and distance of drains 241
Humidity 3.01 The use of drain water 0.60
Climate Maximum temperature 421 Water supply to plants 241
Minimum temperature 1.80 Relative irrigation water supply 241
Precipitation 1.80 Status of allocation of water 241
Status of watery year 1.80 Water requirement of plant 2.22
The cost of planting and harvesting 1.80 Following the cropping pattern 3.01
Product value 0.60 Water quality 1.80
The price of water 0.60 Irrigation Mechanization 1.80
Product price per unit of delivered water 0.60 Water quantity 241
Economic Product price per unit of consuming water 0.60 Soil texture and structure 1.20
Status of products Insurance 3.61 Status of water distribution in network 4.21

(Book utilization on the design consultant
Status of product guarantee bought 301 design) 283
Status of production processed 0.60 Efficiency and system performance 1.80
Status of equipment and modernization 1.92 Type of irrigation system 0.60

A . The type and status of water management
Territorial Integration Status 253 Structures 331
Area under cultivation 2.71 The type and condition of the gates 3.01
Farmers participating in the design 0.60 The type and degree of canals 241
Status of offenses in network 1.20 Structural Status of canal covering 3.01
The responsibility of farmers 0.60 Status of canals sedimentation 1.80

Sociocultural Water user associations Status of weeds in canals

3.01 1.80

. - Status of water entering from the canal to
The trust in experts' advice 331 the field 259
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Table 5. The Weight of sub criteria in Hendijan irrigation and drainage network
Ol (S8 9 (5,ll K ;3 (o5 )90 SWjlme 5 (19 —0 Jgu

Criterion Sub-criterion Weight (%) Criterion Sub-criterion V"(ﬁgh‘
Evapotranspiration 3.65 Status of drainage 2.87
Wind speed 2.61 Drainage Depth and distance of drains 2.87
Humidity 1.56 The use of drain water 0.52
Climate Maximum temperature 4.17 Water supply to plants 2.45
Minimum temperature 1.56 Relative irrigation water supply 2.34
Precipitation 1.56 Status of allocation of water 2.50
Status of watery year 1.56 Water requirement of plant 2.08
The cost of planting and harvesting 1.56 Following the cropping pattern 2.61
Product value 0.52 Water quality 1.56
The price of water 0.52 Mechanization 1.56
Product price per unit of delivered .
. Water_ . 052 rrigation Water quantity 208
Economic Product price p\?\ral::rlt of consuming 052 Soil texture and structure 1.04
Status of products Insurance Status of water distribution in
3.13 network 3.65
Status of product guarantee bought 261 utilization (Ogot:f ((jjs:ilg:)consultam 3.39
Status of production processed 0.52 Efficiency and system performance 1.56
Statu;zgsgr:g?ggt and 3.49 Type of irrigation system 052
Territorial Integration Status The type and status of water
3.56 management structures 3.65
Area under cultivation 3.39 The type and condition of the gates 3.13
Farmers participating in the design 0.52 The type and degree of canals 3.65
Status of offenses in network 1.04 Status of canal covering 3.65
The responsibility of farmers 0.52 Structural Status of canals sedimentation 2.08
. Water user associations Status of weeds in canals
Sociocultural 2.87 0.52
Status of water entering from the
The trust in experts' advice canal to the field
4.17 3.49
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Table 6. Comparison of studied irrigation and drainage networks using analytic hierarchy process and
computing method

Shwlxe g (4150 dludes (g a3 anlllae 3590 (WD 9 (5l (SIS duylio -F Jgan

Actual virtual water

Analytic hierarchy process

Network Rank Initial amounts Normal amounts Ideal amounts Rank

Ramshir 3 0.10 0.29 0.76 3
Shahid Rajaee 2 0.11 0.33 0.86 2

Hendijan 1 0.13 0.38 1 1

IVAS 5l O 0 )lowd cod juw Jlw ¢yl 33l O mobio ol
Volume 13, No. 3, Fall 2017 (IR-WRR)



Table 7. Evaluation the studied irrigation and drainage networks according to virtual water and water
productivity
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Crop Wheat Barley Sesame
Irrigation netwo
The amount of virtual water (m®kg)

Shahid Rajaee 7.81 8.03 9.84
Ramshir 7.15 8.25 10.25
Hendijan 9.38 7.50 -

The amount of water productivity (kg/m?)

Shahid Rajaee 0.14 0.12 0.10
Ramshir 0.14 0.12 0.10
Hendijan 0.11 0.13 -

Qualitative assessment of the operation of the studied network

Shahid Rajaee
Ramshir
Hendijan

Undesirable
Undesirable
Undesirable

Undesirable
Undesirable

Undesirable
Undesirable
Undesirable
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