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Introduction

Water scarcity has become a major constraint for the growth of societies in the world over the last few
decades. The agricultural sector, as the largest water user, is prioritizing the optimal and sustainable
allocation of water resources. In the present study, an optimization model was developed to maximize
the profit and minimize the stability of water resources in the main canal and grade 1 and 2 channels
in the irrigation and drainage network of Qazvin plain (Figure 1). The optimization model was
proposed using a multi-objective genetic algorithm with two separate objective functions. In order to
study the model farm, the major and important plants with their culture ratio in L1, L2, L3, L4, L4A,
L5, L6, L7, L8, L9, L10, L20 canals in Qazvin plain, cost production and sales price of products were
collected in the year 1394. The results of the optimization exercise indicate a 64% increase in net profit
compared to the existing cropping pattern by reducing the level of cropping of products with low net
profit and increasing the level of high-yielding products. On the other hand, according to the
coefficients applied to water quotas, the definition of the second target function has reduced water
consumption by optimal conditions from 100% of the water quota to 80%.
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Fig. 1- Schematic of Qazvin plain

Methodology

For this purpose, an optimization model was developed using the NSGA-II algorithm with two
maximum profit goals and the minimum disruption of water resources stability in grade 1 and 2
channels in the irrigation and drainage network of Qazvin plain:

1- The objective of the agricultural economy (with the aim of maximizing profit)
2-Purpose and Constraints of Improvement of Irrigation and Drainage Network (with the aim of
providing system stability)

Initially, target functions, decision variables, and constraints were defined. Maximum economic
profit and minimum disturbance of system equilibrium were considered as two objective functions. In
order to be able to analyze the benefits of irrigation in agriculture, the function of the product must
first be determined. So far, many functions have been proposed, according to which the amount of
product can be estimated based on the amount of irrigation water or the amount of evapotranspiration
of the plant. The most important relationship in which the response coefficients of the product by FAO
for different stages of plant growth is proposed would be the Durban and Kesam relationship, which
shows the relationship between relative reduction of yield, relative decline of evapotranspiration and
plant response coefficient (ky) (Doorenbos and Kassam, 1979). Multi-objective genetic algorithm
based on non-classified ranking was used to plan water allocation system to Qazvin plain farming
pattern. In a multi-objective problem, sets of points are all determined in the direction of a predefined
optimal point.

Results and discussion

Water requirement was considered to reduce irrigation of plants, while minimizing irrigation and
saving water consumption. Since the resistance of plants to different water conditions is different, the
model is developed in a way to apply relative proportions for different plants. The model has allowed
up to 10% reduction in water allocation along the target functions. For corn fodder only, in the L2 and
L7 channels, this amount is 89% and 86%, respectively. Figure (2) indicates that the under cultivation
surface was not optimal. The ratio of wheat cultivars decreased in optimal conditions in all canals.
Singh and Panda (2012) reported that reducing the level of rice, mustard, barley and chickpeas and
increasing the level of cotton, sugar cane, millet, wheat and sorghum will increase about 26 percent of
net annual income. Sensitivity analysis shows that product market prices have had the greatest impact
on agronomy and target function.
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Fig. 2- Rate of area under cultivation and water allocation in different canals

According to Figure (3), which shows the amount of water requirement and profit in the existing
conditions, the optimal conditions and their differences in the channels of irrigation and drainage
networks in Qazvin plain, water consumption in all canals was observed. An increase in total profit
was created in all channels. In fact, it can be concluded that saving water consumption not only resulted
in system stability, but also increased crop yields. Dima et al. (2010) showed that water irrigation
decreases by changing the pattern of cultivation under the conditions of water and land constraints by
10%
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Fig. 3- Water volume and benefit in present and optimum situation and their differences

Conclusion

In the present study, optimal cropping pattern was designed to maximize the profit and minimize
the disruption of water resources sustainability in the main canal and grade 1 and 2 channels in the
irrigation and drainage network of Qazvin plain. Initially, the amount of cropping area ratio was
optimized and the amount of water allocated to each plant per each channel was optimized using
NSGAII algorithm. Then, applying the transfer, distribution, and application rates of water allocated
to each channel were calculated. Finally, the ratio of our net profit was equal to the allocated water in
each channel. The results showed that the income from applying the optimization method in water
distribution could increase the income of canals in the network by an average of 64%. In order to
improve the optimization, it is recommended that in the future research, attention be paid to economic
plants and alternative crops. Moreover, financial allocations for optimization issues can be considered.
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Fig. 1- Location of the case study area and distribution of canals
9P s G&jg@;bﬂ@;a LU sl 9 adllan 850 dibue M7 4585 ) <o

e T,
o0 e B
P o]

r— 4 |
Jo!

Z
v" /
N

YNS"| Gheshla y ;
> gh ]
S5 oreshieor BN EH

/A .,Af y 2t

loty, o -

“

Fig. 2- Land use in downstream of L2 canal
L2 JBI™ Cawd oyl o211 3 (it 215l (6 5017 -F Ko

ET
1—£=ky(1——a) 0)
Ym ET,
‘L’j).}d.f
.ETm ‘s)_ilas)‘fp@u;sgal&uw.ym

9 (acstee) olS S 1as 55y 4y (Bl (35 e Cupnd
ool Jpaza 3,Slos 1iSly oy 1K,
5 el Sl e «Bap g Cunly oo bl (gilodige
ooy JBls g (eolaidl dguw pSTas Wb iy yal Cydgde
553 ) 2 B Bl plgisds s S35 (0395

S xlgd
& b sl ely3 sl ) alols gilis loss jslatony
O3S Sl 93b) &y (98T 9 e Jpazme 3Shes
@)l olS 5w ped b o)l O jlade wluly Jgame lade
Jyame (iSly calps o 3 & daly (ke Cuslors
sl 005 Slagidyy LS Wi, Gl e (glp FAO Lawgs
950 daly el (1979) Kassam 4 Doorenbos  dlal,
By (o R g Joarme 3Sles s RS
o> cslyy oS ol e o dlasly 00 @jle 4 Sl
o oo (V) dbly B g Jpame ke 5 500

E

D gus



DOI: 10.22055/JISE.2019.26934.1788

AR

S 6}§3‘ P ;',vT S (6 g 0L Al

O.F.2 =min(V, —

yci(ﬂ| X ETI X Ai)_ﬂ”c'xsu,d)

Subject to:
o <P <1 (*)

b ol dhag p> V pgd Ciun @l :0.F.2 )] oS

Xs ; :
;o Tud ¢ Jpaze o )’L,.J:ET' N TX LS gie dnly
{0FANY ) olo )3 CaSoyio dnly b Canis g oyl L0 500

u] ok :AC ;u_><.|a.w uT )‘ amum—l; u).J: u] (ol Ye

wwoiny ol 4 s (aw
olS o Ol javass

Sy prenad puiie

GHRdd) ¢ (e B N Siledng e
(NSGAII) wglzoli

Slp ookl ganas) p (e bl Sj ek)sNl
Cpois cund cutS ol & Ol Lanass wiuww (540l
48 bLis I (slacgomme adaain dlue 5 55 0 odliul
550 18 eddy S i Al bl SO Caa D (Ko
S e abamaiy SC) s Sl A ad e el
S5 5 6l lins dslime =Y gl Caman Sl — ) il o
(S ade clab, b wlwly comes (0,8 e Y
e s cye (9,5 Al (glab s olulyy adsl Cumex
olse 5l olsasl g acs anlgs awlxe o 5 olossl alold
Ombs 4o Vb laas) jl o Cuxes 1umes 48y = F 0 ply o
9P 50 aS il 28 L ralold anslre -V wigd oo 5y
L il cobasl coglel a8 cwl a0yl (st ol
5 bl plogl = A il o)l alol ol uses 5 45
9 adgl oo (3l A e ()8 g Sl e
(Y JS5) it g dblds ) adel Candey e

T5me (553l ez 55 slaasliylel I 5l 350 el
ol oty (3935 sl (559l e el 3IL

(dgmw ySlis> Bua L) (gj)5liS sladl Gua b =)
3 Jpame 2,Shae 31 Jols ol 350 sl b Jgl an
e 5 b slosizzn 5 GalBl s 1 Size (s oy
S Sl (Tafteh et al., 2014) L o cusda
1053, odlil ol 5l cusS (o 5l Juols el

O.F.1=max(A*> a; xy, xB,) v)
i=1

Subject to:

() ) RLCED BY

A= ” A (%)
=)

>

)
AR
R [
n P
=

N

S

xz =

S
A
=
IA
[
=2

Sl i ¢ lS by i ¢ Jol an xU:0.F.1 ‘J » S
) s foaime 1A 0l b iS5 maw Al S

‘blj)ﬁﬁjil&;yl‘alj)bjygol)u;Bl ‘OLQ“SAMS
1t e e P oS i i smys 0
Sl Q paowa) pxio (s=lyy olS o Jxb doyd

Q; .o
M).)Lg‘):wmw ! ‘Jym).m‘_;l’.éulua*.m
k.

‘Jm)_hdl)_:obfwbw)ao ‘bLf)_mwS

‘a‘.;)md)iﬂ» J)g\]u‘)_c:yimax

5 ol S Camdg 2900 ad g Bum o Y
i 5)lok el B L) (2805

Jloel b (655l g Cantio o o polio b () 5o
olie 53550 5 JUI o Ol dages | dbosypo il
&Sy 52 i Jo3 JBys g 0390 Sl (Sae 4 (Al
iy il L selyd piSTus oS 39 o S als ol b
oo o (g)lie sal)> Slis & (o) L lojod g 0395 ol e
D945 0D



ARR

VYSNNE o NP Dl ¥ ol FF oy s

ol oo phe

Non-dominated

sorting

Parent
P o
F3
-
Offspring
Populaton
F4

cecccccccccsccese el Population
n next

genaration

Crowding distance
sortng

Fig. 3- Schematic Figure of NSGAII Algorithm (Deb et al., 2002)
(Deb et al., 2002) NSGAI s 59531 Cilowds <4 - <o

Cabd (a3 9 ST Al 50 UK o OT deogu § 57 Culs” baw (2155 OBLE Culs” waw W yd - Jaus

9P
Table 1- Percent of crops cultivation area, total cultivation area and allocated water to each canal
in irrigation and drainage network of Qazvin

canal ID Cultivation area (%) cultivation water
Wheat barely seed sugar tomato  alfalfa maize area (ha)  allocated
corn beet (m3*10%)
L1 66 2 0 0 8 14 10 2978 19389
L2 74 4 0 0 8 14 1 3628 21388
L3 68 8 2 7 3 9 3 9280 22070
L4 68 10 0 0 0 15 6 107 993
L4A 66 11 5 7 2 8 1 738 2924
L5 77 5 0 0 3 11 3 941 7422
L6 68 13 2 8 2 7 1 2106 6902
L7 71 11 1 1 9 7 0 2891 16432
L8 62 16 0 3 1 16 1 6005 32647
L9 59 22 0 0 4 15 0 135 386
L10 62 24 0 0 0 14 0 291 1183
L20 55 17 0 2 0 24 2 303 1665
oabls aop Ve Sl e wled Jleel 1) plisgs b conlize S 9 b

Sy sl Aty jlore s wlyy sl 1) Ol Lawass
s M i gy Hlade pl L7 g Lo JUK 3 g (sladgle o)) Joao
Caol ol 56 deo > AF
2 (Epha-old) 3520 iS5 g (V) Jpte ik
D JU 1y (Alpha) cuiS zobw (gjlwang b JUI
bylys jo La JUK 50 2 0 odnliv (F)JSS 5o oS aisS led
Jhe 53 g g0l CulS (S5,845 65 ¢ L8 diae gl Cpd dgn e
s sgba U5 B 05 Jloel Codgioms lsicds 3)00 pl 3
S a3 gn i (F) U a8l Spop Cadly 4 5 L] 15 50
S ) g Consd Cunl 0395 iy S92 90 CulS )
9 SiNgh .cél ials b LS ol jd ang bolus o pus
WJ33 @y S ) paw LialS 13,8 )3 (2012) Panda
(Ol S ey S o e Gl e )3 9 3956 9 >
ol 1y aVle Lalb daw Jopd Y8 390 poSyow 5 puiS
SV gamo (6yl5h cuod w3 o LS Cuwlas LT ol anlgs

ol 423> Gun 1l g 615 55 3 1) 5l oyt

5 JS cuiS paw o £ly; (LS cuiS maw duopd (V) Jads
i) cpo cubd iS5 g (sylol 4 3 JUI o Ol drage
Dy Slos Sl walyd wwuiS ;5 Jad pdaw (V) Jodo am3 0
mtee =5 LS 55l 3)90 O e Sl Ky s o
a0 o i WAY elys o o 1y adllas 590 dilaie

P L oolamdl sgw (e (pyidn Bia mb Gdos opl jo
o 35 53 b e 3 3 Sl alS 55
)‘.\M (\‘) JSM: )0 .)9) LmJLlf 9 d)Lj 45\«..3 d33)9 Jel u’l
ol 4 mej Coms= Alpha/beta iy cuiS ;5 gdaw =alpha
oanass Ol Cuws =Beta g ge cuiS pj waw=alpha-old
5a) 5 o)lal aSs il U 5 Glals s asly
wilizee SYgame (glyp Beta jlade .cal odd odld lis cuds
5 GlleS oo U ad B s > ol VoA
A3l S ot GlalS 3,Slac 815 ] B 3 (52 o

ol Sglize oS balpd 4 GlalS cuaglis o5 ol ]
Juopd caliie lalS (gl oS Cowl odd 035 drwgs (Tyqods Jde



VY
DOI: 10.22055/JISE.2019.26934.1788 S 6 BN 5 T i i 0 5 sl

1WA 2lh) Jlo 50 anfllae 8590 (£15) O Ol 9 ST =Y Jous
Table 2- Statistics and information of the products studied in the year 2015
water

Cro Area Yield Income K ET. requirement Area under
P ha kg/ha Rials*108 y mm qM CM cultivation ratio
Wheat 1811.8 5069 2733437 0.79 542.0 9.82 0.42
Barely 917 4417 1892318 0.79 400.7 3.67 0.21
Seed corn 89.29 9604 5149118 0.92 760.0 0.68 0.02
Sugar beet 165 54109 4311914 0.94 1038.4 1.71 0.04
Tomato 63 48317 4388132 0.88 1092.1 0.69 0.01
Alfalfa 509.4 17672 6026956 1.00 1336 6.81 0.12
Maize 785 51443 3554748 0.96 696 5.46 0.18
Total 4340.49 109331.9 28.84
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Fig. 4- Ratio of cultivated area and water allocated to crops and canals in Qazvin plain irrigation
and drainage network (alpha = optimum cultivation area, Alpha / beta = area to water ratio, alpha-
old = current cultivation area, Beta = allocated water ratio)
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Continue from Fig. 4- Ratio of cultivated area and water allocated to crops and canals in Qazvin
plain irrigation and drainage network (alpha = optimum cultivation area, Alpha / beta = area to
water ratio, alpha-old = current cultivation area, Beta = allocated water ratio)
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Fig. 5- Water requirement volume (a) and benefit (b) in present and optimum situation
and their differences in the irrigation and drainage network of Qazvin plain

9 ST 40D S UK 55 BT BN g dug dul s e g0 Ll yd 53 (D) 39w 9 () (2T b5 sl -0 JCb
9P Cad kD)

JOE 2 5L5 3590 ©T 8 £5130 GolT 3 LS ST 5Ls & o dlaly ol po slie -1 Jouer
Table 3. Canal performance function coefficients, crops water requirement and canals water
requirement according to optimization model

canal ID The canal performance function crops water fields water canals water
coefficient (B=aQ+hb) requirement requirement requirement
a b R? (correspondent  (correspondent
E.) Ei & Eq)
L1 5.224 0.106 0.99 15.34 38.33 42.59
L2 4.836 2.035 0.93 18.37 45.94 51.05
L3 4.686 0.996 0.99 22.74 56.86 63.18
L4 64.22 -80.16 0.76 0.48 1.21 1.34
L4A -12.20 1474.9 0.80 3.62 9.07 10.08
L5 4.925 0.053 0.99 4.46 11.17 12.41
L6 5.490 -0.870 0.98 10.93 27.33 30.37
L7 4.434 0.551 0.96 15.74 39.35 43.72
L8 5.712 -0.352 0.98 31.39 78.49 87.21
L9 -9.185 22.11 0.85 0.64 1.60 1.78
L10 13.41 -39.84 0.96 1.23 3.54 3.93
L20 24.99 -80.76 0.80 1.53 3.84 4.27

Note: B: net benefit in Toman*10'?; Q: allocated water to each canal; Ea: application efficiency; Et: transmission
efficiency ; Eq: distribution efficiency ; All water volumes presented in MCM
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