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Extracting Sustainable Urban Water Policies with Dynamic System Approach
(Case Study: Qom City)

Due to its geographic location (located in the central desert of Iran), Qom has
always faced the problem of water shortage and in recent years, due to various
reasons, such as urbanization, increased immigration and tourism prosperity, this
problem has become more serious and has become a crisis. In spite of the steps
taken to maintain the sustainability of potable water (including the transfer of water
from Des to Qomrud), predictions indicate that if the existing situation persists, in
2022 it will be in a state of unstable water. To overcome this dilemma, this paper
aims to identify and present sustainable urban Potable water policies on a thirty
year horizons through system dynamics and the use of Vensim software. In such
research, these policies are generally presented in two parts: Supply segments that
are: 1. Separation of potable water from non potable water 2. Use of fresh water or
wastewater 3. Management of water supply losses; Demand segments that are: 1.
Control of population 2. Control of the pattern of domestic demand 3. Control of
Exempt Demand; But the new policy that is appropriate to the problem that has
been investigated and proposed in this study is the separation of potable water from
non potable water and control of exempt demand over time and their impact on the
sustainability of urban potable water.

Key words: Sustainability of potable water, System dynamics, Crisis, Qom city
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Figure 1 Urban Potable water supply Qom from 2006 to 2016 (WWCQ, 2016)
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Figure 2 Qom Plain aquifer water table level changes from 1973 to 2014
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Figure 3 The behavior of the reference variable with respect to the distance between
Supply and demand from 2006 to 2016

(2 Y0 6 IYAD dl 31 03 5 b o O 2 geeS g yo it S8, ¥ I3

Ol 45 355 51 0L Ol & Jlod 515 305 L3 Ol 5550 53 L o3 e a5 b o3 Oleud

))j.LZLJ)}.W&};AO@\Muj&)‘}g)\.g_w‘}6;JAL§L€_»LLA‘4.’UFJ“QL@—L.&‘)QWL§LA
'/5;/\ )‘J\.E,a w‘ LY C;.w‘ CJA JZ.A‘},L:S \\Y\"/\ f‘f r_; Qt.w‘ Ca?'Lm.A ﬁa.w‘ ol Ca“j &M 4}:[.1)3 A_JJP
S OF 5l O O G s TAY 35d . 58 \YA0 Lo 53 558 o ol 1) 558 IS Cmlus Sl Aoy

el Al Ol Ol 3 3l G sle atlE

Jhe slaj 5o VYF
O abae slas
e N B N i
sy = o33l e 3l Jlasl T @
(G2 glaarli o) 4o b5l el ol e
o3 St T Oilan s slas o
Bl o oy e (S (e QEES G pnme Jald (5 g e sutome > Ol e Ok (53



Dol 5 oy 3550 G3a VEV0 Dl 331 B 5a VWA Ul 51 Ll 5 b olse ol i« Slas 50

sl 4 S 13

o3 b Ol by slo Jhe 5 s T¥

03 b i 5 s 5 O ke e VTS

Solas 5l 258 O 5 e O 35 (B0l 358 Ol 4wty b3 s el 5 o e
Al e Ol b w5 St
Cuid 3 e ol b Ol GW o sGW ,, GW ,, =GW, + RW, + NR, — ND, —GWE,
gy 45) Jile (St ONSL 51 238 5 ST 0l Jols RW sl o B 41 gl Jla s o3
Gl 358 5 Gluy Of &S sl Wy 5 Ol it Ol (335 o @35 ol sla ol o b 51
252l b s Ol Ry a5 oo s 5 T sl osi 20l Tl o 68 il o e sl
Ao Sl 4 a5 Ll o o b saT 5 (S50 O 358 Ol 5l 50 oS cl T Jle 53 e
P el ey 35 Pl g Ol ol 3 ds S VO s aa ATVl sl s
STzl Olpe GWE, 5t Jl s e s T b adss :S0ke ND, (3 (sl adlae ST 25 0

b3S redas a1l o il g Ol S Sl o b Jle 3 6 e Gle ol bu g

u,.JaMJa,-u.,M YY¥
Al poldl e O3be (65l e 4 s Je a1 O3

Cume= TYY¥
S (S G pae il e gl 5L (Sl G iae 151 5 S U el e e 5l Camer
S e Comaz Olgn 353 o 3S5L OF SRl amin 5 Al oo SRl oo A5 b g sl
e 55 b Cumaz 03,5 jsbaie 315 enls OLaS 5 adaly 53 a8 ol O lgs 5 s S0 M5 el
RUSUU IS W- BN Y 0
Py = P + B, + M, =D,
05 S 0 0l Dyt Jle s W Olge By il o T t41 ol Jlo 55 3 Conex P Pra
Rl s osd ol mle S B el aS el b ) 4 Ozl el Ol My st Jla s

Jﬁdbwmdbﬁjbw.&b}W‘on;)b)J\\o)b‘wo\j&MWrﬂKﬂ

1 stock

10



EF e 5 Comexr 4 S35 Olye o Migration o -lee 5 Birth Wy & 5 ane o 552 0 Lol
.(Zarghami and Akbariyeh, 2012)c.l sas osls 13 5 as 5 5 Ol s « Death &

G ol glols  FXF
sl ) el Cms 5L AL e o 5 e sl (S 8 S el of slols els
5w 2l b et Sl ol Jl s e gl 5Ll Ay s bt 5L 5 e e Al
S B s tx 55 S L s 358 e el 5 b a3l e 5 31 210 el sl
M\Pﬁ@gwuw6@&\,5)%@@””@91;\”6@91%@@)x@,
ol Sl o G S e 5l ol (5uslS ilae BB pl ps pele e ar S LS

e

Sod L e ox.¥

S S Ol 358 sl 4 3 st BB adkal 5 (o5l mer e oSO 5 dr s 4 a5 L
$had (ol @ edd wiea AL Sos Bb Sl Al e A e 5 sl ek 4 g ed Dolas
Jlos ;\r;,@.:gwuwj@j@?v;wuw Bh o oosls olant] s Glasy e
5 BB (55l e 1Al e Olid (sla ol 4z 5 L3 pd o gl g e gy d S VYV
Py 100 Ol 4 5A VIO L b AL (655l e 4 o (sla ol G b 1 b

NTIYEREII WIS S 8
3peS yarli Gl Lol 5 as e Lalls o Jolse reas Ssls (ged o OO s Lol el
Jdaud@jj,\_ag\,;p@b;ﬂﬂ;sdﬁrﬁt;\)gw&w);\dts;u_gq
Ol Sl odaw sla O« s s ol Dl adle IS o s O O oS ola el b S o arlons

e 0 0305 OLES el 53 oS shailen O IS slols

S.., =S, +GWE, +SW, I, + LR — D,
ST SWet Jlo s ol ples 5lets a0 O GWE st s t+1 sla Jlu s ST 515 S, 55,
5> ol 2als 5l b O luie LRy et Jle s i cils Of Slade | dane O e ples 5l eds
%y@uﬁw{u.w\cma;,mﬁowwmmmwst)mu D, ¢ Jl.
o 3 g 4 Lol sl ol ann s Jde 3 el 83w 3V ol sld an Sl s Sl e
5 6obs bold) ple 5 cad 3 Oles (S Golas Juld Oyl a5l ol &1l zilig 5 o
sl S8 VL IS @ bl e e gl s e Silae Jols il 5 (s s
sl o ab S B 3 YT gt gl S 5 B (6 el DLSL

11



YR [T NPT W TR A
03 sl 4 S plnil 55 (sl 4 JUE! 5 eld Gl Ol e Dy e an S plas 4l 55 L
S b Gl bl 51 S el pen b lite 5 350 s LB Sy e 6ol ST sle JL
AL e O Sl s ey 5 3L o B pae S J xS
PC,, = PC, - RPC,
W i8S Ol RPC, il o by t41 ols Jlo 55 Giyms sl PC, 5PCy, Jio ol o

t+1

el 0l 03l OLES o)Ll e b G eze (6681 &l e D',:ZK» RELIPL IS VNP s | TR YO0y <
j)_jl..v J\...::L’L;cdj.,m le.sh chS)‘ abw‘)uT)rJM)jbﬁzﬁjb CU ufméjg\ ﬂ\."f.» u.'.'..shls
Oy 5 Sl &T C,l;.a 35S Oljee £, u.alffj b G e sdals Sl eslaal sbs adse 51 S
fj‘jj O3 o fod ‘JA@T Jole v amd 5l LIBI Lo o e 4 e L £, JAKT
)L:.s J.E‘J&- u,:,o.>r.7 Jj,;r = dj..a.a L;LA okals )‘ oaleul u:,.,\)_e\ ;,&L ‘JJLA BE UT CA».:.; JS‘ 9 slals
S Sl 0 3 Ole cpl 5l s Sl edd w8 a5 s L e slilw s 0 00 ol Wl sle
(Gleick, 1996)u:l o slize Cilises gla, 558 55 Ol opl aadl 5,05 olazst]

(D pzn 0 dalS gla Sl 5leslinal b ol e dnil anils of 558 4 55b anels 31 51 G 8 S
ey J,T)L., Bl Lass pl g3 sl fals | O s dl e (oloaxl 5 (633 cllig i e
Al e 2198

;fTJ‘QL;AJf&L{ﬁAALS‘ﬂA?DﬁM AYY¥
Gl a5l Ol JUh au e Cls moman 5 ol O3l 5l a1 2 0 o uel S e o
RIS Ol f b g0 Gaos cplos el Easn adse Sl ol el 3,8 e D1 Ll s Koo
ol 11 5 ey 5o Of ol Jde Ail o 4, Co e 53 Jise elge 5l SO i
LR, = LR +LI, - LD,
e s 4 S LI Ol LI, oty t+1 I LR, sLR; Jse 3 ool 5s
ot Flke D Lo e i g e b Sl Sl £ Bl e il a8 gl ama sy parasS
e JES Ll e SRl Of Sapsds e 30 s oY pamass 4o 53 04

Al o Al O gl 4 g JESH 6l i (OIS e 4 L 5 e (T LS I iy
Lopp 4 Cain el ALY

S i b gl g bl 1 O 4s e el rwwqugg delps s el ol
Jﬁl.udnwbw ;.JMU);.)T sla

12



B, DP*DD,+IP*ID,+EP*ED, + LP*LD, +OP*OD, + DEP*DED,

—_t
C, PT*TS, + DP*DS, +GT *GS,

plas a3 G 5 355 0Lt gl T B3 b 5L Ml 5 O o8 s welys By aslas ol
03 5L o o Sl Cilises la a5 5l aS Cl T dle 55 (g ed DL 5 O (gl et el O 0l

.;;ﬁd‘,wwdﬁdu%)ﬁéu@uﬂjlgu;;\g.,?‘;\;,f

o] 6‘“&_9 “:""‘"ﬂ.'; )‘ lao “_;'M LLSJL>- 6Lbdj.>)ls k_ﬁjw d‘ﬂ"’ DEDt cODt cI_Dt LEDt aIDt ‘DDI
G 53 e (8 5 s Ly LS wil et Jle o ams S s ol 5 b g8 L
S il e 51 OT 4 e Ulse GS 5 DS, (TS, 58 o arlome JS 255 Lalys Olss gl 55
Slom 3l ot Jle s goed e olr Ol 5 oshs 2 035l e 3 gls axla e 5l Jlisl O ahe
‘\aijﬁMQ&MML&JJL@ALQ‘}Q‘JJLSQ)V)DSMD@QWYOJMJQQJJALQJL«AM

L3l dal tals

1.2

0.8
0.6 A
0.4
0.2

Dimensionless(Dmnl)

Time (Year)

=Without controlling the pattern of consumption

“—Implementation of consumption pattern control scenarios

Figure 4 benefit-cost trend from 2006 to 2016
oo TR0 B YAD JLu 5l a4 3a 4 Candie L3y, ¢ K2

el QB AS G e 3l aBls Ced 0 ol (gl J () glate

R VY VIS KV
Al 4Bl axe g 5 gole Ll d a1 o3 e < (s Loy gghe Jdo (F) 5 (0) b S
SOl G pan (SIS 5 a5 Ol 5lelir gls au S wl ane g Jal s oS Ay

13



Sl il 0 Jleb U 10 s 00 Jlab Lol 2ul351 B8 s il il Jtess a3 ol s S 23

35 S o Ll sy L iy 5l Ol e B, B0 B s

Landscap
man
Ground & Returned dema \d
Water water Non Potable _ Industrial
n Water demand
Surface water y
: Wl St
Water supply consumption R '/ Other Demand
+
/ \ + POtabIe<\Desalination
A Water demand
Manage water Shortage
losses @ Dbmestic

Transfer water
outside the basjrn

+

Budget allocation
Supply Management

A
\Pressure for fix

demand <—pgopylation

tea) _

" shortage
u Pattern of per capita
Defensive . consumption
challenges Allocation of +

resources finance

y ¥
Budget allocation
demand management

Bene fit vs
cost

Figure 5 Causal diagram for Qom SD model

03 o by dde (Jolae o losai 0 SO

14



Landscap
& “Returned demand

Ground™ + \‘
Water water Non Potable _ Industrial
4 Water demand
Surface water y
* Water Exempt
\Water supply consumption e DeMand
\ '/ Other Demand
+ /
Potable ..
N pr < Desalination
 § Water 4 q
Manage water Shortage eman
losses @ Dbmestic
Transfer water @ demand <—pgopylation
. . + al
outside the basjn ‘ -
W Pressure for fix
. shortage
+ Pattern of per capita
Defensive . consumption
Cha”enges Allocatlon Of +

resources finance

+ y + ‘
. Budget allocation
Budget allocation demand management
Supply Management

Bene fit vs
cost

Figure 6 Causal diagram for the Qom SD improvement model
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Figurel5 Impact of consumer behavior exempt on the amount of shortage from 2006 to 2016
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Figure 16 The effect of controlling the pattern of domestic consumption on water
shortage from 2006 to 2016
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