[ Downloaded from ndeal0.khu.ac.ir on 2025-11-07 ]

[ DOI: 10.22034/JEG.2022.16.3.1019811 ]

AV VOO 5L Y Sl o 5l o pwdige il ey 4 100

032 dw 30 JLSis bl 3 T @il Sl <o oo Slas 1 gl wili
T 8 sz e T S yT 1 el (g

Qlﬁ‘ ‘)‘9"7" ‘)‘|9.(b| &)‘)":’ RWW o&iils ‘6)lAM ) Q‘)’"‘C saSisls ‘ol).g.c cs)f ‘6):5‘3 69’5“5“.“3 A
Olpl Glaal laal -l ez augds olBiils (g lane g )l jos 0uSiils ) yos 05,5 coliwl .Y
Olpl Glsal clgal ez aupds oBiils (g lore g )l pos 00Siils ¢yl jas 09,5 ¢ Lisls Y

VEOVAY0 8l b VOV VP iedl s

RS

Slass g el Gl U 50 Glez ol j3 Ol Bran Galidl g ()b 0gueS 51 (56 sla JLuSas
10000 Gl 5l oolaiwl b g5 oo |y oallael ol 31l aiacions § g (golaidl Cgllasl ol 31
u.msb OBl 5925 L o yigy ol jo ol juals JLSis slvoyg0 jo (oo (uilsd 5l oolaiwl g 4y,
S35 098 Ko ipdy g ol 035 g Joo nl 095800 el T 5l e e ol Lo JS
Sl )5 anlllae Sy g5y (nl dgdise san] o ok lasseS Ll sl syl Slej ol 5o
510 e Sl 93 L s S| (6100 dl sy 9 02 s 5l (6100 e b sl it (s
o A ol et aS el cans Gl JSis sl asls  gae > 9 (SOP) o il
solie Gluded Joo o a4 Sy eisl sleaig Joo So Jlail Gk 5l sk (nl 4ol oats
g o addllae (3500 4 (639)9 Gl (Pl sbodls ululp ue ez culyd 5 Glo B Sla v aige
SOP 5,Sles SDI JluSis o3lis fyizmen 030, 5 obj,l dil 3oy, O polie piiacs ;0 Jow oIS
5 (MSI) 59005 ooy Mol ol b Boa Al jlaie asls 3,k 5l 4l 0590 10 (gao,> Jow g
Joe 5l eolaiwl b aS ols lis gl b gw)p (6 pliiS p 5 6 pdcamw] (s pdiolaiel sloasls
Sl b aoren sl 48l 0gps auo )0 TV Lla5 0590 090 ;0 SOP &4y coes MSI &3l ¢ g0000 1>
20,0 Y8 4 #F 5l g 4l ogugy Slie 4 SOP hg, s Cond i (8 2] (60000 o el

Cow! o0duw

Ol (soie o6l ( JLSiS (a0 2 (5 jlutings s 35 5l (610 0 00 1O Slg WS
dodio
Blie Sl )0 il drwg 4 S8 5 Ol wlie 35008 JSiie 2 arlé slael, 5 (S o e Glacslw 5
“dh alio) )0 o8 s el iz sl g, 5l eolinul i3l glaans yo sl (IS sl o (5 5lupenai 5 O

059> (nl Gl iy pads ;o sloss 28 Ol mlie Sy e ;0 wal)lS 15l S leieds gluag 4 0 02 5 55l

DOI: https://doi.org/10.22034/JEG.2022.16.3.1019811 Mhdbeshavard@gmail.com : Jgiue odicungs 5


http://dx.doi.org/10.22034/JEG.2022.16.3.1019811
https://ndea10.khu.ac.ir/jeg/article-1-3113-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-07 ]

[ DOI: 10.22034/JEG.2022.16.3.1019811 ]

N PO TORPIPOCTRURICHRRVRP PP [CO IO AA

G180 500 0554 g ol wlie Cu e Plae J> 50 (o3lwaigs oy, 5l eolaiwl (Simonovic, 2000) el axsls
St sl gy JolSS yuw o aliSes sla Jus a5 glaigTay anils aiids Sldlas 1o (65,L oKl 5l 5l aigo
s S50 (S0 e (516 1S mrenal camlio Jloel g 5280 b, o azu] Lol ailoads eols dxwgi 039> oyl o
Joe S drwgi (g jlwaige sl by, 3ol oolaiwl g arwgs of e el a5 0500 s ol (g jlwad gl o
L;).:fwaquséu‘suwngw\@,hléﬁ‘lﬁﬁsowwa&,'jle)ij&u)w)eﬁjuw
0353 o Judod Eoes 10 09d calize (glaoje> 10 ol 81 51 6 las 385 0,50 0)laen all atils 151 Jae o
-Celew Jlasl 5l Lol ol b o gilwas sla by, jo a8 cul b o cplcwl byl BB Olsa bl acgomns 4
C O, el gl el y8 s Caslew Ol IS ST sligS s |y calises sl

@ olgce ol Ol il Gl Jl yo Gl sl 50 Ol Gpae (il g ()L 0gueS 5l U sla JlSas
s S e )3 o LR (S35 slodw aS il Sl g o)Ll cloixl g Jaredions ) «goladl Cgllasls &l )il
500l gl (See o B 1) Ggllasl &l 31l g5 co aige (5,08 0 00 sgSIl 51 soliiwl b waisles o W) T a0 595
S dlete 0y90 S L aalaazls auad 558 SO lrar wi)b bl i oo o JluSas slao,ge S
Slacodgame ol slaogeS Cpl (o050 Jrans jslaeas (LUND and Reed, 1995) sy axlge iS>o5 (slasgaasS
Lo o0l GBjlas sl 1y 63959 b, g O35 0033 b &igh oo 1,8, Cdge jebas (HEAQING) (oo > L ol
5 a8 w595 s 5 oVsb 38,0 Ol 0geS (goto > sasld 5, L Jee o (Bayazit and Unal, 1990) ol
(Neelakantan and Pundarikanthan, 1999; Shih and ReVelle, 1994) wb o o540 ;35w 5l 6,10 0,80 Lol
Ol ool g oad gilele, Of Caite oo Jols g5 60 e b 5l O el (6l A (G0 o el
(89530 yu 5 s malS Cax S 5 550 38 G ol (Draper and Lund, 2004) s ,ls  Kws co 55 4y azdly Jlas!
1005 o0 4xlge 2j JIg 90 b oS s

090,55l gz il odd s Gy 53509 5 0533 5l el 4z o 5 Siloj 4z 1=

il b o3l az (om0 y2 Jsb ;0 (25 (el (e~

Ol 0500 ol AT g gy (G0 Alwd 93 A g oo |y S e IVIGL 4wl (gl ead plail Olaass
O eme (rm alal, lvg oo > 5 aiil oo 6jludigs Eaiie sla o 5l oolitnl 5 siiee Goes Slisiss
Bayazit) oo oo ools (aled (pomie aiz b Sy Lok j2 )0 (e (79,5 5 oSt $99)9 5 O 4O 5750
02 S goe > 50 Lol @nd Unal, 1990; Shih and ReVelle, 1994; Srinivasan and Philipose, 1998
Chang ) cel Hlass oo ol b (6,10 10 0 Calow S5 (51,10 dilaie ;o 45 59 o mumed dilaie i 4 (3500
et al., 2005; Neelakantan and Pundarikanthan, 1999, 2000; Shih and ReVelle, 1995; Tu et al., 2003,
1 50 0 e 4o CBllassl o138l gl Lol g so 00l Frwly lojpd & jgods H55de DY liu g > 5 .(2008

Loyl o s gauo > wlal (pl 1 a0ed ools Fuly 0SS 5l et jebay O¥IGw pl as conl 5L (5l


http://dx.doi.org/10.22034/JEG.2022.16.3.1019811
https://ndea10.khu.ac.ir/jeg/article-1-3113-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-07 ]

[ DOI: 10.22034/JEG.2022.16.3.1019811 ]

A4 \\‘-\};gvz)w‘rﬁ%;u,\b‘y.@yu;@%@

5999 ol (550 ;0 39290 Ol Hlaie b Jgl Jlse <l ol yo (Tu et al., 2008) wisl co sowlio 28ly (5,15 0 440
Laaly crl )3 w098 o0 0310 Fely (G0l o aliwgts p93 I 5 (5510 0 00 Gloy® (ionie) alale 00l (i
@ ol oo Slidss ol dlax sl sads plml (goto > colps g ailiw] plxl lojen (lwaigs slp Slibss
Mixed ) oz moro sae Ll g5lwaigs glo oo jloolinl b w34 aS o5 o)Ll o ) Sen ¢ o5 Slalllas
Mixed Integer QuadratiC ) pgo 4,5 oo sae Ll 4 (Integer Nonlinear Programming (MINLP)
@l sla Jog, 1 (5,90 Gamaez ;o ol (Tuetal., 2003, 2008) ol ouis sls! (Programming (MIQP)
sdae ol 5 d9ne slp Gty bl wlS 4w 1 (S (S5 lov 5l b pose il Sl J>
i JLail (Ul 5l aslol )0 g WS oo plgie (llo e Slaiel 3550 (silward laJas 4 ol Jlasl | (g5loaig
g bsly cnl o (Labadie, 2004) wis' oo sl o)F e 522555 Olyeas sslodnd slaue 4 S35 o2 55!
Kangrang and) sses o,lil cocies 5 byl cosSiShlle o KK Ly sad pbul Sl a
.(Chaleeraktrakoon, 2007; Dariane and Momtahen, 2009
Al olie slosed g0 b ol 0nys ,F ssliiul jluarcd Joe oK 4 S w58 S Jlail ) ol s o
o O SYsle Glodnd Joo 50 085 g 1) 0,2t (50 e 53 (S0 2 S 5 (Olo 2 sl gioie)
3 el s o)ly ilale sed Gal g e — haw ol wlwly axl o maw 5l Ses Sl 5 35
Aty S e Suz ) 5550 S Wl e et (al @l etel oati pladl (5xe cnl 1 )5 (i 09 & ]
sl ailate ol o mle

s g Slge

&9 axdlbo
wdgaze (pl ;3 aalllas 3,50 sladilsog; g Conl 0ns S @ly Gliwjod il )0 5 5985 (2)8 oix ;0 gib esgue
5 45,0 FA Comgn 10 cauye yiogS AFH/Y 090> 5 pl 0je> Colue b oy s 0l o dll g el ¢ 0,5 sladilsog,
A sVl 55 48 ja g0l Bl 0ty el 00ys 5 ly ok 5,e dids YF 5 az 0 ¥) 5 5,5 Job aids FY
S adlige (o (5,0 4B VY 5 a0 ¥ 5 (5o Job aids FF 5 az ;0 FA CoaBsa ;0 0l 18 5ol 6L
% Sliwgy Candimly (55l T 0ga> ;0 a5 eyl (Bl s Sl eolinal b g & & j50 4 Seppaly 2] 6L
S slmarals 51055 ails0g; 005 o Ol el 30 1 02 (Sie s Camd Gl (5 keskS VY 290 5 i
Loz s Cewsimly 5o wlbog; cnl Snpee o) S @ il o 5 9T (e Atz e CiSC 055 g 0gS i
aalsl >l 3o, pbas g ke ailsog, b )1 (B 51 o Coles )0 g oola |y dlll ailsog, JuSis Mlel ails-og, au (yiwga


http://dx.doi.org/10.22034/JEG.2022.16.3.1019811
https://ndea10.khu.ac.ir/jeg/article-1-3113-fa.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-07 ]

[ DOI: 10.22034/JEG.2022.16.3.1019811 ]

N PO TORPIPOCTRURICHRRVRP PP [CO IO q.

Zard River
Drought control
point 1
Jarreh Dam
Aala River

Ramhormoz Irrigation Diversion dam

Network .| Drought control
; point 1

Allah River

C).lo oée..\:m J)L@aec.}tda f“"“""“"’ s_iul.o.w LSM)S"" A Ji..u
Fig. 1. Schematic configuration of the system of resources and uses of the scope of the project
U"’j)f ).EJ ) L: 9 ML’LSA )b_ib YYFeo ol °“\'.’.'))§ (:9‘5 0,y dw Cawd k)""l" ) 45).6).&,0‘) 6))5L-5 Ls»al)‘ C.'a.w
2 ol Yl g ailale (g5,5laS b_g'l Sl polie (e ypely cubs cutS cou ol maw axly alBl 5L & e
DBlse V Jgo sillae

(w‘ ‘5..:)[5 p.s}n.: uuLwl).) LboLo) u.xio J.,..A U?‘J':'A - d\JyLﬂ 9 alale U)B.a.: ]A).Q(Al) (5"0‘)‘ 6))5LM5 ‘5’1 LgL{b)L; ))QLQA ) Jj..\>
Table 1. Amounts of agricultural water needs of Ramhormoz lands monthly and annually - million cubic
meters (the months are based on the Persian calendar)

Meh | Aba | Aza Day Bah Esf Far Ord Kho Tir Mor Sha | Annual

1545 | 843 | 1265 | 210 | 6.72 | 29.57 | 43.53 | 46.59 | 42.74 | 35.89 | 27.48 | 23.01 | 294.16

el 00 43‘)‘7 JBA.? O 0> @)24' dw Slasiios
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Table 2. Specifications of Jareh Dam

Useful Volume Reservoir Total Dead Storage Level Normal Water Level
Volume
Million Cubic Meter meters above mean sea level
30.73 236.06 453.3 502
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Fig. 2. The annual inflows to Jareh Dam (the horizontal axis is the water year in solar Hijri calendar and the

Inflow/Demand (MCM)

vertical axis is the annual inflow in million cubic meters)
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Fig. 3. Inflow and average monthly agricultural demand of Jarreh dam (the horizontal axis is the months of
the water year according to the Hijri solar calendar, and the vertical axis is the monthly inflow and demand in

million cubic meters)
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Fig. 4. Discrete rationing reservoir operating rule curve (the vertical axis is the sum of the storage volume and
the monthly inflow, which is known as reservoir storage)
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Table 4. Classification of drought state (Nalbantis and Tsakiris, 2009)

Description Criterion
Non-drought SDI>0
Mild drought —-1<SDI<0
Moderate drought ~15<SDI < —1
Severe drought —2<SDI< —15
Extreme drought SDI < —2
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Abstract

Droughts caused by precipitation deficits and increasing water consumption are intensifying
worldwide, with negative economic and environmental consequences. The negative impacts can
be mitigated by using optimized reservoir operation patterns and implementing rationing rules
during droughts. These approaches involve meeting only a portion of total demand, allowing for
water storage and accepting a small current deficit to mitigate severe future shortages. This
research presents a case study to determine the operational command curves for Jareh Dam and
to investigate the impact of reservoir operation under two management policies, Standard
Operating Procedure (SOP) and rationing, on downstream drought indices, an aspect not
previously studied. To achieve this, an optimization model coupled with a genetic algorithm was
linked to a simulation model to determine the optimal values of command curves and rationing
coefficients based on historical inflow data to the reservoir. The performance of the model was
evaluated in the Allah River water resources system. In addition, the drought severity index
(SDI), SOP performance, and rationing model performance during the base period were evaluated
by calculating the objective function value or modified shortage index (MSI) and the resilience,
vulnerability, and reversibility indices. The results showed that under the rationing model during
the study period, the MSI value improved by 41% compared to the SOP method. In addition, the
implementation of the rationing policy significantly improved the vulnerability of the system
compared to the SOP method, reducing it from 64% to 26%.

Keywords: Drought, Hedging, Optimization, Reservoir Operation, Rule Curve, Simulation.

Introduction
The use of reservoir optimization methods has been prominent in past studies, and several
optimization models have been developed in this area. Increasing droughts caused by lack of rainfall
and increased water consumption all over the world have left negative economic, environmental and
social impacts. As reservoirs play an important role in the management of the water distribution
system, these adverse effects can be reduced as much as possible by applying optimal operating
policies. During periods of drought, managers and operators are more likely to be faced with a series
of minor shortages rather than a severe shortage. In practice, the application of discrete rationing
spreads the water shortage over a longer time horizon and improves the efficiency of reservoir use.
In discrete rationing, the volume of the reservoir is divided into several zones, with each region having
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a rationing policy with the same rationing coefficients. In the present research, the combination of a
genetic algorithm with a simulation model was used to simultaneously search for thresholds (rule
curves) and rationing coefficients in the reservoir system of the Jarreh Dam. The simulation model
included reservoir mass balance equations and evaporation calculations from the lake surface based
on surface-volume relationships and monthly evaporation intensity.

Materials and Methods

A case study was carried out on the Jareh Dam, located in the southwest of Iran in the province of
Khuzestan. The area of agricultural land in Ramhormoz, which is downstream of Jareh Dam, is
21,400 hectares. The monthly inflow to the reservoir is related to a 34-year period from the water
year 1354-55 to the water year 1387-88. During periods of drought, even if demand can be met from
current storage and reservoir inflow, consideration is given to reducing demand. Such a reduction
will prevent larger deficits in the following periods. In order to start the rationing of releases from the
reservoir, a threshold volume is introduced, which is defined for all required months. When the sum
of the reservoir storage at the beginning of each month and the inflow to the reservoir in that month
is less than this threshold volume, the rationing policy starts. The objective function of this model is
to minimize the severity of water shortages during operation. In the present research, the natural flow
regime at the Jarrah Dam site was studied and its stream flow drought index (SDI) was investigated
in different time periods (3, 6 and 12 months) from 1354-55 to 1378-88. The effects of operating the
reservoir under two different policies (SOP and hedging) on the drought situation downstream of
Jarreh Dam were also studied. The purpose of integrating the simulation and optimization model was
to determine the rationing rule curves and the coefficients related to the rationing of demand. For this
purpose, a genetic algorithm is linked to a simulation model. In this research, four key performance
indicators, namely time-based reliability, volume-based reliability, vulnerability and resilience, are
used to evaluate reservoir operation policies.

Results and Discussion
The number of decision variables in this problem was 26. The parameters of the genetic algorithm
were as follows: population size = 156; crossover fraction = 0.5; mutation rate = 0.015. The value of
a in the BLX- o method is considered equal to 0.5. The rationing coefficients o1 and a, were equal to
0.82 and 0.5 respectively. The value of the optimized objective function (MSI) in the hedging model
was compared with the corresponding values in the SOP (Table 3). With the implementation of the
rationing policy, the objective function decreased by more than 40%, indicating the effectiveness of
the method used in controlling and alleviating severe shortages throughout the statistical period. The
drought index (SDI3, SDI6 and SDI12) at the dam site and downstream of the dam for two SOPs and
the rationing policy were calculated and compared (Fig. 8 to 10 and Table 4). It was found that with
the application of the rationing policy compared to the SOP and also compared to the natural flow
upstream of the dam, the number of mild droughts increased and the number of moderate and severe
droughts decreased. With the implementation of the rationing policy, the value of the objective
function (MSI) has decreased by about 41% compared to the SOP method (Fig. 11). The volume
reliability is similar in both methods, but the time reliability in the rationing method is 37% lower
than in the SOP method. The rationing policy has improved the vulnerability of the system compared
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to the SOP method, reducing it from 64% to 26%. The rationing policy has reduced the resilience of
the system compared to the SOP method, increasing it from 23% to 14%.
Conclusions

In order to mitigate the adverse effects of drought and climate change, it is necessary to conduct
further research and implementation of optimal water resource management strategies is needed. One
such strategy is the use of rationing schemes. As no such studies have been conducted at the Jarreh
Dam in Khuzestan province, this research presents a case study to determine the operating rule curves
of the dam. In this study, the effect of operating the dam reservoir with two methods (standard
operating policy (SOP) and hedging) on downstream drought indicators was investigated. For this
purpose, by linkingan optimizer model (using genetic algorithm method) to a simulation model, the
optimal values of the rule curves and rationing coefficients were determined and the efficiency of this
model was evaluated in the water resources system of Jarah Dam. Also, the streamflow drought index
(SDI), the performance of the SOP and the rationing model in the desired period (water year 1354-
55 to 1387-88) were examined by calculating the value of the objective function or the Modified
Shortage Index (MSI). In addition, indicators of time-based reliability, volume-based reliability,
resilience and vulnerability were examined. The results showed that by using the rationing model, the
MSI function has improved by 41% compared to the SOP method in the desired period. Also, with
the implementation of the rationing policy, the vulnerability of the system compared to the SOP
method has greatly improved from 64% to 26% compared to the SOP method.
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