— Floia pla OHolai g1 (iao T Cumio! Sb gy Juro il g 2150
3 398551

(590l Celod 33T 0 392)

Vs>

w e

b9y 90 & (ABM) oo Jole (gilwJie 5 (SD) i (2ligy il oolal L jsls imgly )
sl cubd 350l oje (slp Ol el (Sl Jdo it ol slantudls’ o)y Sl &)
iz gl iy 30 Jdog o olols GBus L Netleego guyddle 158l o5 5l eolatwl L
JB g 09 Fhe orimd Ui b 03,5 8l 5 (Sl 0B 0] Cutahunsg g ol G pas
i (6l OT S olgee 1WAl o ol ings Sl <)l oy AN Jde 29 dleiel
O8)5 4l 40 peud g dg0d odlitul jeliu cubd )oulw? 5 o] la Sl Ol Cutel Cundg
IS ) i 30 osalisty Juo puss BB slayBhl )5 i jslate 4 iz (glag )l
sy Sl cpymee ol slly ) gl cn e Olgie @i ) Ol Coial Cumsg g

Ngei e 35 1)yl cadd ol o5 )0 o el dgapo

S S e Jele d){»J—\A 0om St (i (2o ol Sl 1ealS (ISl

\

\ 3

4000

$97lsy Comgme Joo )0 o g Ayl ale) 0 pe Sl gladle o Ol Cotel pspde
‘_;)L;.LQ.C L;)_.fuﬂs t&) J.:LM )Q cdol} g 02 ,.»..MS $ GA?.Q.QA )l wLo.‘> s.,\?u o u_;l.a:uw W‘MLS
dawgi Jl o lo,ginS blae o allasung glo,eis lojluleis @il LSl 5 sgame
4 a8 lee i glodeely g sleizl pgle Blie jo (b [ qwaige pole (65 B
Sl0,95 w1y Ol el Ggolas 5 (6,5 dbiwly ol ;o I 510 0925 wijlo o T el sl 2l



woye ln ol @ byrye Sl 5l (A0 Gilaie Sy (e Geizped 5 g g ST
SgmaS 3l st sl Sb 3l eml bl (Ghorbani, 2018) Silodgas iy yo5 olaidl g Cong jlaxe
Slal 4 5 s )85l O i b Lo o (15,00 s 5 o li8 sl slasls b Yw !
Ay g 2l g ol Sl JUS 50 058 o o5 az g (sold g eloizl slacd )b asile Ll
bzl g pl b o Glojls lag,b caSls 5 chnd S Ol plie (Senl gj58 cConex
ol e Glsie a) O mlie n Gladl 5 (ol sla)Led ples] WS o amis | pSeta
Slopllss golr S0 gl (ool L5 S (i g GRal¥ 5 190 5 ol et (Sloz Conex
sl Jl o awos - Slal slapllas plys wlallas (Gain et al., 2016 ) gl Ll 5
g go a5 Sl (olatzl 5 8 ame glasnld o 0y555k 5 Jebd ) (cages S0 S
3,955k axllas el ol (Baldassarre et alg2019) wisw ses ) Ol o pow o Shee
Ol i bl jo aS sbveasay 5l los puSical ys 1) ol g @L}l wlealls o ad )b 4o
(Gober and Wheater, 2015) s ,.5 oo 250 (g fae oo Ralise sladine; 10 4

s Mlow et (Lol S5 8 Sl B Ll L Aon olil ol
oy o ) Sy lgie & oLt — ol s Julos 5 525 ol (IPCC) ol
(Kriegler etal., 2012) culgusl sladi i3 g coudnil Ll jbs ) ol s Gaejlys slasely
bulyd g oad b Sge cilisee Jelge 3929 9 o SU| Slasl )18 ol pas g (St
2 djlece Sy9pa 1y Jelse cal OBl Gl Jse 9 Jelod a5l 103 59 5l (sladlaie Cglise
e o 5,5 A it RIS, 5 Sl e 5 gludl adls 5 36 Wb 4 i
{(Yazdanpaf@ast et al., 2022 @) wssalgs cusbly 5l 95 (Zols 4 e )]

Mo 8IS 5 o] DDL» Copde B lp oty Plue silwosls 3ymly o3 (g9 Sl
Cawlod S 0edIlGLE e 5l 50 Lol atily JWis a1y e obeS” Cudgo ¢ Jole ST oy Jolenis
Sl B (sl )Sag) (65 UK Slodtie) tumjlazee Pluo (Sum il 0g3ilisy 20T
N8 e |y Cunj lame slapllas g (659ld cplusl e LLS)I (21309, (i fanl ond
23> ity ol sladaras dex 5l 5 0391 i Mt 5 onzm (blo)l & sl
Aizwds Y (CAS) samy J55ke slaplls" 545 o pse 1L assl gBly 1wl aldlie 4 sl
5 e il 6yl dm0)> Sl sty o obgS Blaal o J3le e (slad S,
a>5,5 (Ghorbani, 2018) s el 5l g0 Glpss o by 1656 4 calasio (S y 5 piaw

! Complex Adaptive Systems



Syl )hs ol s e g gl e @bls)) da ole I (glacgame 4 bul 1 ,Sod &jle
{Ghorbani, 2018 Pahl-Wostl, 2007; Gleick, 2003) xa> o JuSis 1y Joo S (sliol
I8 31 Jolge (giloden 5 (635 mmnas 315 L Lasye oMbl (asilojles (ol bl ) olgicee
o Jao opl cduds 4> (Sadodin et al., 2017) 5,5 oslitwl oyl ldols)) Cpismed g paonad
Gl ol pwyp 0 a8 Slolis IS .x5ed JUs' ol awsy )3 o5y Blial Gmws . sl 1) )15l
slodpaly (955 03Kl g lambll ) (cwlul pos 5l 0 255 Al — (Ll
e 5 Sy 78,5 036 L W3 el £ ool Ly bl o9 455 (5 NS5 9 (6,5 tlo
$Pahl-Wostl, 2007; Gleick, 2003) wlosle sSlmps! slagdls 4 Lisly » sl
S Wl oo by Jdo p (sie syl Judou gy s il ol 4> T (Ghorbani, 2018
5 399 2 souldl Clyss g (eloiz] —ggdlaiBl daigi aile sz Ol Sy p Gl dade

.(Majedul lsla@ etal., 2018) wsb ol oYl ¢ &

2l 0 el S 3 B S Sl e Jols (ils8 5 W Sy 2 35503 L
s (s2lagy i 02l 3)50 @l 39) $NABMY jme olo (gjlsJse '(SD) winges
Forrester (1994) joudgy lawy @S Sl b & YU 51 Sledbl 5y 5L y5g, S (SD)
ol (s it g L x> LRI (03,53 5b sl b5l g, ol Cmle sl 0 slaiiey
o3l (Lo SSRGS § 455 euo sl AL dag (a5 3,509, S SD
&1y YSFDS) ()b =gl sl 3905 s5le (gjloylages slaylpl (Nasirzadeh, 2018) el
sokate HHEADRMaG L al., 2016) woi_ o ookl sy piume So dle (WS o &
b e Cuple Al55 oo b SFD 598 48,5 )15 4 L SFDS (o8 Julodi 5 4 jo5 S plox]
sl gy oMbl il (lyy sl b J1,S5) S¥oles jl g aimd i |y cilise

S eslawl

OlFee (JS opl sl onds 1Y USG5 st obgr Jdo (ilwdnd 5 drwes .x;.ﬂ).é
) s o 5 44255 el o epip sy St Ko ol a3, o 3 onli

! Transdiciplinarity
2 System Dynamic
3 Agent Base Modeling

4 Stock—Flow Diagrams



(Ding et cusl Juo (gilwduds 5 Jdo Aol als o o oS Jido als yo lyatul ¢ cogrto Jdo dloyo
.al., 2018)

9 (Flows) byyl 3 ¢(Stocks) by plaw (98 903 s —V

sy 3 30 9 (5 sLudibo Sud (pati —)
by Lo S 7 Y

(Variables) S0 s uiio
U jadio ) e Jaslg 5 dawgi—F

s ol 5 599lio 9,97 0 —0

o o230 Ll i slis! —F

09037 Wil
S ilwand 1 21 —Y
63w S Julos —A

s S slo Sy g b 5 By sb)lSal) 5l (S (ABM) jeoe Jale (5l Jse
Slogesty ]y el 5 03 Cusdly g (S 9 S oy iy 4 b Jae AL
: o 5l ol Jole sla Jie L(Epstein, 2008) wias oo plool sioylislus

S95,5 ety o L) iedss dlen j Sleosas chls Jolss ol bl o LS5 lawxo st
Jb e s Calyls 1) b Jole (g5lwdgazns b Co s cuild baso b Jio (ol o diiud
s 5 Mol oyl 45 sl Joles 5 35 Lo b g olss 5503 L 315 (6,5 &y puasmio 5 &S
O g 5> oy &5 35 )lgtl adudd ol p bty Jole slade ST (0 (5950 0105 w0
ol 0ads (b 2)5 pdaw )0 CMolss dsgazs

ilode jloalatl bl Vb &y ol 1 Slobre (gjlo e 3,89y S5 ygee ol (gilo s

4 &S Wad o 03 i laiuns Jolse bawss CAS )0 dy800 sacudgsgo (poe ol
Copmo o )3 (03908 i 9 53kl @S g8 sl oad (giluand (slad S > Jiie b



iy i 1"l 3] cele gazma ol 2 Jolge ol b VLl 5 Jeb 5l Jolss
s Jolo Jao Gl npinlgls 2 8 belos )8 oSt (el 9 e plol o
Joe dnog Jolye plos )3 056 2 (site (slat S0l Ao o sl p3Y (il iyl 38,55

(NIKOI'C, 2010) 3955 s See sobots

.(Ding et al., 2018) cul ois 03> L ¥ JSK5 3 sl )3 o)

AP giluesty -

Joo (i Cuxo—F
il 3T—Y

_______________________________________________________________________________________________________________________

Jowo 3t eslaint —1e

3\" (ABM) ;5o Jals (5o Jolpo- ¥ JSou3

odz ol St b 0,955 5> ablie 9290 (silodse szl ulo b SD plesl il
SD ()5 s a5 Lol s Ahmad & Simonovic (2015) ¢ Jle oylgie 455,05 yasuinl 4
£55 5 Jo bt (Seolid sla Sy S5 ln 5005538 oIl (Seeludg)ien oo b
Ol ]y B39y o Sy Copde (il Jto (slac bl x5 WS o palp ] SIS
dladis 11,5 5 SD oS 5 pgy Ko 45 53,8 Sl yizmats Xi & PON (2015) im0



o (83 il dnnrgi (sladoli (Slacyglgl b A8 oo oS (X515 waoval d (Julod (o0

SD g, b adumgd by e <S5 45 5,8 dleiiiy |y d )b Jua S XU et al. (2020)
ColiS 5 Lol 5 dadye ol pae S alato |, ol ialié] Sy oy Sl b 43S oo S 5
cyizman Li et al. (2018) 1S o ololis |yl cs5nyaeliys 0yg0 S doeats 3 Jleb
sl QB8 )S el lp 688 @ ye Silodine 9 (55 SD 3,50, S a5 K5 Yl
) i Sy 5 Ol @jF Baa Ol plnw dnja (38 iFL Ol parass jludig
L SD (giluJae 9,8 can oS ol Lis Bertone et al. (2019)f¢ipl » 0gMe 1S 0
Gl o sl )l g ) e 51 (slmodls daciunlad pie b ablio 4 Vg (30 (sladSid

S S el Ll cow cojlys elhimbie gl e

N\

o i (A8 Cl g o Ll e sl ygiSyl (s el (slabjsn s 53l el Lo 5>
2 aiisd g Spend ploe cnlio Szl pie o B5yoliSTy ixlo [y g LG (]33]
ool w3l dnlse (ol slotle b 1, el Rikie Gjlas 5 o Jolets g
5l @l Copte p oS Jelojlo 5,05, ! Q)az\*é (Sabaghian & Zarghami, 2018)
gl Capde Sl Candy 2l o)y olsis & O el 420l copse b o (08 sl
Ok 4 Cal a3l il (i Shge 4 ) QlygleSe Cou p3lamd 9 3 Gl O
5 aiolS ol s O alie arlSaicy pae 3 55 )50 lanl 4y aliod bl 5 9 Cax
2 S Culord e Of Cuidligl o]yeSs 3,509, omb 4 YL 5l g asle o Cupde sladgeS
Limepe (VaRid & RANJDAN, 2018) st 1S, b blize Ly, (slls ciliseo yolic
Caal Cong o5 ) %},)L? S8 L (WSI) O el a3l Yazdanparast et.al, 2022a
il B ES LT s s gl ol 5 44375 5kt & el o5 obiko po
elolis 2kl Jlas & s o 31 (LS @l s, et jeilis cudo il o> 40 S
5 3l 0552 Ceodls ol ez Ol alamdl ol (05 s )0) o Coal 5] gz 00
Lol ] s _igl38l i, anlllan 3,50 (o ylel 0,0 ¥ Jsb 55 ool olatdl Jloxe (] JlyaS>
asls aals wig) Jlo Ve (b jplins s ol ojem 0 (IS jsb 4 Ol Coutel Condg g,

.b)ld )‘]was )99

izl LS ) &5 Wb e 65S ) asgerme lipl I (S 1) O ol ailraen )3,



b e Jl 5 g8 slaased (JoSe gl ¢ alinn) Olali ¢ Jlastinl (658 aiile (550
Sloee ) ol (69l — bzl w3y po 59y ol Cpae (Sinp glasls g Sinp o> g
ol cuial Gy Jde @l g slb pols imgh 5l Ban g0l 51 (Miremadi, 2017)
5 (SD) pins by 3l 5l odlital b (95 Glolp gl o jpltis cubd jsul oje>

S (o5 lulid jslaie 4 NEtLOGO I8l oy baee )3 (ABM) e Jale (gilu e
3l oo 03 > O Cutel Cundg pr Of B pan ilises (sla iy

GRS (g
Adlhoé),oaﬁhiné)m

GYET 0 YT T e Jols d jelis Gudy .cwl By S ubu\.,l aillB ] ) e
32y plalis ol Jlo slaglin i 5 435l B G oK A il ok
Ly o @oye yiaghS ¥Y'+ o 3gus oS conl pyo JhoglS W J}.\;- ase Cpl JS Cawy il o
i g 2S5 S slaylials (slyls (oonls] Blod)ans o LS5 clelis)| ], 4y 5 cudd
sl 0351 42835 (gl Jls N> yto e VYT athaio Bl )3 Lyl eSilio 5 sl 0BsS g 3y
FIVYe oy plo Ges b el &LE o o Siaec A5 35 3939 S atd YO+ Helis )
95 8 0l g yteskS W) ok i Cuoms 13 &g Jla> OB (5 SYsb Sl e

(Moussavt, 2019) sl o 4l o i) £o o b aSls e isy jo

‘ Ay s C
9290 (Rl g (sleal Glacuwlus o jolis cuds > iwejnj ool by cusgios
Cudd (69 C)L‘"‘)& Ot“’ d\d.n.ia_..o" " g] uf).w L;lmui})b? u,oL..;l » U o o ddlaie O‘.-l 5o
55 B ST 3 5 o] i o 5 Lol o9 b (il osbl s
Cadld p Sl Ebd cpl 0 Cumes (]38l L olyan (6550liS drwgy pi ) gla Sl jo o5 8L
(035 o e O s &l 00 ol 4y (o35 )Lid g e Ol lie Sl gy
sor el S 5 alomly e G 290 g0 2dnldio b | alaCiond )3 (e Cundig)b
ol Sy ol (SH5 5 sddbaidle ol 505 g odls ¢ 65,5liS sl pe; (slp (IMis
Slaoli (65,5LiS o8l)) 13 uos g qawy sS4 5, sbx! (Moussavi, 2019) el
9 L}‘J °‘) J"9J°5 ‘L“’Ji- ‘L‘“l) )*J‘” ujL-’ ») ‘—*ML‘ oD W—l 9 L“’Ow—"h" ‘Lsﬁb‘""ﬁ) 9 SR


https://fa.wikipedia.org/wiki/%D8%A7%D8%B3%D8%AA%D8%A7%D9%86_%D8%AE%D8%B1%D8%A7%D8%B3%D8%A7%D9%86_%D8%B1%D8%B6%D9%88%DB%8C
https://fa.wikipedia.org/wiki/%D8%A7%D8%B3%D8%AA%D8%A7%D9%86_%D8%AE%D8%B1%D8%A7%D8%B3%D8%A7%D9%86_%D8%B1%D8%B6%D9%88%DB%8C

(Yazdanparast et al., 2022 b) cuw,,

T Cuiol Sbgs Juo & 51 g o210

S9) 92 (ABM) jooe Jale (gjlo e 5 (SD) piasw (obigw 035 0l Sy & jolailen
olyis 4 )l 1y 393 ol alae g bl 309 2 s sz bt ()2 2 &)
coly omtlis) 5 €5l ol ol & YU J 55505, S olsie & quis alisy by Jle
OBl Vb ool 13,509, 6 plgis 4 ggoe Jolo (sl Jie hilie 12,08 oo ]3] o
Al ) e Jole il de S (oo ol 5 1) (Roal el sLad g Jolge by Mol
9 Swarm NetLogo sile aass sla)lpl b (g0L 5 lgl € A5l cudgianly slogl b
b1y el gl Jae anT,5 S pgme Jole (5t (IS sk @338 (s5luesly Repast
e ligy sloJie o8 bl Ll 5 o JUoromndie o 0ol Jus S, g5y
55 (ABM) lle ain (gilwduds g 08, uSaio 28l QLQ)' 21y e Ol Slg e
Sldend W95 o5 Jao 93 (pl Cplple a2 lassly 4 oo ]y (IS 51 Wl o
Uibgs 1 L(Kim & Juhn, 1997; Guan et al., Zbll) 0SS A 1y ooy wiw
203b o ABM ¢ SD (¢5loducy 3. si0jls a5 Ol Gsel by Joo (S jolato 4 pils
135 Ahb GlalBls Al HPkis cuss el o > Ol cuiel egrde Jde il
sl 0o )3 Ol el (o b e o (slue p e ¢ (Yazdanparast et.al, 2023)
S 003 gilwand o ST e cpl > NetLogo 18l s, 5l eolatel b (el cubs

4 A3 e i |y O el sbgr Jdo a4 obcwnd Cgayls



l 39 o Gaiol (g3 Juto (21510 2l

39l Sudd 05T 039
l S R ‘
S 390 dalaio (gla 0o1d 41 ‘
| aalltao
|
1
{ i
s (393 Juho Jouo! ‘ l 19%0 Jols Jito Jgof ‘
(sbm) (ABM)

Juo madis ’ L—{ SD+ ABM uili “|—‘ Netlogo p 38 Cdy
1

Joo (9o 3T

|

| T Casio! Ligs Joko i1 ]

JISit st 41

O Carol @l Jao 4 (Qbcwwd (Bardo Jao - U5

oy (§ilwdend (sl (siloJae Bee g dlole s giaely b S NetLogo 1l e
Gy g Bl drwgd yywg @8l bwgs 38l o5 ol (Wilensky, 2001) cuwl oo
N\

ol WL.A LRV, %) (_gl!bw Axwy

N\ Lo .
NetLogo 51391 p» 39 b sl 3l (s b9 5

\
O e il bawgs [V Je )l el SleMbl 5055l pimaw (obgy Jio Lol jidle
slaig) jlpls imgh 13 0l ook Cumlus eyl Slpsd 4 cans plpls 09 o
25 oaliwl Jae el anT)8 50 ) eyl pess

poitune (S 9, (V)
bawgio jlade hs) (V)
(slate glil (g, (V)
s g Sy by, (¥)



NP1 P9 30 b pakio sl

Sl oo Vgt Billas oud Slb i obg Jde 50 eolaiwl )50 (sl yuxio

92l 5l 039> O Cutel Gligy Jowo 3 3Ll 390 b yiio —) Jga

CoMe J.x.vl.c rul.? Alwd rcl.;
& laisl B .
el Jolee s Jolee
WSl Water Security Index S Cial a3 ls
GW  Ground Water (3990 o @ite) oo
WD  Water Demand (@8 aghol Lol
WDA  Water Demand- Agriculture gb,us oo ol Lol L
PAs
WDI  Water Demand- Industry (53l o i3 53 o Ll (Stock)
GWSC Ground Water Storage Change o5 Ol 0y il s
WDP  Water Demand-Per Capita ) G pas 4l
POP  Population Cuxed
WS  Water Security ol el
N
IGW  input- Grodnd Water oy O (63959
OGW  Outpat- Ground Water o ol (g
IGWS  Input- Ground Water Storage o Ol e 4 (63959 ok
(Flow)
IWD  Input- Water Demand Ol G yano (63959
IWDA  Input- Water Demand- Agriculture $iy9usS Ol Cyumn (63959
IWDI  Input- Water Demand- Industry &5l o Ol G pan (6349



POPI

POPD

IWDP

RV

ET

RU

RF

CA

WDE

WDS

WURA

WERA

WERI

WDH

CDA

Population- Increase

Population- Decrease

Input- Water Demand- Per Capita
Rainfall

Rainfall Volume

Evaporation and Evapotranspiration
Infiltration

Runoff

Return Flow
Out Flow

Catchment Area
Water Demand- Envaironment
Water Demand—Sewices

Water-Usage<Reduction- Agriculture
\

Water- Economic-Rate- Agriculture

Water- Economic-Rate- Industry

Water Demand-Health

Catchment- Danger- Area

AR

ez
Canon ialS
Gl Bpae dl s (9399
ool )
)b e
Bys gy
S5

\
\ Ul

\ -

o 0je> 4 wejpj ol zgys
29re
o)’9> ol
Gy oo O Lol

o olasdl (gy90,00 &5
33711

o olasdl (590,00 &
&bl gimiao

Cudligg g oy sy ol Lol

Jow o dstine 5] Colie

(Variable)



PFH  Population in Flood Hazard Bolie > Flo Cores

MOR  Migration-Out-Rate oj> 5l Cplee £
MIR  Migration-In-Rate i & yalas 7y
GR  Growth Rate Cores Ay 53

381 @55 53 (55w A yramne
5 00 4l NetLogo (gjluand oy s wlol g el 350l 059> 53 «} Coiol gbgy Jdo
o5 ools s ¥ S5 5 e (sl (gl S Pl BBy oWy s Jua b

(Han 35 o0 mawds 1) Lisw dw 4 NEtLOgO Lol )0 dole sin Juo calo Jolpo .ol
> et al., 2017)

NEtLOGO St oligr o duss > Jdo s (1)
78 J s eals (V)

945 lnly eyl S5 () o
L odly p oyllas g5l dund 3 Shas p oyllas () @

p N (A

4 Sl 9 Jolge (sl lolsd Oledais (V)

VY



Joo adyf B9yl |

g Gl ko O S o g |
ot ity ] S
— e ol 8 Sl
ol ,galh«wbu J‘—_[ o 238
BJole NS glow i J‘_
!
(ool 5 o1 sk
!
0" iy byl Job pudd ]'_ [ Bosls (29 "
U 3§ jidani JaX3 i‘_ T w
@‘ ";a o &
Joliio ot yif g Sloludt Jukox }_

NetlLogo ,138heds )> Jao (& jlwams 51y sammo —F JSUS

N
s 2 Jlodcti a8 ]de dloul (3 dls g o Sodes F S > oul ool L a1y illas
1 AU e L 2 jlaike 5 b sl Sl b s Jsl,e NetLogo il o
(Davies, & Simonovich, 2011; V aal, 5l ol cuiel (adls aulxe jglaie 4 diwly o)
ol 4 & yg0 4 Fernandez & Selma, 2004, Bassi et al., 2010; Ravar et al., 2020)

WSI = WS /WD ) ala

Sygo a1 o) Gloli polie WD sVl &g 4 O cgial (a3 ls olje WSI &S 6ok
2lio alllae 590 059> ;5 4l A a9 b bl o YL dgg0 Ol o polie WS g 4¥Ls

VY



D)8 o Aol 5 Gygo 4y g ¥ odlaly Gillee WS pl il el onid

WS=GW=RF+1-0 Y dal,

i) ol 4B palie |l )5 CaS o ok 4 B)laas 3l 28 5 OIRF & (g)5b 4
Al yalre slaojes i d (293 o polie O Jlo )5 S o (youbio &

(55 ool (elilaze L) 53,5 o duolixe @), sillao RF o

\
RF =(0.15 (WDa + WDi)) # (0.7 (WDh + WDs). ¥ b,

323l WD ¢ L 5 o yio ysmbeo 0 53 308 e ST Lolis e WDA 8 (g pob 4,
Sloss 5w 5 Ol Loli palie WDS (Lo p3 CBSE o yades 40 Canio i > O Lolss
ol Culigy g ol yiSu 5 Ol Lol ot WDH § Jlo 53 caSe yio fyguee

(Zare et@alf2019) 545 oo dpole ¥ alal, 511 lude

¥ 1=R*cA*IC )
N\
N\
oy 1C sl i oo CA (Lo 13 o yio pubis & ok £lis)I R &S (gpsb &
A8l (o 35
WD =WDA+ WDI + WDS+ WDH + WDE 0 abayl,

A4



23lie WD Jlos ;5 xS yio ygabes 4 (6559LES isu 10 O Loles jolie WDA oS (¢ jobs 4
Sloss 5w, O Lolis polie WDS Jlo 13 oo o fyodes 40 Canto i > O Lol
2ol WDE ¢ cuilagg 5 oy isu jo Ol Lols polie WDH (Jlo > S je Ooako

Al e Jlo 3 oS o (gl 4 G e O Lol

(Zare et al, 2019) 15,5 oslaiwl y3j gy 4 A B 5 Lajlgy 5l o res (s i dpule jolate &

POP =POPI - POPD 5 dal,
4 :

\
355 g0 Ao ¥ alal b Bollao 45 Coman gl 53l Yole POP oo clron POP oS ¢ s 4,
33,5 o dsslooh dla ] el Conar LIS Lole 35 POPD

N\

POPI =((INR/100) *POP )+ MIR * POP Y alayl,

w8lioe 0jgn SIS ©p2lee €5 MIR 5 Cunen 13, 25 INR o7 (60b 4,
\

\
POPI,=(MOR * POP) + (PFH * 0.001) A ala

s jad dtns 3blis 5 5L 31,31 oluws PFH 5 o0js> 5l & ynlee ¢59 MOR &S (g ysb 4
23l g

\o



oo g s

Jite 81921 g clu 51y 0ukis i3 3 48 Slirg she

(Ravar et al., 2020)

5 oeldl Ll & iy 05 )3 39290 Ol e (el g Slyis g, ALl @ d2g LY )3
Sl 2y W s ] g J € 3 (o S JJI €0) ool 5o
Gl 00 48,5 a5 1> ol (gjlwdnds 0590 Jobo )

iS5 O 10330 (55 b (gl 093 Jgbo 3 it Lbylae | iSO e ¥ (258
e Ol) Cusl 0ad dplne Glosd 5 0y (8jlas Lo 3 Vo gl 5 (55 yslisS lan ||
(92 ol >

N\

(GUI) 1,5 S5 Lol 51 5 NetLogo 1l B lamma 15 ons ol cligy Jo 0 S0
Jolo 2l inles g Jde sly2Mglaio 4 NELLOGO yljélle y wiuus 2bgz jlo St 53 02 slox
am o i |y el cusd Pulefen ) Of cutal by Jo (sjloans 5l

Iy NetLogo 158! s 1> ois masifiglisy oo 53 Cuond o Sl cudy Ve BY gl IS5
\ A2 o s S8 4y

1



SM90 E

ey ISMI 232 -n0-uope 6| a3ey-NI-Uone By
SAM|
P 1d0d|
£a.y-Iabueg-Juauyie))|
dod 4
[l Hdd|
aey-voI9
an
Yam)
EL]
E MO0 MO
o dam < MmN 4
I
eam <
13|
Ealy-JuBWIE)
M
ey ISh 4 1
ETHIMI|
A k|
ny|
ﬂ,oa % U Mo 3geusp  paiS P ARa I3
lo1=
L= — % 6O A& 0 ¢/
3p0D | wesbeiq

- -

1 sbgr Joe -0 JSG

. ”.

91 slwdawe 43 0ud b — yelind Cudd pSul 059 0

2l

NetLogo 1381 o 5 auwwsw

ARY%



'WD:
Ewoi

Water-Demand-Agri
0
Water-Demand-Industry
Co b O entiveire

How

Bwst
Opor!

/
/
/
2
2
Wawsc
2

v

Water-Security-Index
4t
POPULATION
GWSC

[v] view updates
on ticks
0

pBis
0
0
1000000
0
500
500
0

=
§ u g
- R
g |- =
\ E z ] g 3l
= =K g g
g 2 g
bW m‘ §
— g ma 1 B
a8 Bl ES B,
5
A 5 2| &
] @ g 5]
L o F =
“w = b=
2 sz E|sF
&= +¥ | Sl 3 3
£ 2 - ,
8|8 = =
NS 2 ]
| =1 & 2 N
Z|E| =% :
& g & =
-] g &
‘:% - 5 EEN IR
=2€ w
=&

s9ke 43 NetLogo 1531 oy piwaw (2Ugs jlwoe 43 awi sl ! (GUI) o,l5 (S31,8 bl —F S
29l Cudd j8al 0jgn 5 Ol Catel Gligy oo (§3lwdnd I Juols gl (iuled 5 Je 12!

YA



Catchment-Area

V4






qGrowth-Rate

{[Migration-n-Rate TreT——

\ Catchment-Danger-Area

o

&}h&l,@',yi%alva&uw)ﬁ—\~ IS

Y



Joo (s jlas!

sloodls g i (gjlwdend sbodls cun (Bjly 423 0l (Shb Juo (uiw el jolate &
Gub Jl Olsiie 1y Jse 9 dgr9e Mo 13,8 Salefl Jae (5l ey b (S Bl
b 0308 g (Stnod (p90] (adly (Sl slaodls (sllad os g (295 i (3ldons
D9 gl sl ()Sos &S 1l 1 dBge 4 1l Al 4nbl S92y (555 Bl ylade 108
Cubld g jlael «ds 5 Wb o el (Su,b sleodly o (gilwdnd sbrodly Gl ol sy
Mo (s glad et 2bg Silode 3)llinl 4 a2y L TAL oo S50 Jio liseb]
28l Joo (o9 dlazsl LB g (392 e owmdlis Kl o ZEN - 3 GaBly ke g (5iludnd
iy gl ol )y Sy Ao Yo g, (slin 0 Jbo 3 b 51 e <kiwl, BB (Han, 2010)
Camer ol sl WAASIYA: el JLo o (o3 5 o0 oanlilifElhosls ¢ Jie )3 o
ke ol 5 O Lol 5 pome clons 5 80,50 B tii> il oliee
b JS5 53 &5 jolailon cplply 03,5 (Siw)lisl 5 80 e SOV BV sl IS5 55 s &
0123 L3 oS Conl 7)o 1 S ably (lmodlng (oM T @ta0sls (8150 ccan o 03l (L

Al o pols imgs 55 s dSlheliuial Jao g slexel BB g 39 S50

......

......
.
o - -
2

Yononun

4y 47 4 48 a8 3y 4A
(JL) ol
— ot i sib gt

Curon ol oo jLiel V) JSKUS

Yy



(wSe s (s galue) T p2r>

(S e s galae) & T poins>

(Jb) o

—id paallis = = sl gl Al

1) ay v af¥ 4a af v

(Jw) e

— il ptlie e e e ol g Al

Crivo (s 35 O Culild yr p e (oo Hlis! -V U

Yy

aq

49



1 € %
[ Ly

[+

(S i oy galae) T oo

(>3

(S yio 5 gl ) T pon>

4 ay q q¥ 48 a¢ ay

(Jw) o

—_—alaalis = = =l g el

4 ay qr q¥ @ af av

(JW) b3

— ol il e e 2l g Yl Al

Glosd Wiy 45 O Cuildp ywalile (oxiuw Hlie! -10 JSWG

Y¢

a9

s



aelae) ST (D paao) Lo pans>
(S
!
F
!

0
-
I

ay qy a¥ a8 af av aA aq

(o) sl
— il il = =l g el

|

Lol 3,50 ol pes 3lin oBonsylis! V5
\9

Y&
3 ...
—
3.
:i Vo,
1"
i .
o

a. 3 ay ar q¥ a2 3¢ ay aA a3

(JW) ok

— b1l LI [ _a_\_:_st_.q_».__._:_.
093 sole (oxw el VY S
2 e e sl g cushd pac b oyes 0 5B slacodgise SD sl Jso (Jls cpl b

uﬁf)) d‘)’ SD ‘)J) ‘uo...lsl L_Jl).u.x.) u‘).u;b Lgl.hgf).’?m oS 0394 ‘JJ)l.) uT C"L‘" L;LEW
(Kelly et al., cus caslio wigs o b o 5l el lacyahad pac ol 457 48 clnolSad



|y I8 JB (slogali jlo e iz queldl s b 50 Coalad pae |y dblio (4,2 .2013)
S P03y il g (sl Cmlun Sl g a8 plonil piomen g ol I Sglite b )
Bl @l 59y » 8L i b Jbe lipl b b pelly (63Lo)lS8T 5 Jsins (sjluJbo gl
S is olsl p 1y ol s Calisee (90 5lus 4w Gohari et al. (2017) Jko (gl .l
gl |y Gl (glacusls (g piscbllan] o il &8 3,8 sloxl 1oy3 VO 9 B+ XD Loz
S wul8l yoms Syl > Cuslad pae b ablis 4 g jlis 03900t dw (pl a5 Db lis 5 0,8
Vo alBlis 08 23 b cuwlus s 4 4550 Kotir et al. (2016) <yl p 0gMe .05 0
Jho iy 2 pasetiol sl tal)ly > s 36 (SgSe 2Lyl sl selS (sl it 51 003

S pll Jao (29y5 0 b cushad pas 0dll L300 Soloiimw e, J8lis 4 o

N

\
B lgin g (5 o5 Ao

H 4 g Jo > slajgiS 3 opeligsdieSiilis » Sopse il Jlb
ool g golaBl-elual Lol ((Sfslg)Yadlass o 3)Slee 5l (30 (lo Sz
Sl eloniylh ysb ay ccalzte Clual (gl T 51 oalatl b b e (cla 51,55 o b yssy) dlajls
dlaBl- cloin! glapllas yo o aglas oo 5L g 00umud EMolad ¢ olb jobo a4 cunl ouds 3551
Gl ) SD (cla e 4z FMaSie Jlsss |y Clagouad osilly (sladoly 5y Lases
Sy e sfa by LlTiles S obnl ptusw ) I (amg b lp 5535
o 8Sle 4 s 5 il S (e 5 (olaiBl eloal ((S55lg i lapin
Sl ol Yoot ol S Lo Slo) 35 oo 45,5 a5 13 Sl jobo 4y e

Dl oy Blisee clapiuce 0 Jolgs (g ddsie Ol 5 Cglite JSSe 5 Sl
1,58 gl ol Ll et lgie 4 Ol uman Gl 4 gy g L 3 (slo amd 5
ol 9 O 10 5 cawlio CutsS b Sl odle ol awyiod Tl ol ke les S
S Cal ol Cably (Jl opl bl (65588 o Sy g g ol s 4l 1 (S osllas
oo S i ads 500 59 4 (6598 5 ol e OMSie s g Cunle p3 Cglds 2939 b
dol oyl casdly oyl ol Ol ns Copte g dal )T oolinl I (56 b yguiS 51 gyl 5>
oy el ol bl el BB derg0 WM (g 0 Ol o e dgupp b a8 WS o sl |,

u] @L«o Coupde g um ch u.:95 09“"’ 5 u,wLwl ul).wu on)Lu 9 Cnsd )JA: u&ol

Y1



—obl sbapllas 3,505, (BLSGhg) Cou g Lp)lS ol Jaol ol Gingh 5wl
(22683L 5 Jols) odzmy slo iy 8,5 Jai o 5 f ol Gligy Joo 032995 b Cyjlame
Il g gy ol 5 d ) Glal pelis sl eje 3 e 5 Sladl slaptuss o
Sl cwolio Syl Ll cpl )0 5 sl pias (dCudgize Cople Bun b joine (950>
Do adiS Lb cuwolio ol il 5 cunl (gy9p0 sloinl g (b e (485l cud )l
2 g A L ye 5581 - eloinl laplas Jool b Jol5 )5k 4 & 5)lul clac)les
ozl «usS 5l Sl lase byl Sy 1l A5 )ke g o 4T a5 ) laxe Cu dlgu
5 ol blg) ST pslsl gl ot (taled g JSibio Ly o5 e gpgl ol o e (Jolss
e b (62,8 o I Gl slapllas polaws (oaled (gl bl (pl Bl e sy Lame

g2 dalgd LiSal) 5 Cgllas Jal,8 dlapllas 5 g

Coleg 3 5 opllas ol & its g it 31 BB T B ell 2 ool
O poytand )3 gite s o plid b jsul o (rejty ol (giluplle 5 cbles
Jlo g 355 polaie 4 sl ()90 059> (I 9008 Jlae (il Lo sl (gl o]
c sl yo dhdis Zolaw AL dalllas 350 i jd LYo by Ol Sl do U mols g JolS
b 0ad (alolid @Ml 5 adSislind el s hss 5 650k Caled 3 9 (ame (25T

Do oo Mgy Jdo !

(ABM) ;g0 ol (53Lo JolgiSD) i (2l jl osliial b pal (simgy 5 lily cul 5
31 oY T il Joo ins odomy sloptss s Sl @l by 50 4
015 (6jlod 5 ol BBRLL, cloosls dunlio 5| ol zmls 43,5 @yl 5 ol b el et
5 oy i LIS ot 5 Sty i mor Jolo sl ARV (sl Lo
clodls Juegiloans slaodly Clysul amd o lis yo,b polie g Of Lol JS s closs
Ol el Jao o9 slasel BB g (gr 50 sdimd (LiS ggge pl g ol LVl 2aS Bl
5 o] Ol cuel Cunsy cwiin ¢l ol 5l olge W sl e pols imgh 45 ek &)
2 i yglaio &y ciliss (lagy )l 38,5 5 )3 (yad g 3gad olitsl Helid Cudd i3l o5
wjpr > Ol Cutel Cumdy g gl I Sopn 55 s 13U odalie g Jae s B (slayiell
e el o 50 Of Coiel dg sl S0l et ol sy 5 g sl e Gl

Yv



Jos g cpn Caan (g ool 50 0ad Al Jae 5l (g pS0s00 Crimed ges e 3 1) ool
33,5 oo Sl H9iS sl (slbojgr poled yd ol el Cumidg

&b Cow g8

e Ahmad, S., Simonovic, S.P., 2004. Spatial system dynamics: new
approach for simulation of water resources systems. J. Comput. Civ. Eng.
18 4), 331-340. https://doi.org/ 10.1061/(ASCE)0887-
3801(2004)18:4(331).

e Ahmad, S.S., Simonovic, S.P., 2015. System “dyhamics and
hydrodynamic modelling approachesifor spatial and temiporal analysis of
flood risk. Int. J. River, Basin, Manag, 43 (4), 443-461.
https://doi.org/10.1080/1571512%:2015{1026954.

e Ahmad, S.; Tahar, R.M.; "Muhammad-Sukki, F.; Munir, A.B.; Rahim,
R.A. (2016). Application of‘system,dynamics approach in electricity
sector modelling: A review. Renew. S\ustain. Energy Rev. 56, 29-37.

e Baldassarre, GiD., Sivapalan, M\, Rusca, M., Cudennec, C.,
Garcia, M., Kreibieh, H., Konar, M.,/Mondino, E., Mard, J., Pande,
S., Sanderson, M.R.,"Tian, F.,\Viglione, A., Wei, J., Wei, Y., Yu,
D.J., Srinivasan, “\., \Bloschl, G. (2019). Sociohydrology:
Scientific ChallengeS'in Addressingthe Sustainable Development
Goals. Water Reisources Research, 55, 6327—6355.

e “Bassi, AM. /Tan, Z., Goss, S., 2010. An integrated assessment of
investments Mards global water sustainability. Water 2 (4), 726-741.

o Bertone,\’:‘., Sahin, O., Richards, R., Roiko, A., 2019. Assessing the
impacts of extreme weather events on potable water quality: the value to
managers of a highly participatory, integrated modelling approach.
H20pen J. 2 (1), 9-24. https:// doi.org/10.2166/h20j.2019.024.

o Davies, E.G., Simonovic, S.P., 2011. Global water resources modeling
with an integrated model of the social-economic—environmental system.
Adv. Water Resour. 34 (6), 684—700.

e Ding, Z; Yi, G.; Tam, V.W.Y.; Huang, T. A system dynamics-based
environmental performance simulation of construction waste reduction
management in China. Waste Manag. 2016, 51, 130-141.

YA


https://doi.org/
https://doi.org/10.1080/15715124.2015.1016954

Ding Z, Gong W, Li S, Wu Z. System Dynamics versus Agent-Based
Modeling: A Review of Complexity Simulation in Construction Waste
Management. Sustainability. 2018; 10(7):2484.
https://doi.org/10.3390/su10072484

Epstein, J.M. (2008). Why model? Journal of Artificial Societies and
Social Simulation, 11(4), 12.

Fern ndez, J.M., Selma, M.A.E., 2004. The dynamics of water scarcity

on irrigated landscapes: Mazarrln and Aguilas in south-eastern Spain.
Syst. Dyn. Rev 20 (2), 117-137.

Forrester, J.W. System dynamics, systems thinking, and soft, O.R. Syst.
Dyn. Rev. 1994, 10, 245-256.

N\
Gain, A. K., Giupponi, C., & Wada, Y. (2016)..Measuring global
water security towards “sustainable de\7elopment goals.
Environmental Research Lettersyl1(12), 124015,

Ghorbani, M. (2018). Water Governancesifisthe Face/of Global Change.
University of Tehran press. 330p. (In Farsi)

Gleick, P. 2003%Global freshwater resources: Soft-path Solutions for the
21° Century. Scienee, 302: 1524-1528.

Gober, P., & Wheater, H. S:2014). Socio-hydrology and the
science—policy interface: a case study of the Saskatchewan River
basin. Hydrology and Earth System Sciences, 18(4), 1413-1422.

Gohari, A., Miteht, A., Madani, K., 2017. System dynamics evaluation
of climate ck@nge adaptation strategies for water resources management
in %Central Iran. Water Resour. Manag. 31 (5), 1413-1434.
Pttis: Mald¥.0rg/10.1007/s11269-017-1575-z.

Han, M.X., 2010. Research of industrial pollutant emission reduction
potential inLiao River Basin. China Popul. Resour. Environ. 20 (8), 75—
79.

Han, T., Zhang, C., Sun, Y., Hu, X. 2017. Study on environment-
economy-society relationship model of Liaoche River Basin based on
multi-agent  simulation, Ecological Modelling, 359: 135-145,
https://doi.org/10.1016/j.ecolmodel.2017.02.016.

Kotir, J., Smith, C., Brown, G., Marshall, N., Johnstone, R. (2016). A
system dynamics simulation model for sustainable water resources

Y4


https://doi.org/10.3390/su10072484
https://doi.org/10.1007/s11269-017-1575-z
https://doi.org/10.1016/j.ecolmodel.2017.02.016

management and agricultural development in the Volta River Basin,
Ghana, Science of The Total Environment; 573, 444-
457 https://doi.org/10.1016/j.scitotenv.2016.08.081.

Kriegler, E., O’Neill, B.C., Hallegatte, S., Kram, T., Lempert, R.J., Moss,
R.H., Wilbanks, T. 2012. The need for and use of socio-economic
scenarios for climate change analysis: a new approach based on shared
socio-economic pathways. Glob. Environ. Change 22: 807-822.

Li, R.H., Guo, P., Li, J.B., 2018. Regional water use structure
optimization under multiple uncertainties based on water resources
vulnerability analysis. Water Resour. Manag.“32 (5), 1827-1847.
https://doi.org/10.1007/s11269-018-1906-8.

Majedul Islam, M.M., Shahid Igbal, M., Leemans, R.,"Hefstra., N. 2018.
Modelling the impact of future socio-economic and4€limate change
scenarios on river microbial water quality. International Journal of
Hygiene and Environmental Health. 221:283-292. ¢

Moussavi, H. (2018). TheyRole of Secial Capital in increasing of Local
Stakeholders’ Adaptive Capacityy, Faeed| with Groundwater Level
Decrease. M.Sc. Thesis., University ofiTehran (In Farsi)

Nasirzadeh, F.;'\Khanzadi, M.; Mir, I\} Ayhybrid simulation framework
for modelling construction projects using agent-based modelling and

system dynamics: an‘application to model construction workers’ safety
behavior. Int. Journal of \Constr. Manag. 2018, 18, 132-143.

Nikoli“c,,l. Co-Evolutionary Method for Modelling Large Scale Socio-
Technical Systems{Evolution. Ph.D. Thesis, Technische Universiteit
DelftyDelft, ThedNetherlands, 2010.

Pahl-Wostl«€. 2007. The implications of complexity for integrated
resource4nanagement. Journal of Environmental Modelling & Software,
22,561 569.

Ravar, Z., Zahraie, B., Sharifinejad, A., Hamid Gozini, Samannaz Jafari.
2020. System dynamics modeling for assessment of water—food—energy

resources security and nexus in Gavkhuni basin in Iran, Journal of
Ecological Indicators, Volume 108 .
https://doi.org/10.1016/j.ecolind.2019.105682.

Sadoddin, A., Shahabi, M., & Bai, M. (2017). Integrated Watershed
Assessment and Management Principles Approaches for Modeling and



https://doi.org/10.1007/s11269-018-1906-8
https://doi.org/10.1016/j.ecolind.2019.105682
https://doi.org/10.1016/j.ecolind.2019.105682

Decision Making. Gorgan University of Agriculture Sciences and
Natural resources. 170 p. (In Farsi)

Scholl, H.J. Agent Based and System Dynamics Modeling: A Call for
Cross Study and Joint Research. In Proceedings of the 34th Annual
Hawaii International Conference on System Sciences (HICSS-34: IEEE
Computer Society), Maui, HI, USA, 6 January 2001; pp. 3003-3010.

Zare, F., Elsawah, S., Bagheri, A., Nabavi, E., Jakeman, A.J. (2019).
Improved integrated water resource modelling by combining DPSIR and
system dynamics conceptual modelling techniques. Journal of
Environmental Management, 246: 27-41.
https://doi.org/10.1016/j.jenvman.2019.05.033.

Xi, X., Poh, K.L., 2015. A novel integrated decision support tool for
sustainable water resources management in Singabore: synergies
between system dynamics and analyticsierarchy,precess. Water Resour.
Manag. 29 (4), 1329-1350. https:#doi.6rgls0.100//511269-014-0876-8.

Xu, Z., Yao, L., Chen, X., 2020. Urbamwater'supply system optimization
and planning: Biobjective optimizatien and system dynamics methods.
Comput. Ind. Eng. 142 https:// doi.org(lO.lOlB/j.cie.2020.106373.

Yazdanparast, M., Ghorbani, M., Salajegheh, A., & Kerachian, R. (2022
a). Analysis and Assessment of Water Security Index (WSI) in
Neyshabour Plain  Watershed. Journal of Rural Research, doi:
10.22059/jrur.2022.340867.1730 (In Farsi)

Yazdanparast M, Ghorbani M, Salajeghe A, Kerachian R. (2022 b).
Analysis of Water Security Concept in Neyshabour Plain Watershed by
Using Human-Environment System (HES) Interaction Framework.
Journal of Rainwater Catchment Systems. 10 (1) :13-26
URL.: httg://jircsa.ir/article—1—452—fa.html (In Farsi)

Yazdanparast, M., Ghorbani, M., Salajegheh, A. Kerachian, R. (2023)
Development of a Water Security Conceptual Model by Combining
Human-Environmental System (HES) and System Dynamic Approach.
Water Resour Manage. https://doi.org/10.1007/s11269-023-03449-5

R


https://doi.org/10.1016/j.jenvman.2019.05.033
http://jircsa.ir/article-1-452-fa.html

Designing and Development of a Dynamic Water Security
Model Based on Social-Ecological System Interactions
(Neyshabur Plain watershed)

ABSTRACT

In the present study, using System Dynamics (SD) and Agent-Based Modeling (ABM), which are
two common methods for investigating complex systems, the dynamic model.of water security for
the Neyshabur Plain watershed using the agent-based software NetLogo with the aim of identifying
and analyzing the impact of different water consumption sectors on the state‘of water security in
the watershed was designed and presented. The results'show the effectiveness and reliability of the
water security model presented in the present study. Therefore, it can,bedused to predict the water
security situation in the future years in the Neishabur Rlain» and while considering different
scenarios in order to change the modifiable,parameters‘ef the model, and observing the impact of
each of them on the water security situation inthe basin, the bést scenario and in line with that the
best solution to improve water security in the Neyshabur\ Plain watershed can be determined.

Keywords: Water security, System dynamics, Complex systems, Agent-based modeling, NetLogo

Extended Abstract

Objectives
N\

Facing the, problems of governance of water resources requires a multi-level and all-round
approach. This,all-round approach considers water policies as one of the components of a larger
complex, which, al&g with other components such as extraction technology, infrastructure
facilities, complementary industries, distribution and transmission networks, water market and even
culture and the cultural symbols of water consumption together make up the socio-technological
regime of water. Therefore, the aim of the current research is to design and present a dynamic model
of water security for the Neyshabur Plain in Khorasan Razavi province using the integration of
system dynamics (SD) and agent-based modeling (ABM) in the NetLogo software in order to
identify the impact of different water consumption sectors on the water security situation in the
watershed.

Methods

Y



System dynamics (SD) and agent-based modeling (ABM) are two common methods for
investigating complex systems. Each approach has its own advantages and disadvantages. So, these
two models cannot solve the complex system simulation alone. Therefore, the dynamic model of
water security in the Neishabur Plain watershed is built based on the NetLogo simulation platform
and is associated with a dynamic and multi-factor system model.

Results

After designing the model based on the 20-year trend of changes in the parameters defined in the
model, the observed and simulated data of the years 2011-2019 for the pepulation factor, the amount
of harvest in the agricultural, industrial, drinking and service sectors, thetotal volume of water
demand and precipitation values were presented and validated. The results showed that the
deviation of simulated data and real data is less than 10%, which indicates the effectiveness and
reliability of the water security model presented in the‘present study. N

Discussion @

Modelers in developing conceptual modelsycalibrating“and validating a complex water resources
system faced difficulties including differencesybetween, scales”and complexity. As a result, the
review showed that most of the reviewed studies rarely Ronsidered the four subsystems, especially
for systems that include cultural or political subsystems, bécause cultural or political variables
cannot be easily conceptualizediin both qualitative and\quantitative aspects. A high level of
uncertainty and dynamic complexities,are inherent,in water resource management systems due to
nonlinear aspects, feedbacks, and delays,\which pose challenges to decision makers. In addition,
water resource systems have spatiakand temporal characteristics, and therefore patterns in time and
space must be examined togetherto understand the dynamic behavior of the system as a whole. In
this regard, in the present stud} using system dynamics (SD) and agent-based modeling (ABM),
which are two common_methods for investigating complex systems, a dynamic model of water
security,was designe{and presented for the Neyshabur Plain watershed. The results of comparing
the observed and simulated data of 2011-2019 for the population factor, the amount of harvesting
in agriculturegindustry, drinking and services sectors, the total volume of water demand and rainfall
values show that the deviation of simulated data and real data is less than 10 % and this shows the
effectiveness and reliability of the water security model presented in the present study. Therefore,
it can be used to predict the future water security situation in the Neyshabour Plain watershed, and
while considering different scenarios in order to change the modifiable parameters of the model,
and observing the impact of the change in each of them on the water security situation in the basin,
it is possible to determined the best scenario and, in line with that, the best solution for improving
water security in the Neyshabur Plain watershed.
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