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Extended Abstract

Introduction

Iran's water crisis, particularly in Hamedan, has emerged as a critical environmental and social challenge. Factors such
as climate change, decreasing precipitation, groundwater depletion, and unplanned urban expansion have intensified
this crisis, highlighting the limitations of conventional water management methods. Although the smart city concept
has been widely explored, a comprehensive framework specifically for smart water resource management is still
lacking. This study addresses this gap by developing an integrated and localized model for Hamedan. The model
prioritizes not only operational efficiency but also spatial justice, technological citizen engagement, and environmental
sustainability. The key research questions are: Which smart city indicators most significantly influence water resource
management? What are the specific indicators for smart water management? And how can they be incorporated into a
conceptual model for Hamedan?

Materials and Methods

This study adopted a mixed-methods (qualitative-quantitative) and descriptive-analytical approach. Initially, a
systematic review of literature identified relevant smart city and water management indicators. These indicators were
then refined and validated through a two-round Delphi survey involving 15 experts in water management and urban
planning. In the quantitative phase, data were gathered using structured questionnaires. The sample size was
determined by Cochran's formula, resulting in 38 valid responses for analysis. Data analysis was conducted using
SPSS (for descriptive and inferential statistics), ArcGIS (for spatial analysis and clustering), and Excel (for data
organization and visualization). The Jenks Natural Breaks method in ArcGIS was used to optimally classify data and
assess the relative influence of various smart city dimensions on water management indicators.

Results and Discussion

The findings indicate that the various dimensions of a smart city have varying levels of impact on water resource
management. The most influential dimensions were Smart Governance (mean score: 4.4), Smart Environment (mean
score: 4.3), and Smart Economy (mean score: 4.2). In contrast, Smart Mobility (mean score: 3.5) demonstrated the
least effect.

Crucially, this research identified, for the first time, eight key indicators for smart water resource management:

Digital Governance of Water Resources (mean: 4.4)

Technological Participation and Citizen Water Literacy (mean: 4.5)

Smart Quality Monitoring (mean: 4.3)

Real-time Quantitative Monitoring (mean: 3.8)

Integrated Data-Driven Management (mean: 4.1)

Climatic and Ecological Resilience (mean: 3.7)

Spatial Matching of Resources and Consumption (mean: 4.2)

Water Equity and Spatial Deprivation (mean: 4.1)
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A comparative analysis showed that governance- and environment-related indicators are the most effective in
enhancing water management, significantly improving efficiency, institutional transparency, and spatial justice.

Conclusion

The developed conceptual model not only pinpoints new indicators but also offers practical implementation strategies
for Hamedan. In this model:

Digital governance is strengthened via integrated data management systems and geospatial databases.

Technological participation and water literacy are promoted through interactive dashboards, smart educational
programs, and citizen-centric mobile applications.

Smart monitoring is enabled using 10T devices, sensors, and SCADA systems.

Spatial matching and water equity are addressed through G1S-based analyses to design fair water distribution patterns.
Consequently, the proposed model for Hamedan can identify critical points, optimize resource allocation, reduce water
loss, and simultaneously enhance institutional transparency, public participation, and urban resilience. Integrating
these findings into urban development plans can align municipal policies with smart water management, ensuring the
long-term sustainability of water resources.
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Fig. 1 Conceptual model of the research (Source: The Authors)
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Fig. 2 Average impact of conceptual model indicators (Source: The Authors)
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Fig 3. Explanation of smart water resources management indicators (Source: The Authors)

o gl e Olbe (o sphe Lsn Jool 8 7 JS2) hagsy (eseie Je 3 odd gl il (A glaparld 4w g L
St i 3 b astls nl ila Sl Gl raass Sla)Saly (sl 5 plulid s diadin g8 slal 5 Of b
LLE Ul plaze o K, L 5 Llan 515 Jhe Sle o 53 S dapasls pl el ls, 5 VU el 1 e g
Wlysts glacs b Ks Gaw 5l s o] e o pite o Sl 5SS 1S e o laS3l 1 IS e sgde 03> 53 (SO
2 s paars gl pals o Sde sl et 5SS e gl SR onl 03 bl Gl edae et olg 5 e
o303 SLas Sy Gl anly s LaslSaly ol 35,5 oo &) Jlims sl 5 Solie Sl peS « sliad (s 5maali sl
5 Gt Ol pdes QLIS Cal sl ol SleliBl lus Wl o 5 0l b 5 mes (IG5 s OS Lie () ges
Sl 5 preany (1) JS0d 3 sdosasSh) e sgde Jia S 5 dedgn (sla 1 OVIS s Ol g it pllas 01 b
ot 5 bl (Rl 5 e (63,5055 b ede cpl il b b diatae et e 53 O e Sy e displls
B pla e ls 1S e e O e diadga a8 ol Slad st Ol poas 45 Sl atls (SIS atls s
SLS Gt ol (5Tl sy ($3luam LSy (08 5 S Soml il (gm0 4158 Sl (Jlims Sl oS
() 5ld (slaasir Olojon oS Llodd iy a5 arsmanas slaa¥ O soa osphe Sl ool 53 (ol Sle 5 (B jlan 5wl
AT ol e an Jies ol (58 e 51 e Sl S e 53 | e el 5 ame S (53l
OIS gl st s 51 pn s o8 03 1dn S (0)d o 5o Slhes slasjaly 00 4 e oS A5 1 b (sl aiir

J.u)jjc&u.qj‘u.:.au)w))fcdjww)‘ebw‘bwu{_‘J;MW&W}MJ&)LSLA@}AMLJM

\VAY



wedulond gy ooliiwl b O aibio o oo (gilwaiaiign (S8 Lo paly (1 9ad Sovly oy g oly (2lo,

(ol Cands 1,8 I 5 L aslsl 533 S el g slags sl Ol s Cu s 05 53 paass Dl
ol B 8 sl 5 S5 s e ld s oleiin eSOl Oldes e slannl 5 el L
Smart Water saibe Slgr G8se slasds, b ok Lo 5 s g8 55 50 glacd b Sl Sledbl 4l s3le o s
Lt i Joli o ol 53 ool 3550 Slal 3l 238 S0 sl diadipn sla e slag b 5 s oSG
olg e s el 850 k;l_av.g)}_@\ 5SS esls gLl (P Sl gleesls Lo (GIS) S e
s ol e W (a3l = o sgie el Sl LIB 5s (1) Jadr 53 szl il (sla, (S,
NS ol s Jged sliens 5035 e 5 (6 S el s gl 53 (giluesly CLLB L plaalgds el s
(V) 52 osin dbo s Oloz 5 (8) s o5 Olo 0 Lilass S 515 Lo 3550 pmnenls 5 (galgh o 5 Jate 5l Las aal
Oy 05 e 3 0did ol b Ol St 5 St 8 Sl L il on 5 Olesls (53,5055 L oS s s

S Jas gl L a s Sl e AbeLE

(LEL,S 1) Ol g (510 anass slaslgning 5 Loz sl —8 Jsr

Table 4: Strategies and specialized recommendations for Hamadan city (Source: The Authors)
&b 5l gl A gl Oldad b (gl pads glaslgin g bas,al, gl

e (HWRMSY) Glas e e LSS bl Sl 5 b -
i nd 3 e b 1K (slaesls e g Microservices Lo

LS A s B8 138 3 - Kole
TP 3] SO P vl B
Oledig3 pm - o ;‘9)-! slaj §reo Jﬂ*—'f 5 S g‘"dy\-' St A.S)‘L““L: - JL“’UZ. 23 L;”r“—’\?‘/

oS gl el ot b —

S oy Cull 5 clis  ashL ol abe
e s sl sler ool e85 (sl s Ol Sl Jolas IS5 sl —
Smnsls 3l 53 lsiles Sy
S IS e ol glas ) putls LB L T Sl il anne i -

QAJ)MQ~§A)JT‘QML)'\JA:JA

e 0S5l e 53 8/0 (18 Sl

dadsh 0350 5 o A

e e e s s SART 5 b i e a5 e O alin e sas 5550l - 5 w5t oS L
5 S5l el 53 el (Al — _ L
. Wl eSin 5 5 polie o helad slagssl SR gl Bl
R o .
L Lfl‘}w u.\meuLALg)zﬁdeA)SjwsliLAa;‘yl:-d‘jdLjMJ)L:;“;a_:wJ'
L) e aeb -

Lls VU e dadpn S el

_ = 9 > $3959 53 oyl s (S PH ¢ =l L sla < 2 =
T e A e 5 LT 065 S IS IS0 03 D e PHG el bk s S C
kS bt s C e .
R R ) _ o Aedigr AS L
Oldes OBl s T S5 55 55,0 SCADA 4 b S K50 Jlasil - .
Jli) Jj‘:} A.L.Ja— _ _ ;-Jl CLA
Dl laesls Llow gl 2 mdile S50 éu(,:w,ﬁl 3eslazad -

oy parle 53 YA IS 3 o Kike Graey 5 sKs Slagoizes 5 wo sladls 53 NB-1OTT (sla 528 i -

Ny o e e L @i Kb oy 5 e IS Jes 61, GIS Jas 1) - £l S L
_ B BERA] o=k
sbj aak — J.;b;A;bﬂ;,lﬂ;)j!ﬁ&!ﬁwwL;uc-,wz)ppu),;;sdumg%ﬂ"s;-
eSS

ab alde 55 OF Gl e 51 (GeoDatabase) i osls oL 1) -

s ¢le rlaw.}\ RPN RN g u,:_<l..» e
. Dspweosls Sy e
Kok po S Uik i SlLe 5 GIS SCADA . APIY s5lasl, -
' ‘ el
by e il — O3 3 Sl arass Ml o 612 DSS gl o o ity )il - T
Ol

! Hamadan Water Resources Management System
2 Augmented Reality

% Narrowband Internet of Things

* Application Programming Interface

VAY



Yo lods cauw 090 NP F sl &1 sbable jo 28 sbas maly alxo

£ e aals!
200 b 5 adsl St st 81 CMIPB-RCM w51 Jute 500 -
Yoor Jlo b Ol ool ol 4des

38 »,ﬁ:g&\;gjwm Slaesls
7 bl b slaailin gy 5 g o Ol slidimd Uil sl s b - )
S bl pasls TV 3 Lpouldl 55T

s (SLL Ll s s sl

o 38 G s S 5 (S5 551 - . < St

. }Lm:l:jl;Jabw-élﬂéﬁbg;.:;gu.l\(kwélﬂ!}f!k—

by - .
Casn 3l 5 AEST K5, S Lasts Jold) L Sl slcslu s

(s dr
46‘;\)}\‘15 né_,@.&) J)L.a.d B (J_}m (ols wl}_'-) CL\A o‘& OZJ‘: Jde J\?uj -
@35 b 5 LULCT (sbaa¥ 51 (s Se 0 LATCGIS PO i3l 5 53 ((anio
Spatial slawz S L G me st 5 b LiseS SIS o — 5 b S Gulas
Interpolation (Kriging, IDW*) O las

Sl yatls s /Y S u.il.:.a
Lo pa slaBl 5 3l C_.t.n

by ke —
b ot Jl b st gy s Sl (61 5 s OS5 lnpeand Sl A1k -

Sl b8 L G S

(s Cad (i il slaslas 3 6 Se e b ol Cllie Lastls axu s -

Slexxl Colo )y 5wz &l
)La,J;;u)6~%;L>J1>)jsﬁrsyu)agugidu@yﬂzdzﬂzJg;.;- 5l e

oe=la s LSJL;@JS‘ ‘;K;L_.A S
ke dadpa (S5 5 o sl sl

)
551 gl M le sy sl 5 et sa IS LY ol 55 -

QlMJljbl‘jbjjjéj&;pfmdhtﬁpu;}uﬂj

ar by sl o SVL dlaesls alad rdas oo 0L 1) O e dadgn S e e Lt i sl sl :800e (1) IS0
S ol 878 Sl L] e dlazms J1eSo O 31 o 5 870 Sl L5 1 ol 3lgme 5 4l 5k oS L
Lol ol ol anl olant I YA lde b (SOaV0 oS 2l 5 ¥V Sldie b (e 5 el (go5Tob) 0 50 5l
5N (gldd Sy e 5 ST e (1Y) 138 lan 5 e SIS i (8/7) (O mbio diadsn A4S L) aher
CSHlie L bl e glaey s a5 das o OLLS @l el Al LB slesl o (87Y) (Gymensls 4 )L oy pe)
=S L s el 65T U b e glayestli oS Sl s blaxils 600 5 Shes (il o 5 (g5L o ges

A (G R 3 5 S Ll
Lol 3l eslial Ly L Olhen dile gl g 3 dadign Of mlio o e Gl 45 ol O S0y sy ol slaadly
Oladisd Jfie oS i 5 yomansls Lk (54 Sl u 3L csnle (SoolSt a3l Sl o553 ol s 4il55L3
5S35 S Ladgn il e e il sle S 5L (Jliae s SaSs il plaad fe el b e sgie Jde s Ll
o St e ol OV Jae ) il B me O e o ke 5 dadga et Ol Jlasl BlE Ol pear T lae
3wl (Bl 0313 DL 4 Sl B S a0 (Slras oS s e W1l meaSTd 5 a3 8055 SG
Yo L5 VY rals LYeor Jlow U Oluan 8 CMIPBS 5 0 il slaesls ulul 15 5)ls ax 55 (sl &;éﬂw Eves
Al e ol Guﬁw Lgy op) s dalg axl e amp3V/A BVl glos Lavse Jiuldl 5 SWLL sds s
2 e i 5 G bt ($iluesly O &S e e OLES R ol laal 2)IIS e S Oles (glae i
Whoas b 3 VU a5 a8l Glacsd b sy s bole dal i 3L il by ol JLSCos Oy ol

! Coupled Model Intercomparison Project Phase 6-Regional Climate Model
2 advanced Encryption Standard

% Land Use Land Cover

* Inverse Distance Weighting

VAL



wedulond gy ooliiwl b O aibio o oo (gilwaiaiign (S8 Lo paly (1 9ad Sovly oy g oly (2lo,

>3 Il La Al e 1 A 200 D13 O i edgn Sy e (s3leenly (55 G saate e
56l ol Jyme slaolSans Ol g3lg i 3 ins NB-10 L LORAWAN' il Il esls Jlasl slacsbe
L;uu:jfhr;jqw Ko p Lins 5 K00 Sroael sy o 53 jawasie Ll (65,0 39S (Ol (5,58

s e 3 o1 5l g
33 dals s Usylse ;381 55 0l il oS das e 0L ol 5 s Olalllan b rassy cal slaely el oo

W‘GMQL:)J.MQJ}.@(O>J}J>JGJJ4SM)& ﬂ\jb‘b Lf\if LSLA)J.Q'))J'?;J)‘}A?){)))J)‘J@‘}M
(OB, ) O st g g e 2 Ls i ()08 31 (ke =1 IS0

4.5

0 I I I I | I I |

1.
0.
Nowigh LS Wl g ool 5)l00 g pule S Bubkd o) il peSs gl o Ao LSy Co e g il ygld <8yl
Sy oS Wl
ol ailie e ) < lae ol arts elad Cusg e sgendld SNy e o Dgan
3.8 4.3 37 4.2 4.4 4.1 4.1 4.5

IS

3

o

w

2

a

[ 8]

o

[

L4

Fig 3. Average impact of the eight smart water resources management indicators (Source: The Authors)
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