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growth of urbanization and the limitation of water resources. The
purpose of this research is multi-objective optimization and
management of treated wastewater allocation using dynamic system
models for urban green space irrigation in Shiraz metropolis.
Methods: The factors affecting the supply of water resources and
irrigation of the green spaces of Shiraz city have been simulated and
according to that, the consumption forecast and the number of
available resources and the allocation optimization have been
presented. Also, in the current research, effective factors in the
current and future conditions that can affect the proposed model
have been taken into consideration, and two scenarios have been
applied, including increasing the efficiency of green space irrigation
and the use of treated wastewater.

Results: The results showed that increasing the efficiency of
irrigation through management of transfer, storage and distribution

Use your device to scan and read the
article online

(=]t ol

s e
[y

DOI:
10.30495/wej.2024.31391.2375

Keywords:
urban green space, water
resource management, treated

wats.te\'/va’;er, 1nult1(—iob]ect.lve of water and also irrigation at the right times has a much greater
gﬁ_ 1mlz;f1t}1,on, System Gynamics, = offect compared to the use of purified wastewater in order to reduce
iraz ci

the extraction of limited resources. In such a way, by increasing the
irrigation efficiency by 40% and 50%, respectively, 14% and 39% of
water shortages will be solved.

Conclusion: The simulation results showed that in order to achieve
the stability of the system, a combination of scenarios of reducing per
capita water consumption in green spaces, increasing irrigation
efficiency, using purified wastewater and dry landscaped spaces
should be considered in the development of urban spaces.
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Multi-objective optimization and management of treated wastewater allocation for urban green space ...

Extended Abstract

Introduction

Multi-objective optimization and
management of treated wastewater
allocation as one of the key factors in the
simulation and decision-making of urban
water  resources  management and
subsequent irrigation of urban green spaces
in Shiraz metropolis, province Fars, Iran. The
most important innovations of the current
research are as follows

eDevelopment of a model based on
combining the dynamics of systems and
multi-objective optimization in order to use
treated wastewater in providing the
necessary resources for irrigation of urban
green spaces.

eTaking advantage of a top-down systemic
view and having a holistic view instead of a
detailed view in order to monitor
interactions and all influencing and
interfering factors in the results and build
cause and effect circles to make
comprehensive management decisions.
eSimultaneous consideration of
conventional water sources (such as dams,
wells and aqueducts) and unconventional
water sources (purified sewage) as well as
other optimization measures (increasing
irrigation efficiency) in the multi-objective
optimization of the dynamic system
elnvestigating and evaluating water
resources management with the approach of
providing irrigation resources for urban
green space in Shiraz

Methods

In this research, the wastewater allocation
model of the city of Shiraz was developed as
follows: the first objective is to maximize the
minimum reliability of water needs and the
amount of wastewater that can be allocated
during the planning period, while the second
objective is to minimize the violation caused
by not meeting the consumption needs,
especially the use of urban green space,
which was optimally considered.

In the current research, it was tried to take
into account the sources of surface water,
underground water and water that can be
recovered and recycled as available
resources, along with the determination of

irrigation needs and uses. In this research,
an attempt has been made to consider the
boundaries of the model. Further, all
stakeholders (domestic, public, industry,
agriculture and environment) and the
sources of their needs (underground and
surface resources) are considered. Also,
considering treated wastewater as an
important resource for providing green
space irrigation resources, Shiraz sewage
treatment plants are also placed in the
simulation boundaries. In order to verify the
validity, the behavior repetition test has
been used. This test focuses on the
evaluation of the model outputs, in such a
way that the data produced by the model is
compared with the historical data to
determine the degree of conformity and
consistency of the estimated data with the
observational data. In order to compare the
variables of the volume of underground
water, the water needs of Shiraz city, the
water needs of Shiraz's green space, the lack
of available resources and the needs of users,
and the coefficient of determination (R?) and
the average absolute value of error (MAPE)
were used to evaluate the behavior of the
model.

Results

In the current research, using the multi-
objective optimization method, the water
resources and consumption model of Shiraz
city was investigated. The results were
unanalyzed based on the scenarios including
increasing the efficiency of green space
irrigation, allocating the purified
wastewater to the urban green space sector
and constructing the Tang-Sarkh dam. The
results showed that the use of 30%, 50%,
75% and 100% of the treated wastewater
for green spaces will decrease by 3%, 5%,
7% and 9%, respectively. Also, an increase of
10 and 20 percentin irrigation efficiency will
decrease the deficit by 14 and 39 percent,
respectively.

The simulation results showed that in order
to achieve the stability of the system, a
combination of scenarios of reducing per
capita water consumption in green spaces,
increasing irrigation efficiency, using treated
wastewater and dry landscaped spaces
should be considered in the development of
urban spaces.
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The results showed that increasing the
efficiency of irrigation through management
of transfer, storage and distribution of water
and also irrigation at the right times has a
much greater effect compared to the use of
purified wastewater and the construction of
the Tang-Sorkh dam in order to reduce the
extraction of limited resources. In such a
way that by increasing the irrigation
efficiency by 40% and 50%, respectively,
14% and 39% of water shortages will be
solved.

The best plan to meet the needs of urban
green spaces is to increase irrigation
efficiency. Also, with the development of
sewage treatment, this source can be used to
compensate for the lack of water in the green
spaces of Shiraz city.

Examining the long-term rainfall data of
Shiraz city shows that different periods of
drought have been repeated alternately. For
this purpose, three periods of drought, were
extracted from long-term data and each was
repeated alternately until the year of the
project horizon. The results of each of these
scenarios on the volume of the Shiraz
underground water table are presented in
Figure 4. The results show that even in the
most optimistic case, the drop of the
underground water table is quite evident.
Therefore, the necessity of planning in order
to stop or reduce the negative level of the
underground water table in the plain is clear.
The simulation results show that the
construction of the Tang-Sorkh dam, due to
the low flow of the dry river, did not have
much effect on the reduction of the shortage
and only caused an improvement of 2%. Of
course, considering the cost of more than
5000 billion rials to build this dam, and it’s
not-so-great impact on providing expenses,
the construction of the dam will be justified
only for the purpose of tourism
development. It is necessary to mention that
the capacity of Maharlo lake is considered to
be 16 million cubic meters per year in the
simulation and the annual share of green
space from the dam is assumed to be 6
million cubic meters. Considering the low
volume of the river and the goal of changing
the river from seasonal to permanent, the
results show that the effect of the dam on
Maharlo Lake is not very effective and the
lake will not be seriously threatened.

Conclusion

It is clear that investing in the sector of
increasing efficiency is up to 10 times more
useful than using treated sewage and about
15 to 20 times more efficient than building a
dam (Tang-Sorkh dam). Considering the
high costs of building a treatment plant or
buying purified wastewater, as well as
building a dam and optimizing and
mechanizing green space irrigation systems,
itis clear that increasing irrigation efficiency
is much more justified compared to other
options. Also, in order to make the system
sustainable in the plan horizon, a
combination of scenarios including reducing
the growth rate of migration and population,
reducing the per capita consumption of
green space and domestic water, managing
the transfer, storage and distribution of
water resources, increasing the efficiency of
irrigation, and the use of wastewater
treatment. For the green space and to stop
and reduce the development of the green
space, it is necessary to water abundantly
and use rain water and run-off water and
implement dry-landscape projects in urban
spaces so that the system reaches the
desired stability.

Ethical Considerations compliance
with ethical guidelines

The cooperation of the participants in the
present study was voluntary and
accompanied by their consent.

Funding
No funding.

Authors' contributions

Design, Methodology, data analysis and final
writing: Seyed Ali Kazeminejad fard,
Mohammad Reza Nikoo, Amir hesam Hasani
Supervision: Akramolmolok Lahijanian

Conflicts of interest
The authors declared no conflict of interest.

Water Resources Engineering Journal. 2024; 16 (59):61-78 63



ST RIZITTR 2 3y T @ilio o i g 3 — ol 4ol

9 3 Jlo

Sl yoke & sawatial Clun (amads Cu paw g ddaadis ¢ 5lwdingy
SR i slas

T pla el (7 955 Lyt il (Solall 5105 il eBIS e s

Obel el (ol ST olSily (linios g pole doly i bao g oxo lio 23S a5 Laomo Sy o (6583 (g2l )
Ol g oMol 3151 oKty ccligios ¢ pole dnly womn; bawo Cu ke 09,8 cann; Lausre g oanids @ilio 0180l il ¥
Olos chduse (gl lll olStily (s lans 5 Glyee (cbizn (i ¢ gtie Sl Loty ¥

Al ol ool 8151 olEutils cilining g pole doly wan ) bamo ¢ b @lio 0aSutils wliwl ¥

oSy
Sl 5 Oy o umbdf.)yﬁd YW SR PES Piw§9&bdl‘”)?z§d‘?}] Oyl yeuiS Ao

oo e gLad )kl 33 Vb S b o]l eoliul (gjludgazes o (ials (2168 L oj)lke sl S,

AEZR TARTAR I TPy P
AEZAVARYAR NSV W IR
AEZR VAR AV SR SV TR Y

OSls g Sl (gl 363 ol&wd
158 o3lil M 00 4 dlio

6yt o (sLad O mlio Cupde Ji59 13 (0 NS elacs i yaabip 53 5o o pite 4 L5 1 5L
g amsiz (gjludingg Sl (hmgh jlBaa b e elesl Gy Sl e Jo £ slaiad 1 0329
bl pskatos (Seolials o) oo 2lisy (sl Jao Sl o2lisiol b ondahia Cluy japass Cy e
Al Slied RBOMS 2 Geb o (Sl

09 L g od (Glodund b e o L35 )bl 5 OF @l (el 2 S50 Julse opglate s i(sbg,
O3 ) iz ol oAb )| arass (iluding 5 o td )3 ilie Glise g B)lae inte ol 4
)5 )5 g 3590 il 13 ,5b (ool Jao Wl o o8 01i] g b Ll 53 e Jelge il
Gl 0030)5 Jlosl oiddutial Ol 5l oalitnl § juw glad (g bl o33l iul58] 45l 40 o

DOI:
10.30495/wej.2024.31391.2375

bl oizen g o @95 g0, (JBl Co pte Goyb 3l oyl o35b Liuljél a8 waly s ol (aidl
Cbldy ials jalaie & sddastial Gluy jl odlitwl b duglis 15 (65 jim ilye & )§L" icwolio Slebs p t 6 lS laojly
s o yd B g Fr e 4 (bl plesily LT3l b aS claigSa il salys  SeiS dgae wlie
g e by o cladgeS | oy YA 9 VF lade

el 5] 5 5 ke wlolis (5l & e pskitons oS ol (L (gl gl 1§ oS A

lalias g ondaniunt Gl 1 eslitwl o )bl o33k Liul3dl jaw (clad I B pas ailpw il clag

25 3 e s S g i

Sl o @lio € e o6 0 o (sL2S
wbgy cdiasiy (giluding orbahal

Sy e e

olseaY S3lall 512 gnns Bkran3d

Ol el ceo ol ST o8l «lisios g pole sl ums barmo g (b @lio oSl ] Laome Co o 098 1 Ui
SAWITYAYOR a5

lahijanian@hotmail.com : Suig v Gy



https://doi.org/10.30495/wej.2024.31391.2375
mailto:lahijanian@hotmail.com

St i gUad (55l joliie & Damianhal il (anass o pide g adabiia (g jlwdingy

013 Slloe 5 pll v el jl ookl )3 (glos S liios
Syl s (53l Ja0 aipoj ol 13 bl gl 51 (S el
P AeS Baa b s i (el b dign (5 0ed AL
2 O 3 o 17) 23bie 55 qie iz o el slaayjo
JIRERC me.;.TI 5 bl podos (sla Jae (60Me Ar and
mdia «Soalid Joo S (b b a8 gygbas b zylae OMSL
“Gpan 6 4 dgi b OB sl apas S ojlil g Jowo o
Gl B2k 5 CELIL (FY01) 4 asude Cluy (slaosis
goly (slial) > Bl o Sy g pytelas e 51 (S lgisay
blie o nte jl (S ol 003,35 pihae ] 3 slaacacs 4
el Gl sl O SO By s e > Sl 28L3L
ag bb Jlie g sals ST claany (b T ple copie
2Ken Li0jls (1d ()5 g (S (sl parie cpl 4 2905
g Kb Mo (ISPl o JheSe dilike sladoye )
5 oy pla gl oy Jdo Sy 3939 pis (T) wily o sleail
il cslily 5 5 calisio (sl 131 3 il b o8 ol 55 ¢ sbolic
boege clllae @51 ol Cpge SWlae wilaie
ol ST Ll 483 plonl s g 3 Clay panass Clesge
M) sl o392 38 jate oMo glaoly 5 (e Sl Sl
bl )3 0nd il Sl ool (F+, Y3, 14, ¥), YY.¥A, YO
Ol Bl o0 0] 25 9 s ol @lie (S29)T StalS yy0gde
(BY) 23l 423l ol yon 2 w2 1) (pliond 365 B pan dija

Clay panass Copte g oy Gilodi pol Hiagh 5
e g Silwdnd 3 S Jolos Sl (S lyiear eddadhas
Jowsbad il o Bl 5 o O glie Cupie slagsyS
SL1 o o 28l oo Gl )l il 10 oSS 53 (6 08
&)k il g (6 aed Jluky drwgl Canw 4 €S > (b0l @l
3 Silwdinte g silodmd syl 3l oozl b Ol gia8” IS
sl 5 b 1yl (3480 sl ygls (et D90 )
Silodinge 9 ptuss 2l Bl 2 (e Jbo S5 dang @
e el 3 005 44 ol | (65 000 slaie 4 aaiiy
(A 0 sl g ll Sl 250

oSS 5l gy p g oml 4 YU etuus 0B I (o0 S0y00 @
dod g b 1S )ail do)y jolale 4y S5 Fi ol sl> 4 GL1S IS
cdils cale g Jobs ol j ouiiS dblie ¢ 35,50 Jelge
el upte Cleear Bsl Glp ol 5 e
(FAas XD QY @) FY . AY)

oo g (L 5 ol s yulas) B)late o @lio lojan Ll @
o ity Sloladl plo piomads g (oAddsiand Glay) U)leiel ]
5 Sl s amaly (giloaigr ) ()l 235k Ll )
(JuSiid calisee slagy jluw pawys 53 oy (g5 51 oolawl
@ adllae 3)50 s dwmsy blpd oy g Jley g Jlos
8k

bl e ool 5,505, b T lio oo (obj)) g ()p ®
3,55 )8 b3yl g ()0 2y90 G9SU &S b (g 0ed e (gL

TY-YA:(02) YT VLY .ol aolio owiigeo (MR — cole dolilad

dodle

3 Caner gy 3y b ) S s ) ol
& Canl azily o 0 ) Lt jlase odsde OMSUe boyods (yo pinS
ol 512, 0,181 Ul golie 3910 & Jgiese e Sl e 5
Vep o SeiSa ol odlel 3 25 e glaflr 5
b Gl i dy oyt Sl ez 350 5l 58 3)Lke VY I Gt
Yovo Jho p ol ol Cawl 0l Gyl g Nilodgy pg e  tiiligg
Ly (FV,FA) doys 585 0,Le ¥ 0 Y0 Jlo jd 9,85 5,LLe YA &
plio dnogi & GRS 5 SR dwgi b oo Cuner gaslas
Ol ) o i 4 (saiajls (655l anugs L plSan Ly
Jddas Ol 0 (Saaly 9 5L il 381 o bl oyl o (FENY) ol o3l
ok St sbsely g8y 9 JloSis unea il
D s bl 81 0 g Jlde Sa ol Jb jo elldl
Siytaliy g zsb g s b Cunl oids el b 51,55l ol o
ot 3 e 1 g b il 4 Sl lp ol wlie Jgol
ol jl daore oxlaiwl 5 odid S g dipe sl p Loles 4
Staliy > cuslie JSel, S Wlg e g Ll lasdy )95
(17) 29 48,8 153 ol il (3l g O lie dnmngs

5 555 Qi 009 Vb5 o by S90S dddas ol y9S
O plio 5l sl a8lsl S yio D)l A dgas b pils s 5
oielS 388 slalssl o gyt Yo dgue il g e
Rl g (59l iSu 3 ofgr B)lae dble o GRlEl ()L
4}‘)...4 u:&o).m VWee dgd> L 9 u_’x\a.m L;Lu;l;\» 2D o) Y&
25ikio A0 31 S g5 315 )8 o S5 o yme 3 pdiios
L) (6509l s 0 ol 203 AY )5S (Bpae o caxSoyie
£ 39> g o LiSu )3 oy ¥ dgds (lopd Yo gyl o],
o Brae nlpls (W) 290 Bpae 0y Ol plsisar woy

caSeyia 3)ble YY Mg 4 i silisee slaise ;3 Ol ¢l
Clay 5l daome oolimel g o] adal 45 D9 e oS
O ) o el (sly g5 Sl Wl o (1568 Do aias

3L 535 i 30
QYTOTA) (55,5Li8 (V) (SB lacluy I sume ool
Crb gt slajls i Gl psliied balbada 5 et
ol 3 il O mlie l cblis ppe Cleladl I (VAT YT
SioguiS i ) Sl 1 ool gl 9 (63,)8 wllllas i,
Sladyy b cplpl sl oas @l (FEXV,VF, ¥EYY) o)lol
g Jbascial 15 5 )l )3 o wlio ) Jsol (65 oyt 9 (el
i)l ly Jooly o pioslel plgieds (e (sl e 5l oslia
o jl oolainl £abge Cuonl @l ;3 Cusl Bpas (gilwding o
@y b M ) sime oolitl 5 o golie Byl j) Jols
IS o g e slalad bl der jl Cpbpd Blas
g 08d b i O liyasliy g olpde Slagenad oy el S

"o


https://www.weforum.org/agenda/2020/06/world-population-water-stress-2050-climate-change/

ob&o& 9 5)5.3"}3 ‘50.\9‘5

5 LB il W olaw Cpined bled oo u**"-’ ly 6yt jomw (g2
0diiS ol yols Jl 5 4l I FAR 05 ggeome b ols dils V¥
29550 (st AL 0 i perd L )bl Sl Lol i
argi bl el g, 4 ean] cla o b ol ol e
Gaw (sLa oly s AV a] i )T g (sla g 4
» ).«.J VY5 L VY- JL» 2 ‘sz é;l.u: d)l.\)l) Olalee dulw‘):
O el @lie ol 0193)5 3560 Cpi et S 0 g LialS 4l
b ity ab ) FYO 5 YOF 5 Clgtd g aols Lol clil
g9ose onl (34) 2k S35 )b B8l > b 1) YYO 5 WVF
ool (b 55y 5 ST sladls o IS oo edim Lt
5 ol Grae jlosily Lilisl cbisly » Sldlbs ol ad o]yl
sl latal Ol wlie (03l sl b Of el sz )b
b ()85 sl S3a 2V () Jgi2) Ml 900 sl
dl.lbob )] )..ol> Jl> 29 Al l).’XA Li'j Zo ‘L?’?’a‘)'“ A_)LCLQ.))I
235 o Ol el semr slab HLzs] o
m g [
\l \\/,

T

(
N o)

)
o Shew Oty \

| Tad )* \ > 5

\ i
\\ [ -~ - .
— | e / g, =
St ndege \ a" L e ——
\ g [S o ~

(5L 581 4 o e Csiyn ) S
3y L g (6 oo o (5LAS (2 5L -V -Y-Y
Syl Olelis)| g (6 b juo (sLa3 2T L ez VF e Jlo >
Aliee 6olel sl Y (gl 5l ol o8 el go 4l )3 il V- ¥
Sl VEVE Jolse AFee Lo 3 (o), ,Lasl jo claoly o]
2350 2l L 5 lmely al &Sl ot e (34.0) Adl e 45t 5
e quslicl STy ey Jg el Sota 35290 @39 53 5L
A g 33 eslio 2355 9055 ¢ JUal sl Jlasl pas o
(250 ¢l b ilisee Bblio (y 5L i, ST ppizxan
29008 Sh> (3l e (292 5 (28 Cennd (5 jbott) o ]
2 oasdl)] clabasd T 5Ls el S5 4 p5Y b e gbas O
Gpao 50 5 0233,5 3500 ol 1) e (5t olo ol
—ay dbly e ) D daled glie (Jlw calisee (slaolo jd
Joo 5L L5 350 Ol line 4 G (55 oS 5 &Syl okt
b zohaw 1 Sy (sl AVl L5 3)90 F Glise il 3929 @

Lol 04 S Y Jgdo 50 5 duoles

Ly

byoto CutS dgue ) jew lad 58 Cuonl 5 ol 4 dngi b
"SR

L g5 9 3190 -

cas)lland g0 dblaio —)—)

RO R O S RTINSO SR
cuslio @lps (19250 oo (] g 99y loddr 508 L peb IS
Ol eyl g (8 (ages jw SUAS I ol (05955
b wlawlio o5 ) JS5) Cosl jreByyd (o SLEL 55 g S
i Sl g gl Jusis Sl 5 3 gl Lo
2 el Gl S el glie (yibel plyiear Sl g ey
S e sl &8)S )13 (58 G Sl s g A eddeg o2 pme
Ely (w51 SliwnsS dilain )3 9 L)> gaw (5520 WAY glis)) 5>
59 e S P Ol dyd g8l )l Juime lgmac] oS o
bawgio 9 VWY 9 ¥4IV sy e Sy (o oy 53 9 il
o Yl S5, Lste 5 1t ogmandes 423 YA 5] 6YL
oy ddlaie 033L & 3y yad Camsl 05 3y9l o duo YIA/F
Ol Camox 5 ye oghS VIV fl (olso g 03 s
- Gl 005 )9l 58 VOAV/FEY 5 &L YD Jlo (gloss oo )
S balpd b sl ol 3 5lped Cleb g (oped o sl
laoly el anl bl o g,dg) 42838 s 4 Cos (500>
ool g onds Sid 3w (glad ol adls i 4wl il
b Ol (el g s 4 a5 b gy alid 5 Slebo ) 55 ol
Ol (2 Oz ol 4B S 18 (o pd ol LS 5 g ad
el e T oatS (el (5 0200 8y o8 lgiB )3 ]
0y HlAe (oS Ay 55 Al (G pRed 035500 4D &S ey a8 el
g odd dxle S gl G5 b e Ll il & (S
() sl a8l I3 s 55 L (bl 09> Alols

odI> (5,9l go —V-Y

g ol Sl (jlynd o o slalid (o)lo] (sl 29290 ol bt
Bpo ClsiB 4BS O (sla gy 4 d2g L oS Abl e Sl
)l)S oolaswl d)90 )I).Mu )'9("" b.)9.).>m )0 é5l5 L54;.:.,\9 ul.cl.; dl).:
R Sk ol 3 Gl (b aSepl 4 aeg b0y e
@133 losul daw cdl 4 eyl oyl g 03,8l el i
O it ol 53 oyl iy sl 4Bl 58 s 3 Lol 23]
Aot e slajlulote ¢ b balpd ) ()bl 5l 3,90 gilie 295
s gL (o]l g @lie S 93,5 1,8 e ginjg 3 Y-
S ol sl )b (slis yr 040] dngs g lab Cumdg a2 L
29 23]

v rwd 33 g Wl ale glels -)-Y-)

)..wv dl.é.é
2 A VEYY 00 foeome b jew slad ols adls AV Lol b
bl b )90 o 9039 )by Jb 53 jlid gaw > 4l

TY-YA(02) YT VLY .ol polio cwdigeo (MR — sole aollad



St i gUad (g5l joliio ) Dawianal Ol (anass Cu yiso g adsdia (gjlwaine

Sy 3w (SBUAS L yiand 53 O palie Curdg —Y Jou

(45 o ,2d)

W gl Rl aFe Ju e o &
Vs \Yof VEVE ol ails AY e s (5luid )
o sLad O wlie I onlazl olela) 6,85, Y
WY V¥ vof ol ails V¥
olel Y
Yro ¥ro o ol andy \Y
e e (21 W 9 5o Zolaw Olasulo -Y Jgaa
WY Jlo g ol W Jl e Gl Wer Jlo 35290 29
I AP 5. RSP [ IR » o A
L | alad L | o L | alisd )
o A ) T ) e E (i) E
(oo iple) 82 oo (a5 2) oo (a5 )
VAMA V) Ya¥R VYV AVA VOA  1-00 SEY WA b el )
alelas) 6,5,
SYS FYWAY 5Y Yy b5¥ Y \¥AD .
9l
YEAY  \¥Ra FYTY Yeav WEL O YaaY A R (US) S pan
Woed A WA YR \S5Y YA VEY R b e ol %

bobsd @lisl g oy 0 ol mle Copte b oy o 5 anils
ol oS s slagygs & Ol slile (s (slagyg 51 sl
Slels)l o plegl 51 g 90 S8 ook 2o U]y St
sl o olaols ] T el g 4515 e o aste Jigelpm
il GRS g (6)S5 0uial g3l e 23,5 o ol (65l e
Ol g G lame I clblis lily )3 (saojn ol @l
- 2lrl bl Sl 250 wlie (ol 5l pliabl 5 50 sl
il Sl 5 S 2k plie (a8 plie (2l 4sby wles
Ve 38l optd Gl O (g yuS Lo 3,5 5,18 5203 53 0l
ol 3 el (ol (il die Y Cligees Llod & g L b

@) Ll 044 z»

9 S jw gLad O pilie gy —Y-T-)

s oL
3o 0 5L s (35 9 29250 l @ilie (lipe Aualie b
ik Sloj sl 3 il anlre BB Ol b (S
oo 5L g b drg & dagi L (VFY 9 WY gla Jl) pol
Gy b oS B el Gl Vs ol (s
@l gyt sladle ) o] gaw cdl 5 Sk Shals
“ped b 4 oS ol g 03,5 Iy ptalST e jtes 0 ol pibie
Eglite loj (slo g8l 13 T 6y himo NS oo Ly Lial3l (s ps8
i3 )5 O ygo g awyp & g b (Y Jgde) cal o odld LS
S99 b soges o sl (sl s O (S ol Sl

$309WS T 0,3 ol ST)31 LT pad L (SaysS 4y 9 (eSile T g

(456 5253) o oS see

VY- o VY- b Ve Jlo e e
. YaA SR o (SL2S )
¥t v ey Clelisy] ¢S5 v
AFY o5A (i) JS gar
BYY VWA o il "

Sl bl jed (B g )0 &Bly jhed Voslad alesaial
Rb Gyb > &ly Voslods albashuas g 59) 0 caSoyie im0 A
o 3y dlbdual g joy 40 caSoyio jlin Vor Cud b bl

bl oy L jlind RbOM 08 Jlodd )3 o (6)leBl b 5

VYA (00) VU Ee ¥ ol qillo owiigeo iy — ol doliind

& e S duud dphuad Ol 2olio —£-Y-)
S g b b edgae ol Abadal g yols Jb y
g Dyt s 53 oo i dyins (S, olyay ool s

(0 Jgiz) wlod o aduai | (s oS



ob&o& 9 5)5.3"}3 ‘50.\9‘5

DB oy y90 03] Jlo Vo jllodiy 53 lid jod s (sl
35 2090 Ol S el el Jaima 4u35 s @ly 3 58
Sloabagiar OUSL Cluy jl ot jl oolitul (g ped jow sLaS
oy b e SagS sl Slbahas @il g okd 5
b oo b amas soly S lp) il Jb p> oS 5g dalgs
Shisl b )3 caSoyio A v v ()8 Jolao 4l il Ve e )b

L]

S ol podrdy S 039y ol Al dtinl du joy 50 caSoyio Hlia VY
P caSeyie Jlin ¥ eud b 4 hao jod o ) e Al aas
a2l Gy ot Hiad b Cune 5002 80 Jobas Ly 5
o (sU38 T 5L el 5D Lot rdils dsiad o) pils by g

jl pamass jeme 381 g (hyaebn b olgie (Jg )M b

drogi S Gl g sl 4y dagi b Sl ML 5 O eS8yl

el (6235 3,90 I (5 0l (2 oote 55 gt o]

(YYAY ey (g yIwibiw! o T o5 U (6355 5w wiw) 3l oandd s (g yiwsd 53 Bl duaal oy Zolie —£ Joua

597 5 S ol odiy] dmwgi bl 39 3 S yial (Jub b o S 4 pl &,
AIAARRRS AVooo Sl Vo jloss 1B dptias )
YOeeee ARRERR Sl ¥ oojloss 418 dptuas Y
Y. Weoo Lo 5yb b duiuns ¥
LGN Yoo o Gy NS dins ¥
Aees Sl S Ay Sy I

Ao Ve Ve (slo 381 ) (o)l 5l 3,90 @lie (g g o (sl
ol 01 8,1 ¥ 5 ¥ Jglis )3 45 013,831
QeSS Cypdo g ddaans gilwlae -Y-)
Sl
Baadiz Ojgo & jlud b Clay panasSs Jie 385 cpl
ipabsl B> 3905 Sl imy gl B ok (95 a5
aoliyy 0y9 (b )3 Dluy parass BB e 5 o lajls g pdy
pae J (o803 (ages S (g pe> Baa Blde )3 (o)
2 8 b o (5L Byluan 0oy 4 Cilisee Bylae Sl (sl
(VN dal)) 15 435 )13 5> ogllas 56
e 098 9 b Cudgizne
Ll pastie Bilas I (S 4 ol 03y janass Cluy ggee —
ple & g b con cpl) il S ead pMel (Lol) L
(ol Blae IS (95 03,9 Car (B (55250
Cd )b plp b e lo A i ) (298 by ggeome -
A5l L 5 has 005 A Dl 5
go0ome | addllandyge 0dgat0 43 0l 03> yamast Cluy aeome —
A8l oS b )l g2y &5 (B)las LS
Pl 00 G e &y ol i 008 W55 5 dly amass Gl olsee —
A8l o golua b g 5550 Cunl (o

F, = Maximize (Minimum Reliability)

F, = Minimize (iii(DM o —TAW,_ ) +Loss
t=1 z=1 s=1

Reliability = > > TAW,. /> > DM,
z=1s=1 z=1s=1

o] ).345

A

OleMb! owy o —0-Y-)

5 CLEL b (ages s (Sl clwd dw &yl ol jow gL
@ drg b A 29d o0 (ghmads galy Cleli)] (sl IS5,
Wbyl SS& @ s 1 plaST o Coluse wid pbol wldlas
Erted jow (SUad (i drwgi b ol pod a5 pl 4 dogi bl 0
RS g Oy (oddd (bl S o0 Iy iP5
Olee N g 3 9 0390 pasudie (S ab o sLad A (e
53 oo SLdd slaus liee F g 0 g Jleb L] o Ol pilio
Ollllas pl 55 a8 Canl s g & p3Y Cuwl 0 asuiie diwd dw
155 039331 5l b o gdaw 3 GIEL Canwg 45 0351 (nl 2 1558
Ve e 4 g Geelm Sl (58 g e g A0
AV Jlo b oS conl odds (5,8 Cpined &S g iuli8l wo )
5 Sl Sl g b i juw lad zohw | e
B (b dnwgi Slag )b )3 00d (i (e jaw (SLAD (picnen
$id g0 glie @55 5 el 095 & 425 b &S sl S3ayp5Y 008
(Bt gy 4 st )l g Sl ped g8 ) pard il
S 5 wtee G ) 23 0298 Slaba 4 st gy 3l ol e
o)lpd GBBgR (izred 5 L33 il Weils g 039 (gy9p8
ool b Mtn jato gl e o8 Slely i35 (gl 020
Go Loy cpl 5l dlie pl 0 caw (ped 4l 0 SB35
Llod o] )3 Jae drwsi yskaie & o) cleMbl Byo 5 o0d i
Cawl 033,85

bl b s sUiad oo jlo 3,90 ol e 2902 yolaie
5 iled b Gl (slacuand 3 55 5 w5 i 29l
ks ol 3 0 eol ustle (paly g 3l 03latl b (yrizeon

TY-YA(02) YT VLY .ol polio cwdigeo (MR — sole aollad



St i gUad (g5l joliio ) Dawianal Ol (anass Cu yiso g adsdia (gjlwaine

2 &S Ab 4B Ay (b jew sLad g OMSB il ( aw
oo Syl Slows g b yisy g5 cpl 3l plST ym 0yl Hlaidley delal
g

iy P i y3) Jse s —1-2-)

Sy e 50305 2 0 Sy e o Cmdg ()15 ol
—dg) clmaSs il 5 86 dgis amy)e) SHk dgi ¢ Lol
Slose; e slad (olal 5l AU 398 a0V ) 58 25
(303F) (s SUlg, 51 (23U 3985 g (10)3VYF) s b g (55y9liS
5 oiSey el o ophe slacily cudl kb am S L
Sy e YUcde a4 b e slacewd
Gweip Ol e s (Yo MCM/Month)
Do 2y 4 295 ok s ('Y MCM/Month)
@ g b ored A) cul sad pslaie (18 MCM/Year)
bad 5L gduo Ve L)msd).@(» o sils oy YO d“"L
i S Jaons 5 55 site ol ey Sl o ) e
sl 025 Jlac]

Coros —V-£-)

Il & wibe Blae o HiS,5h Lol il wures

{F ) ol Cp2lae g g8 23 g 253 (sl et
Pt=P0+B-D+I-E

:‘_-,'l NS

D «dlge lai B e )loj 13 Capmen PO < Tl )3 cunes P

o W -Y-£-)
(5 e o hams gL ¢S B jlae Sl 31y 05 ol 5
sbad 5 (S iz glajls gl Mile SIS (og0s 9 Canino
BT &S wlosds ad S 5l Jao 5 5090 g0 4 oyt s
w2 b dajly o sl adlipe phe ol clp o 29008 g Cmax
ol Cunsy soly o Bpas (:Sike (S ol 3 Bjlas 4
oo} a2 SIS B 2115 il 35 iy ey ol 32 Ly
A pasde 15y i (sl ol o3l ab e (Sl 3 o 05
290 ok &bl Jua 5 0 Cumen Ay £ bl p ol 5L)

el 855118 (2 9 dlore

s O 1,5 —E-£-)

TY-YA:(02) YT VLY .ol aolio owiigeo (MR — cole dolilad

Z dibaie It oy S Lisu o L= DMtsz

toygd S Lisu 4 oad o3 jawass ol JS ol5e = TAWEZS
Z i

Coley pae > 4 osd 03l Lawass asys IS ol = LOSS
UL I ajls el pas g lncagly

9 Juaswiw! BB GLisly abe glewbs -£-)
P

Jlaml BB plio plsica Szl 5 cdbjl B ool 4
P s 0,00 sl Gojls 5 Blas i olpamdy (o ytsn)d
B osd (5 Ly ol )3 sl ok &)Y S5 )3 Slpnd s
QB> gadS oS 298 ab)S Jaip lagsa S slajye
298 Jali |y (a5 i lie) gl slajls el
S Olgis a4 0dd il Gl (8,5 Jl5 0 & dag b ¢ pionen
oAl 4das G (5Lid ()] wlio el jghaie & pre e
ool 48515 (Giludnd sbvjye 53 5 Sl SIS

0392 (B oy =8 Jlod sluel (gLl Jsb bloday jlpd ol
5 e glac] gl e 53350 03 oo 2l @ oS
ol (B g (pf Jlod sliwly )3 55 B Gl (dwejn
Candg yd pols b 3 5ld cuds nejp) o] plie Cuxsy
sokiedy cplpls cusl aiily <l o 0+ B VO g atisl 8 Jlpo
Jdlave g dlode Glajlulede ol g ogrde silu
s peS e Jao pd b ool Ve e JINIYYA sla Jls sbaodls
b (S A e Lol o i labiesd 48 13,8

il g ol 485 Jai 13 G ) Lo g (65,9LiS ¢ gimino <

e Sylao g golio o W,/ o9gl0 Jobo -1 IS5
B

o0 al)) Lospie Jhe 55 il 1) 4 cutlyy LB S n gl

Sl el S e e O @lie sl iz (Y JSS)

_



ob&o& 9 bﬁ:l‘}i ‘50.\915

b O wdias pglaied; M¥/Day V5o cod )b pgoe b
bld Vojloss aibbainy (gilwand 10 .l 03,5 elis] ao
0l dyly (gilwand 0 WA Jlo I Yo lows al duiuas Lol o

Lol

o sbad Of & puao —1-£-9
slad (gl Jaop; S cjaw slad (Vb Bpae phow 4 255 b
Lilgy 5 gl $ ool (bl el 00d Gy yo5 (ogoe Jio 53 s
o 03l L ¥ s 1 Jolre g e Jlages o gl o 39390

Ll o pasuiie |y Jobs dbul (gl pius sl ¢S > a8 Canl

o oS ool wlio aldS” g 5w O IS ool ¢ Jae s o) o

St MoV andas —0-£-)
o odd adS i) albaial oz ggeme 0 el e Gl
Sim¥Day AVeeo cudyb boslus Voojled (o)l ylas] 4B ashns
CdCiond oui d)ﬁié‘*? o g 43,5 51,8 oolatwlyyge VWA Jlw
Y ojloss (gl auiual WS o atua |y Slpd b G 5 g
WA Jlo ol Jol wlisl & m¥/Day Ve - NS I W

b st Jld (Slacaond o5 S8 alb i 395 il ol

i s o ehvvresr
W'l bl rmawy

1 el s o e
W mrer Sen papsly

I = EIHSTE £F0
I remsing D rrigacio n
Fiflclon oy

(ot
W zn el s on e

Wy'mrer Do

\%/

4

Pl o e M ey
I _aamecls cmpran

/

D
1 mucls e ‘——“’7/

(o >

W Y I

‘\
@ YT

i e us wnry e ke

T

SaTrm T leE oo

Pl cs svEEsr
o e misnn g el e

srrmreplax for
farmvwwyrh Hare
| B g D

evps sl elom
farowth rmoe

-+

evps uala elom

e f “mpsl ea

(513 ) (5 30 soaw (S8 Of (yuoli y3 Jglno g e lng05 —Y IS

s oy 3llan 8 Sk 5 (R?) el oy sloo el 5 0

8,5 )15 oolatl Dyg0 Jae Hb8, b5l Hebaie 4 (MAPE)
0AraSS Copde g dbladix (Giledige jshie 4 pSbs iagh
o2 SLEL g (606 a0 (slalid (glol pglato & oABahial Oy
iz Jolye by jloses Cusl 0uds plosl s sl 039200 40

G iy Jo  (SumwCono -Y-£-)
ol sl ond odlinl (B, S5 ygejl 5 ¢ xwcous jolaieds
loodb & S g0 (s ) a2 e sla2 g5 o & 090)]
g Callas 500 U 23,5 o dunlio (ol claodld b Jso g0y
&l 00,8 jasuin gosnlin sodly b iwess slaodly Jlgson
3 Gl b 3 et Ol o (sl pite | duglio
szl yls o seg (slajli g dg50 &le 39008 ¢jlynd o (sl2d

TY-YA(02) YT VLY .ol polio cwdigeo (MR — sole aollad



St i gUad (g5l joliio ) Dawianal Ol (anass Cu yiso g adsdia (gjlwaine

053953 dw ol ! o cla O
ohb g b SUlg) 5l 655 00 » gl plolid
oo sLaS gl ol> ; Jlaseul LB ol
P i) s o
gor® Sy oo 5
SAed S yote oA (glo & dias I Bl BB la Fl
e 35 jate il oo S5 ahias S e slo ML Jg!
Reb el Slel)] o (105 )5 5 (60 o gL 9 Bylas (s
e (se08 S, Sl slajls
led Cumdg )

OM] JL» Ve L§9‘ ).) -
okl Sbinyge

DJJ..’}‘] JLA Y' (jél ).)

daai> (5l el 13 Sl ilo Joo .
Lo s s2ligy cglo Jio 5l o0lizul o slogy i s
o 2l 5 i (o by 3u6 Sloy 9 o plio ”
b os glie 4y (Stanly 20l gy ol LB 5 ssnse mibio 1 casbio oozl Llos (cla ol 51, o5
e (S5l 4 () 9 P
S Jdo (Srwwitome -V Cou g s -Y
oy slaoylol b oolpidin ogedo Jdo iwcons gl QaneSS e g ddaans gilw]ae —V-Y
ol 0als S Y Joas (3 Uas 3llas duopd (ko g (pens Sl
(MCM) s (gl uiio g )lol (51 cyg05] gl -V Joua
(%) MAPE R2 D
AL AN ej) o) e
NAS Za\S s e o 5l
¥/54 +[AD Sy o o (glidd Covlino
YIYY AN o 2908
plos JolS Jlasl g Slpd slaailbaias JolS whisl L Jolos (oyp pslaiots (lagysliw 0ad S5 CJlas 4 4295 L
iz e ol (sglanr lobo & 5SS e Sred e e Sl ol sl 5 T lie bl 2 35

o slad oyll jolaiteds oadanial Oluy I odlizwl g
sl 005 @) F S 5 Wlols Ul 39508 i 1 628

5 bl g jlodess VY Jlo 381 gl 5 Jlosl

& oo dpual Ol 3l 3wl owy —Y-Y-Y
o (5L2S By las (5l jsliie

VI-YA H(00) YT £ Y .ol aulio owititeo suidg s — ol doliliad v



d‘)&oh 9 5)33'33 gobs

25 = o aniual O 7 Vee 31 oolaiwl e oald dniual Ol 1YO 3 eolaiwl
oo dwduai ol 1.8+ 31 eolaiw! e ou dwiuai o /¥ 3l ooliw!
20 e oo dniual ol eolaiwl g
S 15
O
2
%10
9D
5 -
0 -T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
1 37 73 109 145 181 217 265 301 337 373 409
(YYH-1F1+) olo
GPURBI U s e D1 29008 w2 (gl 50 — £ UG
RS 4 (13395 dw 5l ST sl pgd ks Slisl s ol cleay o slad JiSu 4 ol duduad ,_J aliseo yolao
P ol Jis ol sl 4 ahad (2,52 B8 3 25 et sbaiods a1baghuas Ul § o3l s e s ¥ S5 4 j5blan

oddasiuar Ol cilisee sladoyd Jlasl b 3gaS jialS 4l5me dals]
ol o 03y LS A Jgdo jd calisee slagy liw b

A b e Blas 5 glie 39:aS line 2 e sl (sl
Folgie i e slad VL Brpmo & d2gi b g 4l Jla>
905 (6l S 3,8 03lits] SKaS st Sy syt s JSol, oyl
01 i 3l ool Giliseo (elagy sl Lol b 5y 10 U SameS , ilS im0 <A ot

dgmS il dao B duduai & 31 23Liw! duo y (MCM) 39005 x>

2l Y. AYVA/PY

e b DYSAIVEY

A% Yo DYFV/AS

A Ve DYE/YVS
16 - Eyw K5 auw Slasl p56 w0 ¥

14 e e e

3 10 O Cedyb b s cpl @lisl 85 1) 4o g7 3590 VWAL JLo
51 8 Sgly 3o s1as o el glitess foe e T4
. 6 S . el
2, ot et 08 Jlod Slaciend o slad g cudallyab
5 GBS el izt a3 ] s gl lis] dg STl 005
0 @ a2y bl el s ()5 s ke garlyd

slad Ol 598 lime o cpl Shisl Sens 85 llae

i s : Cawl 085 03l LS (O 5
C13gr0S (im0 3 E o KT duw Slaa] i G -0 UK odd o3l (L5 (& JSKb) (40 jaw

g e

vy VYA H08) YU €+ ¥ ol aslin suwiigeo sulddgy — sols dobiuad



St i gUad (g5l joliio ) Dawianal Ol (anass Cu yiso g adsdia (gjlwaine

oS a0 Lis o] ALY (goy93 (sl o35l Liulisl ol
1o e 4 olgien 2oy Fra o)l o2l a3l L
YA oy B a4 ol ili8l Gy CwlS dgws
3 o)l dw yo gl g oo wwlS Ol 9008 ljue 5l Aoy
Jodo polie g (gilwdud guls & do g b bilosds &1yl Joun
I3l s 2 3 (5138 5l el st & b (ke 8
5 NS kel ganog b ppzer Sl )bl o33l

e s slad Ol 29108 e polite 4 st il ) e

2,5 oalauwl 1y
25 4
—— bkl
20 4 W= s, N
% 1 st M
. VAR PRHESR
¥15 o
=
g 10 - !!\””
p= o~ :
5 y’{"
O4"'\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
- N~ M
™ M~

Ol aolio 39mS 9 (5 sl 833L Liul 381 il -1 UK
3 e

ag5 b gy K5t ulin] a8 dad o LS (gl s
dgneS il s 3l (S saildg, oS 0 @
@ dog bl g o0 sdo)d ¥ g el S g atsla
» ol ol pusa b g ww ol Sl ey LB an
doo CElo (5805 gdmog Ban b b «ylas el
lis o5 ol oY A5 ol 55 09 Al plidn g e
2 o > caSegio fygalie V(Lo and ) oyl by
Pl s ) e (slad AVl a9 odd aB)S L
oy o5 > 4 a2l bl odd (5)8 S o (gl
5 0955 JI5,b iz Pilee 2lyd gt b oS dm e

A Aal5s (gl b by

oy > Syl o3k alBl oy —E-)-Y

e slad
3935 (653l slex lojl U1 < L plal 5o o)lul o3t
5ol g s gl (olel )5 0318 b el a0y ¥
Jasl copte pizpn g cuslie el 3 (gLl )3 (S,
sllao Mo LB jlaton; ST Brme )3 plgiiee o i s 5
03b (ghoyd Ve g Ve GBI slaie (p ) (pg2ddpe
Ol (7) IS5 59 9 (g3l ol galio 29105 olize 1 )l

ol ol odld

Tob 331 5 3l O S 43 b Jlos! iliisen glags ylw il dunylio -4 Jgon

S )3 925l
Y Sdo Ve ool
N Sdoyd O+ ol
o0l duiuay Cluy ool

\4 o )0 YO ol

a Sl Vo e oolawl

Y olesly islidl asys Ve ,

Solel 0djl a8l
4 olesly Lyiuli8l as oY+

Sl odd apal Clay jl (gdopd Voo o VO b+ ¥+ o0liiul
Jalgs hoyd A gV B X ials el i juw glad
Cip 4 el o3jl (g Yo g Ve I3l uizen
by 2sde dgneS (hod YA 5 Y il oo
Vo ool Lilidl Lisw jd (syliS ke &S Cowl asuie
A Ve BV dgds g odddatual Gluy jl oslatwl jl uude wly

TY-YA:(02) YT VLY .ol aolio owiigeo (MR — cole dolilad

& 75 @S Y
JJ.A ddAn > d)L‘\)W u»a) )1 odlasiwl l) c).«ol> uu.ba}J 2
Pl 2 85 8 sy 3050 Sl e ol B)las g pilio
webaid! G clas )bl oojb ialEl Jols (clags )l
"G e Sl g (68 o (Sl i 4 oddhal Ol

ool Lt gl (85 )18 oS g (g 3)90 @l &y



ob&o& 9 bﬁ:l‘}i ‘50.\915

oRgR G Jgo! I (59 m (SW Olbade
by sllogls gm0 @ pols Guis > Sauses lie o)lSon

o 0l ulj wLo)

b ol
ol o ool Alie B hiin g bawg pols Guiod disje

OB My S5 )lin

Bl (et sy Jilod g (wlid by csildpenl (b
(s plu ool 0555 Lo tazmo (oo Solall 51 0,831
Ol Sololl 2512 2o )15 5 @)l

&8lo 4o,
gt e 35 4550 6 il Alie oSt o]

L]

References
1. Ahmadi, M.H, Zarghami. M & Y.

HassanZadeh, Y. 2018. Providing
dynamic optimization in order to
investigate the problems of water supply
in the green spaces of Shiraz city. Water
Engineering Journal. 39(11): 104-114.
[In Persian].
https://www.sid.ir/paper/169397 /fa

2. Barzegar, Z. 2012. Urbanization and
effects on food, water and energy
security in Iran, case study:Shiraz. [In
Persian].
https://jzpm.marvdasht.iau.ir/article_1
15.html

3. Hosseini, S. A, and Bagheri, A. 2013.
Modeling the dynamics of Mashhad
water resources system to analyze
sustainable development strategies.
Journal of water and sewage. 24(4): 28-
39. [In Persian].
https://www.wwjournal.ir /article_318
6.html

4. Nazarian, A. Karimi, B., and Roshni, A.
2018. Evaluation of physical
development of Shiraz city with
emphasis on natural factors. Zagros
landscape Geographical Journal. [In

Grdl o 4 dn g b (3 eSS dw) o)b Ll aw el )
Omed g oAb dbal Olun b5 L Al aaal clisl YL
sl albols 0,S05550 g (gl any Jilio 50 9 dw Glisl
mag okl 033l Sl Bl &S Cunl jasede o slab gl
e D a3 plo &) Cnd (g e gk
ol Lagy s Sl (oS 5 gy 381 5 ol (gylaky pslaie &
Al Gpas dil il Cumer 5 ©ploe 13) 5 rals
e @ig 50D (JUl Cypse (B g jrs slid
bad (oly ordaiar Olay 5l olizwl § oyl edjb Liul53)
5 lgd ol Mejls s (sl arwg [ialS g LB g s
- St ozl el g keblyy 5 ohl Ol 5l xS o
wsllae ()l 4 wlabo b 3L e (s y0d slalsd )5 (g ke

..).»)ﬁ

Persian].
https://www.sid.ir/paper/175704 /fa

5. Studies in water supply and water
distribution of available water for green
space irrigation in Shiraz, Reyab
consulting Inc, 2021. [In Persian]

6. Tabesh, M., Gosheh, S., and Yazdanpanah,
M. 2016. Prediction of short-term water
demand in Tehran using artificial neural
networks. Technical Faculty Journal
41(1): 11-24. [In Persian].
https://www.sid.ir/paper/14124 /fa

7. Salavi Tabar, A., Zarghami, M. and
Abrisham-Chi, A. 2015. System dynamics
model in urban water management of
Tehran. Journal of water and sewage.
59(3): 12-28. [In Persian].
https://www.wwjournal.ir/article_228
8.html

8. Water scarcity adaptation plan. Fars
Province. 2018. [In Persian].

9. Yazdian, M, Rukhshandeh Ro, Gh, Niko,
MR, Taleb Bidakhti, N. (1401).
Presenting a game theory-based model
for optimal allocation of water to
stakeholders in common  water
resources under water bankruptcy
conditions: application of the chicken
game. Scientific-Research of Water

TY-YA(02) YT VLY .ol polio cwdigeo (MR — sole aollad



St i gUad (g5l joliio ) Dawianal Ol (anass Cu yiso g adsdia (gjlwaine

10.

11.

12.

13.

14.

15.

16.

TY-YA:(02) YT VLY .ol aolio owiigeo (MR — cole dolilad

Resources Engineering, 15(52), 1-12. [In
Persian].
10.30495/WE].2021.26673.2284
Axelrad, G., & Feinerman, E. 2009.
Regional planning of wastewater reuse
for irrigation and river rehabilitation.
Journal of Agricultural Economics, 60(1),
105-131.10.1111/j.1477-
9552.2008.00170.x

Bagheri Ardebilian, P. Sadeghi, H,
Nabaii, A., & Bagheri Ardebilian, M. 2010.
Assessment of wastewater treatment
plant efficiency: a case study in zanjan.
Journal of health, 1(3), 67-75.
10.22038/jreh.2020.43484.1327.
Barbosa, B., Costa, ], Fernando, A. L., &
Papazoglou, E. G. 2014. Wastewater
reuse for fiber crops cultivation as a
strategy to mitigate desertification.
Industrial Crops and Products, 68, 17-23.
10.1016/j.indcrop.2014.07.007.
Burnham, M., Ma, Z., & Zhu, D. 2015. The
human dimensions of water saving
irrigation: lessons learned from Chinese
smallholder farmers. Agriculture and
Human Values, 32(2), 347-360.
10.1007/s10460-014-9565-8.

Chu, ], Chen, J,, Wang, C., & Fu, P. 2004.
Wastewater reuse potential analysis:
implications for China's water resources
management. Water Research, 38(11),
2746-2756.
10.1016/j.watres.2004.04.002

Cirelli, G. L., Consoli, S., Licciardello, F.,
Aiello, R., Giuffrida, F., & Leonardi, C.
2012. Treated municipal wastewater
reuse in  vegetable  production.
Agricultural Water Management, 104,
163-170.10.1016/j.agwat.2011.12.011.
de Castro Carvalho, I, Calijuri, M. L.,
Assemany, P. P., e Silva, M. D. F. M,, Neto,
R. F. M., da Fonseca Santiago, A., & de
Souza, M. H. B. 2013. Sustainable airport
environments: a review of water
conservation
Resources, Conservation and Recycling,

practices in airports.

17.

18.

19.

20.

21.

22.

23.

24.

25.

74, 27-36.
10.1016/j.resconrec.2013.02.016
Elsokkary, I. H., & Abukila, A. F. 2014.
Risk assessment of irrigated lacustrine &
calcareous soils by treated wastewater.
Water Science, 28(1), 1-17.
10.1016/j.wsj.2014.08.001.

Feigin, A, Ravina, 1., & Shalhevet, ]. 2012.
Irrigation with treated sewage effluent:
management for environmental
protection (Vol. 17). Springer Science &
Business Media. ISBN-3-540-50804-X.
Feng, K., Hubacek, K, Siu, Y. L., & Li, X.
2014. The energy and water nexus in
Chinese electricity production: a hybrid
life cycle analysis. Renewable and
Sustainable Energy Reviews, 39, 342-
355.10.1016/j.rser.2014.07.080.

Fagan, ].E., Reutera, M.A. and Langford,
K.J.. 2010. Dynamic performance metrics
to assess sustainability and cost
effectiveness of integrated urban water
systems. Resources, Conservation and
Recycling. 54: 719-736.
10.1016/j.resconrec.2009.12.002.
Ganoulis, J. (2012). Risk analysis of
wastewater agriculture.
International Journal of Recycling of
Organic Waste in Agriculture, 1(1), 1-O.
10.1186/2251-7715-1-3

Group Studies and Urban Planning
Department of the Interior .1990. Urban
green spaces, standards and types.
Tehran. 10.1007/s10668-021-01970-4.
Hammer, M. J. 1986. Water and
wastewater technology.

Hansen, E. Rodrigues, M. A. S.,, & de
Aquim, P. M. 2016. Wastewater reuse in
a cascade-based

reuse in

system of a
petrochemical
replacement of losses in cooling towers.
Journal of Environmental Management,
181,157-162.
10.1016/j.jenvman.2016.06.014 .
Hassanzadeh, E. Alshorbaghy, A,
Wheater, H.,, and Gober, P. 2016.
Managing water in complex systems: An

industry  for  the


https://doi.org/10.30495/wej.2021.26673.2284
https://doi.org/10.1111/j.1477-9552.2008.00170.x
https://doi.org/10.1111/j.1477-9552.2008.00170.x
https://doi.org/10.22038/jreh.2020.43484.1327
http://dx.doi.org/10.1016/j.indcrop.2014.07.007
https://doi.org/10.1016/j.watres.2004.04.002
https://doi.org/10.1016/j.agwat.2011.12.011
https://doi.org/10.1016/j.wsj.2014.08.001
http://dx.doi.org/10.1186/2251-7715-1-3
https://doi.org/10.1016/j.jenvman.2016.06.014

ob&o& 9 bﬁ:l‘}i ‘501915

26.

27.

28.

29.

30.

31

32.

33.

34.

integrated water resources model for
Saskatchewan, Canada. Environmental
Modeling and Software, 58: 12-26.
10.1016/j.envsoft.2014.03.015.

Hjorth, P. and Bagheri, A. 2006.
Navigating towards sustainable
development: A system dynamics
approach. Futures, 38(1): 74-92.
10.1016/j.futures.2005.04.005.
Huertas, E. Salgot, M. Hollender, ],
Weber, S., Dott, W., Khan, S. & Chikure],
H. 2008. Key objectives for water reuse
concepts. Desalination, 218(1-3), 120-
131.10.1016/j.desal.2006.09.032.
Kibuye, F. A,, Gall, H. E., Elkin, K. R., Ayers,
B., Veith, T. L., Miller, M,, ... & Elliott, H. A.
2019. Fate of pharmaceuticals in a spray-
irrigation system: From wastewater to
groundwater. Science of the Total
Environment, 654, 197-208.
10.1016/j.scitotenv.2018.10.442.
Larsen, T.A., and Gujer, M. 1997. The
Concept of sustainable urban water
management. Wat Sci Tech, 35(9): 3-10.
Lawrence, P., Adham, S, & Barrott, L.
2003. Ensuring water re-use projects
succeed—institutional and technical
issues for treated wastewater re-use.
Desalination, 152(1-3), 291-298.
10.1016/j.desal.2005.04.086.

Lubello, C., Gori, R., Nicese, F. P, &
Ferrini, F. 2004. Municipal-treated
wastewater reuse for plant nurseries
irrigation. Water research, 38(12), 2939-
2947.10.1016/j.watres.2004.03.037.
Mahjouri, N.,, & Pourmand, E. 2017. A
social choice-based methodology for
treated wastewater reuse in urban and
suburban Environmental
monitoring and assessment, 189(7), 1-
18.10.1007/s10661-017-6039-7

Miller, G. W. 2006. Integrated concepts in
water reuse: managing global water
needs. Desalination, 187(1-3), 65-75.
10.1016/j.desal.2005.04.068

Ministry of Energy, National Water and
Wastewater Engineering Company.

areas.

35.

36.

37.

38.

39.

40.

41.

2004.
wastewater

Shiraz water supply and
project report. LAR
Consulting Engineers in collaboration
with Iran AB Consulting Engineers
Volume 1 and 2.

Mohammadi Moghadam, F., Mahdavi, M.,
Ebrahimi, A., Tashauoei, H. R., & Mahvi, A.
H. 2015. Feasibility study of wastewater
reuse for irrigation in Isfahan, Iran.
Mahvi, 23.
10.5829 /idosi.mejsr.2015.23.10.22752.
Mulvihill, M. E., & Dracup, J. A. 1974.
Optimal timing sizing of a
conjunctive urban water supply and
waste water system with nonlinear

and

programing. Water Resources Research,
10(2), 170-175.
10.1016/j.envsoft.2013.11.004

Onder, S. 2010. Water saving
opportunities urban green space
applications. International
Multidisciplinary Scientific Geo

Conference SGEM, Bulgaria, Vol. 2: 859-
864.

Pourmand, E., & Mahjouri, N. 2018. A
fuzzy multi-stakeholder multi-criteria
methodology for water allocation and

reuse in metropolitan areas.
Environmental monitoring and
assessment, 190(7), 1-20.

10.1007/s10661-018-6813-1.

Ramaiah, M., & Avtar, R. 2019. Urban
green spaces and their need in cities of
rapidly urbanizing India: A review.
Urban Science, 3(3), 94,
10.3390/urbansci3030094.

Rehan, R., Knight, M.A,, Unger AJA and
Haas, C.T. 2013. Development of system
dynamics financially
sustainable management of municipal

model for

water main networks. Water Research
Journal. 47(20): 7184- 7205.
10.1016/j.watres.2013.09.061.

Sa-nguanduan, N., & Nititvattananon, V.
2011. Strategic decision making for
urban water reuse application: A case

TY-YA(02) YT VLY .ol polio cwdigeo (MR — sole aollad


https://doi.org/10.1016/j.envsoft.2014.03.015
http://dx.doi.org/10.1016/j.futures.2005.04.005
https://doi.org/10.1016/j.desal.2006.09.032
https://doi.org/10.1016/j.scitotenv.2018.10.442
https://doi.org/10.1016/j.desal.2005.04.086
http://dx.doi.org/10.1016/j.watres.2004.03.037
https://doi.org/10.1007/s10661-017-6039-7
http://dx.doi.org/10.1016/j.desal.2005.04.068
http://dx.doi.org/10.5829/idosi.mejsr.2015.23.10.22752
http://dx.doi.org/10.1016/j.envsoft.2013.11.004
https://doi.org/10.1007/s10661-018-6813-1
https://doi.org/10.3390/urbansci3030094
https://doi.org/10.1016/j.watres.2013.09.061

St i gUad (g5l joliio ) Dawianal Ol (anass Cu yiso g adsdia (gjlwaine

42,

43.

44,

45.

46.

47.

48.

49,

50.

TY-YA:(02) YT VLY .ol aolio owiigeo (MR — cole dolilad

from Thailand. Desalination, 268(1-3),
141-149. 10.1016/j.desal.2010.10.010.
Schwartz, M., & Mays, L. W. (1983).
Models for water reuse and wastewater
planning. Journal of environmental
engineering, 109(5), 1128-1147.
10.1061/(ASCE)0733-9372..

Stave, K.A. 2003. A system dynamics
model to facilitate public understanding
of water management options in Las
Vegas, Nevada. ]. of Environmental
Management, 67: 303-313.
10.1016/s0301-4797(02)00205-0 .
Taheriyoun, M., Alavi, V., & Ahmadi, A.
2016. Risk analysis of wastewater reuse
in agriculture using Baysian network.
Amirkabir Journal of Civil Engineering
(Amirkabir), 48, 101-109.
Tayebikhorami, S. Nikoo, M. R, &
Sadegh, M. 2019. A fuzzy multi-objective
optimization approach for
wastewater allocation. Environmental
monitoring and assessment, 191(7), 1-
24.10.1007/s10661-019-7557-2.
Tayebikhorami, S., Nikoo, M. R,, Izady, A,
& Adamowski, J. 2020. A novel CVaR-
based conflict resolution model for
optimal allocation of treated wastewater
under bankruptcy conditions. Journal of
Cleaner Production, 252, 119766.
10.1016/j.jclepro.2019.119766

United Nations. 2014. World
urbanization prospects: The 2014
revision, highlights. Department of
Economic and Social Affairs, Population
Division.ISBN 978-92-1-151517-6.
United Nations Report. 2012. World
Water Development. 2.

treated

Van Rensburg, P. 2016. Overcoming

global water reuse barriers: the
Windhoek experience. International
Journal of Water Resources
Development, 32(4), 622-636.

10.1080/07900627.2015.1129319

Vieira, J. M. P, & Lijklema, L. 1989.
Development and application of a model
for regional water quality management.

51.

52.

53.

Water research, 23(6), 767-777.
10.1016/0043-1354(89)90212-1
Zarghami, M. and Akbariyeh, S. 2012.
System dynamics modeling for complex
urban water systems; Application to the
City of Tabriz, Resources,
Conservation and Recycling, 60: 99-106.
10.1016/j.resconrec.2011.11.008.

Zhang, X.H., Zhang, H.W., Chen, B., Chen,
G.Q. and Zhao, X.H. 2008. Water
resources planning based on complex
system dynamics: A case study of Tianjin
City. Communication in Nonlinear
Science and Numerical Simulation, 13:
2328-2336.
10.1016/j.cnsns.2007.05.031.

Zeinal, Z. 2015. Basil leaf plant response
to absorb cadmium and lead through
different sewage
sludge irrigation in greenhouses around
Tehran. Journal of Food and Agriculture,
13(133), 31-28.
10.1016/j.yrtph.2019.03.009.

Iran.

concentrations of


http://dx.doi.org/10.1016/j.desal.2010.10.010
https://doi.org/10.1061/(ASCE)0733-9372(1983)109:5(1128)
https://doi.org/10.1016/s0301-4797(02)00205-0
https://doi.org/10.1007/s10661-019-7557-2
https://doi.org/10.1016/j.jclepro.2019.119766
https://doi.org/10.1016/0043-1354(89)90212-1
http://dx.doi.org/10.1016/j.resconrec.2011.11.008
http://dx.doi.org/10.1016/j.cnsns.2007.05.031
https://doi.org/10.1016/j.yrtph.2019.03.009

Q!,l&m 9 b)éb'}"i ‘:obs

VA VYA H08) YU €+ ¥ ol aslin suwiigeo sulddgy — sols dobiuad



