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2- Inexact Quadratic Program
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1- Goal Programming
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1- Two-step Infinit a-cuts Fuzzy Linear programming
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Table 1- The main crops cultivated in Voshmgir irrigation network according to each region

Jm
il (Crop)
: -
i 5 . . . & 1 s . i &yl
(Region) RV 9 l)JS iy dxigy 0‘3,&3"-9' P C;g;)t > »
Wheat  Barely Canola  Cotton  Alfalfa Sunflower  Rice otton- Sledgle
Melon Maize
Cawly Jole - * * . .
Right Bank
collo * * * * - .
Left Bank
dgelds yj0 * * * * * * * N
Representatit
ve Farm

(o o gulen) by g 1531 Joinl 9 O (63959 Gl @ bgpo MBI -2 Jga
Table 2- Information about the water inflow and the possibility of different flow level
(million cubic meters)

b ghw g sl Ol 63950 ol
Flow level Related possibility ~ Water inflow

s 18% 1163
Low
ey 55% 2326
Normal
b 27% 414.4
High

((HUS2) Sowig v B1yb1 1392 Jlw (1,5 Y gasmo CuiS 3 5 maw -3 Joua
Table 3- Acreage of the crops around Voshmgir dam in 2013 (hectares per year)

aal
Jpao Region
Crop Conly Jolw digod 430 e Jolw
Right Bank  Representatitve Farm  Left Bank
P 4807 3243 3840
Wheat
= 427 288 340
Barely
s 107 72 15
Canola
2 2441 674 774
Cotton
s 0 100 0
Alfalfa
byl 1794.3 130 386
Sunflower
& 0 40 1300
Rice
e 0 30 0
Cotton-Melon
gldslec)> 0 730 0

Maize
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Table 4- Net income of crops production in areas around Voshmgir dam in 2013 (costs in 10 Riyals)

S 9las) 3 Sl a3 . B oy
Jypasme '°’59J‘f5) » ol PR e e oAby "AJN A
Crop (s ©s5 kS &l oo e Other Gross €
. Income
Yield (Kg Per CostPer  Water Cost Per Costs Income
ha.) Kg C.M
Pz 2730 11550 666 16853640 31531500 12769860
Wheat
¥ 2380 8580 605 16297000 20420400 2978806.4
Barely
b 2032 20900 1365 20666433 42468800 15388853.5
Canola
- 1410 24200 821 27789977 34122000 9900131.1
Cotton
s 7000 5000 700 1830000 35000000 8451351.4
Alfalfa
o Skl
1580 20350 220 19243000 32153000 1094189.9
Sunflower
R@ % 4417 30000 512 43837000 132510000 82570513.5
ice
sl
Cotton- 23480 5500 910 95000000 129140000 27007567.6
Melon
“5:;’: Z:’J 36585 4233 550 16139025 154864305 134102307
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Table 5- Net income of warm-water cultured fish in the region around VVoshmgir dam in 2013 (costs in 10 Riyals)

& £
Type of source

(O] - (5 Pr0nn) Dmbienliis gla]
Regulated Water (Dam-Wetland)

Bl o9 EF
Type of fish culturing

(£1150 5 W 5insl) ,gbiic S (ol 05
Single-purpose warm water (pools and farms)

(Loll) ojgkitegs (ol 05
Dual-purpose warm water (Wetland)

(p5 k) S 15 3 Shac Lawgia 2500
Average Yield per hectare
IS 2 Cuorb bawgio
Average price per kg
e o yp Cund 1272
Water price per c. m
(i Jby) palls el
Net income (Riyal / ha)
(o el Jloy) N5 24y 2196
Net income (Riyal / m3)

24000

54900000

2500

24000

72.25

55000000

2200
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Table 6- Acreage of the crops under different efficiencies in 2014

krc yasls
Index krc

(US8) €S 25 oo
Acreage (ha)

Syl lendl,
Irrigation efficiency

37% 45% 51%

paS = cunly Jolo =l
Right- Right bank- wheat
9 ~Culy Jolo -y
Right- Right bank- Barely
1518 = canly ol =l
Right- Right bank- Canola
Ay~ Caly ol - cwly
Right- Right bank- Cotton
b,k =y Jolo =,
Right- Right bank- Sunflower
pAiS ~diged 450 )

Right Representatitve Farm- wheat

5> ~digel dSjo ~Caul)

Right- Representatitve Farm- Barely

158" = diges acy 3o = sl

Right- Representatitve Farm- Canola

Ay ~ged 4 je ~Cal,

Right Representatitve Farm- Cotton

iy = &iged 42330 = Ly

Right- Representatitve Farm-alfalfa

O,k = &g05 ac 30 =l

Right - Representatitve Farm- Sunflower

& ™ diged 430 = oy

Right- Representatitve Farm- Rice

el digel 4 je -,

Right- Representatitve Farm- Cotton-Melon

Gladole )3 —digas ds 30 =l

Right- Representatitve Farm- Maize

PS5 me ol me
Left- Left bank - wheat
e blmce
Left - Left bank - Barely
R
Left - Left bank - Canola
Ao plomce
Left - Left bank - Cotton
okl - o blo -ce
Left- Left bank - Sunflower
Bree bl e
Left - Left bank - Rice

6249.1 6249.1 6249.1

555.1 555.1 555.1

139.1 139.1 139.1

300.4 3004 300.4

2332.6 2332.6 2332.6

42159 4215.9 42159

3744 3744 3744

93.6 93.6 93.6

130.0 130.0 130.0

222.61 169.0 169.0

52.0 52.0 52.0
39.0 39.0 39.0
179.5 233.1 233.1

4949.5 4949.5 4949.5

0 0 0
9.5 9.5 9.5
0 0 0
0 0 0

1690.0 1690.0 1690.0
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Table 7- Allocated flow of water to agricultural, aquaculture and environmental uses under different scenarios of random
flow and 37% irrigation efficiency

o313 sasgy

. ) E589 Jis! o t."' g8 O dingy amass
S e ol ahw o cron0) Foorke) (e jio o)
Scemari < imer L evel ol i (Ko Optimal water
0 eve ili CE ici Allocation
flow Probability Deficit water
level flow Target water (M.C.M) (M.C.M)
(M.C.M)
1l Sirgkss L) 27% 97.1 0 97.1
111 Agricultural High
211 e o L3
i - 27% 11.9 0 11.9
211 Envwolnmenta High 0
311 Sr325! L) 27% 19.2 0 19.2
311 Aquaculture High
112 Sirgkss ey 5% 97.1 0 7.1
112 Agricultural Normal
212 e Joo
i 55% 11.9 0 11.9
212 Envwolnmenta Normal 0
312 S5 ey 55% 19.2 0 19.2
312 Aquaculture Normal
113 “5”’“5 o 18% 97.1 40.97 56.12
113 Agricultural Low
A evionmenta 18% 119 0 119
213 I Low
313 S5 ~ 18% 19.2 0 19.2
313 Aquaculture Low
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Table 8- Allocated flow of water to agricultural, aquaculture and environmental uses under different scenarios of random

flow and 45% irrigation efficiency

0315 susg o ol Sgae8
59 Jlois! ’ A i a 55
) &89 J ) . ) Gl Ay pamass
b oasd b . Fo o) (e e )
* i - ol 45U 7o ootk (< 6ptimal water
Scenario Consumer Level uur?_ (o Deficit Allocation
flow Probability
level flow Target water water (M.C.M)
(M.C.M) (M.C.M)
- Sirghis L 27% 79.8 0 79.8
111 Agricultural High
211 S L
i - 27% 11.9 0 11.9
211 Enwrolnmenta High 0
s 325 L 27% 19.2 0 19.2
311 Aquaculture High
112 Sirgis s 5% 79.8 0 79.8
112 Agricultural Normal
212 e Joy
i 55% 11.9 0 11.9
212 Enwrolnmenta Normal 0
312 325 o 55% 19.2 0 192
312 Aquaculture Normal
13 il ~ 18% 79.8 23.7 56.1
113 Agricultural Low
A3 evionmenta 18% 119 0 119
213 | Low
313 325 ~ 18% 19.2 0 19.2
313 Aquaculture Low
5 o5
=
1%E w0
=} v
= a15 | -
1g = )
3 g 410 4 [
o~ 2 405 =
5 00 E %1
2= ,' o1
= 305 17
37 45 51
oleadly
efficiencie
6WI %51 %45 H37 sl ylowily Codi pimn Sgaw =2 JSu
Figure 2- System benefit under the irrigation efficiencies of 37%, 45% and 51%
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Table 9- Allocated flow of water to agricultural, aquaculture and environmental uses under different scenarios of random
flow and 51% irrigation efficiency

0315 oas g
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o Consumer Level flow ok ( (eS Optimal water
Probability g Deficit water Allocation
level flow Target water (M.C.M) (M.C.M)
(M.C.M)
1l Sirghis L) 27% 723 0 723
111 Agricultural High
211 hametu L
i - 27% 11.9 0 11.9
211 Enwrolnmenta High 0
31l S90S - 27% 19.2 0 19.2
311 Agquaculture High
112 Sirghis ey 5% 723 0 723
112 Agricultural Normal
212 et Jo
i 55% 11.9 0 11.9
212 Enwrolnmenta Normal 0
312 S5RS5 oy 55% 19.2 0 19.2
312 Agquaculture Normal
113 Sirghss . 18% 72.3 14.7 57.6
113 Agricultural Low
213 et o
i 18% 11.9 0 11.9
213 Enwrolnmenta Low 0
313 S5RS . 18% 19.2 0 19.2
313 Aquaculture Low
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Introduction: In the present study, dealing with water deficit challenges for Gorgan River Basin has been
considered. Golestan province's economy is dependent on agriculture but the occurrence of drought periods
reduced the agricultural production and consequently the region's economy is in crisis. Therefore, performing
studies for programming and management of the water resources of the province and the water allocation in the
margin of Voshmgir dam in Gorganrood basin has a great deal of importance. The issue of the allocation of
water resources is proposed in order to maximize the expected profit of the water system. According to the
regional water organization policy, one of the main goals of Voshmgir dam water management is the allocation
of water between the competing consumers. If the amount of promised water is released in the future, the
expected net profit of the system will be realized and if it is not released, the system will experience losses.

Materials and Methods: In this studyWater supply is considered stochasticand objective function of the
model is to maximize the system (Agriculture, Aquaculture and Environment) profit and optimal allocation of
water during the programming period using a two-stage stochastic model as follows:

K R C K R C K R C
f: MAX Z = [(z z z Axre Ykre Prre — z z z AkrcCG — z z le kreCl)
k=lr=1c=1 k=lr=lc=1 k=lr=lc=1
m K R C
+ (WANA —WACA) + WENNEN —WENCEN )]-[>_ > > > ProCu;,  Dew, ]
s=1k=1r=1c=1

m m
—[D_ Prs Cywa Dewas 1-[D Prs Cwen Dewens ]
s=1 s=1

subject to :

Constraint of the available land:

c

D> Aret <TA vk, r

c=1

Constraint of the available water in each of the main canals:
R C

D> Wl (1+ waterloss , )<Cay VK

r=lc=1

Constraint of the available water:

NW

R_nCAkm <Wlre vk,r,c

Constraint of the amount of inflow water

[(Z KR T Wi — Doy, j +(WEN — Deygns )+ (WA — Deyas )} ~S+Es<ws Vs
Reservoir capacity constraint

S SR S Wihyee +WEN +WA +S + E < Cayeservoir
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Constraint on the maximum and minimum water demand for environmental sector
DinaxWEN >WEN > Dgyens Vs

Constraint on the maximum and minimum water demand for crops

DmassVlkre =Wl = Deyes vk,r,c,s

Constraint on the maximum and minimum water demand for warm-water fish
Dinax WA > WA > Dayjpe Vs

Constraint on non-negativity of the decision variables in the model
Ager Wi, WA, WEN, S, Deyy koS Deyens » Deyas =0 vk, r,c,S

Results and Discussion: The length of the right main canal of this network is about 17.76 km and the length
of the left main canal is about 21.338 km. In this study, k =1 is considered for the right main canal andk =2 is
considered for left main canal. Lands under irrigation network are considered in three regions. Right bank
regions and sample farm are covered by the network in the right part of the network and the left bank regions are
covered by the network on the left. Thus, there is one region in the left side of the network and there are two
regions on the right. The major crops cultivated in the agricultural lands of the network include wheat, barley,
canola, cotton, alfalfa, sunflower, rice, cotton-melon, and maize. Due to the random nature of the river flow to
the dam, fixed and determined data cannot be used to calculate the volume of water entering the irrigation
system, for this reason, using simulation techniques, we can predict the future behavior of the system for each
reservoir. The results of the study showed that only agriculturalsector suffers from water deficit and target water
demand of the other sectors is supplied and there is no deficit of water for these sectors and target water demand,
lack of water and the final allocation of water in the agricultural sector are declined under different efficiencies
of irrigation. If other sectors are remained unchanged and irrigation efficiency did not affect them, it is because
irrigation efficiency has a direct impact on the water use in agriculture and decreases by increasing the efficiency
of the allocated water to this sector and the amount of water stored in the reservoir for the coming year is added.
By increasing the efficiency of irrigation which has a direct impact on water use in agriculture sector, the amount
of water deficit reduced as a result of the increased system profit.

Conclusion: The results showed that there is no water deficit for aquaculture and environmental sectors in
the scenarios of dry, wet and normal years and the target water demand of these sectors is supplied. However,
the amount of water deficit in agricultural sector in dry year with the probability of 18% and under the
efficiencies of 37, 45 and 51 percent would be 40.98, 23.67 and 14.07, respectively. With the increase in
efficiency, water demand in agriculture, water deficit and ultimate allocation of water to this sector are decreased
and system profit under different efficiencies is increased. Based on the obtained results, highlighting the
irrigation efficiency and allocating the minimum water demand of the sectors is recommended.
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