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1- Inexact optimization ~ 2- Multi-stage stochastic programming
5- Uncertainty-based interactive multi-stage stochastic programming

3- Kataoka criterion  4- Chance constrained programming


http://dx.doi.org/10.52547/jwmr.12.24.109
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.25.2
https://jwmr.sanru.ac.ir/article-1-1137-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-07-01 ]

[ DOR: 20.1001.1.22516174.1400.12.24.25.2 ]

[ DOI: 10.52547/jwmr.12.24.109 |

WY

SbB desezme 5 (2l e Sl Slgx

River
{2722 Irrigation area
22 Height

[ Aquifer

Iran

Sye jel =) IS5
Figure 1. The study area (Marand watershed)
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Table 1. The distribution forms of the boundaries of different flow levels and probabilities of occurrence in the

planning periods
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Figure 4. System benefits of Marand basin under different combinations of probabilities a and 8
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Figure 5. Optimized water-allocation patterns of Marﬁn sub-region under different scenarios during planning
orizon

9 Jsl 0,93 (dlp iy A caSayie yadio AY/D o VFA/Y
‘Slilll,opt = S1J£121 =0 2
Slilzz,opt = ‘51i112,opt =[0,32.8] x 10° m®
Sfirzepe = [51.5,71.9] X [0,48.5] X 10° m*
Sfizzepe = [95.5,120.2] X 10° m® , 10°m?®
=2 ol YL ol ©ld cos J9| 0y9d ;D Xdd o oyl
D05 2929 2550 ailate )3 (Geeiy 5 () (ol 518
5 e Ol dgeS e bugle b ©Mb oS
eSayie Ogelee YAID 9 YYIA L plyy i & (inojn

Ll o £9d

5 e O digy paness glagSll 0 IS

S San Slaglw plo Covi |y Xy dilaie (i)
F] ISR\ NP S TSPV FVIRE C| I S B PR
e ol e & S o e Z111,0pt = Ziz1,0pe = 0
lomb oS L ol 850 dihate (o (papass Sin
CoSayie oadeo FAUA s VAL ply b acwass Gia
2 el ogde ALl go pgd 093 9 ol 093 (sl s
J Jldo Z122,0pt = 0 9 Z112,0pt = 0.6 s ool
boplp 3o dye ddhaie iejp) (panass Ban dlg


http://dx.doi.org/10.52547/jwmr.12.24.109
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.25.2
https://jwmr.sanru.ac.ir/article-1-1137-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-07-01 ]

[ DOR: 20.1001.1.22516174.1400.12.24.25.2 ]

[ DOI: 10.52547/jwmr.12.24.109 |

Vo

d.\buTL»)J‘))w)Jm%)Lmu;ldeocboM
5 Shizepe = [11.6,25.9] X 10° m? b
b oamde i Sipizepe = [21.2,38.5] x 106 m?
HM (slags jluw) o5 g lawgio by Gl Cod  papass
WY SANE] 5 [YYA XAY] L plp cwpa (HL
@S el g oires dguali cefeyte opide
Siz23.0pt = [35.2,45.6] X 10°m° 4 S35,y = 0
g bwgie by OAD COT panasS dweinj ol ke

.12
11
© 10
_ 9
» g
3 7
‘t) 6

, 5
h 4
93
=~ 2
1

0

T=1
B (b 0S) Geing sarass du

B (ol o)) (oo (panass due o

S eseze g (ol e Sl Sl

Lol WS by ©ud ol Cov dilaie & panass
©9d 0)9.)—).) L yo dalaio u‘ A uzzu.a?u dlib9§.”

» ol YU Ol @b gl Cov wd o ol
39S @ (HH g)l) pg> 093 o2 5 Jol 09
@l bl p calply 2980 oaaliie s g (o
oald ua.»..a?u ) u}da.w u‘ )]..\.ap cas U‘?’Ls"

L M H LL LM LH ML MM MH HL HM HH

T=2
(Vb o1)S) (o) (ganass die o

(Vb o)) oo (panass aiy

ey 3l b il (glagy s Cod Gl ablate (e ) 5 () o dlgy panass i 7 S5
Figure 6. Optimized water-allocation patterns of Bonﬁb sub-region under different scenarios during planning
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Extended Abstract

Introduction and Objective: Given the limited available water resources, the conflict-laden
issues of water allocation have become a challenging issue for planners and water consumers.
The existence of different types of uncertainties and climate change conditions in the water
resources systems intensify the complexity of the optimal allocation process of water resources
in the agricultural field. Therefore, In the present study, it is tried to optimally allocate water
resources in Marand watershed by developing a mathematical planning model that is capable of
dynamics and uncertainty conditions both in the parameters of objective functions and in
constraints.

Material and Methods: In this study, an uncertainty-based interactive multi-stage stochastic
programming (UIMSP) approach is proposed by incorporating the fractile criterion method and
chance-constrained programming within a multi-stage decision-making framework for
agricultural water resource management in various planning horizon. A two-period scenario tree
with different probabilities for violating constraints (a) and various satisfactory levels of the
objective function () were selected.

Results: The results indicates that the minimum and maximum benefits of the system are [46.6,
983.6] x 10" (Rials) and [699.7, 1483.1] x 10" (Rials) when a = 0.01, 8 = 0.9 and a = 0.1,
B = 0.1, respectively. In addition, an increase in satisfactory levels of the objective function ()
led to a gradual decrease in both upper and lower bound of the total net benefits at each given
probability level of violating constraint («), while any change in probability of constraint
violation (@) resulted in creating a significant change in the system profits. Also, the results of
the UIMSP model show that water scarcity is observed in different scenarios due to insufficient
water resources in Marand watershed. However, according to the results, in the second period,
despite the decrease in the amount of water available, the amount of water shortage has
decreased with increasing irrigation efficiency. For example, under medium flow level, the
amount of surface and groundwater shortages in the first period is 43.6% and 32.5%,
respectively, while it is reduced by [36.9, 24.5] and [24.5, O] percent in the second period.
Conclusion: The results can help decision-makers examine potential interactions between risks
related to the stochastic objective function and constraints. Also, increasing irrigation efficiency
and upgrading irrigation systems are among the main strategies that can provide an economic
benefit to farmers while reducing environmental damage.

Keywords: Chance constraint programming, Kataoka’s criterion, Multi-Stage Stochastic
programming, Random Interval, Water Resources Allocation


http://dx.doi.org/10.52547/jwmr.12.24.109
https://dor.isc.ac/dor/20.1001.1.22516174.1400.12.24.25.2
https://jwmr.sanru.ac.ir/article-1-1137-en.html
http://www.tcpdf.org

