RN

(?{V : \)‘i}\ Journal of Agricultural Economics & Development

A=

\‘d\:yi/ Homepage: https://jead.um.ac.ir it

Research Article
Vol. 40, No. 3, Fall 2026, p. 291-317

Study of a Stable Optimal Combination for Selected Low-Water-Consuming
Agricultural Crops in Iran

R. Allahverdi® @ | H. Rafiee © '*, E. Pishbahar @ *, S. Yazdani © !, M. Pendar © *, A. Liaghat © 2

1- Department of Agricultural Economics, Faculty of Agriculture, University of Tehran, Karaj, Iran
(*- Corresponding Author Email: Hamedrafiee@ut.ac.ir)
2- Department of Irrigation and Reclamation Engineering, Faculty of Agriculture, University of Tehran, Karaj, Iran

How to cite this article:

Allahverdi, R., Rafiee, H., Pishbahar, E., Yazdani, S., Pendar, M., & Liaghat, A.
(2026). Study of a stable optimal combination for selected low-water-consuming
agricultural crops in Iran. Journal of Agricultural Economics & Development, 40(3),
291-317. (In Persian). https://doi.org/10.22067/jead.2026.96305.1401

Received: 10 November 2025
Revised: 31 December 2025
Accepted: 07 February 2026
Available Online: 07 February 2026

Introduction

Iran’s agricultural sector plays a strategic role in ensuring food security and generating non-oil export
revenues. However, growing water scarcity, climatic constraints, and global market instability have posed
serious challenges to the sustainability of agricultural exports. Policies restricting exports of water-intensive
crops-often implemented without considering economic water productivity-have further distorted the export
structure and reduced overall efficiency. This study aims to identify the optimal export pattern of low water-
consuming agricultural products in Iran while examining the dynamics and stability of target export markets.
The central research question is whether Iran can restructure its agricultural exports in a way that either (a)
maximizes export revenue for a given level of virtual water consumption, or (b) minimizes virtual water
consumption while maintaining the same export earnings. To address this, a hybrid analytical framework
combining the Markov chain model and mathematical programming was developed.

Materials and Methods

The research consisted of two complementary stages:

Stage one: Market Stability Analysis (Markov Chain Model): The Markov model was applied to analyze the
persistence and transition probabilities of Iran’s major agricultural exports across key destination markets during
2013-2022. This probabilistic approach enabled the identification of market stability, volatility, and dependence
patterns for products such as saffron, pistachios, dates, apples, raisins, figs, almonds, and watermelons.

Stage two: Export Optimization (Mathematical Programming): Two models were formulated:

Model a: Maximize export revenue subject to a constraint on virtual water consumption.

Model b: Minimize virtual water consumption subject to a constraint on export earnings.

These models were solved under different water and income scenarios to explore the trade-offs between
economic performance and water sustainability. Scenario analyses tested the impacts of stricter or more relaxed
water constraints on the optimal export composition.

Results and Discussion

1. Market Stability and Dynamics

The Markov chain analysis revealed that Iran’s agricultural exports are highly unstable and geographically
concentrated, relying heavily on a few volatile markets. Generally, smaller markets showed greater stability,
whereas larger markets were more volatile.

Saffron: Afghanistan, with only a 5% share, showed the highest stability (57%), while Spain-despite a large
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share-was highly unstable.

Pistachios: China and “other destinations” had the highest stability (27%), whereas the UAE, which absorbed
most exports, was volatile.

Dates: India was the most stable destination (73%) with a moderate share.

Apples: Iraq was both the dominant and most stable destination (44% share, 24% stability).

Similar trends were observed for raisins, figs, almonds, and watermelons, indicating the need for market
diversification and strategic reorientation toward more stable destinations.

2. Optimal Export Composition

The optimization results demonstrated a clear trade-off between water use and income. When stricter water
constraints were applied, low water-consuming crops (e.g., saffron, figs, and almonds) gained larger shares in the
optimal export mix. Conversely, under relaxed constraints, water-intensive crops (e.g., watermelons, apples)
expanded, yielding higher revenues but lower water productivity.

Among all crops, saffron emerged as the most efficient in both water and economic terms, consistently
appearing as a core component in all optimal scenarios. Quantitatively, restructuring the export composition
could reduce virtual water use by 5-40% without lowering export income, or increase export revenue by 5-55%
while maintaining current water consumption.

These findings underscore the potential of aligning trade policies with water resource management to
enhance both economic and environmental outcomes.

3. Policy Implications

The results indicate that export earnings could increase by approximately 5-55% while maintaining water
consumption at its current level in the export pattern. Considering these findings, export incentives for products
that the optimal pattern recommends reducing could provide an effective policy instrument.

The findings also call for a shift in the basis for classifying agricultural products from physical water
intensity to economic water productivity. Even under a virtual-water minimization objective, the export of some
physically water-intensive products may remain economically justified when they generate high economic
returns per unit of water. Export policy should also account for demand conditions in individual destination
markets. Accordingly, agricultural export policies should adopt a destination-oriented approach, with decisions
to restrict or promote the export of each product informed by economic water indicators, the importance of the
destination market, demand in the target market, and the strategic contribution of each market-product
combination to national foreign-exchange earnings.

Conclusion

Integrating Markov chain analysis with optimization modeling provides a practical framework for sustainable
export policy design. The results indicate that Iran’s current export strategy compromises both market stability
and water efficiency. Strategic market diversification and prioritization of water-efficient crops can
simultaneously enhance export performance and reduce water stress. This study suggests that Iran can save up to
40% of virtual water without reducing export income or increase export earnings by up to 55% while
maintaining current water use. These findings align with Article 11, Clause 2 of Iran’s Seventh Development
Plan, and emphasizing incentives for water-efficient agricultural exports. Future research should incorporate
climatic variability, global price fluctuations, and partner-country trade policies to refine the model further,
ultimately promoting alignment between agricultural trade strategy and sustainable water management.

Keywords: Exports, Foreign exchange earnings, Instability, Low water-consuming products, Virtual water
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Table 1- The proportion of the main agricultural product in Iran’s total agricultural export value and the mean annual
exports over the period 2013-2022
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codes 080251 and 080252

0 ol ShedS S Sy o0l oS ¥ gl lasgie jobo 4y 1 il Jlasl Wi Cunnnd )0 JhedST ¥ o
A factor of 4 was applled to raisins in the production section because, on average, one kilo of raisins is produced from every 4 kilos of grapes.
)a.la.»Jf)bcja.mbbd‘ ‘Muld)m]awwu).o&ob umfy)@awwlwl):&).muly
Total water consumptlon based on cultivated area: The product of average water consumption per unit area by the total cultivated area.
_ IS Wi 3 W anly el 4 T G pan Lo Gy ols 1 S Wgs ol g (Bpae T S _ _
Total water consumption based on total production: The product of average water consumption per unit of production by total production.
(cp) Olyplo Hlade p (Y5 jli0) Slydlo 455 peuds Juols il lo b
Export price: The result of dividing the export value (thousand dollars) by the export quantlty (tons).
W b cutS i daw) Ghgy sl (M3) pae Gl S 5 (3¥3) sl 3 JS a4 alplo 55)]
Export value to total water consumptlon The resuit of dﬁl’fialrlg export value (dollars totaTLoater consumptlon (m3) for each method (area
under cultivation or total productlo %

Al eglite oo glacably b ol (Koo o y85 polie . 253 plol 5 oSl ¢ 550 o c)lyie s o3 (clyy ()85 pdlie Y gtw) iS5 lawArea under
cultivation (column 3): Approximate values for dates, saffron, apple, grapes, and almond (may differ from local realities).

L Ly e N L 2 555 Spgp g ol 3 Ol lie Gl 4 g b ol nle
ot Ol 93 oiyads sy S lo oyt abs  olitel o Lsle 3> adlas cileS (65ysliS Y guasma
S5 & 1y Slplo sdes Jpame & Slplo Juie o b (ol 51y plugs omyiaS) ol cslalil ol «Y guasxs

ot (VoVY 9 VoY) oo Jls 90 (b« Slple sladaio 5 4 &S GYqame opl )b ) cwslie (g5 e 5 Jlplo
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b lplo st cds & b ol ARIMA', (SVM))

Ol ey LB e olSedh 5 o)ll claig, pleo
eSS 5 L (Sahu et al., 2024) o, Kon 5 sali by o
oo jaw Olylo g ade Lo (gl 8585l 0505 s ARIMA
5 039 Ol Sygote Lol iy A3y W5 42 )51 oS W8S a0
ol g plwye 2 odes glayplS Chjly 3980 (Suiie
AMif & ) 50 5 el (5D Sllas 5 b il
03 it 9 |y G5yl oS LK (Biglari, 2014
ool claigy Lo 3 1y o 3,8 g ooy ol psnels mlio
Pishbahar ) -l,Sen 5 koo i ditwild puesi b6 55 (g5,liS
d‘); PSSV u.’l.:y 9 W)LM‘ )] ool l.» (et al., 2021
Ve B8l a5 008 Gmpie (WWOV-ITAE) Glal 6)pliS” iz

sl ()98 2ayl8 (slagsyglid ) 5yl 4k puo

"ol 5l b dasi o Ooladlias

o b2 dlis > ol (sl (Allan, 1997) T s o
ol D90 aST LTS sl cla il 5 € gilre O psgie
Slodie) « Soplyiel e SG plgisds O (18 5 ASE L s
slie Sl Cope 5 gilre Ol Oiby i ok dng
Pl sl ) porde gows, sty & laalllae gl ol o0
&l (Hoekstra, 2003) |yuS g bawgs )8 (e g (Syre &ylow
«silre oD pordo Jloninss sl |taSsm ()15 cal > 00
CHlg digej 3 )8 s ele gl 2 1 €Ol o g
OlSan 5 U8 Ghagly alex 1 ol cldlle «gjlme ]

Ol odezn slaasis (665l (58,8« L (Konar et al., 2011)
9 b hedde swale (gl O Sl oy & b
At bl ) SouSs b b Oyl YL oo b oleyeus
3l oyl als oS L (Tamea et al., 2014) o), Kan 5 aols
Jolos o pinte (@bl alol 5 (B alBl Ay e oS
Mekonnen & ) lpuSsn o o6l ilgilre O @)los p e
Ol by 5l aoyd BY &S wdges (s pSaus (Hoekstra, 2020
5 Sl iy @y pdS WP 4 Jokn gl HluLL Sl
Ok Shepls (glaysdS (poxen dsdce bgye ddgle

1- Support Vector Machine

2- Autoregressive Integrated Moving Average
3- Dow Jones Industrial Average

4- Water Footprint

5- Virtual Water

6- Gravity Model

9 b wolie ool (clp WS gyl @dlas ol bl
b e o &)l Y game ol Slplo oan] (pSgs s
(Sple OVgamme oSy (gilwdug , Sl o stelcwnda
slaliScwln i) ¢ 5yl Oyl gyglol il

D5 515 oolil 3y90 56 > Ol w4 as g b Slplo

2 el st s o o iladlos

S5 o G b siess B oy (s
9 b (Byme Yl g5l 4l (Andrey Markov, 1906)
Solow, ) sjeiwd @iy dles I (eolaiBl slaojes 10 gu,d A
oKy ol w5 (Prais, 1955)  clonl S5 (1951
Cylog )3 hey ol VAP aas 3l ., 84 (Adelman, 1958)
Jlzs ,5 (Theil, 1961) L5 a5 g sbay scdly 3,18 55 Jall
Ol 5 S by wyp ,d (Telser, 1962) ki 5 )b woew
Cao o (Jarrett, 1966) cod g &y cabdl ;0 10058 salatuwl
a1y oS ol Wil sy <lyols jo (Dent, 1967) cis 5 (ol
adlae & (6559l 3 ol 5l e odlitul Cpwss B S
sl ol i )y (Falusi, 1976) il
s JeloS 3 gy el VAV ams g S el g elis
SipkiS sl iluans 5 Jpame SBl (LS g p)8
Veena, ) o)en 5 Ly Joli (gam ldllae .8l ()5 yus
5 age b gl ) Glple gladate 1 5 Mg pSedn
Judou b 56 (Murthy & Subrahmanyam, 1999) eloleal y g
o SWL eyl Yoo U aad o s jly alple
» iagh cpl wls 60,8 olelis ) e § lll (sl
See 9 Lol s b Gllasl Gloly la)hl olulis coenl
15T (65,9l Y guarme Wyl g (sl (syg0 0 9 kS
355l

0p20) Sp5 a assie slaginghy g3l slaans
Oblen g JlegS (BB el m > Sles S
b s Ul alple Jlss s (Ganeshkumar et al., 2016)
Jbs g oMK el a5 Waged o YoV U Yeer gla Jlo
obs by, cosi bl 8wz UL bl
sy b (Sunil & Singh, 2021) )SKen 5 Jugw 35555 5
al dusgy g slo a5 Wob i ae dwejpbl clydls
593 (O > e bdade o5, lubl WLl o s3sul 5 balile
Oeile (65500 (slag )X S L (Xu et al., 2023) Ko
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(nao o 4y Slyalo) ko gndy iz ) (S 5 (Jloj o3l
JEsl Jleas! s pile dusle siojls X cpl paess 2yl )18
b p kS & cwl gl Jlb p Slple sbcwsy o
b Pl (gwyp 3)90 0)9> Jobo 3 Clplo g (slaosly
(Ganeshkumar et al., 2016)
 losdslools (58 b sl 0y s 555
ol Glig 5 Bl JEBle Jlog )3 ot 53 Coolys” dlabl
2 pde Ghey oyl cudgize I (S b cpl Loyl 58
s 3 B ol g il sl Jalge (85
Wb GSE L Gk, slge & cwl olple
.(Ganeshkumar et al., 2016)

S8 obe 0 any Jalad 5 4811 5 4 (b
OSen b izl (S 53 me loj p0 )3 Wlgices s <
omple S dlowg 4 S0 Al 4 Al ! st 5 sl
t ooy el clls O 3 jeas Sl oS ol ] 5 0,8
dl).s d&»‘) u;l PR d""““‘"? t—) uLo) 2O ok [N LY Lg,u
; Ganeshkumar et Lee et al., 1970) cul <ol byl plos
&S Cal cpl BeSle Jgl 000y S sl (5,8 (al., 2016
B 0)g Glplo 4 bid (Exje) 0y S 0 Slple (1:55Le
(Mahadevaiah et al., 2005)

obl glags 4 Py Jlsl eYlasl joolie (ybgy ol 5o
odl> uL“’ u_:}u.u)f) 69@] P JJLAJ)J Jﬁ‘b 4 cl.a:)]a.w A>|9 o>
7 eCanl atanS 5 5l BeSle (o5l Sl a5 (V) abay 53 0l
da)) cwl o (p3b) Al (Shy Sl 5 0392 (Bolas V) Las
@ ol Vie Slaogas 503 1 (F) daly 3k Guioeen (1)

X (V)
Ex]'t = Z PL-]-.ExL-t_l + ]/jt )

i=)\

G=1,..1)

C (v)
ZPL-]-=1 Vi, (<P;<1)
i=1
E(Vi)=0 Vvt (¥)
E(Vi Exiy1) =0 Vt,j (¥)

2- Transition Probability Matrix

5 (Mohy etal., 2023) ), Ken 5 2y 155 1) oo gyluLU
Slgs o 033l gy Y guae Clplo y 38505 a5 Woly LS puns 4o
(Amiri et al., 2014) 4,Kea 5 (gpmal (5 Sldllas o

:..j S0k b ohae) g din Jlple coje &8 wob ol
ol St 08 ilme O lple U ,Sih eyl
23,5 i (Aligholinia et al., 2020) 1, Ken 4 L Jale
Rafiee et al., ) ,Sen 5 (aud) ¢ pizman g o lpl 53 jaw
ol sboy SVsaxe mis » @ibre ol cluls (2021
Oomen 53,8 yglp (Slple aoyd VF) e jie YASYY-
3 ooolaiwl Couenl podes adlas > (Amini et al., 2025)
sobds BgSle 0p; oSl &S dmd e Ui Slodl gy

P GipliS OVaame alple obe Jdod 0 00s
Jb ol b sl onds 48,5 IS4 4 >0 5 b ezmed ol ysuS
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WJL&S‘ 9 Lg)l.ai L;[mua” )‘ odlaswl Lv m dLbJal?(S
g epla (pdaghy 98U g JEh )3 g 039 Sloj slagsw
Sl gjygliS SV gaze &)l 0 53 BoS)le 038 (e
ol ile o g ol bdy b sy Slodl (503 (g jl i
S)bS IS Cwslw 5 plie Cu e 3 manlie (pl 4 do g ol
2 Sple b ileasre slr )b sl jeia Ll el
el > s M w0hgdy cawl oais @l T (690000 ol
bl O @b, 350, b Glle )il abg Jibs
Sl )3 Gimgh (6ygly Canl dgraie MalS” Slydlo aigy (63l
Sy ol Glub oyl plid gy A el
S)bs 3 Ol Gpae (ool ()90, i) 5 )5 sylubb
d‘)-.’ ¥yl (slie .\Jlss'u.c &S el Ql).ﬂ SiyoliS” &Y guass

B ywg; 9 3190
(MCAM') 855 5Lo 0 a3y Jalal (5 93
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1- Markov Chain Analysis Model
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Pjadb aiade )l Jaol sl g8y cleMbl assls
O3S g (ML) Ay (aloicam)> (1jepess I 2l o i
Lee et al., ) 54 oo oolitol (1) oy olol o JGl (gla Jloss
A5 Byme (VROY) | (50365 5 yguy il bawgs 5l sl 45 (1965
pr= i ()
13
YL
3 ol | 9S4 1S ) ppew JSH slass gy o) > o
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2 el Jgl )9S e 3 LS g pgd )9S wrew 3 il
b ol 5 4 0355 dpbe L o il Sl gdlge 5t
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(Miller, 1952) o laws ;b ool sleii oyl 2o odlazl

Kao, ) g5 (Goodman, 1953) (40365 lawg yuww 5 gylae
.l anwgr (Madansky, 1959) Sushle (1953

Ol yales o jae (S iy

01 350y Jlasl JUEs] g yilo 3 Ly ile 51 odlizl b ol
D905 w1y 0] )3 SV guame Sl ydlo viw 9 i ol oo
90 S sleeygd > Slplo wrw Goptn Gl (V1) dal,
.(Jhade & Singh, 2020) 5,.5 . ,l,8 ealit!

T
Exj, = Zpij-Exjt—l (V)
i=1
Jlo 5 ) a8
5 ol ) |
b miin ()il e b @lplo) polie Exje g (Lwple
el t s sl 5
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2- Least Squares

JUEES &Y Laial a yile (o 9us
4 (Pyj yols L) P Jlasl oY¥lasl juwple adlas oyl )
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Slan 3 e Ji 1 (13e) 0055 o 355 ot (lals (s
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@ 1945) Candg 9 b odbs (s Sy el JWa] e Sl
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_ Pr(Se = jISe-1 = D) Pr(S¢ = jlSe-1 = 1)
Pr(Se = jISe—1 = D) Pr(Se = jlSe—1 = 1)
[PT(St = 1|Sf—1 = 1) PT(St = 2|Sf—1 = 1)
Pr(S; = 1|S;—1 = 2) Pr(S; = 2|S;-1 = 2)

_ |f1 Py,
Py Py ]
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1- Anderson & Goodman
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1- Least Absolute Deviation (LAD)
2- Residuals
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1- Linear Programming
2- Simplex
3- Primal
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Table 6- Optimal stability probability and average export share of major agricultural export commodities of Iran by trading

destination during the period 2013-2022

Jgpazma Wuaio o lo! oli il asade 5yl
Product Directions China UAE Germany Iraq des(t)i;gi{ons
e sl Jlas!
(\A-YOV) diy Optimal stability 0.27 0.13 0.11 0.21 0.27
Pistachio probability
(080251) L e oo 0.12 0.08 0.06 0.06 0.67
Average market share
blaio <l bl ol RTINS aS Iouaito L
(+A-VOY) sy Directions UAE Germany India Turkiye Other Destinations
P(;Ztgggilo e &)l Jlos! 0.16 0.35 0.16 0.15 0.18
( ) Gl e SSlee 0.14 0.15 0.15 0.08 0.47
PRV oyl Ll o Obaslial s duniio L
olyis Directions UAE Spain China Afghanistan  Other Destinations
Saffron A 6yl Jlexs! 0.13 0.06 0.16 0.57 0.08
G5 e S5l 0.31 0.23 0.10 0.05 0.32
blaio v olusl obudls aS Iodeaito L
lojs Directions India Pakistan Kazakhstan Turkiye Other Destinations
Date Ao 6yl Jlexs! 0.73 0.14 0.03 0.05 0.04
Gl e pSSlee 0.16 0.15 0.10 0.09 0.50
b Lado él); "Jl:;wili.él Q\)lnl OW)J me‘dn).g'lw
5D Directions Iraq Afghanistan UAE Turkmenistan ~ Other Destinations
Apple e o)l Jless 0.24 0.24 0.19 0.12 0.21
E3L e S5l 0.44 0.19 0.08 0.09 0.20
[FRWSY:5% alys oyl sy dpg) lasuais o
et Directions Iraq UAE Turkiye Russia Other Destinations
Dried Grapes A 6yl Jlexs! 0.15 0.21 0.15 0.27 0.22
ol e SSlee 0.15 0.14 0.12 0.09 0.50
b Lado él); Ql)l.cl UL.MSL Ol;wili.él me‘dn).g'lw
S dagS Directions Iraq UAE Pakistan Afghanistan ~ Other Destinations
Tomato e o)l Jless 0.12 0.29 0.20 0.23 0.16
E3L e S5l 0.66 0.10 0.06 0.10 0.08
[P alys Slylel sy Oles lasuais o
lyin Directions Iraq UAE Turkiye Oman Other Destinations
Watermelon A 6ylub Jlexs! 0.19 0.14 0.39 0.11 0.17
ol e pSSlee 0.60 0.22 0.07 0.03 0.09
duais plisys o EARN ol s denito L
el Directions Vietnam China UAE Japan Other Destinations
Fig Ao sl Jlexs! 0.22 0.23 0.11 0.22 0.22
E3L e Sl 0.62 0.18 0.08 0.01 0.11
[PV KW a5 bl ol el lasuaio yslo
5 phal Directions India Turkiye Germany UAE Other Destinations
Almond Ao 6yl Jless! 0.28 0.19 0.15 0.11 0.27
ol e pSSlee 0.43 0.37 0.04 0.09 0.06

Uike el isle

Source: Research findings
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Table 4- Average water requirement, production quantity, cultivated area, and water requirement per unit of produced
agricultural product

. aEf . Zo L 1 . - ‘:3' - )‘.’.5 )'h "\'ﬁ"’: ‘5’)‘- )'lﬁ'; 3)90 ‘?"i
Sy =5 Average water Irrigated Irrigated 0 o
5:33323 requirement (net *productive yield productive Water reqU|reme2:%per
(m3ha)* requirement) (ton) *eultivated area ton of p3roduct
(ha) (m3/ton)
Date L s 15669 1710725 256269 2347
Pistachio ai., 4300 439186 599420 5869
Grape ! 10740 799268 226185 3039
Apple cww 5902 4006443 239871 353
Tomato 5 jsas 5 7221 5385993 96977 130
Watermelon «lgss 7180 2705930 78735 209
Saffron lac; 4769 298 110890 1774612
Fig el 5808 83990 8006 554
Almond (_z5 ) pbl, 5902 125657 88400 4152

Source: NETWAT  NETWAT :zo #
(Vo¥¥ b Joleo) VEo¥ Jlo )3 (65598 dlaa )l 4ol )lol 1S 35 pdaw g g5 jlako auio s
Source of production and cultivated area data: Agricultural Statistics Yearbook of the Ministry of Agriculture Jihad, 2023
Source: Research findings imgs (cloasl :xie s

Yore g Yoy gl slp (51p3le g5lme OF g lo Jgl a0 8,055 b 00wl (g 5lwvdemsd &l jobo a0 —0 Jgu>
Table 5- Simulated export volumes based on the first-order Markov chain and virtual water exports for the years 2023 and

2024
Y guamo G5l O y3lo oyl 5u0 &3 O3l oyl 5a0 POl gl O Jlw pd F1sle gilxe O
Slle YeryY Juo gl oo YoV Jlw gl o0ud Yory Juw Yove
Exported Simulated export volume  Simulated export volume  Virtual water exportin  Virtual water export in
products for 2023 (ton) for 2024 (ton) 2023 (m?3ton) 2024 (m3/ton)
Date L 497023 879810 2916647086 5162928301
Pistachio aw., 88951 108173 1305089084 1587126462
Grape %! 112632 117797 855829404 895073373
Apple cow 882210 993335 779311078 877474637
e 673971 732976 219065447 238244298
Tomato
863262 903526 450854648 471883645
Watermelon
Saffron .l c; 164 168 728955675 743560413
Fig ! 16805 18535 23259101 25654008
(2) bl 3076 3944 31926434 40941300
Almond
Total ggeme - - 7310937958 10042886437

5 odlitl ol VAL ply a5 Joame 5 (59 4 Sl 59 Coms LS M5 (6l 55 590 O duslome (gl %
* The estimation of water requirements for Dried Grapes was conducted using the ratio of dry weight to fresh weight of the product,
which equals 0.29.
Source: Research findings iaep (loasl :isl
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Table 6- Determination of the optimal composition of export products aimed at minimizing virtual water exports (Case A)

under three scenarios

o i wlpbe gl Optimal values augys y5lio
Product code | su5 85wt
Jolomms b | (A)) Ugl g1law ek s s g3 3l
G5 )b Scenario | (B2) (B3) o 92,0
. 2 i Scenario VI(B3)
Ses Jrame () | D Ve
Exported product Simulated Ranges e;l
exports based _
onthefirst- | 2023+109% | 2023+2006 | MIN<2023<
order Markov Max
Chalgo(ztgn) - Syl dig olsse
India sc» X11 358850 322965 287080 9206
. Pakistan s\, X12 70376 63338 56301 12901
g;: Kazakhstan .l X13 8619 7757 6895 10805
Turkey 45 X14 14065 12659 11252 11810
Others Laaia o X15 45113 40602 36090 94408
China .y X21 9117 8205 7294 194
Ly UAE oLl X22 2079 1871 1663 3854
(AT Germany ;i X23 1124 1012 899 2760
E’(;;tggg'lc; Iraq 3, X24 6050 5445 4840 3373
Others o.uaiis L X25 56062 60682 66800 26991
UAE bl X211 1773 1950 2128 9731
(A VOY) i Germany Ll X222 6303 6933 7564 4363
Pistachio India s X233 2451 2696 2941 4429
(080252) Turkey 45 5 X244 490 539 588 9286
Others Laaia o X255 3501 3851 4201 50190
Iraq sl,e X31 16824 15142 13459 14040
ot UAE &bl X32 18665 16799 14932 12583
Dried Turkey 45 X33 7318 6586 5854 4290
Grapes RUSSia auss, X34 18518 16666 14814 6604
Others losais L X35 51308 46177 41046 44971
Iraq g, X41 434048 390643 347238 98623
Turkey «s X42 166432 149789 133146 15193
Ar:;]; UAE eyl X43 61165 55049 48932 22790
Turkmenistan s X44 18357 16521 14686 3800
Others La.aia L X45 202208 181987 161766 20727
Iraq g, X51 99949 109944 119939 443261
- UAE &bl X52 262299 288529 314759 176207
..._}5(?;5;:095 Pakistan .sl X53 128056 140862 153667 131677
Afghanistan k.l X54 131886 145075 158263 137605
Others La.aia L X55 51780 56958 62136 88918
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Table 6 continued- Determination of the optimal composition of export products aimed at minimizing virtual water exports
(Case A) under three scenarios

o et wlpbe gl Optimal values augs ol
Product code | sy 85wt
51 . Pk 92, U
Joloris b | (A) Ul g ylws (Ba) i g1yl
; | (B2) 3) e 92
P Scenario | ) s i0 VI(B
Slple Jpazo Yerr—(s) (A1) Scenario cenario VI(B;)
- IV(B,)
Exported product ; 2
Simulated Ranges bo;l
exports based . i <3003 <
onthefirst- | 2023+10% | 2023+20% e
order Markov ax
chain (ton) — sl dons -
2023 7o R o
Iraq l,e X61 419622 461584 503546 318640
UAE o)l X62 175037 192541 210044 106321
mlysin Turkey a5 5 X63 160303 176333 192364 26521
Watermelon
Oman ;s X64 15571 17128 18685 184
Others laiuaiso Lo X65 92729 102002 111275 12367
UAE ol X71 47 42 38 43
Spain Ll X72 13 12 10 29
SaLl)‘llc/;:I; China s X73 56 50 45 1.48
Afghanistan k.l X74 25 23 20 0.16
Others lasais o X75 23 21 18 25
Vietnam el X81 281 309 337 10923
‘ China ;> X82 14426 15869 17311 11753
“‘“’ )?”" UAE ol Ll X83 187 206 224 1841
Dried Figs
Japan .yl X84 245 270 294 211
Others lasaio plo X85 1665 1832 1998 1555
India s X91 2572 2829 3086 2546
. Turkey 45 5 X92 74 81 89 4579
) et Germany o] X93 50 55 60 226
Almond
UAE ol X94 21 23 25 827
Others lasaio plo X95 359 395 431 297
(Ys 3) Y game @lplo j Jols IS ol 2171949 2171949 2171949 2171949
Total revenue from product exports (thousand USD) _ _ ~ B
Percentage change in revenue ol,s olyus as )
(csSe i) (Sl gjlome O ol 7310937958 6917313000 6543364000 4397163000
1 3
Volume of virtual water exports (m3) _ 53 105 398

Percentage change in virtual water  ¢;lxe ol ©lyuss 4oy

P LYY Jlo pn alple I ol sl gjlemSls dus
w552y ol 4 gl cwl gl dw 05l
Voo Ve Oy 4 Jpaze 1 jeis (Bl Jpaze 2 ST
Mae pled badl ash Jlole digy Sy 0 1) 0% doyd
C s P e (aSe o YV AYYADA) (ilxe Ol @lpplo

Shdlo dw ol 5l Jols (659155 lime o ps V/Y g O/Y d90

Source: Research findings  iegs slaasl (sl
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Table 7- Determination of the optimal composition of export products aimed at maximizing export revenue (Case B) under
three scenarios

Olyabe ol Optimal values ag 3o
ol (Gilwdmd | 093 g1 )l Pk g2l
Jol 0253 (81) (B2) (B3) ol 52,00
ERN Sﬁ?ér)io Sf@,zgr;o Scenario VI(B3)
5ly0lo . 1 2
Ex‘;'po)rted ‘;ﬁ:ct Jyazme S Y.-W_(u’) Ranges o3l
Product code Simulated Min < 2023 <
exports based | 2023 +10% 2023 + 20%
on the first- Max
order Markov
chain (ton) — lplo aie i
2023
India x» X11 358850 322965 287080 9206
Pakistan s, X12 70376 63338 56301 12901
mslo Kazakhstan l.lss X13 8619 7757 6895 10805
Date Turkey a5 X14 14065 12659 11252 11810
Others Lousia o X15 45113 40602 36090 94408
China e X21 9117 10029 10940 83758
Ly UAE Ll X22 2079 2287 2495 12274
~(+A- YY) Germany X23 1124 1236 1349 9850
E’(;Ztggg'l‘; Iraq ), X24 6050 6655 7260 9310
Ohers Louaia o X25 56062 61668 67274 89967
UAE oLl X211 1773 1950 2128 9731
(-A-YaY) st Germany Ll X222 6303 6933 7564 4363
Pistachio India s X233 2451 2696 2941 4429
(080252) Turkey 45 5 X244 490 539 588 9286
Ohers Louaia o X255 3501 3851 4201 54032
Iraq 3, X31 16824 15142 13459 14040
S UAE Ll X32 18665 16799 14932 12583
Dried Turkey 45 5 X33 7318 6586 5854 4290
Grapes RuSSia 4w, X34 18518 16666 14814 6604
Ohers Lauai o X35 51308 50173 48379 44971
Iraq ), X41 434048 477453 520858 98623
Turkey 45 5 X42 166432 183075 199718 15193
e UAE Ll X43 61165 67282 73398 22790
APPIE i rmenistan ote.cas 5 X44 18357 20193 22028 3800
Ohers Lauai X45 202208 222429 242650 84352
Iraq ), X51 99949 109944 119939 443261
- UAE Ll X52 262299 288529 314759 176207
e Pakistan s, X53 128056 140862 153667 131677
Tomato Afghanistan .l X54 131886 145075 158263 137605

Others lasaiso Lo X55 51780 56958 62136 88918
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Table 7 continued- Determination of the optimal composition of export products aimed at maximizing export revenue (Case
B) under three scenarios

Olyalo ol Optimal values aygs y5l%0
o (gilwdmd | 093 g1 )l Pl 92,0
sl 0253 (B1) (82) (Ba) uitd 52,
RN Scenario Scenario Scenario VI(B;)
Slydlo Jpaze J P YoTY- (o) 1(By) IV(By)
Exported Product yase simulated Ranges a;L
Product code Imufate Min < 2023 <
exportsbased | 2023+10% | 2023 +20% M
on the first- ax
order Markov
chain (ton) — lplo due i
2023
Iraq l,e X61 419622 461584 503546 607676
UAE ol X62 175037 192541 210044 267098
cedilgi
Vg Turkey 45 s X63 160303 176333 192364 79703
Watermelon
Oman ;les X64 15571 17128 18685 53771
Others lasaio plo X65 92729 102002 111275 114468
UAE o)l X71 47 52 56 43
' Spain Ll X712 13 14 16 29
gﬁ;‘ff“) China s X73 56 62 67 1
affron .
Afghanistan ;l.sl X714 25 28 30 0.2
Others lasuaie Lo X75 23 25 28 25
Vietnam el X81 281 309 337 10923
China (y.»> X82 14426 15869 17311 11753
St el UAE ol Ll X83 187 206 224 1841
Dried Figs
Japan 5 X84 245 270 294 211
Others lasais o X85 1665 1832 1998 1555
India X91 2572 2829 3086 2546
. Turkey 45 5 X92 74 81 89 4579
) et Germany ,LJl X93 50 55 60 226
Almond
UAE ol X94 21 23 25 827
Others lasuaie Lo X95 359 395 431 297
(Y J32) &Y gase Slpplo 5 Juols S el 2171949 2288137 2394418 3370634
Total revenue from product exports (thousand USD) _ 53 102 55.2

Percentage change in revenue.sl s lyuss 1o )

(S 52) Sl s5tome o ol 7310937958 7310937958 7310937958 7310937958

Volume of virtual water exports (m3)
Percentage change in virtual (¢jlxe ol @lpuss ao,d - - - -

water
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Figure 3-b- Results of Maximizing Income Export
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Table 8- Sensitivity analysis of exported crops’ water requirements by major destination markets (Objective: minimization of

virtual water exports)

(A1) Jg! 9250w (A2) pg 92 ylins (As) w2y 92,0

o B e 6 3l 300 o Scenario | (Al) Scenario 111 (A2) Scenario V (A3)

Jyacse 35 YU 2wl YU o oF oS

Product code Jyae \ 2 oS omb ol 2 ol ol i onb ols
GWC per ton (m>) Upper Lower Upper e : Lower
Bound Bound Bound Lower | Upper Bound
Bound Bound

X11 +00 3839 00+ 3839 +o0 4743
X12 +00 3839 00+ 3839 +00 4743
X13 5868 +o0 3839 00+ 3839 +o0 4743
X14 +o0 3839 0o+ 3839 +o0 4743
X15 +o0 3839 0o+ 3839 +o0 4743
X21 400 0 00+ 0 400 6533
X22 +00 0 00+ 0 +00 6533
X23 14672 +00 0 00+ 0 +00 6533
X24 +00 0 0o+ 0 +00 6533
X25 0 602 0 602 +o0 6533
X211 11777 -00 11777 -00 0 -00
X222 11777 -00 11777 -00 0 -00
X233 14672 11777 -00 11777 -0 0 -00
X244 11777 -00 11777 -0 0 -00

X255 11777 -00 11777 -0 10692 0

X31 +o0 3763 +0 3763 +o0 5471
X32 +o0 3763 +0 3763 +o0 5471
X33 7598 +o0 3763 +0 3763 +o0 5471
X34 +00 3763 +0 3763 +o0 5471
X35 +o0 3763 +0 3763 +o0 5471
X41 +o0 240 +0 240 +o0 526
X42 +o0 240 +o0 240 +o0 526
X43 883 +o0 240 +o0 240 +o0 526
X44 +o0 240 +o0 240 +o0 526
X45 400 240 400 240 400 526
X51 863 -00 526 -00 334 -00
X52 863 -00 526 -00 334 -00
X53 325 863 -00 526 -00 334 -00
X54 863 -00 526 -00 334 -00
X55 863 e 526 -0 334 -00
X61 22 e 22 -0 +o0 220
X62 22 e 22 -0 +o0 220
X63 522 22 e 22 -0 +o0 220
X64 22 -00 22 -00 +o0 220
X65 22 -00 22 -00 +00 220
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Table 8 continued- Sensitivity analysis of exported crops’ water requirements by major destination markets (Objective:
minimization of virtual water exports)

(A1) Jg! 92)bw (A2) oo 92,60 (As) o2y 92w
Sy 55 o 2 Mg Sl 390 ol Scenario | (A1) Scenario 111 (,:i)s ‘)S'():?nario V (A3)
Product code Jyame Yools  ombols | Ybols " g, omtols
GWC per ton (m°) Upper Lower Upper oRE : Lower
bound bound bound Lower | Upper bound
bound bound
X71 +o0 1701031 +o0 1701031 +o0 2919083
X72 +o0 1701031 +o0 1701031 +o0 2919083
X73 4436530 +o0 1701031 +o0 1701031 +o0 2919083
X74 +o0 1701031 +o0 1701031 +o0 2919083
X75 +o0 1701031 +o00 1701031 +o00 2919083
X81 5841 -00 5841 -00 2624 -00
X82 5841 -00 5841 -00 2624 -00
X83 1384 5841 -00 5841 -00 2624 -00
X84 5841 -00 5841 -00 2624 -00
X85 5841 -00 5841 -0 2624 -00
X91 12012 -0 12012 -00 2041 -00
X92 12012 -0 12012 -00 2041 -00
X93 10380 12012 -0 12012 -00 2041 -00
X9%4 12012 -0 12012 -00 2041 -0
X95 12012 -0 12012 -00 2041 -00
X71 400 1701031 400 1701031 400 2919083
X72 400 1701031 400 1701031 400 2919083
X73 4436530 400 1701031 400 1701031 400 2919083
X74 +o0 1701031 +o0 1701031 +o0 2919083
X75 +o0 1701031 +o00 1701031 +o00 2919083
X81 5841 -0 5841 -00 2624 -00
X82 5841 -0 5841 -00 2624 -00
X83 1384 5841 -0 5841 -00 2624 -00
X84 5841 -0 5841 -00 2624 -00
X85 5841 -0 5841 -00 2624 -00
X91 12012 -0 12012 -00 2041 -00
X92 12012 -0 12012 -00 2041 -00
X93 10380 12012 -0 12012 -00 2041 -00
X994 12012 -0 12012 -00 2041 -00
X95 12012 -0 12012 -00 2041 -00
ol )3 Cydgame
Income 2171949 5847 60640 2809 130166 | 41069 494136
Constraint

Source: Research findings iag} (loasl :isl
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Table 9- Sensitivity analysis of export prices by major destination markets (Objective: maximization of export revenue)

s . ) (B1) g 92, (B2) 5k 52U (Bs) pitad 92w
O (St (I ydle Cuosd Scenario 11 (B1) Scenario IV Scenario VI
Jyasee VoyY 2 e¥gace Yools  ombols | Yuols  ombols | Yeols ombols
PE%%th Export Price (USD per Kg) Upper Lower Upper Lower Upper Lower
bound bound bound bound bound bound

X11 0.38 -0 0.38 -0 0.91 -0
X12 0.38 -0 0.38 -0 0.91 -0
X13 0.82 0.38 -0 0.38 -0 0.91 -0
X14 0.38 -0 0.38 -0 0.91 -0
X15 0.38 -0 0.38 -0 0.91 -0
X21 400 2.94 400 2.94 400 1.61
X22 400 2.94 400 2.94 400 1.61
X23 5.93 +o0 2.94 +o0 2.94 +o00 1.61
X24 400 2.94 400 2.94 400 1.61
X25 400 2.94 400 2.94 400 1.61
X211 +o0 7.70 +o0 7.70 +o0 6.37
X222 +o0 7.70 +o0 7.70 +o0 6.37
X233 10.69 +00 7.70 +o0 7.70 +0o0 6.37
X244 +o0 7.70 +o0 7.70 +o0 6.37
X255 +o0 7.70 +o0 7.70 +o0 6.37
X31 0 -0 0 -0 0.69 -0
X32 0 -0 0 -0 0.69 -0
X33 1.55 0 -0 0 -0 0.69 -0
X34 0 -0 0 -0 0.69 -0
X35 0.34 0 0.34 0 0.69 -0
X41 400 0.08 400 0.08 0 -0
X42 400 0.08 400 0.08 0 -0
X43 0.26 400 0.08 400 0.08 0 -0
X44 +00 0.08 +00 0.08 0 -0
X45 400 0.08 400 0.08 0.10 0
X51 400 0.41 +o00 0.41 400 0.38
X52 400 0.41 400 0.41 400 0.38
X53 0.48 +o0 0.41 +o0 0.41 +o0 0.38
X54 400 0.41 400 0.41 400 0.38
X55 400 0.41 400 0.41 400 0.38
X61 +00 0.11 +00 0.11 +00 0.07
X62 0.22 +00 0.11 +00 0.11 +00 0.07
X63 400 0.11 400 0.11 400 0.07
X64 +00 0.11 +00 0.11 +00 0.07
X65 400 0.11 400 0.11 400 0.07
X71 400 200.55 400 200.55 200.73 -00
X712 1105.61 400 200.55 400 200.55 200.73 -00
X73 400 200.55 400 200.55 200.73 -00
X74 +00 200.55 +o0 200.55 200.73 -0
X75 +00 200.55 +o0 200.55 200.73 -0
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Table 9 continued- Sensitivity analysis of export prices by major destination markets (Objective: maximization of export

revenue)
(B1) 95 92t (B2) p5leer 92U (Bs) o 92yl
Jyoen 35 b sttt 13l Cuond Scenario 11 (B1) Scenario IV Scenario VI‘ '
Product YeVY o &Y gazw YL oS oeb oIS | Yuals  oambolsS | Yuls ol
code Export Price (USD per Kg) Upper Lower Upper Lower Upper otk
bound bound bound bound bound Lower
bound
X81 400 2.64 400 2.64 400 2.51
X82 400 2.64 400 2.64 400 2.51
X83 2.92 +oo 2.64 +00 2.64 +00 251
X84 400 2.64 400 2.64 400 251
X85 400 2.64 400 2.64 400 2,51
X91 400 6.93 400 6.93 400 5.99
X92 400 6.93 400 6.93 400 5.99
X93 9.05 400 6.93 400 6.93 400 5.99
X94 400 6.93 400 6.93 400 5.99
X95 400 6.93 400 6.93 400 5.99
Ol Codgame
Water 7310937958 14621880 -0 14621880 -0 14621880 -0
Constraint

Source: Research findings a5 laasl, sk
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