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Abstract

The agriculture sector, as a key sector in the national economy, plays an important role in
food security and economic development. Iran has a special position in the production of
agricultural products with its climatic diversity and unique features, but due to dry and semi-
arid weather conditions and scattered rainfall, it faces the problem of water scarcity. This
issue has caused the inconsistency between water scarcity and agricultural competitiveness.
The main purpose of the present research is to answer the question whether the shadow
price of water is effective on the competitiveness of the agricultural sector. For this purpose
and in the first stage, using the production function approach, the shadow price of selected
Iranian agricultural products (including wheat, rice, potato and corn in selected provinces)
was estimated during the period of 2001-2018 (based on the latest available data) and then
in the next step, the research question was answered with the approach of system dynamics.
The results of the simulation and sensitivity analysis of the model show that by applying
the shadow price and increasing the price of water, the demand for water consumption in
the agricultural sector is reduced, and with the negative effect on the product performance,
the competitiveness of the selected agricultural products is reduced. Based on this and
considering the strategic importance of the agricultural sector, water pricing should be done
with special sensitivity, but technological and soft measures to save and increase water
productivity in the agricultural sector and to improve the optimal cultivation pattern as well
as the foreign trade pattern are essential.
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1. Introduction

Iran's water resource is limited and almost scarce, and in this situation, with the
increase in population and economic development, meeting the water needs of
different sectors faces many limitations. Therefore, water demand management
and the implementation of policies that increase the motivation of consumers to
save and prevent wasting the amount of consumption of this valuable input is very
effective and important. One of the main reasons for the low efficiency of water in
the agricultural sector, as well as its lack of efficiency in this sector, is the lack of
clarity about the accurate price of water and its low relative price. The low
efficiency of irrigation water requires investment in water-saving technology.
However, due to this fact, the motivation to invest in alternative water irrigation
technology in order to prevent water wastage is low. One of the best policies and
methods to preserve water resources is the policy of accurate pricing of water in
different sectors so that an optimal pattern in water consumption can be
employed.

The main purpose of the present article is to investigate the effect of shadow
price of water on the competitiveness of selected products of Iran's agricultural
sector during the period of 2011-2018. In this research, production approach is
used to estimate the competitiveness of selected agricultural products, and system
dynamics is employed to simulate and make policy scenarios.

2. Materials and Methods

Considering the dilemma of water price and agriculture products competitiveness,
in this study, in the first stage, using the production approach, the shadow price of
selected agricultural products of Iran (including the main crops, wheat, rice,
potatoes and corn, in selected provinces) during the period of 2011-2018. The
shadow price of water can be a measure for optimal water consumption and
efficient allocation of water among different crops. In the next step, using the
system dynamics approach, the effect of shadow price on the competitiveness of
selected agricultural products is simulated and examined.

The system presented in this research consists of four subsystems: economic,
social, food sustainability, environment. In the economic subsystem, agricultural
producers achieve profitability while using the required inputs in the process of
producing and selling products. The social subsystem includes the population,
consumers, labor force working in the agricultural sector, and population
movement and migration. In the subsystem of food sustainability, the supply of
required food, production efficiency, the area under cultivation and crop losses are
among the key variables. In this subsystem, with the increase of cultivated area
and crop yield, total food production increases. At the same time, product
performance depends on production inputs, especially water. As the price of water
increases, the demand for it decreases and as a result, it causes a decrease in the
performance. Of course, water productivity increases with the increase of
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cultivated area with a modern irrigation system, which increases production
performance and reduces irrigation water consumption. The environmental
subsystem also includes provincial water resources, available water in the
agricultural sector, agricultural water demand, water consumption efficiency and
the effect of water pricing on the reduction of agricultural sector consumption.

3. Data

The raw data and basic information in this research were obtained from the
Ministry of Agriculture Jihad, the Islamic Republic of Iran Customs
Administration (IRICA), Statistical Center of Iran (SCI), Ministry of Energy, and
National Organization for Civil Registration (Iran). Based on basic data,
competitiveness calculations and measurement of other variables of dynamic
subsystems have been done.

4. Discussion

According to the results, it was found that in most years the economic value of
water is higher than the water-price paid by farmers. The results of the simulation
and sensitivity analysis of the model show that with the increase in water prices,
the demand for water consumption in the agricultural sector has decreased, and as
a result, with a negative effect on product performance, it causes a further
decrease in the competitiveness of selected agricultural products. Therefore, due
to the importance of the agricultural sector in food security and job creation, water
pricing should be done with special sensitivity, and in order to save and increase
water productivity in the agricultural sector, new irrigation technologies should be
used.

The results of the present research show that wheat receives the least impact
from the increase in the price of water input. The low consumption of irrigation
water and the increase in water productivity by implementing the policy of
equipping irrigation systems in the area under crop cultivation will cause the
economic pricing of water, the competitiveness and production of the product to
have little changes compared to the base situation. Rice, as the main variety in the
household consumption basket, plays a high role in food security and providing
calories to consumers. Due to its high water requirement, it is not possible to
increase the price of water input for this product. Potato is also one of the basic
and widely consumed commodities in the food supply of the country. Considering
its role in food security, export of agricultural goods and job creation, it is felt
necessary to pay attention to supporting its production. Corn is one of the
important grains providing poultry feed. Considering that a large part of the
country's needs for poultry feed is imported, its domestic production is important
in order to maintain the food security. Therefore, the increase in the price of water
by affecting the performance and profitability of the product will bring a further
decrease in the area under cultivation and production.
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5. Conclusion

According to the results, increasing the price of water alone cannot be a suitable
solution to improve water efficiency and prevent the wastage of this vital
resource. If liberalization is to be done in the input market, it should also be done
in the product market, which has social and food security consequences. Of
course, the price of water in the agriculture sector is low, which is acceptable in
terms of support and food security, but in this case, there are other concerns such
as depleting and wasting underground water reserves. Improving water efficiency,
increasing the yield of water products, using green water, modern irrigation,
improving technology, high-yielding seeds, improving the level of mechanization,
modifying the foreign trade pattern can be solutions to solve this concern. Due to
the low price of water, there is little incentive for farmers to use these systems. In
this regard, the government's intervention and investment and promotion,
technical and educational support to the farmers is necessary.

Acknowledgments
The authors would like to express their gratitude to the journal officials and
referees.

Conflict of Interest
There is no conflict of interest. There is no funding support.

Observation Contribution

The corresponding author contributed to conceptualization, idea generation,
article content quality, research finalization and control of all calculations,
simulations and estimations of the research model. The co-authors were
responsible for the empirical literature, initial simulation of the research model,
and initial framework of the article.



Oyl (5355 (s3laid] lalre ole doliliad
VYVY-FVYX 0 SligpSdl bl VY YY-Ya¥e: ol (cLlo

https://aes.basu.ac.ir ;a5 colwosg :
Ol o s L gy o8l o seloza pols 5 colasil pole 8315 colasil 5,8 &yt QX

Hlio 423 .0 05> alxo 4, Creative Commons Attribution License jgzes e o X g canl () o diungh 4 3late yits 3> @
g oyl s 4ol )3 Allie 4l il 4y g Laas 3 alge Ggis aS iyl 53 bgie IS Szl 4 ailolus yo 1y o Gla

N Y
u—/d’/_,zb

1539l ey (Spadyculd) g o Sldslu osd
35539y s 0oyl uuiiv (539l (SLAYIS (S0 ($3y90 dalllas
(ehasstass g lis 3l 92

B oy spiloles ST @755y skt B ClogsSLy plo @' Sy dpraw

gy 1allie £ o3
- https://dx.doi.org/10.22084/aes.2024.29672.3709 : Jbusw s duwliis
N Jo A /YA 2 Gyl foyl5 VEY oV /6Y 26,8550 oy 5 VFoY/o0/eY dlyyo fyls
\Wo-\Y¥ 1pa0

LNVCTS

*

E55 L olyml o3yl (eoliazdl dusgi 5 (olié ool 3> (coen i ¢ Lo Sluazdl o sulS st olaie s (ghysliaS s
s2lom g ol bl Jdo s (g sl Jlaysd s (logg oGl 51 (55LaS e¥guase ddgi 43 )8 dspamio (sl Sag 5 (sanl
Lgﬁ..\\guls))aui Sl coyd l:J dS el Yy w‘ 4 tu.ol;t )..ob U9 ‘:Lol Bud .cowl odis 6))9L~’a§u§99)a
chfg_.m d‘djLw w ‘-\_:.193 é_’ti .3)_%;9) )' salawl L: (S S_L'>).o).> 5)5_14...@0:;' le)—’ S| )_';54 LS))BL&SU:‘—""
39 u_»i slasls c.v).) 9 @Tw)uﬁ_m REPIV] b 4l = ‘LA_’TP"\'“'?LA';')) u}l,.m:u JAL&) ul)_:l d‘))9L&Su_’>:MA
;b).a 29 O g 0D é)jiﬁ (U yiawd Jals dLbabb Lﬁ)}i u»LwI)J) P 2ITA VYAV @Lc) ;)93 G‘o (Sl dlbub’.wl
olas d.\.a c«...wlmb J.:.l:ﬁs LS)L“’M (’*5.:9[:4 ccowl 0 dd 0315 (’*-Luil;l R 95 (st ) Ay ot @umwljﬁ .3)5:»9) L cdms
it (g HSHT L bl sl (5,588 Lo 43 by ol (sLiolis el sl tliil g (gldplor cmsd JLae] L 45 amd o
i @Opmbly coenl Ay A g b g ollig] g2 ol oo bl (g5)9liS ctiin LY (Gdy o) ( Jguarme 0y Slas 4o
6290 iel33l 5 (52 40 (s 3o 5 ilyglid lolBl (g 3y yge0 ey ool b b O () i8card (sl
el gy (2)b )26 58 ool iz o 5 S (558Ul ool (g3l S 50

sl e (guolir bgw ¢ 535l ymibenldy (o slarln cand 10y S3lgulS

013, Q01, Q15,Q17, Q18 :JEL gusdiub

(J g bding) ol cpmabsls cslyasile ozsls ¢ gylal g golasdl pole BuSitsls ¢ g5y Slazl 09,8 dliwsl )

Email: srasekhi@umz.ac.ir

Oyl bl cylyaszle slzsls ¢ gylol g (golasdl pale BuSiisls ¢ g3yl Slazdl 09,8 ¢ solazbl (lowitummms (g32ydoliy dil yulidsylS.Y
Email: sabershakeri68@gmail.com

Oyl bl (lyassle 08315 Il 5 (golasBl pole 5uSiasls 6551 Slazbl 093 jLezsls .Y

Email: Sh.zaroki@umz.ac.ir

ul).:l ‘Js)lbl.&‘: «\)9)11»[& (S ol&asly Copde g é)Luo 3uSizsly ‘J)IA::L» 9 dlazdl 05; ‘dbhaiﬁ dubw d)))d\aL:)A M)lwm)lf.f'
Email: AT.Salmanpour@gmail.com

S0 obieoly 5 Of Glabe coady (08 Lol ol glalio 5 b o Sop5 olo «Olos)S L s o Sewsly :adliie 4o gl
HOVNY 3y (63528 (edbasB) lallas (oo (ol obigs 3509y L ¢yl csriio (65y5LisS s LaVS glps (63y90 dalllae : g3pelsS
doi: 10.22084/aes.2024.29672.3709 .\V¥-\Yd

https://aes.basu.ac.ir/article_5811.html :dy s Hlolw 5 e Lol dio


https://orcid.org/0009-0001-5598-3409
https://orcid.org/0000-0002-7078-4547
https://orcid.org/0009-0001-3060-3270
https://orcid.org/0000-0002-6280-7243

ol 2 ol s i td D Ll’,, K o 53l b H

Aodko .Y
Kb (6955 dnwgi JBy> (slay9S 5 opges diE a3 5 B Lo el sl (ol (655l S
5 ol Cunsg b daly )3 cushad pac O o (e Cured @y Gl 4 dsgs b L(VATY o)l
Ol cpl g 0,8 wialed (S5 we; 59y 8 DlotW/Y Loyd V00 Jlo b a5 395 0 03] (pe5S o
Yy T e g obs) cuily salgs o olié Y game g > Ve BV (bl 4 Cures
e3o90 ol 3138 ol 5 ol e o )3 ol e BAS B e 03055 50 (45 glST S 03 (Sgw
el @595 g (Jlo 3 yia oo A1) (Sl (nSle pou Sy (S)k ko b () bl ood (e

239 o9l loly sl (i5e 0 Ol IS (lul )3 (oS lalpd & drgi b ol Sl
@519 p«»é ‘9)()" )l f))l.}J S99 ui A_Q).«a.a 2 ng‘?c‘é).«o 9 Al ua.u.a?o LS‘)“ u.'?lf B)Ai" ‘u"l“"u"
303 G ) OTVAY (oo g ) 5mp) Casl o] Byl Sl Gt dlge 181 50 Ol (Lales 0330)
B3 Y el S50 ol 6pdicaldy ol S 5 39,00 ety (65liS i B35 e ]
7AYa5 &S cul 0393 (¥ yodeoAT VY ely; OV game algi e VYo=Y ely; e o oS
(VFY (65y9LisS doblal) wib o wod cuiS ol @ laie 2V ¥ g ol cuiS b o)) 4 leie o

Sl Sso g 2l polassl (65)liS (o 4 b (Bras Ol i Wb lie & G5 len
Gi9iS Gy 4y e o AVe dgds Lasein Sed e wguome gwlsl 835 S Liu ol el
oMo L Cotio i b aulie > (B (alBU g ) (65y5liST (is wrew 45l S92l g a0
Ol gwSy 5l 990 cnl )1 (2P B e (2B O > riaed 5 (218 Sl ) (Jg e
5 M5 ol ol Cuenl S > g g Tl b 5pliS Bisu 3 Ol g0 w3
dnwgi 9 (559l SlatBl )40l (slagtingy duwie ()1 (wluly Adl oo (55y5liS (ie o
JS a4 ang b Tl 039 ¥ 3Lt Y 3905 VF-Y Lo ,d ol (s559liS Lise Slple 35 ¢ b,
L P BB o8, &S amd o olad] 3d & 1) HeuS il Slplo LY dgas g Slpdlo S LY dgas
D0 g

Uit a8y b o Cagd Yol sl caponl Bl (655l5S isu (el can 9§ Uil O ()38 cansd

S5S i sly 53 035 (oS e o S84 3l ais B lié i 5 (55,50

1 Ward
2 Tian et al.

Sl S ool Grizen 9800 Bpas £5glS S 5 59 Gl TAY amd e L5 (V) 588 lis ok Ay g of plie Cajte G5l T
ogorte b dulie ) & LBl o b OT Sl S 2o ya ljl 4 GBI (IBL g Yo FA Jolee pY-Y e Lo 3 ol )3 o o905 (Y4YY)
oS Ol g0t @0yl ds obalyy (0F0Y (a8 65,558 5 olee cqulio ¢ IS5k BB1) cand ilon bl VY Sl (¥-8) il daw o o
ol Slor 0:S3bo 51 205 TV Joleo (55,5l i 10 0T e (IS el 00 4 (588 ©l39) ol o o ©ope €805 Lo VFY Lo 5

(aSogio o Y5 - AV b duglie > CaSayio o )Y - YF)
4 https:/dolat.ir/detail/446888



|
o i o

Cdypam 3929l ol ol slociadd L (VY agjpsltS g ooles o (G )5k 3U1) 29,000 by )9S
Saoxily )3 gpd90 ol Jy A8 0 by GRIB1 pol (65,5l SV guaso A5 Ol (590 00 1l g
Bl ol el %00 Bl 10,5 oo Ol Sl oslitl S uty GEalS 5 eeip; oo 45 oo
Bhl ogdices 3ly (o o Clas 3wy Jolo lgicds 9)000 (92 4 (oo Spgots )l (1B
4 e Gl B3l ol ol o Cod bl bl b 29 g0d uSate 35 o g g slaclus o o
sl (il cage wlos cnl Cuad GlE g O DL Lials Blie 55 g 395 ol 51 LB Balizl
SS9 ol a5 e N guazo cpl (5 Rl (il cnlply § ol g)psliS EY g B g Ay
$lgs 38l (31 o3ga S sl (o liS s 1wl wynl Bl e cpbicul, 5 Ol cud
ObSS by e syide 0jy i) 5 2 Cull @ b b gy S eyl |y Gl Slaal
5 it tel I3l (ol 88 ol Loy Tl 435,515 (StS ulBl 5 45 Bl 65 (sl ol D
b b ls (5p5liS S game (ol 0,8es g Wl Glal38l (65,5liS ©Y guaze 5 )Sles Wl (60 dieils,
29 oy ol by

2 5,0, 5l ookl b s dspo jd callas ol ) (o piocally 5 Of Cuogd (SiBgs 4 4 b
B o paS) Slol (ol Y gams old) Glal 5slS oo Y game slulo Cud Wy
WAIWAY Sloj bygd (b (coie slaglinl 3 o b @) g ol uejouw woglye il
disge Bpan sl 5)lne Blgi e Ol Gllo cuasd .l 00 )50 (om0 b (slaodl oy BT ulul)
o alie G5k S5 oS 4ty b opigas il dilise SV e he Ol WL jarass o O
9 (S Bly cod) Ol oolal 35 4ty Bk 5l igliS i 0 Ol Lol oo oS
g Slrdee) Ml 6y9pe higliS S game )b 5 W oSl ALk > e cuiS oS
S rhl) p lls Cod Sl s (olid by 2509, 1 5,84 L gam pB 3 (ITAV (ol
2550 ) el 3590 5gliS e Y e

Tabol lie (ol Jpame diz jiie > poye 581 (e @5) TFAO) g6 (slaodlsy (ol
o 4 9 g0 CudS L3 ) (Sligt olS J5a0e iz sl (mjoue 5 ©) pAS @ el
Sbbeof 1 i sl 9 S o el |y Slor Bl (551 1F pdiS 9 O)d @iy i ooy S

ot < )15 olisly (ol (51 ol (uilfl) D5 o0 gmme 2ol g 385 ke sy,

0l Gl g by lylgls Bpas (il Carge (5yslaS Gise 3 Ol Bk GRals amd e lis (VYR0) ollSen 5 € ey ddllas gl
Db §5gkiS it ) M sleanie 5 Coid
5 g5 Gl a3 el (38 aedan 5 (65l 5 O (sygore bl el cllie (Gli)) (gl o sl ond lsie dnng mid Aoy o Atz yn T
Sy g i Mol VEer Jlo bl b 2 4 (gl loss g YIS ol 5 Ul Cansd 45 3950 03l ojla] cg> & LBl )3 pdye L dmss
098 bl )l saSid 5 (55,5L8 (sl ol By g sl 485 90 i ol 3 (2P B ol am3 0 (LS (55)5liS i o O Casd
5 b Blgie goose ol (V) o lSan 5 o3l L) 35 s dunsles 015 bl Jguarme ¥ b\ (glisays 5 WS Lo oguao ehyj celay ol s
AL e ol )0 500 slrasad
3 Food and Agriculture Organization (FAO)
4 Staple food Crops

> www.fao.org/4/u8480e/U8480E07.htm
¢ www.iaea.org/sites/default/files/publications/magazines/bulletin/bull53-3/53305711111.pdf



ol 2 ol s i td D Ll’,, K o 53l b H

VYT QoS g 0gjeS) wib e ZEFA 5 AVA SOA i VN Jlo 0 SV gasme ol (oliE
uj pAS S pytene ZVWAY o b oo olisjes bl ol uj Cyd bAS Ay p ke
Cusl 5528 J3l 455 bl (IATA pres 1) (ol Gromjirams 355 50 laen ol conizpn a3l e
ol yediyhio Jgamme cpl Mg )3 98 g ZFF 390 el b 35 ol yijle il

DS 5 gl Ay st yiSu )) dedie e il ol asilojle Lisu ks 0 ol dlie
liis] g Giloand 4 p)laz i Cusl ool pgus (150 40 gy (slid by ol 0nd @)l pgd
ol 0as 1)) woy iow 53wl slrduog 5 (6yS e )b (olaid] gl Judod g Jie

5 ooy b ) il lodyins ciples gl el @)l g dladl Slasl )6 pdpceld) psre
Ol Ay ol 00l A5 whee (gt 4 c0jl (pl & (piS s (sl 03005 (a3 S92,
sloair plsisa Lol S0 (dn g 25,500 5550 wlie e b micaze 4 dgume |y ofly
&S WS o ol (V2Y) TGl sy by opl j3 (Yo o8 & USKw) 65,5 o Hasyd M8 slaidl (65,Sles
odp Vb plejen 5 Medlom 5L ) 398 el (5pus g s (dly )5iS So cdls bl
byl s pbculsy a5 auS e o)lil (VA) P ohlSen 5 €l sl Cumes (S5 o laill
slasdl 5y 5, Sles Hlgieds |y (B)coie (VAR+) 7€ 5,00 (pinpn Cwl (0B, 5L 50 VI G cuxdge
@i Coje Opre 35es sl atli b gl i Coulall Jaod gl )3 05 e ki
Jero b pa3ls ) LD 5 gpgenre (Vo)1) Mg ogd0 ST UST 5 sygeste «spgloge
I G dag (VA0F) T€0aS9 )50 g ndacald) (sl daxie o)l dagi L 0pS e Sy et
WS o plyie SUilas lgg 1) 6 hcul) sl 4 ol
43 55dS S L g oalatl iy @B Sy (s Shes b (S35 Ay (1) ggerme)
U5 O)bg 3,Sles wwgmle ol 3 il ol e 5 glyenp ( Sould wuhlB 5l sl 345
oo (25 Ay onrer bl S ol e slayse 5 el Sl 5 yglas
9 bigde My sy CLl (LBl ) e psie (B g 5sliS Oyl el

Sost 5t siales ecasls Sl (bl b YV O oKan 5 o)nl) ) s93g (255l sl

' Kozub et al.

2 Competitiveness
3 Siggel

4 Fajnzylber

5 Martin

6 Porter

7 Diamond model
8 Latruffe

9 Krugman

10 Andrei et al.



|
£ Enrpe-mm o

(Vo) " ohlSen g €« Uglod ¢ Jlio o .l 355y g oty Jladlpe <)o balgy ¢ (Sibbanwgs

S o dge |y 395 (31 3o )55k 5 LS

Mo lagygld o @glas wdos Jolge 51 amd ()13)95 2 > ©oldS yger Calisie wlio I 6 pduculs,

P il @lio gn Oyl 4 baye g dbr bl pitiee 3S0g) crl 2980 (AU rg0 e 9
A Joopl bl Jgame jlod ofi0a olik lile sloadlse p i cato (9,0 @)l (5581« Jilde
23 Sl i sl pise 1By 5,Sles (gl EVgae yiin (Sen 4 425 bty
ol ognle cpl 53 sl Jlelloy g M slaidl buse g ncuslew «6y9ld c@lie Sl s 5)13)95
Gad ) 3 Cuoyd Buje b (MWV) sl 550 oled a5 555 «csipldS i )3 ol (g
o d b Mlin 3 am3gn (I8 1y s ol (5 ey dgiainsn Il L Llie 5 ams e 8l
Jiz) ol 85k o5 035l 092 555 b sy )3 Jgane (58 L &S il (0 MWV (0l 4y ity
Cuagd 0,5 oo Oyp0 (0l Sk 5> Al parass (goladdl sl s bl a2 STV T e
ol ittann 03B ol 5 O] Ao sl 5 g 58 «sager cusdlo alesjl Ciliea Yoy LT adly
5 oLl Bl o b cloatysn Ggren (92)lge 9 (V)5 I ohlSan 5 L) 35 el e 2B, ik 2
Sl ey &upp QUL (YO Sl 5 gon) o alie G2l b bije il
M3l S lgisar oI5 cad daalpbonl ) (VA 7 o an g 52])) 098 s0d Jold | T EAS 8 jmo
(VN0 & lSan 5 k) 29 0 oty Sl (Bl [55)) s gl sl
3 30 99 00 0 L3l Slalllae (pl 4 dels] )3 a5l oas ploal (65,9l 9 O 5Ly alisee clalllas
woor b ol S ol atips oldalis 3505y b (V1Y) (oMl shysd oo (slastimgy
B pae QOB yuis 4 et ol (15 3 GlpeSo CudS dgup &5 dmd o (LS Gl ol @l S
o3> Lt AT g =Kl & ydas olwly (VF-F) €olid ) (puined Ded o (5y90500 S5y g o
038l (S yei9) AL > LSl (augh g (gilcd s pas g g 8311 ey plnl 3 Gl cy e &
3 Eob g (S &S Cunl osdbicage «loldl wliduwl 5 (gj9ulcpe pac adlae ol wluly ol
(VFer) oh)lSan § € LS9» .l ors O mlio Jlg; corge gad90 cpl g ebls b Ol oyt piaw
(31825 ol ool 1038 gy T (590 00 Capgme Ly lhows il (65,9L8 Y e ity o
Sose 9> 9 Jsl sbddy S fo p plag TIV L oS0l g Syt plogs TAPA L ay

1 Manoleli et al.

2 marginal water value

3 Chebil et al.

4 Jia et al.

5 Perrone and Jasechko

6 Rogers et al.

7 Dinar et al.

8 Dunning-Kruger Theory



ol 2 ol s i td D Ll’,, K o 53l b E

cxSoyio p ylogs YOV o YA VA L Lol gy pAiS g o5y o cdalllan (ol olwly (xlais S )1\8 coliaidl
2l oo g sdlasdl Gbi)l (VFer) €oyaed g K ditun olaBl (59000 (%S Iy
bl 65,8 3,015 WFAE-AY elys Lo (clp W @b ol 5l edlatwl b 1) il ] Baes &Y guae
@355 e LidS laoytd wilgsin g paS (gly oM wb ) esal Candds Beivo ol @l
(35855 pl 3D (ot Wdbie VYV 9 VY Uslee ity allgsin g pliS (glp ol B e gLl
odel Cawddy Ol CaSayio yo sljl 4 JUyVFev e aloin gl g JUIYEFY puS (ol O (oolasdl i)
3 x9S Ol (obasl o)l & 5o 8 g wdg @le Jae 5l esliel b (VWAQ) )K€ 5Ly Ll
Y gamme (gl Lol (s ool @l (ollyy 2008 25l plisjes Jlod slp 1, W8 el o
plas Doty (gly cdalllae pl 4y dogi b il o JUy VWOA/LY g VEAV/D AOAY/Y Gl o § &) puS
Gpae )3 pgrdbpo g oo odlitl bulpd (oobatdl )l poboly Lol Joas b sl 655l sy
Ngame awicoie  pol (8 cwd 1 (W) a5 €objge» 255 walp Ol edlg
(355 cpl gl (elulyy 20315 515 o)y )50 VWABAS (el Jlu p3 1) pedlS (b jaed (659l
Nl 5 5 0 ol 2 g pAS itd mife gl (ol g ST L 5 255 93 3 561 5 6Kl ¢l yae
ALl o armicjo sh> (ol ) 5 ) g 0351 iy 3o 1506 Sl
lie g (550wl Jols oS 5,8 0,Lal (V- YF) ¥ o Ko 9 €03 4 (g5 o ()5 lalllas b alaly j
WEF )5 (oolasl glo (adls cuodl p o Sl ddllae G 5l oolizul b b1 55,8 o)y 1) (WEF)
Sl xejls B Oyl (Jlmdl ()liBced pulKe ddlas opl oluly S e aST
Jie S g w5 b (VVF) Tolen 5 oW il (ol Cujo e (NS aloyus
5 Camex 15) 2lp 9 Ol Slets adllas oyl ol 038" gy 1y o] B (Slea (Sujelg s
Jao Sy @I L (V-VF) P Kam 5 €Sy 8595 0 ogmmo (o SIS Jolse (ot ol e ¢l
YOLE YN ol (b 1) g Slasishe oll &3> «sislis” O o> Copie siloaine
bl &5 w30 L (30060 S5 g (ot (olld ol 630 b adle ] ledS )
ool 4Bl i 55 Ol e ygore 9 olal @lio g cul 01l g 50 Sinlon Aoy cage 4l 3>
) dikie )3 (WURBP) Ol Gyune 598> jlme cuasd <6518 g, 5l ookl b (YVY) o, Kan g "qq»
WURBP cadlllas 5] ololys 53,8 el 5 iy by VoY e BYNY Sl 5y MedSis 5,5 G,

1 Gardner method

2 David et al.

3 Water, Energy & Food (WEF)

4 Leijnse et al.

5 Song et al.

6 Wu et al.

7 Water-use rights benchmark price
8 Ningxia

9 Cash crops



|
o o

Gl po 93 S (o3 (gilwaigy Bua b (YoYY) o)) Ken § €«cSiload .l ool oy caSo 2o )
5 (V1) sane V+5) (A o8 slodl (b o )5S 2,5 GB2g) ddge plisl 45 ) ol e gl

wﬁ I L.;Pyubb L;Lm_»sb., oo O"l CJL) U»L.u]); .M]o.); W |) d]AJLw L;meﬁ ‘(\9\\‘) LS’])J

(V-YF) Toam g €l 2l 3925 (e g Jguao £33 ol 55 olslyy SV oo (B pme o glaple
b3l sl Slllae sl Ol S5 Gl el @) g Of (Bly duze ey plaien;
S e Soidny Sleible lagaize sy |y oo piems o bl 53,8 sgp0 |y Ul o (g3aid
5 IS 55] Coanl (Y-VT) ToylSon g € bed> il Sl Ol i g Gl Ol CudS oS ggoony
Gl LinlS > T By Ml s el adlle cpl 03,8 Ly |y M > ] ()5 Caaid
9 35Skos Il ol Gpmo S ) oS 5 (i cnl iz S o 25T O] Ao g Lol B
9 «pb> a8 o et 1y (sipglaS it Ol Ll Copie sly Jgae iso g5 slaogd
oS e gleanje (Jlzil sbul » by leglo gl B 4 g b (V77) TS
Gogh 3 plityg Jlb <815 W8 Ly Iy (TSS 5 COD BOD) il 6351 dw (5yy ((MAC) sy
g hB SoSenl 0L ngh cnl @ls 3) (gwpp VYA Gloj 8)90 (b (2l slalis
Bl (s dllas S gyl Jao B s (YVT) TollSen 5 €5 g5l 00 il o MAC
Cuosd cadlllas ol olwly codbyplodl oYV o o (S350 oliwg) Hlgls VWWEO (<ly N PRI
Orred Wil il Ced gglue b it b T(IgB Gpas clp) ideme (BuSg ly O Glale
(Yo¥Y) A oy el g € puoMS» .l 5l d50itwd | yieS (gl 3jeiwd 45" amd o ylis adlllae oyl ol
il gl (a3ls (55,54 b bl WS upp o) f ik sl 1) Mk ] st
a5 e cedloy cage ol g sl (o> slajame Sl Gt ) 2 Sl Ol g b 48 ool
WST O ool pends sl oo Ol ool 5o clie 5 LS 390 g T ol 00 wojpj s
wpVeVe adgs B Vet Jlo I diedY wyp oo (YoVY) a2 g «las)b—j,h 08 0
Soenl g (Saomo oS wasb,d bl wlesls JLE ey 3590 LV (HEM) Lf slasdl Jae (sladp,lS
ol Bl a8l oolasdl cla iso jd Ol (gl oanlid culsy o Lol Jusa Ol plie o pie oMo
18T Ol gl 5 4 aalllas ) sl o 39100 MBI pylio 4y (s oS Sl oy

Mo By g oo wliw s o ple 605,50 L (VYY) e g «bloler a8 0

1 Huang et al.

2 Das et al.

3 Ghosh et al.

4 Nam et al.

5 Marginal abatement costs
6 Hernandez-Solano et al.
7 subsistence producers

8 Klassert et al.

9 Human-natural system
100rtiz-Partida et al.

11 Hydro-economic modeling
12 Additional supplies

13 Saptana et al.



ol 2 ol s i td D Ll’,, K o 53l b E

My w3 e LS G ol @t 3)S oS Y NAY Y (el Jlo sl | 59 ) (e ji
puiS g slacuslis (VoY) Gl .l jolage (olazal 5 6)lil S 51 (g 5igl )5S 1 (e
4S5 3 S Mg Baiod cnl pelil o 518 (b)) )90 (slew Jlot e e Sl edlazal L]y 4S5 5
Ol sl s (Y1) 7oy Kan 9 €S o il os Coze )l (65y9liS Liso 5l edgn coles g
& 2,59y ool s ol ol 03,8 39l (Bl Jpame Ko g () (ol Jpae oz il
ol dleajl ol gle 5l LG oolatl 5 5i8 iy 3 Ol lals Cad St S wy
cod |y g 3 JWn 5 a5 spdicald) (Vo0) Tohlen 5 € ey dlie piilnaod e
5 PS5 A5 ) (S pdald) o Sl Gl )3 Comslun Sl gl 1008 ) S slogy i
2P bl Sl 4 e ol Gl Bpae QL d9e Jg 03 ja O 4y (jin (il Jiba S,
Cal 003 Jgae 93 2 (sl TDRC) (3 glio &5 >

o2 plxl (6 p ey p lale cuodd S8l (hagh wad e (i ()8 g (S llas )
Al oo Slalllae plo b dugliie )3 aalllan () )50 ples diir ot (ol 2bgy (e fCun]

Sl g yeiS maw o Lised oyl :3/91 ol )00 Oldllas 3l plote alisee glaacs 1 ol dslllas
Sy sl et 55 O 51 oozl ol Aslie el o ollin] g 005 ool Cilie sla il
Cuilsy 4 barye slaosly & Sllas 5T G5 Lol cl oad walys coie sl Lol &Y g
N game Byae Ol Lololp lals cusd jimgh cpl ) Wlols H,8 598 Jdosga o0 glue |y
2ol Ay ol lals cod g b dlaly )3 adllae (sl il cul comzen ol 035 b3l (o))
o Sl osd oMl g (olid 2bigy 2,509 j wlycnl 53 g 28k olnl 65)gliS A5 i)

D9 g0 gmie pol dllbe (gl (6,503 (6ygl55 365

oRg (olind phg, Y
& 3,505, 5l Ol Glals Cud s pl8 )3 (sl ord plodl (oS 5 g0y g Al etz )3 hagl ol
5 iwlaly) 5 e (olid 2l (Be) GpSH54 L pgd pI5 ) .l 0 39l 2 M-S 155
ol 4185 118 )l 5590 Ot (65)5liS Y guaseo (i) ol (gl cuadd 1 SL,
ol oais o3l Mg @b 5,9, 5l slasle Cuadd 35l (clp Limgd ol > Mb lgie 45 4565 e
Do b ol > md e s |y ol g o3l e (60,Skes Ay 5 (CD) oYLl Mg o
O3S 4 e 350 (nl Gl (Sae g Cunl doly ndile RIS g Sl ulde 4 G 03]k 398
— Wy @l ol b AT Y ey 5 By AAY el QYA ¢ oMSI- ) 395 S I i

1 Ceylan

2 Bierkens et al

3 Chebil et al.

4 Domestic Resource Cost (DRC)
5 Cobb-Douglas

6 Erhobor

7 Terfa and Terwase



|
i o

) omadlasdl 5 olol b (oolaml [assjge (olaylme 1y 995 0 o3litw] wlg i 5 i WD
(V)osilin 5 g (07) o3l N L LoMBI-0lS @b S 25 (YoVY O oLen o udiud) S o 039l

bl (V) Ay &0t

y=axfixtexn = Al [ )
=1.2.--.1n
1y Olgee (V) dasly (o) (g5l Jas b
Lny = LnA + a;Lnx, + a,Lnx, + -+ v)
+ a,Lnx,

Blise )
LnY = a + ByaclnWi + BiapLnlis + BmaclnM; + ﬁfeanFit + .BpesLnPit +
ﬁsedl‘nsit + Eit (\N)

28 5gy ) 5 oy L (S 0 o io) (Bpas ol Jube Wiy o] o a8 o 3 &S
Spas mw P [ 0 p,55LS) slews 35 F S Becls canyp oVpile M (ks
t b i Jgame sl (Sop lSe )3 p55LS sy (Bpae yh oaimalis S 5 (JiSe )5 p55LS)
oolys a5 S S oIS Al o > sl (slaodled 1 e b (sl B el
RO VSRV
ool Ol Bl ol Mg (7 daly) g @b a5 5l odel Candty cops 5 oalil b aslyl )

2] oo Conday (F) dlal,

_odlny Y Y

MBy = S X w = Pwat ()
Dy Jols (0) Ay JSiay O 03les (sl Cogd ¢ Jguarmo Cuogd 13 25 M5 o L ol
Pshadow = output X MP, (&))

5)9 b "(DRC) b wlio dnja ) (55)5li8 cottie Y guame (s piculdy (el 2ylp (ol

2 Sy @pSojlul ly 03 b &5 ol Sl (Sl o odlatul adlllandyge (Slo
a5l gy oyl .cwl (DRC) A3 mlie dija 3,55, il ond odlaiwl )6 5 B Slallas
Ped e wge S phaldy sadll plo b awlie 3 6538 Ghey Jy )b jls ook wled]
0als gl 1l Jgamo 83938l 55,) b J5h slaoslys dipzn duglio DRC Lasls > Lol &S5
2y Jpame 5 auils (gyshogw B> (sloodls (65,54 & Cuslinagnl 4 13k S ) 5SS

ol awlgs L1 sbaoslys 51 bb 83438] 455l sl S 5l 55,5 DRC &S S 0 (use p ool

S dxnlye (Voo V) € 5 )s090? 4y (wMBI-0lS &b slacdgise (gl A
1 Fidelis et al.
2 Domestic Resource Cost (DRC)



ol 2 ol s i td D Ll’,, K o 53l b H

o3, 030zl (6 piscoldy (6,Soilul sl Lbgy el 31 45 Wl S e |y bosles ol diva
398l weies lp (VVY) Tohen 5 €blobor sy pas (ol (YV-7+) ol & ol
Y game gl (WAA) e g €ligye» o olhujle S e (gly (WAY) € oloo? ¢ € Sl
Cuosd )9l b ] oad odlitul deld] > g dwlee yols ddlllas bawgs (adls ol 58 o)lsl HeslS ol,;
Spicaly p ol Bl an doje 0 (gjpslaS e CVgame phical) padle 5 Ol Gl
S5 ) gles Loy bey ool dgdiee (igesl T ot (il by 3,509, b (65,9WS otte Y g
2o 9 (VAP 9 388Y) Y6 )by Lawgs 145+ dad ;> & (V24 73,98 VAQY Cigenn ) Ll oo T ot
Ol )53k sl 3ybjl Joleo e Llg) S gl caslin 5yl Gy cnl 08,5 S e
I S5 ot oolid 2l 3Sag) (Yerrfpepl) Wil Syn Slapiuns 3 dilise Sl
o AhawS— gy g b i gy 0dizn (St 5L (Glotend (sl (oS 9 S Sl
sodie 5 Jowilins c¥ole ululy g (olid ol (YOF Flp 5 (02) ol whage o5 kil
e by, “(SFDs) obp—cuslsl 5 (CLDs) Ve &l clajlsges gosbil 5 slo il b b,
bbb ) iledde (Yoo oyl D88 YL AT wisern ) WS o o |y Lo jpite
s gy 48 s D95 00 (el s Ly Sy bl )5 (0 Spgo dl>ye gy )3 (SDM) it
bl 9o plxl Jho (omiw)lisl (e Wgdie gupal Jlo SVoleo pgw P60 0
(Vore ey pinl) 5 (o0 ©jg0 (sl Jelos g 4325 5 (b log L

e g gn (G intid 8 5 (S8 55 ecutli] (sl peiio 4 logos i (uli gy (slapite
) bLIH(R(E)) 25 siite b (¥) 9 () Lalg) ool g w300 (L5 |y ot il (S(2)) casls

S® =[R® (%)
R(t) =22 v)

Conad (55 9ldS S0 oyind 3 Ol Slil Ol Iy iS5 o lapite ol Gaios

cuslol (slayuiio g (wojamw JS 83D (JELs I (gop 0md (bigel HI (sop e aliwgy g syt
et ol 93ien ol Lot ol s b G | 5 gt (V) Ay oluly Sl sty iin
g Cud (slule cadd (s phicol) laasls 4 Gl e dlycpl )3 &S Bgd o b5 i)y (S8

2013 5o «s)lil yglage ws)lel plosly 5 L (dras o)l Ol ool Ol 2giaS i

I Ceylan

2 Saptana et al.

3 System dynamics

4 Systems thinking

5 Richmond

¢ Ford

7 Forrester

8 Sterman

9 Chen & Wei

10 Causal loop diagrams
1 Stock-Flow Diagrams (SFDs)
12 Barlas



|
i o

Joaze h)ly 5 Clplo (3 Gpae (Jyaxe i35 (adls Jaaze My Glie ljpoliS
b S bpsle A8 (o £ Jo 2lajeste ) 0)ldl oM Bpan b 0508 5 QS Cutel adli
e g9 bl b puiite (olod (03L) Lally) bl oo ol gl o 4385 )la)d 0ad 0313 Adlllandge 593
2 ab bl GleMbl 5 pl clnodls .l oad odliwl (gjludud > g odd asie plS s iy g
Il e glolo g glnl Jlol 3550 el (oMl (5y902 S 508 «(559LiS Sl @)lig | polo Gaios
sl o 35 498
(A) dasly 51 (PCL) T Jpamme (5 pdocolly (adls pgd o0 &) pols iagh b, lulgy dobdl
(VAR gy 5 STga) Canl 0kal Cwday
PCl = (SIYT—RTCgi) Q)
Oyl BB slaodles an e TC; o slass] solyd SI; oylos B e xle 45 3n NTRC; ‘Q] NS
9 0555) el 0 aslone (3) a1 Jpammo (ol b slaglo dolys aidbioo 1 Jpame )3 (Son
A(VYY ¢YO|)1§V:@
SI; =Y;P"ER @)

(YoVY & ol en g uadid) ol ool cawday (Vo) dasly 5T Jguammo 5,Sles
d‘).g LSAA )9:3..3 Sei 9 lbuufuBT Pei c.)9§ Fi ‘o) Ti cd)lﬁi ui Wi ¢)l§ Li ccULo).w Ki ‘u—l P &S
4 Cows Jaame (23 o iiS SLi bysie ole cpinpd (sl dolee cob Hlude C 50 Joae
(Y'Y' ful)l.i&a 9 u.a‘).;) Cwl o..\.o] Cuwddy (\\) :\Ja;b )l (WDl)l J}.a.’xa S Lj dLol.o.»
Awi
LS‘)’. uia!b LS)LJT colue IRl 9 ui d)Aa.o u’.g‘l)lf WEFl ‘Ls'fi uLo9).La Ayi c@‘) Ui‘ » oS
apsloxe (V) sl 3l g 039 (6656 9 (o yeite S (ILCy) T Jga> sl o)kl S o5 sy
:(\\"‘\\" co‘)&o&s 9 obl}ﬁl.c) Cawl 04
ILC; = GA; + DELAY(ITI;/a;, 5) (\Y)
ol g8 59y NS aloyes ITL gyl Sliaas L bl 53 s 5,8kae GA; byl 5 &S
2 69l (I alo s ()38 51 ;> (Wlo B iy L) 8l el ,Slis DELAY g arlopw anly clogile

! Monke & Pearson
2 Gliltekin et al.

3 Fidelis et al.

4 Barati et al.



sl 215 (s3baBl SolxSlao doliLiad d,'/&{’ {/b/ 6 22 s

(WWAD () Kod 5 L5cslo) ol ool oty (W) Lt &5 51 (WB) bl T 515
WB = MAX(RV — Ev — D&I — W, 0) (\Y)
S5k & Ol pavass  (D&I) Gy Ol parass (EV) s olie (RV) Gok e ol 50 &
(V¥ cohlSon 5 (1) e casnas (VF) Al ) 55 (EV) 559 5 e -dlioe (Wo)
Ev = EVR X AWR, ("Y)
Al e 5 BVR g (6505l gl oy JB ol glie AWRg (o o oS
o) San gyl ssko) cunl otal Casdy (V0) Al 51 48 sl (SoS it ;505 (WS) 65kl f 24008

(WYAD
ws = YEY (va)
aw
(VN O Kb g g5) sl o g5l (V8) L yib sl 51 (BIC) i & 2l
EIC = IF THEN ELSE (ig > 0,0,Zem) (V)

A 4 Bang) 5 O plae (sel > (iiS €M g Loy, sal)s Ty i (g0l,0 SIS LG el ol o
il e
1wl 04 duwlee (V) oyl 51 (PPC) 0S8 pune 5 )08
PPC = PCI/(1 4+ RAMP(P,0,40)) (\Y)
503> il caleiSs cud by (P) pyei &5 45 sl o o3lizl Y(RAMP) s mob cabaily oyl 5

S o b5 0355 &y S |y (PCT) &l ps gosl ol

D s 3 o 1) s ol b £
5o9lS eV gaze 6y pol o cod Bl L daly ) dlas dy jre ol dallls
Mged wCuwl oad a8 )3 Jlasyd L S VYAIYY Y Juo oy o (gilwand Sloj byed ¢ pminped (il o
2ol CLDs B )3 1y (55y5lsS” slaV (g pdpcold)y pol (g8 cud Sl ogrdom s p9ai 5551 (V)
ol JSlS Cunjlame dis (gl slaial (golaidl ot oz Sl Jgas cpl ) 0sd Sl s
5 Myl )3 jlinyge slaosles (65,4 eud (559l LS Iy (oabal s >
EUSGpan amer 1 Jold oloin] ) Ao by Casd (gsloge 4 Y game Jhg)b
el J ()l s f )3l Cumer Sploe g 2lrdle g (65,0lS S ) JELS S sop
Jols iz ol il oo S Sl site 2 Jgaze G 5 CulS o daw i 03jL lidyge slie
g Gl L s 2 o] 53 A8l oo Jguamo Gl 5 S 5 o s 03]k lidyge (sliE (el
loslgs & atuly Joame 3,Slas ¢ Jloppe 3 b (RIS S W)y ¢ Jpame 3)Sles 5 iy

"'Wu et al.
2 Ramp function



|
o i o

5 Vw.tblf “S>g0 A>syd 9 J.:bu.o uu.h'f OT le)':‘ Lolss mj uw uwlﬁ‘ b o ;.j :\J‘» D}i’é{ ‘L;J.:Jy'
Oy <_5')L.‘.€] s L;l)b ‘_Muf);) CL“" L)u)‘)sl b aJ 5990 42 :\..Jl 59“’6" L5.\.‘.]9; CJY}.M 3)5\14:_
ples ) dgdiee Sl Ol Gpas o iS5 g Slee > Gl el & wbe Gl
SO 8598 Ol Lol «gjpplaS ise oyiws 5 ol (il O glio s Jold 35 i jlaee

a5
PV PUCSI R S
P T
/ b
a5
e
N
vigt e
(ot b gl %
™
+ T -
’_/
' LJa_.a::m nJ:,LIr +
Yy amads e ‘\l'\
Y il t_\'"““:' + +\ >
1 - a'/ ‘\1’ N
\ +
\ /
ot Yy ase il pla S
" » s el

\\f'lx-t- &5”1
Bhoosm Hon
Jg..a.?w - -

+ ,'uel—-”-s-h'ﬁf - s i =
\ L sl /’Lﬁ > ) -
\\\._:t“; ._J):.'LQ,Q // T—T/—;/ - o+ \\;;Yg_.ﬂnf‘-.ué Ls;ﬂ

(ol adllho 1aio) (55798 SV (5 p0dsculdy ol (g IS Cunnd I cogro— (5 pignai (59511 l905
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agricultural goods (Reference: Present study)
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Graph. 4: Statistical comparison of two data sets, data reproduced with Vensim software
(Reference: Present study).
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Tab. 1: Results of the behavioral reproduction test of the simulation model in selected
agricultural products
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Diag. 8: Extreme conditions test for maize
production
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Graph. 5: Statistical comparison of no cultivation, data reproduced with software (Vensim)
(Reference: Present study).
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Fig. 1: Dimensional consistency test of the selected model (Reference: Present study using
Vensim software).
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Fig. 2: Structure confirmation test of the current research model (Reference: Current
research with Vensim software).
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Graph. 6: The effect of water prices in the form of mixed policies in the first scenario on
wheat competitiveness (Reference: Present study using Vensim software).
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Graph. 7: The effect of water prices in the form of mixed policies in the first scenario on rice
competitiveness (Reference: Present study using Vensim software).
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Graph. 8: The effect of water prices in the form of mixed policies in the first scenario on
potato competitiveness (Reference: Present study using Vensim software).
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Graph. 9: The effect of water prices in the form of mixed policies in the first scenario on
maize competitiveness (Reference: Present study using Vensim software).
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Graph. 10: The effect of water prices in the form of mixed policies in the second scenario on
wheat competitiveness (Reference: Present study using Vensim software).
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Graph. 11: The effect of water prices in the form of mixed policies in the second scenario on
rice competitiveness (Reference: Present study using Vensim software).
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Graph. 12: The effect of water prices in the form of mixed policies in the second scenario on
potato competitiveness (Reference: Present study using Vensim software).
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Graph. 13: The effect of water prices in the form of mixed policies in the second scenario on
maize competitiveness (Reference: Present study using Vensim software).
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