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Background and Objectives: Water is a critical input for agricultural
production and plays an important role in the sustainable development of
the agricultural sector and the economic development of other sectors.
Water shortage is one of the major challenges that most countries in the
world are struggling with. The great importance of determining the optimal
cropping pattern of crops and irrigation allocation planning in the water
shortage conditions prevailing in Iran's watersheds is not hidden from
anyone. This study aimed to optimize water allocation and determine the
optimal cropping pattern of crops in five cities of the Sistan region under
different management scenarios.

Materials and Methods: In this study, a model with a two-level planning
approach, the Stackelberg game framework, and a genetic algorithm, was
developed to optimize the water allocation between irrigated areas and
crops, as well as to determine the optimal cropping area in 5 cities of Sistan
region (including Hamon, Hirmand, Zahak, Nimroz and Zabol) to confront
different water conditions. Selected products include wheat, barley, onion,
melon, watermelon and alfalfa. The problem was solved in the form of nine
scenarios, including three scenarios of irrigation efficiency, three scenarios
of climatic conditions, and three scenarios of low irrigation conditions, and
compared with the baseline scenario.

Results: For water allocation among the studied regions in the baseline
scenario, the most and least water was allocated to Zahak and Hirmand
areas, respectively. Among the studied crops, the most water was allocated
to the melon due to its low water requirement and high economic value
compared to other crops, and the least amount of water was allocated to the
alfalfa due to its high water requirement; also the melon with 13503.5 ha
had the highest cropping area and alfalfa with 4.85 ha had the lowest
cropping area in a total of five cities. The total cropping area obtained by
the model was 18240.32 ha. The value of the Gini coefficient was 0.0053,
which is small and close to zero, indicating that the water allocation
between the regions was fair. The total interest rate obtained in the baseline
scenario was 5.06x10*, which by applying irrigation efficiency scenarios
of 50 and 70 percent, the amount of profit has increased by 12% and 34%,
respectively, and the cultivated area by 27% and 47% compared to the
baseline scenario. And in normal and wetyear conditions, the amount of
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total profit has increased by 28% and 54%, respectively, and the cultivated
area by 40% and 65% compared to the baseline scenario. By applying the
low irrigation scenario, the interest rate decreases compared to the baseline
scenario, associated with the saving of a large volume of irrigation water,
which leads to an increase in the cropping area of crops with higher
economic efficiency. Therefore, by applying various scenarios, the
cropping pattern moves towards crops with less water requirement and
higher economic value.

Conclusion: According to the results, more water has been allocated to
crops with higher economic value and less water requirement. Therefore, if
crops with less interest rate compared to their water use and crops with
high water requirement are removed from the cropping pattern and crops
with higher economic efficiency and less water requirement are replaced in
the cropping pattern, it can be a good solution to confront water shortage
conditions. The increase in irrigation efficiency increased the total interest,
thus it is recommended to save water used by plants through the
improvement of irrigation technology and increase irrigation efficiency.
The proposed model in this study can be employed for correct and efficient
planning for agriculture and water resource management in various
conditions.
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Table 1. Water production coefficient for selected crops in Sistan regions.

da yp S Osela =50 = B
Hirmand Zahak Zabol- Nimrouz- Hamoun N paes
c b a C b a c b a
-163 0.51 -0.000044 -270 0.87 -0.00083 -270 0.87 -0.00083
Wheat
-132 0.53 -0.000051 -132 0.53 -0.000051 -132 0.53  -0.000051 =
Barley
Lo
-2274 5.25 -0.00037 -2274 0.87 -0.00032 -2274 5.25 -0.00032 o
onion
-240 5.11 -0.00046 -1834 0.53 -0.00082 -1834 8.41 -0.00082 T
Melon
AJ\}M
-1260 3.82 -0.00016 -1266 3.81 -0.00016 -1664.6 5 -0.00041
WaterMelon
-1266 2.14 -0.000048  -1266 2.14 -0.000048 -1266 2.14  -0.000048 G
Alfalfa
) sl
K55 p-".)_ei“ ol gla eyl HlAas o g =Y J g
Table 2. The best value of genetic algorithm regulatory parameters.
sl il 250 b, 551
Selected Tested Factors
25 Cowros= dldas
25 30 .
35 Number of population
700 o 4o
N 1S5 sl
700 800 g LA sl
1000 Number of iteration in up level
30 . o o 4o
100 50 Gl gl S sl
100 Number of iteration in low level
1000000 P
N : I
1000000 2000000 S g e o
5000000 High level mutation rate
200000 P
ol = |-
200000 500000 Gl gl e e
1000000 Low level mutation rate
0.2 Wl g Sz
0.2 0.3 ) ’ T N
0.4 High level mutation probability
02 oy e e Jle
0.2 0.3 - A N
0.4 Low level mutation probability

M
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Table 3. The amount of water allocated and the optimal cultivated area of each product (1000M%ha).

/3blis
e M BEpe O3ala Lo ,on Méu):i‘u J poes
Zahak Zabol Nimrouz Hamoun Hirmand Decision variables Area/
Crops
@3lasl s dxly a4 O anass
0.00000507  0.00000507  0.00000507  0.00000509  0.0000055 ) ) ] x
Water allocation per unit of economic benefit -
1.2x10% 11x10%  1.06x10®  9.88x102  7.08x102 () sstal 2
economic benefit (Rial)
Sa) CES s
3566 4396.45 3803 3118.3 3754.7 () 25 g
Cultivated area (ha)
xSe el 5a) adlaie elie| 5ol ol
60848 55927 53865 50302 39048 (o e o) el o g oddodls oo N
Water allocation to Area (1000m®)
bﬂﬁgﬁ— ~ o :'5‘ ;_4‘1 “~
7582 3500 2104 7467 68 (o J3p) dmime 2 e e
Water allocation to cop (1000m°) . Iy
L) i Wheat
495 229.16 1374 487.6 45 ) 2 g
Cultivated area (ha)
xS e 5 odled) SR IPRY;
274 5001 8323 221 46 (oo J32) dpmimn 2 o e e
Water allocation to cop (1000m°) e
5a) eiS L Barley
19.21 356.4 582.6 155 3.22 ) 25 g
Cultivated area(ha)
xS 2o 5 oled) SR IPRY;
12613 11758 8460 10905 4414 (oo J32) dyimn 2 4 e e
Water allocation to cop (1000m°) 5L
LSa) CiS Onion
589.41 549.45 395.31 509.61 206.25 () 2 g
Cultivated area (ha)
CxSa o oddosls anass Ol i
311 1045 162 071 12 (o J3p) dpmimen 2 47 osls oo T
Water allocation to cop (1000m°) s
LAY CiS Alfalfa
0.5 1.63 2.5 0.01 0.19 () 25 g
Cultivated area (ha)
CxSa o oddosls anass Ol i
37321 35440 34699 31665 gaa00 (TS ) dme r g eddesh o T
Water allocation to cop (1000m°) o
USa) CES Melon
2902.8 2756.5 2699 2463 2682.6 () 25 g
Cultivated area (ha)
e e 5 sddosls javass Ul i
2987.6 14 117.1 31 17.4 (o ) s 2 g ool N
Water allocation to cop (1000m°) ks
() et . Water
142.65 0.7 5.59 1.47 0.83 ) S 5 e Melon

Cultivated area (ha)
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Figure 1. The cultivated area allocated to each product in 5 cities of Sistan region (ha).
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Figure 2. The amount of water allocated to each crop in 5 cities of Sistan region (1000m°).

2kl sy axilr ikl 0Lkl gk
Skl Ok, il B2 o pon 455 e
s eslizal SLL (oLl s 51 ST ds 3 YO
ol e S 4 Olar 5 Aoy O ol ool
Ve olel oleily 352 aslizal (lo kd) [Lidcos
syt PR il 0 V) ap sl ds)s
500 4 okl Olkily 5 aslsye LT 35S
Jobis e mli t Jode b 5lssl a5 Ve
Ly deoss Ve 500 X0 bl Oledily 4w 4 by e

k3

I Y| S WE S FRPRE )

B )‘J\.:L.g W}S “ L;:@.wb le':""") BLl C)J.A.L.L

b,y il

Shoske b gl aps a $ ks bagiled e
bJu.LT Cﬁaja.; vJ& RAY LS\J" d)l.wﬁ)l.wu u_é
S adlae pl 53 A eslinal mls 0T GG
ﬁ)l.'«.w Loy 4&)[.:.31 QLAJJ‘) ﬁ)tw dw qu ﬁ)h.w
G5 oS Lol i 5 oSl a2

A



O )Sed g @do (658 125/ w332y b O (anassi g (81,5 4ol (g5lwdinge

okl Dbkl i gl Johows gas jo5 —£ J gt
Table 4. Analysis Scenario of irrigation efficiency change.

oW1 ol
70% 50% 35% S5 Ok
Irrigation efficiency
0.00011 0.00018 0.0053 i
Gini Coefficient
L,
7.68x10" 5.74x10" 5.06x10" (o) 52
Total profit (Rial)
e s
34782.4 25034 18240.32 2 g
Total area
LT obes!
70% 50% 35% el LAkl
Irrigation Efficiency
1.45x10™ 9.48x102 7.08x102 () 25
Profit (Rial)
o e l5a) Ol
49253 43002 39048 (oo o) ”“’3
Amount of water (1000m) Lo n
Xi . P . &
;\5;La:3i;j.ﬂ.\>ijjaéljlgg__;\w i q
0.0000034 0.0000045 0.0000055 ! _ _ ) X frman
Water allocation per unit of economic benefit -
Sa) iS5
6857 4176.41 2897.6 () S lendt
Total Area (ha)
1.35x10% 1.04x10% 9.88x10% () 25
Profit (Rial)
2o o la) O Llai
45755 46937 50302.5 (e Sl “‘“3
Amount of water (1000m?) Osela
X; . 7 .
o bl s s a5l 4 Ol Larass Hamoun
0.0000034 0.0000045 0.00000509 i ) i ) Cx
Water allocation per unit of economic benefit R—f
Sa) S s
6128 4599.75 3477.1 ) el
Total Area (ha)
L
1.87x10% 1.34x10% 1.06x10"% () 2
Profit (Rial)
S e Sla) Ol
63385 60853 53865 (oo l3o) “’“3
Amount of water (1000m?) a0
Xi - =
= okl s Ay o gl 4 Ol acass .
0.0000034 0.0000045 0.00000507 R _ _ _ . Nimrouz
Water allocation per unit of economic benefit —‘
Sa) S s
8363 5801.46 3822.34 () 2 g S
Total Area (ha)
L,
1.46x10% 1.27x10% 1.1x10% () 25
Profit (Rial)
oS e Sla) Ol
49645 57629 55927.8 (e l3o) ““3
Amount of water (1000m?) M
2 ol s ol sl s Zabol
0.0000034 0.0000045 0.00000507 : ) ) ) Cx
Water allocation per unit of economic benefit R—f
) S
6627.8 5506.3 3893.8 () 2 g S
Total Area (ha)
L,
1.53x10% 1.14x10% 1.2x10% () 2
Profit (Rial)
xSe 2l (IRY;
51958 51576 60848.13 (oSeie Sl ’“‘3
Amount of water (1000m?) Kas
0.0000034 0.0000045 0.00000507 ﬁ_ a2 oy 2 Sl 2l o Zahak

. . . ., X;
Water allocation per unit of economic benefit —

6806.7 4950.1 4149.54 Cese) o8 25 g I
Total Area (ha)
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Figure 3. The optimal cultivated area of each crops in the irrigation efficiency scenario (ha).
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Table 5. Information related to the amount of water allocated to the agricultural sector and the possibility of
different types of flow levels (m?).

2SOy b o Jloz| GaslES s 4 panass Ol Ol
Amount of allocation Probability The amount of water allocated to the agricultural sector
Low 25% 260
Normal 50% 450
High 25% 650
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Table 6. Analysis Scenario of different climatic conditions.

S s lsis PUERNE
Wet year Normal Drought Climatic conditions
0.000051 0.00012 0.0053 St
Gini Coefficient
1.1x10% 7.05x10% 5.06x10% & o
Total profit
e ’
51781.75 30269.64 18240.32 e Ck“ S
Total area
Sy Jls S PER
Wetyear Normal Drought Climatic conditions
2.31x10% 1.26x10% 7.08x10% (o) 2
Profit (Rial)
126541 81550 30048 R S
Amount of water (1000m?) o
%usuﬁlsﬂ»bﬁdljlggiw Hi ‘d
0.0000055 0.0000064 0.0000055 i _ _ _ x irman
Water allocation per unit of economic benefit R—
10324.3 5531.21 2897.6 () 225 5 e JS
Total area (ha)
1.95x10% 8.53x10™2 9.88x10% (o) 25
Profit (Rial)
K el RY:
117774 52247 50302.5 (e o) ol ke
Amount of water (1000m?) Gpels
%5;@31 Fy .,\;-bﬁ&!j!q.ggiu.afﬁéé Hamoun
0.00000605 0.0000063 0.00000509 i ) ] _ x
Water allocation per unit of economic benefit —‘
9305.5 3692.12 3477.1 CE) =25 5 e JS
Total area (ha)
1.95x10% 1.65x10% 1.06x10% (Je) 25
Profit (Rial)
126574 104747 53865 (e ) e
Amount of water (1000m?) JYp:
% 3laBl g Iy o sl \j ReRSS Nimrouz
0.0000065 0.0000063 0.00000507 ‘ . . . X
Water allocation per unit of economic benefit R—‘_
10094 71775 3822.34 (CES) i 25 e JS
Total area (ha)
2.34x10% 1.63x10% 1.1x10% () 25
Profit (Rial)
xSa g l3a) O Sl
151056 103724 55927.8 (e )
Amount of water (1000m?) 5
% ol s =l ol 4 VY RS Zabol
0.0000065 0.0000063 0.00000507 ‘ . i . X
Water allocation per unit of economic benefit R—‘_
12084 7089.6 3893.8 (ss) - dﬁM £
Total area (ha)
2.49x10% 1.66x10% 1.2x10% (o) 2
Profit (Rial)
\_AS-{A - | u] loa
128046 105725 60848.13 (e J2) Al
Amount of water (1000m?) Sas
% bl s by S sl o VY RS Zahak
0.0000051 0.0000063 0.00000507 ‘ . i . X
Water allocation per unit of economic benefit R—‘_
S8) CiS 5 e
9974 6779 414654 () g

Total area (ha)
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Figure 4. The optimal cultivated area of each product in the climate scenario.
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Table 7. Analysis Scenario of Dificit irrigation conditions.

S bt o, LlS Ll s
15% 10% 5% JE sl Sl el
Full irrigation Deficit irrigation condition
0.000123 0.00012 0.00051 0.0053 i
Gini Coefficient
4.83x10" 4.81x10" 4.44x10" 5.06x10% &2
Total profit
o
20919 19613 18638.83 18240.32 gl
Total area
LTS Lol
15% 10% 5% Full irrigation SleleS =l
Deficit irrigation condition
L,
8.83x10" 1.07x10% 8.69x10% 7.08x10% (o) 2
Profit (Rial)
v.n_<.a - |' uT [R¥3
47595 58355 51645 39048 (e Jp) 2l Slee

Amount of water (1000m?)

Xi . — et
;6>La:el Sp Al oa il 4 O arass Hirmand
0.0000054  0.00000545 0.0000059 0.0000055 ’ . . . X,
Water allocation per unit of economic benefit R—
3919 4563.3 3754.74 2897.6 (ks 2 B
Total area (ha)
12 12 12 12 (L)) 35w
9.05x10 8.35x10 7.14x10 9.88x10
Profit (Rial)
xS el RY:
48775 45033 43152 50302.5 (e o) ol ke
Amount of water (1000m?) Gpels
Xi - T -
;ngLa:sl Sy Al a4 Ol Ganass Hamoun
0.0000054 0.0000054 0.0000058 0.00000509 ' . . . X
Water allocation per unit of economic benefit R—‘_
3918.7 34204 3118.3 3477.1 (CE) =25 5 e JS
Total area (ha)
13 12 12 13 (L)) 35w
1.15x10 9.62x10 9.14x10 1.06x10
Profit (Rial)
62030 51865 53319 53865 (e ) 21 '\“3
X Arnount of water (lOOOm_ ) ] 33 ye8
;éJLa:d‘ S Al e gl a4 Ol Hanass Nimrouz
0.0000054 0.0000054 0.00000583 0.00000507 ‘ . . . X
Water allocation per unit of economic benefit R—‘_
4986.6 3934.02 3803.12 3822.34 (kss) g S
Total area (ha)
13 12 12 13 (L)) 35w
1.03x10 8.08x10 1.05x10 1.1x10
Profit (Rial)
S e 5 (IR
55755 43637 61074 55927.8 (e ) 2l ke
Amount of water (1000m®) 5
X; . 7 - |
;éaml S Al e gl a4 O Laness Zabol
0.0000054 0.0000054 0.00000583 0.00000507 ‘ . . . X
Water allocation per unit of economic benefit R—‘_
4465.3 3181.66 4396.45 3893.8 (ss) g S
Total area (ha)
12 13 12 13 (L)) 35w
8.51x10 1.14x10 8.71x10 1.2x10
Profit (Rial)
\_AS-{A b | u] |
45842 61105 50806 60848.13 (e J2) Al
Amount of water (1000m®) S
X; . 7
Ry Ll 25 s e Sl O s Zahak

0.0000054  0.00000583  0.00000583 0.00000507 X
Water allocation per unit of economic benefit R—‘

OSs) eis 5 C_b.w 5
Total area (ha)

3629.8 4513.53 3566.23 4149.54
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