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Given the existing challenges in water governance, such as a lack of transparency,
insufficient public participation, weak accountability, and low effectiveness, there is
an increasing need to leverage innovative technological tools. Artificial Intelligence
(A has the potential to enhance decision-making within water governance systems
by analyzing complex data, forecasting phenomena such as drought, and optimizing
resource allocation. Additionally, the Metaverse creates immersive, interactive, and
multisensory environments that offer new opportunities for education, simulation, and
enhanced stakeholder engagement. This study employs a descriptive-analytical
methodology and conducts a systematic review of over 100 scientific sources
published between 2010 and 2025 in the fields of Al, the Metaverse, and water
governance. The findings indicate that the combined use of Al and Metaverse
technologies can significantly improve efficiency, transparency, and accountability in
water governance processes. For instance, simulating phenomena such as drought in
virtual environments can make their consequences more tangible to citizens, thereby
encouraging responsible behaviors such as water conservation. Moreover, in critical
situations like water scarcity, these technologies facilitate participatory decision-
making and support the development of more intelligent and sustainable strategies.
Furthermore, the integration of Al and the Metaverse can help bridge the gap between
different levels of policymaking and implementation, paving the way for a transition
toward smart and integrated governance models. A limitation of this study is the lack
of localized data for practical assessment of the proposed framework, which should
be addressed in future research.

Cite this article: Mohammadi, H, Ansari ghojghar, M. (2025). Investigating a Smart Hybrid Model and Metaverse Based
on Artificial Intelligence-Augmented Reality to Improve Water Governance Components in Iran. Natural
Resources Governance. 1 (4), 371-388.

© Haniyeh Mohammadi, Mohammad Ansari ghojghar
BY Nc Publisher: The University of Tehran Press. DOI: http//doi.org/10.22059/jnrg.2025.393575.1031




b Bl Sl peSa il

FoF e VAT 1 Koo Sl LLS
https://jnrg.ut.ac.ir/ :ay yis colw

Ol ol L

S 05> SBad g0 3 gy yglio 4 AT-AR 4l (v y9lio g Wioigd (G yud JWho (o y

Q‘}:‘ )é UT

el @S ol ol ¢ y9LiS” 0u8Liils ¢ SBUT g (o ylul owdige 09,5 )
ansari.ghojghar@ut.ac.ir :4ebbly .\l cz)S ¢yl )45 01D ¢ ruabs molio 0SLi1D ¢ SlingS 9 Suis gblio slil 0,5 Jgfue odiv i ¥

EXVOCS

Ao SleWb!

9 285 gl ¢ soges Sl (udlad (0 s dlax ] o oS 1305300 sl yills 4 angi
Judow 33k 5l egine Gier 0gu o ol das dilyglis b)) 5l (65050 00 g s ¢ i ]
Cosis Cad )b cmlio o nsd (gjluwdigy 5 JlwSis Sl olrosdy bu i ol glaodld
(i g (ol lalases dlonl b ojolie opizren )15 1) O (lyeSs s 5 (jlopraas
ol adllas 35l o ol b g5 (b 3 1) ladicsd S Lie (38l g (5l ol ISl
AYYOLYN Slojojl 3 (oole o Ver I Gl ddopllas y9p0 b g (Slelodm (b osi b9y
oS w3 o 5t adllas ) gl ol ol plogl LT ilyaSs 5 oslio csosiuas bsn clbojsn
5 Cdlid (2L Gl > S (i Wlgi e poyglie 9 (Sgias Gisn | Glejen s pSo e
ilo glmosy (gilwand Gk 5l cigad gl a8 i) Of bl JlaSe a3 50 Sl
0353l g el i gele (g lp |y o slotely Blg e (silme slabame > Jlusis
s paly wilgs o o S5l (gilmwpre—ial 6] (g5lwpnl g b ‘u_»lpf Wle Jlyo bty by
iz olaw (p BISS Wlgk o (£)9ld 93 () Badld (ol o 938l s )l oL g pailaieden
5 Jlgen |y diasign lyaS (slmgS (gguds S > a5 g 0313 LinlS |y Ll g (6 IS sl
28 Sl oliniy 0l (oo L)l Sl (o sloodly 35008 hngh (saydgine dlen

255 )18 da g 3550 1l S slaing

o o

Wlie bage ,U
VY)Y el s U
VEY/AUY 16,805k U
VEYINN -ty f U

VEYNV/Y - i) e )b

b)‘ 9.\9’5
R RN
liadigd ($ySpraial
sl

leds eS8 lie

s ibre Cundly

YA (F)Y el o Ol GlpeSs (slmadhe sg0 polate 4 AT-AR wb yojgkio g Mieidgn Gy Ao )y (MY daso lingd ()lail sl ¢ goomo ol

0l oRily il U] Ao t gaadl

V)

it syl e e e 0
DOI: http//doi.org/10.22059/jnrg.2025.393575.1031 e




rvy agd g )lad] [ oo piyglio g diowiph (b pust Jdo (w0

dowio .

Brauch et al., 2008; Crompton & Kasser, 2009; Dabelko & ) Cuwl aslge (gounie Jomocuwj Pluo b o)de o
Hu ) eg0s oDl (Arthington et al., 2006; Palomino et al., 2017) lapiwsmosST gly (gis &l bl a5 (Conca, 2019
(Mellor, 1988; Mabogunje, 2002; Masron & Subramaniam, 2019) Jles slaidl 4 (et al., 2017; Mwangi et al., 2016
o §>9J| ((Patz et al., 2014; Solecki, 2012; Roberts & Donoghue, 2013 ) _eul8l &lyuss aile  Bluo .5yl ol jor &
Carr et al., 2005; Haigh et al., 2004; Kumar et ) ol>; JKi> (Zhou et al., 2014; Han et al., 2016; Tang et al., 2022)
ol &8 A Ll Jb o ddle o e b (Rands et al., 2010; Arora et al., 2018) ) g4 ials 4 (al., 2022
Keiner, 2016; Dodman, ) _uis y4é «(Kim, 2006; Perreault et al., 2015; Patnaik et al., 2018) jud sxiwo 3l 50 ol
.Cuol (Tyiola et al., 2023; Numbere & Maduike, 2022) _xub mlis I ,lLU (6,150 0 5 (2016; Akash et al., 2018

o St dagliglo aile (52 2y sloossy 589 a1 5 031 i ) (lgmo] slasSUl Slear slod Lial3il e Jlie sl 2

Nukusheva ) slas il s a1y o] ool 903,85 Jisco |y (659liS @Y guasee Adg5 ez 5 a5 Canol 04 oo yo M
5 ool ol e (So9l cus 5 e 4 (et al,, 2021; Xiong & Yang, 2024; Sulistiawati, 2024; Malik & Ford, 2024
olsn (sl a8l S o ags 1) ol lapiwsST e ordiadas oML o ixio cbals (gjliS oy,
!y (du Plessis & du Plessis, 2019; Singh et al., 2022) 5,15 ol yon 4 oM (gds &l yblbre wlaiwly mlie pl 4 &5

g3 Sl coenl jl Jamecannj pole 3 385 5 ooy (S ol Alwogmedds 9 odmy oAl cpl L ablie

Lol

5 Capde oS ohigh (] Class 3l drug Plus 4 (cloanl dag o) Sidmgly @ndlS amd oz
de Silva et al., 2020; Lawson et al., 2020; Schiedek, 2020; Tosun & Scherer, 2020; ) 63,8 Cglase 8 (s,
(2020) Yoo o ylojles s jlasxe dsliys 5 (201152015) " ooladl dng g ¢ySan lojlo (Glass & Newig, 2019
Sy ly oolae JlyeSs claogus (20115 2015) OECD .ulosls j,3 08T 3590 1y (gl Jluws 5 OF S Sl i
St 5 8 gylaly wlal s (Pl heSs 3 dese UK 1) sl 038 (Bye ol gl b ablie
Olojlo VoY 58 jaiwd 10 Ol (g)lub @ bayye Plus dbiwly pod 10 S 0 anlgo Lila by ol ool > odd puns
i A o sl S e oyl ofS 5t gl sl 03 39S ] Tyl g Ban W 5 T s
.(Glass & Newig, 2019; Woodhouse & Muller, 2017) 125 o &l oo j 9 (dlaidl ¢ slais]

Benson ) cul 35 peie 20l wlie 4oL e clial 4 oliwd p O SlpeSs b ke cldlbs I g BB iso

o Copde b Bl yie o eSS (Jlspll (et al., 2020; Nshimbi, 2019; Bertule et al., 2018; Hussein et al., 2018

((Romano & Akhmouch, 2019) 3,15 o,Lsl cdbjb 5 WS Cy pto (ol w5l Shles acdld a4 Ol oo o

Wl giue i 3 LCuglgl cnl el sl 63k sl o Fuslio (Lolid dacoglgl s Jolis ST Sl poS> o Js o
(Homsy & Warner, 2020; Gupta & Pahl-Wostl, 2013) cul LMJJ)é 2 e el 6d e

Ly L Bl (a5 0l <o)l 5 damngs a5 T les oo iyl (33155 1o e bl iy e Slisl i s 5]
OialeyS 5l (b oodlBl (LM 589 yizman 5 (539 ¢ innti e Cupmo polite aly Lol el 0391 aseitio (gl 2 VI 1
Sl gl Vgt olb it (38l daoMaw s il g e sl o il o JluSiis alesjl oo

1. Organization for Economic Co-operation and Development (OECD)

2, United Nations Environment Programme (UNEP)

3, For more details on SDGs, please see https://www.un.org/sustainabledevelopment/development-agenda.
4, Sustainable Development Goals (SDGs)

3. IWRM




V¥ oyl & o« Jol 595 « ot olio i paf> rve

OECD, 2015; ) &5 o <] Sl i85 SheSo o ille ol )0 ol 03,8 has  (Sitwed (ills G a0 |y O G yme ol
2 (Susg) doiie Jlo (i3 g ale ‘wﬁjﬁ‘] Oboile a8 ysb ylen (UNEP, 2011; Global Water Partnership, 2002
5 e e St olln oS 5 €l paSn plynt S (5345 35 B sl Sl sl 03,5 ol o8 Lo

ol (6ygp0 O @lie renils

Iy lpeS (UNPD) “asio Jlo el (50 VAAY Jlo 50 0,15 paseiio g doly G i jgin o eS¢ bl

ol GeSe gshu (oled 13 )9S o el Copde 1> B 5 (olaBl b @35 Jlosh 23)S iy g5

|, M) S o ol |y 593 gilie Waog,S 5 g yed dapl Gob 5l 45 cawl flodmy sbadles 5 L], oS g5k
LS (oo Jlosl ) 398 (G9B Clagai g 3gi> g 1S o0 Juady J>

9 Slyetlade sl Jse 5l ul & cunl (oawdiz (63)S09) pikune SlpeSe (Sazmn (Rig} | ol S &
SBCuwogSs gy &5 ol oilS S odd@ g SlreSs Cunw 4y 5 4i8)S ALl liL  Ste sl )Saly b ey
(nlple 5,5 oo ode g S ytde G0ty |y aiudginn g b 28 badleg plo g (e dasls (pogiad (la)lS g ¢ Joxe
oy ol Ko o8 el e ol 5 e T e s S, o] 45l o e (6,505 o o 3 i
Homsy & Warner, 2020; Jiménez et al., 2020; Romano & Akhmouch, 2019; ) J.ﬂﬁ O] ope I oliidy Llgv ol
.(Gupta & Pahl-Wostl, 2013

zokw ple (Siplon g9 42 5008 SleSo (aw 2 0 Wl (G2 2P & il ol lores (Lol il ) cplil

a8 Wysb cpl p lawse ¢ ol (Gupta & Pahl-Wostl, 2013) €cwl jlisyse ol copie 4 oliws (gly calise

sliun; Jolge 4 aia g canl ()] SlyeSe cod anels g g dlosjl o)), K0 5b 51 (gl S i S lie p s ol oy
D) (S oS o 0 aded o 135 elE Jld) iad g (ol 9 (Kb 8 (o8l gl lua wile

Ly 3l Bb ela)lid g oldlus sleiel mjer ol b clacosgize Jdda O @l ;5 g5 SleSs ol

9 u.»lp,f Ooore sglo b o Shisdes § Siid o8l b ol 1S )b lohg Cusd] adl8l Glpss § Cunos
(650918 (Stnly 4y 4295 el 1 ogMle 9 ot o laplususST 055 9 (inoj ) sl ghaw el o gl
ol 350l cplplo A8 o K8 (9uiS (eolaill dnwgi 5 (23 Cuial (ol 4 5o JlyeSe (ol plie 4 wlus
CabeS Gl b qollo Lais &l slopl ) 6 Siy 5 o @bl Al Cuppte sl ole sloodly (e gl

Copde S99 £ gl pomyle &) dam a5 claSus umle b camin cul (63,504, o wglhe Sl oS

4 LS5 g gols At wBh (D pde (ygp g Sl ) le Gua el Ol oo g9y Liw @llas g OMidre (Mo
b il axels o] oges SlyeSo Al 5 g e )9S g ansls SO 0 O JlpeSs @dly p3aib e Ol 0je>
dnng lotiS a5 Ol s e Blanl | ogd e Cgusme i dnwgi eS| glasli; Glasa o S
0j> () 2 Wl 5 eloil (Sl b Cosh g (S 4 b e Gilel p e dags 2 48T b ) jgmac]
905,55l g alize claaY Folaw > (Sinlen il g an]yd oMasl g,k 5l Ol SleSs cnel,8 Jil58) ool
G9o ol oje 3 Copde (B Jl.chply aals ygo Sl 5 eloin] oladl jrbs oty b Ol o e
a2 )l cloinl a8 lie il g egas dloisl e Cusgpine (]38l Hlae p ]y 0g8 cS e aSG) Ko dgy dalgse

1. United Nations Procurement Division



v agd g )lad] [ oo piyglio g diowiph (b pust Jdo (w0

Rogers ) 15 salgd O SleSs o1 ci)] coge laiscd aon g Sl (claslys blao 15 Glas o5l cunl g
(& Hall, 2003

2 Mgy S Jals g B Sl sl dngs 113 50 g eed <8l g I g3 ljeSs S ply
Lo po (sldle5 Sy e 5 (ilgB sl B (95 ¢ Sl pos 5 (sl e s0liatil olot] (glo g S pronai g o g8 s a8
Hlas] ges aalgs paend 1y aope cpl Gl s 9 o5k adS Saejl gl ol Gloss 5 wlio slapiumw (gpdly b
s 3 S 6yl e i bl S S s 5 GAIST Gl gt 1925 5 e gl 13
g Mo plwlid 4 (b5 S8 98 1 Ol SlyeSs Jlitle Jaol o)yl 5 gues clis L(Allan, 2005) 340 snlys
5505 Gman il bl 53 o S Lo (ool ol 55 el o slagily 5 clane o
i ls sl dalgo LiysSusly (oloylS gils (s20l L 5 dmolyy o (Sinlans Cinds eigllsg 15 (S paancs (slaoles
(Ketabehy, 2021) 59 o Slogauad i fl (ol g ol gl 4 (iSly 45 cargo

a Y a5 salgs by oyl cun 3l 9iS Ol o e cladlys g baculed jgel o,lo] abja coles y aily Lb 3y
2 6Ty sladlsa Wil s Gygo b dr g Ol Clead b3 chdl i g kool caby Wb e GHeo @
hag abpaye cplple doye ol 3 iy paoegu 1 (B0 (o Jb ile eyl (o b g (9> (Slee lilel B
sl (o ol 5 sl g sl mdbyliS lsle S i i8S ol oje> i sloyh,lS g (sypme i (slyld
35 Mol ca] b (gl )55 5 SAeMb dgs o digsy & s (sladles (s310lely L sl yol gl il o5 ))5555
Sygo d o GlaSe ciliso oy V IS )3l 00t S joim o jstS | s 0 Ol s SlaSs oyl s o0 Jlai o,
.(Allan, 2005) Cowl o )] juaise

sl ool 15" ealaza

laow asg

Ay

(Tropp, 2006) LI Jl,eSs> ogng .Y JSui

Oyl a8 ol oad g )8 bl a4y yoie 1 jgeds Lol dyls ot Jlo Vool 268 egimn Ben (sjoel (550)9iSS
slagmdlo U o)y 35505 (egian (slagyglid &yb 5l Sl (hgm gl 9 1S5 2 6yl ol ) o (S5 0 (ires

1. Self-reported



V¥ oyl & o« Jol 595 « ot olio i paf> rys

oozl &yle ol 51 o)l 53 A (laise) g lojlo 4 dtus (AD) | e giunn o8 i yai (Mohasses, 2019) uiS” gl 3] diaign
S gan yiod mimmen® 1wl 03,5 SV Jlo )3 &S oolas8l drwgi g (o) e ol (i yx Gubo ] glatio g 0
L oy dogingin Slge ol bug sl Slial | glasgerre gly &5 cunl (pile p (Gise o So
I il golaw b clld ol (sgian 9n gt WS ST (gilxe b (HBly slalae 5550 Oloreras

(OECD, 2019) «Slosis ( slybo (g lieadgs

) logil 4 ,as a8 Siaubgn yamelS 31 Jlossl Jae 0,8 Byme ) (VATY) Ko yg opwile (VAIVYADY) YKt 95 o] oS
sl 1y oy lusl sile (S5 cubls a5 us « S5 slapiled célo 4 JeddMe fliise plo ol @ia g ol dnwgs
Cubyls slacudgiome booygd gl (il 03,8 ayyi 1) Sladsd 0)9d dw Sguas bsb .(Russell & Norvig, 2021)
6350 by sl LI 98T a8 Sladsd pows 090 (A5 g8 (6 (Sluwlore cudylb b b 5ausls 5 10,8 o Jes
5 Cusmo By (Darlingtom, 2017) cul oad (8ly slsd )3 ol s 50,8 4 yocie a5 395 0 colins (DL) ¥ gues
S sl 455 )15 a5 350 ilise LY 4y 45 |2 30 39008 ndine] (B 10 o osias Shsb D50 ol 28
Adis Jlog (b (loolKiws sle calise sl b Jolbs )51 0] olysl cubls 5 Sy 5l Loy b 43,5 dqao0 plie
dawgs )3 )95l S plyis s Klgi e (eguae (g 9 Jlb ()5 (sl mygd chiedgn (Sly 855 ( ato sla S

.(Kankanhalli et al., 2019) 1S" Joe b)Sgecns 5 acdgd ¢ 19,005 (sl ailyglgs lods 1 (6ylonn

@ b baAd gy Jb 50 g el baome b ablie byl (pl 5tk Cowsd (6 Joled g (sl ghuns o)l 10 pip
i) (b ‘6)9195 OB Juews lgieds Alg5 g0 oS Madgn (slacgy9ls I odlatul 52yl 5l pglie ylojle S
.(Kankanhalli et al., 2019) cul plowl JB S Jos (S55 cubild

J95 Jlo 53 Coputy 0948 o0 o3litl diwgy w2 4 g gy Jlowd bid S cnog sl & Canl lofly ¢)glic
Oloyes B uS o pledl 1) (VR)® (gjbre Cusdly 5 (AR)® 03938 Cuably (Jlusud (slad pl .l (g)5ld jluilpuis
Aidonojie et ) 5y o] 51 51 oo b Cool (gjloand 1) (Sonmd slod OMolss wilgs o a5 A8 pal s cloaisSygabge
A o Bl Sl Bl dyuiin (gl (g py0il D95 muvy (owpiwd 5 0055 Hedboe sl bl b ¢ yw)slis L(al., 20232
58 Sl sl ansly Jols i o (giludnnd |y (Bly S35 SlaptunwsS] & sjbne slalaze L wiilgi oo o))
osMe .(Aidonojie et al., 2023b) 28 Loy (S659065T (sl il 5l (5 Bras S)d g AiS )50 aiins jobods |y sy jlaises
wlg e Gl @MiiS galoge (bjgel (slaaslyy g 03938l Cunably (slanylial gilome Cansbly (sl g3l oy S ecnl
A8 Cglan 0y059) (S5 )3 Camjlaome gy (gl (Bl e § cnl 5 48 Jtalojl 5 228y ky sla ol
.(Aidonojie et al., 2020)

. Artificial Intelligence
. Alan Turing

. Automata Theory

. Deep Learning

. Augmented Reality

. Virtual Reality



rvy s o)l [ e piyglio g diandiph (ot yud Jubo oty 50

3 glize Mals L alia Slg5 oo l3dley 9 Jli8lecin S 5 G ) 48 conl o glotn 408 o (sjlre Cusdly
ool by 0ad aidle oadgilodnd b o J31 )3 B w00 ol ()8 & 6ygld ol sl (8ly (sl
O5zed ol Shg g il (ABly sl aline a5 A5 sbn) ol ddlaie G Wlg 0 VR (555l8 aiil atily Jobes (6 5guols
My Jb 50 VR (g,4l8 (Mandal, 2013; Zhou & Deng, 2009) LS waly8 1) 4yyo0 5 dueY ol ¢ o9Suwgy ywl 230
sl il legudga )3 Wl oo 59k el 3y5le0 lie)l 4 |y Sl Jlasl l apie (590 G (o gl ook L g ol
st oyt 5 6,553)5 lataly clan] gjloaSid (oS i QI U3jel (S asil B g (el
slajloans Bany .(Kaminska et al., 2019; Kaviyaraj & Uma, 2022; Sargsyan & Seals, 2022) 35 odlatwl 530
b lae ol o cslgs g68g 516 auS ay55 1) SUjlas 6 l5 slalaie dad o 0jla] USG50 & a8 aioly &)l j9abge VR
Gilme usdly (gilwams G (b o imgh o 0 o pisen ((Nedel et al., 2016) x> ialS | layl 03,5 (6,5 gls
a0 il ol ol 00 oy Saxie g5 (Sl yene 525 Ol b ST P 1 (g lad] 4155 505k ]2
b o 23 g0 0] bl &y (yizmon g S 0anliie 395 9 (51 j9d> (sl ) ST lame a5 a3 1) (el (USG5
{(Tucker et al., 2018) uiS’ Ol ) pusws (>9)5

oo 0855 (5)lSen el & el aslosin ol slap iy dbul o] (haSe ) wygke mre sl 1 (S
DI oo piales & ilome Cuably slagiluand AB 1) ol @l ldlasd glaosls 5 15 o @l B 1) cilizee (slasles
O e e Cilisee clagy )l b 02 o 03] 50555 maoncl ds sl olyod " iymsd Sl (6y5k3 b &5 5,45,
5 bl glalao Sl b wlgi o o glio cizzen (L etal., 2024) a8 gloaine 5 Glalojl By sl 5 i )
5 4k Bypao 030 p3Y (sl bigel g diles i 1y OF SlpeSo sl b )3 cagas 8 le cligaed eailes sl ]
SlyeSs )3 o yglie Camio 3l odlitl (cblse Y S (Tanweer Alam, 2023) a3 )3 pgas oy 2 1y ol slaculuw
Amd e s ) o

Benefits of Metaverse in
Water Governance

1 Virtual reality training for water
policy experts and engineers

6 Scenario-based planning in the
metaverse for adaptive water
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