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Simultaneous Increase in Farmers' Welfare
and Water Distribution Efficiency Taking into
Account the Cost of Water

Case Study: Qazvin Plain Irrigation Network
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Abstract

Increasing water productivity is one of the mechanisms for
water consumption management and economic tools such as
water price are means that can lead to a reduction in
consumption and an increase in productivity. Taleghan Dam is
the main supplier of water for agricultural sector of Qazvin
Plain the water allocation to which has decreased in recent
years due to various reasons such as climate change and
population growth. Meanwhile no change in the cropping
pattern and the disproportionate distribution of water to the
allocated water coupled with the low price of water have
caused the incorrect use of water in the Qazvin Plain irrigation
network. In this research first the estimation of the water cost
price was done using engineering economics relationships and
its effect on the income of farmers in the Qazvin plain
irrigation network was evaluated. Then the cropping and water
distribution pattern in case of water supply at the cost price
were optimized considering the welfare of the farmers. Genetic
algorithm was used for optimization and CPD and NBPD
indices were employed to check water efficiency. The price of
each cubic meter of water was estimated at 8,595 rials based
on the costs incurred in the Qazvin Plain irrigation network.
The results showed that the supply of water at this price in the
current conditions reduces the welfare of the farmers. While by
optimizing the pattern of cultivation and water distribution in
addition to ensuring the welfare of farmers, the amount of
water demand would decrease significantly and the average
CPD index would increase by 69.4% compared to the current
situation. Therefore, increasing the price of water without
optimizing the pattern of cultivation and water distribution in
the Qazvin Plain irrigation network cannot be a suitable
solution for managing water resources.
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Table 1- Distribution pattern of water allocated from Taleghan Dam to Qazvin Plain irrigation network
(thousands of cubic meters)

Qazvin Regional ) (S pio 5152) (1938 Cadid (6 )l a5l &y Wb s 51 48l Hamass Of as595 561 -Y Jgun

(Water Company
Beneficiary Month Far. Ord. Kho. Tir Mor. Sha. Meh. Aba. Aza. Sum
L1 78.8 1754 66.0 870.3 36.5 23.7 353.8 1700.8 1564.4 4869.7
L2 8635.6 220516 16777.1 15 5527.4 1572.2 3014.2 23394 952.9 60871.8
L3 0.5 363.5 173289  2596.2 67.4 34.3 2426.5 5156.1 2023.6  29996.9
L4 42.8 10.0 171.0 2955.0 729.6 12.0 504.5 3439.6 1061.8 8926.4
L4A 8255.8 10062.2 8324.9 2864.3 2178.6 2395.2 1246.2 8181.6 3939.5 474483
L5 6855.2 8213.9 5263.3 1564.3 1224.3 1465.1 562.8 1503.2 1330.1 27982.2
L6 2188.1 215764 18289.1 793.6 1430.2 7.1 2020.9 5859.9 2264.8  54430.1
L7 33.3 193.2 189.8 2911.1 87.0 45.1 1454.2 4081.0 1598.0 10592.7
M2 32.3 2624 589.6 1465.8 36.9 20.6 1189.3 5852.3 2087.6  11536.8
L8 3.0 157.1 107.6 1305.9 58.0 16.8 986.9 4751.4 1396.1 8782.7
MW 7978.5 19828.0 14565.0 163.1 6204.9 4830.5 2564.5 6639.1 25389 653124
Sum 34103.8 82893.6 816722 174910 175809 10422.6 16323.8 49504.3 20757.8 330750
Table 2- Crop area (ha)
(Organization of Agricultural- Jihad Qazvin) (,US&) Y guasme CuiS p 5 baw —Y Joua
m L1 L2 L3 L4 L4A L5 L6 L7 M2 L8 MW
Wheat 1972 2681 6296 1228 1151 1017 3671 2054 1174 3724 2111
Forage corn 296 20 295 104 25 36.7 73.5 0 0 88.5 20
Tomato 309 330.2 420 1315 65.5 775 169.8 429.9 198 278.5 164
Alfalfa 406 496 859 278 136 149 395 192 116 967 517
Barley 67 136 775 190 188 72 682 327 263 974 505
Sugar beet 10 9.5 609 0 125 423 275 0 176 101
Potato 0 0 16 5 0 2 2 39.8 415 17 16
Maize 0 5.6 171 5 80 15 103 35 0 0 0
Sum 3060 36783 9441 19415 17705 1355.7 5519.3 31052 17925 6225 3434

Table 3- The cost of agricultural operations, Average production potential and the sale price of crops in the

Qazvin plain irrigation network in 2018

JUo 10 (1938 Cudd (6l aud jd (£1)5 O guame (yig 4D Coond 9 Lawrgio 3,Slos ¢(55y9liS Cllos a5 Y Jous
(Organization of Agricultural- Jihad Qazvin and Statistics Center of Iran)  ¥4A

The cost of
agricultural services

Average actual yield

Average cost of agricultural

Selling price

Crop name - services per kilogram .
(100?1% CF:ggl)s per (tons per hectare) (excluding water price, Rials) (Riyals)
Wheat 5600 6 9335 23000
Forage corn 7299 54 1352 3150
Tomato 27219 50 5444 7040.4
Alfalfa 6230 11.8 5280 16480
Barley 4730 5 9460 19000
Sugar beet 11536 40 2884 4526
Potato 40814 27 15117 19927
Maize 5085 9.9 5136 18300
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Table 4- Annual expenses in 2018
Qazvin ) Y¥AA Jlw (wlw! p &Vl sas o -F Jous
Regional Water Company and Organization of
(Agricultural- Jihad Qazvin

Cost items
Annual expenses of the

Amount (million Rials)

- 12750
regional water company
Annual expenses of Qazvin
plain irrigation network 40000

exploitation company
Annual expenses of the
Agricultural Jihad 1740
Organization

Table 5- Capital costs of Taleghan irrigation project
based on the prices of 1978

2 0938 Condd (g )lnl S CA L gty 32 -0 Jo>
(Qazvin Regional Water Company) VYOV Jlw _wlw!

Cost items
Costs of Taleghan dam,

Amount (million Rials)

diversion dams, tunnels and 824.76
overflows
The cost of irrigation 10316.4

network channels
Dam tank cost 150
Interest related to the cost
of the building during
construction (10% of the
cost of the building)

680.92

n

Ya _ AET, ¢
—— [1- Ky, (1- PETi)] (¥)

5L Y iS5 s ey 3,5l YY) e
O & Sy Cpmlas o po KYi GlSa (5 s (A8l
yo conss yp oLS 4 0 03l U lade AET d by 093 o ]
ol S o s ol 5l 0y50 O laie PET) g cuxSa
Chai et al., ) 550 3,1 (A) b (8) Lals, 3:lao AET; 4 PET,
181 ledbl bl 5 Lely; EYgame sl 3,Skes 5 (2014

il & Jodor Bollae (938 (55y9liS e olejls jl o

dn = ET — Pe (®)
ET = dn + Pe *)
PET, = ET X A v)
AET = Prx Vg xE+P, X A (A)

Pe ol o) o)l Lals Gas AN (V) b (8) Lady, )5
Prfole  yieske) obS (ol Sl ET (ol 1 o i) 350 )k
2w A golo y )3 ey b edd CuiS olS o s do)

sl (@20 e) ol S

A Conyo dinjp Jols a5 (clashaie O 8 1 4Vl cladis s
Spoe &S yh AVl Glayie dasye Llid)lS Gei> 4
B> @Sed (Ji> Cuoye duip Jold g Cadd g)lol a5
VLo dyjm g ol gy s aie g Gllid)lS Gt dacolye
5 cuiS gl Sjh b bdye anse Jold (55)lis Slex
ol Glulid)lS @ iy ot 5 Lis culS sz jole
a8 3l gyl oy S b gladlaie ;.j S b AVl cladi s
5 0V Lo 5 (55,58 sloa VLo azjm 5 (g8 s (5l
4 by & b s sl Glul ogy (slalopw ladije

ol 0ad B0 9 F b Jadn 0 iy 4 a8 Cul WOV Jlo

Ao Cad dysly (dlp 05 F laJgie cledbl jl odlazal |
Jlo olgie 4 WAA Jlo s oslizl (V) B (V) Llg, 5l of Ko
a5 aSol 4 dr g s Ol golasdl sl (gl Lie
daly 31 o0zl b pllty Gl VYOV Lo &y bogy e aSs clis
2 0300,550 WAl 4 (V)
C=1+D)NxF (V)

Cuod & (93 Cubd ()l aSd C Lo slaa ja C (1) dat
@ (938 cudd 6)lol 4 calo slaan o F (JU)) adlas Jlo
olo; g aSud A lw oy Sloj abold N ((JU)) WAV o cuasd
SO sloodly yolul p adllas o) )3 45" sl oy &5 1 g adlllae
A LSSL @re il dgw 5 Jolee Jo)dVA () (65850
o s Caosd (V) g (V) Lalg,y 51 ooliie] b s sl 0 48,3
25 39y ol Ko

CxA+M

Ty i
1 1

S 1 "

agie M (Ju)) ol s Yo s Csd P (YY) 5 (V) klg, 5o

(o sta) 015 0l ol 22 V (L)) 60055 5 5 oo e
aSud glp &5 Cal0fgy Lo yoe N g wlopw 8L3L Lol A

ol ons ad S Jaip> Jlo 00 (imgly cnl )3 (g s ()l
.(Mansouri and Ghiasi, 2002)
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Table 6- Crop production potential in Qazvin plain irrigation network (ton/ha)
Organization of Agricultural- ) (,US& y o) (w938 Cadd 5yl a5l 45 (1,5 O guasmo Jamiliy 3 ,Sdos —F Jod>
(vihad Qazvin

Forage
corn

Crop name Wheat Tomato

Alfalfa

Sugar

beet Maize

Barley Potato

Yield potential 7 80 120

15

6.5 100 45 13

Gy pll Joae g5 auja Py o Jb) cws p el Jgae
2ol aoim Pw by cus (655l Sllas atsaPoa (L)
w22 VW Jby s Ol S o o a1 Pwa (Jlo) cons
2 PSS g (655l Slles diyja bugio Pave (bypas o
s 2 )12 20 30y Sy s A S 10l )3 Py o
NS s 1 o0 3] Jpamme cuiS 5 gdaw A 5 LS
SRl 500 o EYgarme CuiS 5 o ggeome oS ol
0sd @i ol ggame Vit 293 sty Jopose o €l o5 oy
ool (M=1,2,..,12) obo yn 3 (121,2,...,11) olylsyons ol

Al ole > a4y bl Janass Ol eoe i i Ll oS

S o 951 -0-Y

5 Gl abar e Sl ole S5 o))
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Table 7- Income of operators of Qazvin plain irrigation network (billion Tomans®)
(Ologs 3)llye) cilisen Layl oo 4 (12938 Condid (g lutl aSnd (415 20 42 01,3 - Jgr

Current status (water price

Optimal water allocation

Beneficiary 940 Rials) Proposed (water price 8595 Rials) and Cropping pattern
L1 2.9 -0.8 6.5
L2 19.2 -27.4 9.9
L3 24.2 1.3 19.3
L4 2.1 -4.8 1.0

L4A 13.2 -23.1 2.7
L5 104 -11.0 2.2
L6 27.6 -14.1 14.4
L7 3.7 -4.4 5.3
M2 2.2 -6.7 0.4
L8 6.8 0.0 14.8
Mw 17.4 -32.6 6.0
sum 129.6 123.6 82.5

* 1 Toman = 10 Rials
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Table 8- NPBD values in different conditions in the Qazvin Plain irrigation network (Rials per cubic meter)

Current status (water price

Optimal water allocation

Beneficiary 940 Rials) Proposed (water price 8595 Rials) and Cropping pattern
L1 6050.2 -1604.7 4600.5
L2 3148.9 -4506.0 4914.4
L3 8077.8 4227 9985.0
L4 2330.0 -5325.0 548.0

L4A 2780.9 -4873.9 1659.4
L5 3732.0 -3922.8 1329.7
L6 5071.8 -2583.3 3442.9
L7 3455.2 -4199.8 2236.2
M2 1890.8 -5764.2 198.1
L8 7697.4 424 6875.3
MW 2657.4 -4997.7 3346.8
Average 4263.0 -3392.0 3557.9

Table 9- CPD values in different conditions in Qazvin plain irrigation network (kilogram per cubic meter)
(o g0 33 0559S) (938 Caid (6l a5 > Ciliske byl pud 43 CPD ,lake oy —4 Jou

Current status (water price

Optimal water allocation

Crop name 940 Rials) Proposed (water price 8595 Rials) and Cropping pattern
Wheat 0.53 0.53 0.96
Forage corn 1.38 1.38 4.55
Tomato 0.68 0.68 6.93
Alfalfa 0.08 0.08 0.38
Barley 0.60 0.60 0.52
Sugar beet 2.37 2.37 3.71
Potato 0.24 0.24 2.12
Maize 0.26 0.26 0.86
Average 0.77 0.77 251

ool cpimron (ol a8l (iol58] ad Cundg 4y Cond o yd
S CulS lp Jgame (e ilwaisg JAo slag S
CuiS (663 5l o d Ar dgas &S Gl pAS g8 Cuid syl
ol 03> olaidl dg5 4y 1y (oolpitn

Jam g (Y o) J8 Y gamme CulS ) o (g0 ey
old ai cutS (6ol pd amd oo (L (V) Jgd) (gjlwatn
4 M)A g > Ay (SO Bar oS (sladglecs)d CuiS ) law
PUS S ) e g L2alS Aoy FY g M AN SY AS iy

Vo FF YA YA G il e g laily ) (e

Table 10- Optimized water distribution pattern in Qazvin plain irrigation network (thousands of cubic
meters)

(xS0 50 )152) (p2938 Cudd (g ylal aSl 5> bl dugr O 21595 (o1 -V Jgu

W Far. Ord. Kho. Tir Mor. Sha. Meh. Aba. Aza. Sum

Beneficia
L1 3.0 5069.5 3567.0 21.4 14.4 419.9 1355.7  2246.9 1501.4 14199.2
L2 13175 8509.8  4355.9 184.8 150.4 817.2 1435.9 1930.8 14344 20136.8
L3 2.2 699.7 11085.4 2.6 6.2 157.1 14825 4357.4 1548.9 19342.0
L4 3372.7 4150.2  3331.8 2.7 1019.4 9925 398.8 3294.1 1127.7 17689.9
L4A 2749.8 3823.4 2883.2 1288.8 11454  680.1 289.4 2047.8 1599.8 16507.7
L5 9735 14947 33455 3739.8 3264.6 7786 246.2 1055.9 15045 16403.2
L6 8558.6 123885 7935.9 2790.8 24718 8733 1318.3  3896.8 1606.0 41840.2
L7 5536.3 6872.1  5203.8 2.8 631.1 13727 14411 1287.3 1316.2 236634
M2 1356.3 2065.9 41465 42018 35929 808.0 840.6 4652.3 7013 223655
L8 2.1 7001.2 7305.8 1.6 0.9 2344 1170.0  4793.8 970.0  21479.7
MW 0.7 5950.5  4009.8 6.6 9.6 162.0 1448.2  5089.9 1220.0 17897.4
Sum 23872.7 58025.5 571705 122437 12306.6 72958 11426.7 34653.0 14530.5 231525
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Table 11- Optimized Cropping pattern in Qazvin plain irrigation network (ha)
(5U52) (2958 Coid (55l A5l 43 00l iy CuulS' 9N1 VY Jgur

W L1 L2 L3 L4  L4A L5 L6 L7 M2 L8 MW

Crop nam
Wheat 3050.8 3640.3 9409.3 1610.8 1523.0 3814 4937.2 2657.1 5521 62075 3422.6
Forage corn 0.2 0.8 9.9 0.7 0.8 68.8 25.3 1.3 235 0.2 0.1
Tomato 05 5.3 1.2 0.1 23.8 3805 1605 0.0 3912 25 0.7
Alfalfa 1.0 0.9 8.7 01 2.0 0.1 82.8 0.2 01 1.9 37
Barley 25 15 0.6 0.7 0.4 1654 264 1.1 2782 0.6 35
Sugar beet 25 4.6 0.1 3227 139 0.6 338 4418 187 2.5 0.6
Potato 14 11.7 1.2 0.9 2056 968 2184 1.9 38 0.5 15
Maize 0.2 12.0 5.2 5.3 11 1606  34.0 1.0 358.9 9.2 0.1
Fallow 0.8 1.1 47 0.2 0.0 1015 1.0 0.8 166.0 0.1 1.3
Sum 3060.0 3678.3 94410 19415 17705 13557 5519.3 31052 17925 62250 3434.0

adllas ) gl .5, WSl (ojlwdigs b ol )9LiS 03, oyuoli S dms F

Ol309LES 39 41 e oS & (ol B 4y Ol wdpe a0 L
iy Sl it 455 4 oxie e i o 4k ub salyss
Cdipms 390 4 ke o axsl 0 anlgs )5,5LiS o3, ialS
ORBl calio cutS 58 npelip Ab aals jplas
oo 5 olenl (gl yolaie 4l ]l g T (590 42
lelg il Canal g OF lom ggo90 3980 drogs (o e e
@l Had Sygo 4 s oS Mol 5 O (glicad

Dgas 03Dy sy o 0 o

1- Positive Mathematical Programming
2- Computable General Equilibrium

3- Crop Per Drop

4- Net Benefit Per Drop

asls J &bo Cople 2 o)l3l Gl & o uuo (5 )8 b
A 15l (IS 4 Wl Ol cuad i vy Bb bl (sl ous
5 x4 ORek ol p il sl a ]y ly)slass o)
solaie &y Cuwl Adime &S Cuwl odd Al (gl al oxiwliel
D5 315 gl JLast s cedd Jolas b O b oly,eliS” 5 coles
ol 4 s Wb ol cuod aBF Ojge Sldlbe Wil p
A ol Jad cand a5 Jbs > il o edd ples slaais i
S oozl b tmggy ol )3 sl JUy AF+ 2505 15 (2938 (5l
ol b > ol oo o yp dje wipe (oolaidl byl
claana wlol p Ol Cad le Conl oads lgie et al. (2007)
cubd (5ol 4Sd 53 o159l (sgm 5l (Bl Cad b o ples
(ot lys o ob L gl b dgng (ool BMBI g38
We b ome Juy AO 4 Ju, AF. 1 Ol caid il
Olejor (ilwdisgy &5 (Jl )3 ad salgd lj)oliS Slogs 3,lekse
buwgio aSl L5 dales oS g adie A Hlde & (g5yliS
sials aals (ol cuagd ioli3l > 4 (opomen b o il
305 25 Gl o b & s NPBD Lails baugie
@ CusS pl5 )3 39 oo Sy 1l ()55l el > ialS
alio Cadgie (85 iy b b Ol g g S 5580l 3ol
Cuosd Sl Bl sl s 9 395 4153 558 0ld) oo 5 ]
ol @l 295 Jlosl (958 cudd (ilel Kb > s 4
Hosseini and Mazandarani &g guls b duwslie L adllae
lo guso Copte 4 adlles 93 ya 4> a5 cuwl Zadeh (2021)
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