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Abstract

Water is one of the limiting factors for the development of the country's
agricultural economy and one of the main goals of policymakers in the
agricultural sector is to allocate this input among different agricultural
activities in a correct way in order to improve its efficiency. Improving
water efficiency can be a suitable criterion for identifying an
appropriate water allocation policy in each region. This study utilized
the Positive Mathematical Programming (PMP) technique to
investigate the effects of various water-pricing policies in Ajabshir
Plain. Data was collected through simple random sampling and face-
to-face interviews with farmers during the agricultural year of 1399-
1400 (Iranian calendar). Four scenarios were implemented regarding
the price and quantity of water consumed for major agricultural
products, such as wheat, barley, potato, and onion, as well as major
horticultural products, including grape, apple, almond, and walnut.
The results indicated that, for all selected products, increasing the
water price led to a decrease in cultivation area and an increase in water
productivity for the majority of the scenarios. Based on the Net Benefit
per Drop (NBPD) index, walnut with 187,910 Rials per cubic meter of
water, almond with 180,247 Rials per cubic meter of water, and potato
with 83,827 Rials per cubic meter of water had the highest index
values. According to this study, increasing the price of water and
modifying cultivation patterns while considering the principles of
sustainable development are effective strategies to enhance water
productivity. Additionally, efficient water demand management can
help to prevent waste.

Keywords: Productivity, Sustainable Development, Water
Resources Management, Positive Mathematical Programming,
Pricing System.
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Fig. 2- Agricultural pattern of AjabShir plain (zone 1- zone 2- zone 3)
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Fig. 3- Distribution of caltivated crops in Ajabshir plain
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Fig. 4- The effect of water price policy on productivity indicators
890240 SB s LS p Ol Cuond Cuwlow )a“.’gl.'i -f UG

zras (V) Ay g0 4 adgl oSl e s yo )3 slask
[(Paris and Howitt, 1998) 345 s

MaxZ = p'x — c'x

St:
Iex<m [A] ()
x<x+e |[p]
x>0

slcwd I e (M X 1) jwysle podin pb 35)l Z &
o ple C sy lacdld zoaw (1X1) u ylo X (Jyarme
MxN) jwyle Ic dacdld 5l asly o (g)lulus anja (NX1)
5 ésl.m )J.)LM )] (Mxy) ‘_)AAJ)JLQ m cégt.n dLhCLg.)}.\?:.n 0 wl)..o
(Mg clacullad oud odalie ol 31 (NXL) s 5lo X ¢ o yiawd
on o Sty ) pSsle Gl S8 o sliel Jals e
M) eyl A pmeldS 5 oplsle clacydeime
SHOXL) e peglio socadgiome & brpe (55> (sl it
02 b sl el S sl dgise 4y bgyye 890 (ol yuxio
SbCudgioe dod 5 Mt Cute MolS Cllid ko plos 4l
aiye bulyd s yolelil aige J> oly 0 panass LB plis
Wolff and Heckelei ) sas o 4l 1) 459> polie (V) Jso Jo
J9| 4,[)).4: )l D.AA] Cowdy <\.3l§9.) )J.)LOA ©9d rﬁlf » .(et al., 2003
I eolaiol dyge Jed e CBaa HU oyl )l ez sly

PMP2 3 ) laibiw! 3,59, -Y-Y
sl ply o (lipelsS” Jleinl )8 (gjludend 5 (o 0jge!
Olagouas 551 Caps > (5550 SaS Wil o alisee sl
Slogoad silodite Sl pow e (9) S (PMP) cue 5L,
5 o )b dacudgize &S 1) oSl &S (gysb 4 Cunl ;)5S
s89) PMP S (o Jo jlaisjge canliw (lal 51 (36 293
8y A o8by il sladis (355 0l sl
3l aleMb!  aalatwl L >0 0)9d e Jsb 50 o saalie
] ‘_',wl)ﬁ)lf scodgine &l5g sla o lawgd o

.(Henry De Frahan et al., 2007)

HOWtt, ) cygla L o5 (PMP) et (b (s3,a0b Jas
WS o JWod s ye dus (0 1y gy SOl diBly oy (19952
26 L LP Jgomo Jod (g5ya0ly Jdo S st dbspo jo
4 ool pllS lacydgioe ¢ ddlaie l55oliS dgw (g5l ST
caw clule clacd 5yl un b plie clacydgise ol jon
03b (ilu Sl 1558 L 29 o0 S (Y gae S ]

IFoY bl Y 0ylowd pimmnnt Jwt oyl 3! S @abio Colindioes
Volume 20, No. 2, Summer 2024 (IR-WRR)

WY



5§ odlitel b cales 53 5 0l dlee dilaie (65)5liS i
Sl Cad Cunlws gy 4 Sl (69050 023 5 S52)000 2 S0
Dy by adllas )90 dilaio 3 (5,0l Sl gpg0 e
2 &S Cul o ol s (Vo) = () Llgy 0 PMP yo5 o
bj fpuonas piie X tae 30 (alls 2el)d Z ((Ab) 4 (A3) (1) Ly,
) Jpame el Ry 18 <dlps uple @y fodled o520
G & s 22y 3 o 5 )Shas )3 Jpamo 1o Cod 5 Jol>
03lgs y Caod o Job 3l) ool slad ia AC (cuwl ol
agje Jols ad, I8 @ anie o e cand @ o Hlude )
oy T uitle lomsis 355 OIS 53,65 s M5 sloosly
» Q) daly 5l Job lale gla ol ol o aiiws (Cawl
S o33 i (10) 5 (1+2) ) +) gy 0 & 5 s

(Henry De Frahan et al. 2007)

n
Max Z = Z(Ri - G).X;
j=1

n ()
=1
St (-a)
YtiaX <b  [A]
Xj<Xo + ¢ [pi] (a-b)
n
Y.
Max Z = Z(Rj - C).X; o)
j=1
- Z aCjX]'
=1
1 n
- Ez bejx? — ¢y
j=1
St: (V--a)
Xraa;Xi < b [A]
X =0 [vi] (V--b)

Sy bl 2 G Siglgaie ilizee ol IS 5k &

oaly —O-Y

ol pdcome cuds liyolis Jold sibss &bl dnols
Eb g (=i ol b Wuwgy YA 085,500 (w0 2y90 03gax0
Ol (6550liS Dl Cupie) Cunl G FYVE/D 25us
Oldg )0 ot sl ol caddllas 3550 anl (AVAY pboxe
gaw > Slodos B Y gase (S 3)50 )3 5 il (5)y9liS

Caol)ls yguiS

Gl 0y90 1 o oddlive Culld Folaw &S (glAieS 4 WS o
slocasgioe Sl olimal (oh 5 e (bt (o) bug
Gt 393 o yn 3 o 1 5 35 5 gl S
& ety dujp 2U So b g (s e W5 U S6 oo))3
el sy (V) dlaly Gillae Jgl s yo Juo B

C'(x) =d'x+x'Qy/2 (v)

Q wije @b (hd s glagelly I (1) b d (V) aaly
s slyialb 5l (XN olael b ()lite g (pere douw oo L ilo
(MC) josie (alod 4o )13 pizmod ol azjo @b pgd 423
9 C olhls auja )by ggeme b ply (305 auje b & by
51 aS Conl gmwl w8 slacudgiome &5 bgype 890 uiie oy
SAXN) GLol,S oy VCY () S el dples 5 (¥) alayl
(Howitt, 1995b) .l x =x (slp CV(X) Jgl 45 o léiniie
MCY =VCY(x)y, =d+Qy, =C+p (¥)
&l 5> B aloye 3 0ud o5l (s dlyse @l dpgu pS )0
55 de o e Ban b g 5,5 o 18 oolitl 3)90 dllue an
sliztul 4y agl Wlie & 4 ot e (g3y40b p Al K
scodgime plo b oolwa Jo el S slacudgise
o ple Q' oy (F) dlady )3 5,5 o )5 03litul 3,90 (sauuses
amd e olis 1) hd e Ban b ond oyl clayzal,b Q
G 0l 0,8 Jad e oSl 08T (Heckelei et al., 2003)
slie 5 4l Jlo )3 o odalin (Slacylld olaw oo j5b 4
ol odlal Cgllae (olan ol )b 5> ey
Max Z=p'x—d'x+x'Q,/2

St
Iex<m [A]

x>0

(¥)

229 Jae -F-Y
e (5390 0 2 SIS Cuacd 3T gy 34 (] Sheol o
b iyl Jie 5l glate cnl &l (55l i 3
Gollas adlaie l550liS Jloxs! jlsy oS cawl ol sdlitwl Cuzo
s Jols Gua mb .l osds (gilo s Jlas so glagy b
2 e (g5 slegled 51 ol 6L Gl 03 (55l
P Ay 8 4 Bua ml Howitt (1995) .l adllas 590 ddlais
@l s cusl onds &l (V) dlasly Cygo 4 Jgl Al po y> adlllas
&l g Jde 5l okl b e dgui o odliiwl dxy Jolpe 53 0 IS
N OT Bpas p ol Condd gl )..;b wdol Cuwd 4y 3,Sles

IFoY bl Y 0ylowd pimmnnt Jwt oyl 3! S @abio Colindioes
Volume 20, No. 2, Summer 2024 (IR-WRR)
VY



My @lio 635290 (le0

bty 3o (S5 ol dslo

A 4

b pytely Jro (29

Siaebp Jdo (o
(PMP) cuio 5L,

Cuosd Canlbuo Sl Jdo (sl yusio o s

A\ 4

A

y

69050 Sloeadls ) yuis

A 4

Ol Casd s P10 (6y90 00 B9y (w2

Fig. 5- Research methodology
a5 (S99 —0 S

o3latl 3)90 o) plie SSH 4 (25 O @ bgpe olop;
Elpl icutS pj paw g ds)ze S aw (sl p000 JB Colue
poow Elgl (o] @ baryo claai e g 5l 395 Sladd dlas oS
E9ps 9 Y| Oeolo foi 4 baye sladlia ] & Cqx
SIS 5 Giptd & bape ladije 5 )15 clels (Sl
SSE 4 gl5 dalp iy g cudls claana Y pile
Je ol dunloes i gl yseinl 4 jate CYlgw plo g Y g
Siledse piagw S S GAMS 138l 5 ) oolisl b (552400
oo b (03b) odomy ladse J> sl 42)LSe sjleaie
i Llg o os0e p> (gilwde piuw Canl waol Y
oo Slapia)oSl g b bg) LTy 008 g el ¢ Jad d ¢ Jas

&5

dolidiun p wadais 30,k 5l 5L 0y50 SleMbl g Wodly suios pl 5o
i Jb > b (5,0lS b aslas bug ol JeeSS g
slosly a5 de 03y ol JbSRe CUBd D QT 519082 c,:]
£l g el Y gae odes 4 bgyye (sladolidunyy I gz Seiue
5 bl e 550 lo ¢ liojium o A I ol ddlalo 35200
aals o cul jolaie )] ar yol ol b g yaelip Jde 3l 93,5
2 9y $YL Gadss Jainyge Claal 4 o cas Jame bl
Aol s YEY 2laay dslllas 5590 ddlaio IS 5l o (S5 3)l50 ol
o 4 bgpe plie ol SNl 5 (5)5laen Ban ;5SS
9 u.cl)) ui Zo ;Lg)Lj ‘UT 4 by),o dtmdw)!b 9 cusls 0450
cloan3a 5 bl lads s (S 4 Ol wlio jlodlatul e

IFoY bl Y 0ylowd pimmnnt Jwt oyl 3! S @abio Colindioes
Volume 20, No. 2, Summer 2024 (IR-WRR)

VY



9,kyloz addlas cpl ol 48,3 )3 ealil 390 o odls
2opd ¥ g ¥e Ve Ve ol ol o €85 )13 (yp )90
S smjram e piiS Jald £y e pare gl O Cod
2)55 52 0575 9 9,5 9 Pl e sl ol (£l <Y gae

ool dalllan 390 ddlaio ;> Ol Cansd yui ply 50 o)j,5liS

PUS Jgama il 5 o ol Cansd GRIBILY gt Blaa
oalS ud 4 Ol poe aaly gl 4 2l dgw ioli8l by e
5,5 ool g o o Cansd il 3l Mg,y asdl b S (gy9b 4 b oo
b L1500 a8ly 53 395 o s dibaie cuzS o581 Ly 5 oS
O oS CulS 5 g halS 4 Pl O e il
GRFILY Joio guls (bl 8 o a8 o5l ) Jgarme
ialS gyl plos 53 g2 Jpamme (sl S 5 o o] Cad
oo 251y il & GaBL s el Loy (Sojd y90 0
Sl 25 s 4y ey Ol o2 2ly (il 4 (IS 29 g I3

e G2l L 38!

oy g b -

Jpame (539880 3 2 Cansd Calons 53 -

Y gamo b b3, 5o sl condds gl Jwlio gu pis jolaie 4
(WA= ) oy Jlo sl peboons €dd (£l g (5])) odes
o Sles ke odd (gyslaen (clrodly a4 bgye (gyll leMb|
5 o Slo 355 cbiond 395 Ol g9 ol slaodles Bpae
olis v Jato 0 S8 4y o WY guaze gl Y uile
Oy £y Y game o 0 o 4 g b S cul oad odl
4 bgye (b Vgame g 0 5 5l 4 bspe ol pas b
Y gaze & bgrpe )5 (69585 635)0 £ VLl pbl
Srae glire puide 50 il 9 (i rizen Cul (EL
Sl oo b 1 Slas 5 olowi (sladgS

asej 2 ol 6r90 » ol (©)ISCuad sl 45 adlllas oyl
9 wl (X W) Mlm oD UL"’ L;lmu»lm » SA.A.A.ﬁ ‘_5))91.\.\.5

Cuosd alBl 315 (l555laS L8, (o 15 GAMS Jldle 5

Table 1- Statistical information on the crops of Ajabshir plain
IR Cudd (6579WiS WY guame 4y bgs g (5 5lof CleWb! - Jous

Average Labor . .
Crop Cultivation actual Water_ force  Manure Che_m_lcal Pesticide Agrlcu_ltu ral
. consumption fertilizer machinery
name area (ha) yield (m*/ha) (per (kg) (ko) (L) (hr)
(kg/ha) day)
Wheat 2300 3391 4769 12 4000 375 2 23
Barley 410 3180 4523 6 3000 204 2 14
Potato 1784 32174 11500 10 20000 803 3 16
Onion 502 37586 17300 13 20000 289 2 15
Grape 1084 14629 5814 21 15000 177 4 11
Apple 218 20000 8712 18 20000 127 2 11
Almond 695 13350 8952 16 10000 179 3 11
Walnut 855 1800 8639 14 15000 338 3 15
Table 2- Impact of changing water price on water productivity for wheat
P8 gt (g1 O Cunnd paud doml 53 O (6590580 5 i =¥ Jga
Water price Cultivation pattern

increase (percent) change (percent) CPD BPD NBPD

10 -50.62 0.78 52251 28127

20 -71.84 1.38 91554 67710

30 -72.31 1.40 93128 69529

40 -76.02 1.62 107532 83199
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Table 3- Impact of changing water price on water productivity for barley

9 Jpaow (Gl O Coond yuds 4o 13 O (5590500 53 S Y Jou>

Water price Cultivation pattern
increase (percent) change (percent) CPD BPD NBPD
10 -0.42 1.42 106361 70652
20 -2.35 1.45 107891 72402
30 -1.84 1.44 108463 71477
40 -0.95 1.43 109627 70160
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Table 4- Impact of changing water price on water productivity for potato
(0 s Jgpatno (811 ol Cuond ik i ) 1 (6590582 ) S —F Jgo

Water price Cultivation pattern
increase (percent) change (percent) CPD BPD NBPD
10 0.20 4.97 123257 82668
20 0.23 4.96 123296 82379
30 -2.07 5.07 126142 84765
40 -2.44 5.09 126623 85495

Table 5- Impact of changing water price on water productivity for onion

S Jpasw (gl Of Coond pundd aoes 15 OF (5905002 53yt =0 Jga>

Water price Cultivation pattern
increase (percent) change (percent) CPD BPD NBPD
10 0.04 3.48 98289 78004
20 -1.43 3.54 99766 79211
30 -2.52 3.57 100875 80455
40 -2.89 3.59 101269 81119
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Table 6- Impact of changing water price on water productivity for grape
9551 Jguatmo (6151 1 Coond yundS a2l 1 21 (6590 R0 53 ydi =5 Jg

Water price increase Cultivation pattern

(percent) change (percent) CPD BPD NBPD
10 -0.65 2.29 92668 70357
20 -1.96 2.32 93912 71225
30 -3.68 2.36 95588 72150
40 -12.28 2.59 104955 81893

Table 7- Impact of changing water price on water productivity for apple
e Jpaome (1 O Cuond i i 3 O (6590802 )3 S -V Jga

Water price Cultivation pattern
increase (percent) change (percent) CPD BPD NBPD
10 -24.42 1.74 59213 30063
20 -26.30 1.78 60721 31945
30 -27.24 1.81 61508 33106
40 -29.11 1.85 63127 33230

Table 8- Impact of changing water price on water productivity for almond
P13k gz (51 Ol Connd s a2ei 13 Ol (5590802 3 s —A Jgua

Water price Cultivation pattern
increase (percent) change (percent) CPD BPD NBPD
10 1.58- 0.33 244564 179361
20 1.30- 0.32 245232 180776
30 1.18- 0.34 245533 179876
40 1.04- 0.36 245863 180973

Table 9- Impact of changing water price on water productivity for walnut
9955 Jguamo (5l Ol Chond i aoeil )3 OF (5590 9 ) S -4 Jg>

Water price Cultivation pattern
increase (percent) change (percent) CPD BPD NBPD
10 -1.01 0.28 216342 188481
20 -1.05 0.29 224588 188126
30 -1.08 0.30 228964 187745
40 -1.07 0.31 233435 187288
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Table 10- Average agricultural water productivity indicators for key crops in Ajabshir
s i e (15 e ¥ paze (2 (5599108 Dl (5590 00 S a3 L Lawgie dpwlne =Y+ Jgoa

Crop
Parameter ~\y/neat Barley Potato Onion Grape Apple  Almond Walnut
CPD 1.30 1.43 5.02 3.55 2.39 1.79 0.34 0.29
BPD 86107 107411 124830 10050 96781 61142 245298 225832
NBPD 62141 73395 83827 79697 73906 32086 180247 187910
Ly o Wi g s -0

1- Net Benefit Per Drop

2- Positive Mathematical Programming
3- Crop Per Drop

4- Benefit Per Drop
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