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Abstract

OUS>

Ecological and social science researchers have long faced the
challenge of modeling the intrinsic complexity of socio-eco-
logical systems. A popular approach to understand and in-
vestigate these systems is agent-based modeling, which has
been used not only in ecological sciences but in many other
disciplines over the years and has become a widely used tool
nowadays. Despite the importance of this modeling approach,
there was no standard protocol to make and present these
models by 2006. Hence, several expert modelers who covered
a wide range of areas in ecology suggested the ODD proto-
col (Overview, design concepts, and details) as a standard for
describing individual-based models (e.g., agent-based mod-
els) in 2006. After that, some providers of the first version of
the ODD protocol have developed an updated version of this
protocol in 2010 to resolve problems and ambiguities of the
original version, as an alternative for the previous version, by
reviewing research that used this protocol. Then, consider-
ing the fundamental role of human decisions in agent-based
modeling, a new version of this protocol named ODD+D was
introduced in 2013, specifically for this modeling approach.
The purpose of the ODD+D protocol was the development
and modification of the ODD protocol to create a standard
for describing agent-based models so that it can consider hu-
man decision-making within itself. Due to the importance of
applying this protocol in the structure of agent-based model-
ing studies, the present research introduces the ODD proto-
col, reviews its evolution over recent years, and addresses the
detailed description of different versions.

Keywords: ODD Protocol, ODD+D Protocol, Agent-Based
Modeling, Human Decision-Making, Complex Adaptive Systems.
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5-Process-based models 6-Autonomous
8-Protocol
9-Rational-choice theory  10-Bounded rationality theory

11-Model Representing Potential Objects That Appear in The

7-Heterogeneous

Ontology of Human-Environmental Actions & Decisions
12-Individual-based Models

13-Overview, design concepts, and details protocol
14-Network for Computational Modelling for Socioecolog-
ical Science: CoOMSES Net is an international open research
community dedicated to fostering good practices for com-
putational/agent based modeling

15-OpenABM is a node in the CoOMSES Network, provid-
ing a growing collection of tutorials and FAQs on agent-
based modeling, a model library intended to provide a lo-
cus for authors and modelers to share their models, and
forums for modeling-related discussions and job postings
17-Block
20-Details

16-Element 18-Overview

19-Design concepts 21-Purpose
22-State variables and scales

23-Process overview and scheduling
24-Initialization ~ 25-Input
26-Submodels 27-Object-oriented programming
28-The model description follows the ODD (Overview, Design
concepts, Details) protocol (Grimm et al.,, 2006 & 2010)
29-Collectives  30-Pseudo-code  31-Self-explanatory

32-Basic principles  33-System dynamics 34-Emergence

35-Adaptation 36-Fitness 37-Objectives
38-Utility 39-Learning 40-Prediction
41-Sensing 42-Social networks ~ 43-Interaction

44-Stochasticity 45-Observation
46-Individual decision-making

47-Heterogeneity 48-Implementation details
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Abstract

OS>

Restriction of water supply along with increasing demand
in recent years has made water scarcity a serious problem
in Iran. Today, researchers emphasize that the solution
to the problem of water scarcity is not only to increase
supply but also to demand management. Because water
plays a key role in sustainable development and regional
planning focuses on regional potentials and benefits,
water resources management is an appropriate strategy
for achieving sustainable development. Therefore, the
purpose of this study is to analyze and evaluate water
consumption in the economic sectors of Isfahan province
using the water footprint index and data-output table. The
results of this study showed that according to the water
footprint index, although the "agriculture” sector is still in
the first place in water consumption, but its share of total
consumption has decreased from about 91.73% to 67.81%
and the share of the "products industry" Food, Beverage
and Tobacco “has increased from 0.40% to 14.74%. This
result shows the difference in water consumption with
the water footprint approach compared to the traditional
approach. Also, the results of this study showed that
the per capita water footprint of each citizen in Isfahan
province in 1390 was equal to 2767 m3.

Keywords: Sustainable Development, Water footprint,

Input-output model, Isfahan province.

VY

Glodl 53 Lol Giali3l b olyan W mlis diye Cadgass
Jos Ol 098 53 g dlue So @ 1) OF 35468
dlus Jo 580y wiyls WST Hlaase 0)g,0l Caul 03,5
G b L Cd Aoy GRIBI p 35,8 g (Of 29S
23 Gl 285 OT &S (el 3105 dog 5.6 Lolas o e
lodewslty &5 glddhio glagiydeliy 5 215 Hlul dmwss
oo 2350 L8 degl 35,0 |y lddhis glaose o
dzwsd 4y Ougaly Gliwly 53 Clis @33ll S O gilie
9 dulod polo pregly 3 Gus bl ol p .Sl Sk
oladol bl golasl glagiss 53 O Gpae bl
Lol 0L3lw—0315 Jgdz 5 O by azls Sloslatwll
6Ly pasls pluly lsolis Gianssy ol 3| ol gl
B pae Cowss 4) ) Olizes «83uslaS» isy dz )31 O
20)> VWY 3545 31 B pan JS 31 0T e Lol 0yl 51,3 T
Vgame glion Ghisu egu 5 48l Gl Loyd FV/AY 4
Joyd VEIVE &y duoys +/F+ 31 «Olilss g 3auwlsl (olde
30 Oolds owadlad dout ol Ll 00,5 lug inlid
G 3,505 4 S T b0y 3,5055 b O Bpas Oliae
Gl s 9Lis agiy ol 31 Lol gl Owisas -l
L ol W Jlo 5o Oladol Oliwl 55 Wigpad yo Of sbs)
S usSasie YVSV

0Llw—0315 Juo T Gbd) ylubdzwgs :gudS glaojly
Olgaol olil

DOI: 10.22067/jwsd.v8i2.1007



Blod ol 31 9 0 alss azlge YU slo T (28 L VP Jle

(W0 (l3) Ol 1,3 Olgz WY ) yo
dibie 53 53,5 58 b Olghol Oliwl Camds s Byb 3l
4 Cumaz ddy Sl ol 5l Oyl Sdisdad 9 S
JES| Gozman lagsb 08 ol sloJlusis ol e
S Moy .l 03,5 535 Gidler Uy Sl 53 LT (s o
pow dd) 9 0383 )5S Cumazyy Oliwl (uegw Olgdol Gl
Slops ool g 03l polais! g5 4 Iy Llsls (IS udgs
Sy 9 Copde Olojlw) s ygaS slaglin) Gle o
90 SOl dazge Jasl A ¢ game (VAP lghol Oliwl
Sliwly > Cowl 385 5 @ole LS5 L O Bl Sy e
5 a6 oudplos! Galine Gl oszss dliwe Jo
oS ol ) doginyge 4S5 Lol oualys Iyl dlope s L)
2 Ol pilie Cudybs ialidl by 5 Oleludl ol 31 (g3l
Ldzgil S ol LolES Bybds dagd Gy (usiwd
G ihume Ol=d 5 elaaz] qsolaBl (8 glaSuzn
@ Il Guwiwd sohiedy 0)gpl g ddye glasSus)
5095 S Olgisds Lolds yb Cu e 51 odliiul o b
Bohme 395 4 |y SR do g ddye Gialidl slods (030l
Y8 o udgs glolas (Y« +# (United Nations) Cewl 63,5
39 G S0 Ol b3y el ) rasLi awgs dihais ;o
A 8yma (Y++Y) Hung o Hoekstra hwgs )b (utwso oS
4.9 Gl O Cyles b o33 blay) Of @by poade
odlitul 390 oy Ol ez US S Ol Olgis Ll
dihin SO OSl Jawgs ous Bpae WV¥game Jdgi gl
5l (Y++V Chapagain 9 Hoekstra) wisbe O by |
SluCaslyl azls ol 3l 6xSom lodygliws dles
w55 6l T 7S Gopae b anlise VIS oSl 3ol
by oseire oialel LB Wlgie pasli ol @Bloys el VS
wasls ool 5508 8,8 (I (Lhwsy 9 Gdeme) dad plos]
O 3y el sl gl 1 Bpae 555 31 0ol OLas
Loy enl (GAuSS g jaw ) ol b)) 4dlse dw Ghylo
Of by 9 Jgame udss 55 oalitul 9yse OT Ylea (ol O
5 Hoekstra) Cuwl by Sail 3 diolo O s 43 5
Wl b a5 ol G ez GRS OF (V)Y O
9 Cewl 0315 Cewd )l 1y 395 ddgl CudS 9 ouiodg)] Uy
G 2o © Dsde Grub SOl s 3ls Sl
zhw 4 ) 03] slow] CudsS Olgis B Cawl Jlidyge oS
Sgdip disS G iwSls “r’T sk Wl wslha 9 o)luiliwl
2 ©ddxie Olellas (Y+VY Hoekstra g Mekonnen)
odds plodl OF sl diw) 30 OLSiossy Jawsd Olaz sl
e ) O b3y 29l sl Slslllae b Il 5> .

V¥

5 &l 3 6olop0 5 a3y (I (Sl dad Wiz Jsb o
2 380 Gy Olegoge 3 L0 4 Cawihumme 0,53
ol 00l J3dS Cewndhuse Jloliin)S 9 Olaiedsls G
L dewgidlod glaysdS @dbdswss slaysdsS BbSS 3l
593 By 3l g 0ols 43 Hlidied Wassly g53 pialS ¢l
095 ybls 1) adlidmwsd GlaygdS dswgidlo)s $laysiS
Galpas) wisde 1,3 lanl dyge Lol suel Blowl (Su3j
S byl i9.ms U.:lﬁgsjscm 8§|3 20 (WY Gbole
2 dz,S)oud Grub @l 3 GBpas dew Gl 4 oo
Gdadils 50 Lol dyld olyo b goladl uisy g 0l8y SueoligS
Sz Gladdd 3525 b 09de etuswsS) 4 ol Cisly
4 Gusewd pds 9 plugusS Cud)b 3 GLulS dlegl 51 46
Ay 02 5L (el LY adss gl 3L 2y9e b e
2> MBle S5 Gy 9 WS (56 Cumd (1SS pan Cuulss )
Cf ezl Grub @ilie 03,3 0w 31 42 955 B pan 0553 3)30
Olagd b & b glie ol 31 G50 W30 owls S5

Al G @l Coul 9ydig) gue
3L 5 2yl Gleias Cunal Geloizl-golazdl (YIS Hlgieds
ClaS IE @ OF i S5 ol daas 53 0T 43 09380595
02 5 Rlooc] Olusd oo 1500 Byb 3l .l 00,5 Jous
G @lie w2 G 5 650 dloel 4y yoxie Cumas Gil3él
50 AL Olaz (3395 9 $olamdl dswsd il 30 Ble &S 0
hwg odddgys dVle glagnlS (YA OhlSes ¢ Liu)
PO b QlaS gaie (ol 4 dzgl Cumal GULIGw sladly
9 VoWV Jle 5> o Glojles gylsS 3ub Jlie $lp LS 0
S S Hladles 9 Sis @bl 53 Olaz p3ye powsd
Mo il ouiadilis Cawd il laginliS S e
Sy humme Sl S 4 0393 O 09405 31 Lol S 59)5S
Olgie ke (unts s il plael 9 008 i Slute |y
023 055wl 30 () @olie grusmio 5 A¥ole panass S Olo
(YA G 9 Lin) Cowl ou Joud 005 (il SG @
Gz piole)S 000y 5 Gadldl Ol JuSlais ¢ 639 2Bl 5o
G5 90393 NS b byl )3 e Jslgs o fege Olgisds
Caanydl Caos oo e 3l il slonignls slaclss 5 Jalgs 3l
2 @ dog Sl (ol pogdle Wi (el & 9050 0l @2
oaass O mlie o5 Sisdes 9 S o8l b bl
Slazel dy s 00y (S 3 9 Sl i 31D (55309450
03T 35 Loasldl Clyaeis s 3blie ol OleliiylS 51 gyleus
ol (Y430 (Ol S 9 Okadera) wio wislgs 56 S Sas
23 0lpl S ¥ VO Ul 33" Slaz lie dunwse Glaiaing

Ver s oylod ot Jlu

Il dmags 5 OF 4y i



O Qe Casdy Sl 31 0LiS gy 0l 3 ool galis
D10 G 9,509) i Cand Bpan 5595 b

5 3y (auldl (Ll s YL £ 935 Ol 19S &S (LTl
Sldihie glags el diejls diagd & o5 (ol 5 3yl elos
Copde 5 b I digy olopoy 33 o8 sl 5 Sl
ol Bua (Cawl e =8 Cumog Hus 9 (lwlis (&L;.A
2 golasdl calise slagiss O Gpas ddod polo Jiool
GBylas 5998 Casmds bl b yal ol .l Slaol i
dihis 5> Of plie digs Cupde glily 53 o sl Ol
odlitwl O 39S dlius Jo Slagiey 3 L0 Ogds LA
ke glise S O 5bs) deulowe Coul OT Loy s ls )
S e pald Of mlie Co e

L igy 9 dlge

pleil sshaieds 558 laylinl 31 S lsieds oiliw-00ls Jgue
5 OIS Cwlew @l Iy Gsmdsn (sdladl Calisne gladidos
03 1y nCaulw 5 Ladaliys ST b wiS e sloul 3lyS euecs
G b O Galise slail 5 0354 (L3l LT Gzl 3l usy 5
lapisy Ole Jailsy 00,5 GLL L Ugae ol Cdide 5o ailé
Sldsugs sladyaly Sdl 9 sy (o taly) Judos Sl
3 ISz |y ol ptuw S 51l el 1) Cuslio
OLas 2 b S 1 Gl ouilie JS (0,50 H15 50 Gudgi piso
39 oolawl (lad b glddawly GLoLES glys Wlg3 oo D90 0313
ol dhasly Oloss 45 63 3153 b oudlies dlls O ollulys 45
dgdiae sy (V) daly Cygods Cewl olliw—0dd Jun
(V) OhlSe 5 gl )

X, = ;xlj +); o)
jois 4y i Gl 5l &S Sl slodlgy byl x; (V) dlly 5o
b ol Gido oles LS oaiasglis 3, 9 350 1Sl
dlwgdy Gisn 5o 0l Hlop (s WJgS BB 78S L 5o
Dede ;=5 (V) dhayly
)

J g 55 0l azly S s sl wes e OLiS a; pais

X. =d.X .

ol Ginse Oladel IS 2 sl 33 1 Gliso oolyd 31 jude
JJTw Cewdds (V) dhly (V) dhwsly 5o (V) ddasly 6)|A§J“L"> L
G (0) 5 (F) dhusly 50 &5 uile £)8 Cygiods |y (V) dha,

X, =[Zayxj]+yi
j

10 Giolé Ol e 00

4idya8) ol (28,5 0 Uygo Olgz IS wlidie 55 (GRS
SSzsS Glaglide 55 Ol @ilis 093805y Cunal didzgils 5
Cowl 00 lg dzg3 Oy90 lowe dlsal o pasls ool L))
35 .Y+ Zhuo ¢ Hoekstra <¥+V¢ (8o g Lovarelli)
30l G OF by ol 6oy 3 yshaie pole Sumngsy
Ceuyaimme 5 golaBdl udy g bl 4 bgy e slody
SPGlooby) oBa (sl 4) Bpas » e slaslme
Lz & dalsl 5o (VoA OlSen 9 Bagliani) was e 4l
Gl O 5 O Loy dige) 55 0w plovl Gilsdlas 31 390

el 00 oyLal
Iy Lk s aliss @bl OF by (Y+3Y) OhSes 9 Feng
dsllhan ol 3l Jolo ol W33)S dewlome Bpae 9 udss Hate
3 53 sl s 31 Gl 59dS Gl Bae T by ol Ol
(YY) 0ly5es g Feng ldsilhas 5> .Cuwl O Wdsi OF Loy
0d9dme du Sl a0y o9y OT Gbsy 9 il LT
odgdome 0 dd glas asllhe (ol gld 505 wyp b
o @l 31 oyd YV (al daids Codguome 3929 b Cawd oy
D9die ylo Sos bl 4y sldihie o O¥ole Gyb
30 Silze OF Jols 5 T by (Y+V9) Ol 5 Lutter
3 ool gl 35,8 Gaisl 1y YooV Ul sl Loy asslos
ety Hobds aVl Loyl dolos) ols Ylis dslhae ol
Bblis nlu b Oyles G2k 3l Giloe IS ) T @3k jeolie
3 S Gilee O Wlsyls ) pzxe ol &5 WS (e 3l Ol
5 Zhang .Cewl dsdlesil ol Gl b 3 0ud Gpae O
B YoV 0y9d b ouz O 6bdy Gaoyp a5 (Y19) OhSen
Ol by il owims Olas dsdlas (3l puls aliaslay Yo -
Sloalitally (Y+Y+) 3yl5as 5 Litt.Cowl badlus gl b 5555
(e ez ay 30 Glee OT 5 OF by asls
9 O Oyleds (85,3 Castiuo dzagd (IS 035 Hlilu 5o
Jbod G @lio 5 (2138 Catal 8992 1) (Rlsm0] Olyuss
Hong .u35,S uyy YV B Yers gladle Glp guz (25
O ol o odilw—o3ls Jue Jloslatwll (Y+¥+) OhSes o
b WS dulos ) 0S4 14d Gimie slajisy Span
slagiss G8ras O Colpd ol LIS Giaely ol 3l Jol
OLen 95350003 a0yl oo b gldbasdle ol Ciglds isio
Gziwo Waase Oyled )0 Ol Gilew Of Cusdy (WAF)
3 ) dole gold W30S Gy |y SoleS edes S L
Silze O palls 0uSyly 31 Ol HedS sls Glis Giagsy

9 OA.ZJS)bL‘o L (k_,a.i.njua uylm VWY o= L)) W Jle BN

(c=Sasto Ogalen 110 e L) VA Jlu 43 S)lowe O Il

X —AX +Y g TR osda Noens AT silne ol el

. Bpae Julod & (WYAV) Gallsal 5 Looly (Sl 00 Jsu3

X=(4-1)Y O sl Bras 55555y 2 Lites Sl $olasdl glagiso O
10

5ot 5 (Giliss !

ou3lzw—-0315 Jie 3 00litul s nae 3,55 9) plul p (ladsl Sl soladl gla o o5l



A g U9y 3 ooldtul b b sl $ln Sladel Oliul
Olgiol Hliwl ouiliw—0631d Jgus (SFLQ) SUs isio ol
OF by pasls Jgdz ool 31 oolitul b deldl 55 o duwloxe
5 $lamdl slagis slisle 4az gl b desloe Silxe O 5
wke @lol Calise mlie 31 &S OF G pas puiiws 55 Gloosld
Jloys ool 3 @Sl b gl wgixsleS slaz oll
O udige S8 Oll O mlie Co e S8 (G100
OuesS i 31 Gy Gl 9 00d $)9la)S Ol LMl
Baad i Gt 35 Oladal Olial @l Jgde ol "ub 035

() =) wi

M3 Y518 ol u 3lo A i s il plop X uys
ol (I-A) ' 5 a5y g il g slaidl gl i ol Lolas
sSomn s le 3 Iy pais 3sdise ouals s usSins
il381 8l 9 Cawl T inses 005w Oliun JS oda(lis Caxtgd
9 Zhao) Ceul 3L 990 j pisn 53 (lad LA sy uoly S

.(‘J‘ 'Q(Ob&m
G594 31 30590 Blasl dy G Hshriady Gigdy ol 5
ok 33 50 9 WAL Jle glp @S Olpl owsliw—o0dl> Jgds
oud plSis 4y (Www. amar.org.ir) Sl 3550 Jrwgd golasdl
lddhis glalus il 3 oslatwl b g i oolitwl Cowl

D3 O3l 3o 0dlatwl 3yge ouiliw-o03)d Jgda 3o Gladel Oliwl golaBl gla s -V Jgu

oo pls oslods ol el 0)locis
wlol SIS Csle ) SglaS \
Oliapes 9 OV dile jodo SOl G318 OW¥game Sl VY Oolse plu 5 b 35 5 pls i Y
oS Gl 9 gLy OYguame ual § puasd el W Glilss 9 sl (lis CYgame giluo v

B Ol ad
505 sl s ouis gundads Oliges ¢ YT uile Gl \F Ologusin Cusluo g
Jagdes Oliped ple 9 8yg9g0 ddds bolwy Gl 10 0z Sl 5 b Slagy Sl N
S 8l 50 00 i Oliged 5 Ol Sl Ve 97 WNgame 5 sz Sole 3
SRR A\ e 5 il Wgams 5 36 Colu %
Olocs L VA sl 5 0l 31 dols glosysld ¢ SS sl A
Rloss DYgame

Jaig e 4 Satadly 5 S jl Wgame Sl a
Olous Y. S3léye S OVgame sl \.

s 4515 S @il ol i 45 Cand (I Jladie carasilis
Bpan JS olad)lid W AiS e B pas 395 odiliw 3o il
doye )0 e OLES Iy (alj Ulkso obiliw x5 9 (alj IR g:)T
(V) dlaly 3l oolazal b (3loxe T (Slgione) VWC joslie amy

V)
dan hawgd 60 Bpae OT S saiasglas W (V) dly yo
23 e Sl gy a=ly S5 (el gl oLl glapisn
Iy (paltunyst 9 paiitus) IS Gl paslis ol el plj i
29 gl pusSze puyile polis [ dad oo GLAS Gy 52
kSJ-EPT Ciglas ) Oulilunn yu Gﬁgjg Cewl 003ktw—031> Jgus
«Silowe O Gloions dawlons 3l g Wl Cowddy eubituns 5 US
Caal (G2l 9 Gl OT gby) dalge 9 Jolss dS LT by

VWwcC =[w;],w;. =2w? x1,

T 8oy duloe o

(NWE) e O by Olgis b Gl prbanys O 5oy sl
L) Gl phaw 53 Lols Glwilesy @lp S0 wslis
IS b ol NWE 3530 0315 olis (NWE) b oladol Ol
Oladol Yl (29 Brlas (el (5l €S Sl s e O o2
S oyl &S w3gSOled (WA (o)) Cawl 00 d3,S HSas
L3 il a3 OT 6lody g3y 0ol 30 a3 3)80 b3
Sloas 9 YIS udgs )3 ady Sy yadosadad oyl Of milie
S 4 OF gboy Giogiy ool 30 Dedipe el 1y 4 )90
9 Zhao Jhhwgs ouaidilyl gy 3l oolatwl b g goladl gla s
0525 Ol by Ly dpazgily b duloma (V4 +9) OhSes
ol 04 oy 35 dald) )3 O daslono

L solaml Calise glagis euditus ol Olse Jsl o5 53

531 Cal Oiples Gikgu s s O 61y 0580 dawloe W W, S dawloxe (£) daly 31 ool
t Tox, )
T =[1, ], =w) %/, () S - a
) ’ el el] g s Spol sxasylis wi (£) daly y
\i4

Ver s oylod ot Jlu

Il dmags 5 OF 4y i



el Oladol Gl golaBdl glagicn 3 Of 0uuSG pas
Gl dgb 48,5 Ha3 s e ;o 50 O eulitus Bilas S
Gﬁ%j Cusd 00l Ggaen 1 usSaste VANY b (g3y9laS
Olewlons 3l ol gults dudagil aad 0 olais] 95 4 )
B33 Gazss BB gl Laicey 3l $olewns ) D350 00lins
Slogisn 3 Wl .35 3525 ealitunsyed 9 puditus G Olies
Cluor «OlSl8 9 3daelil (alde OV guame luor Colu
Cslar g “pyz SOy 9 &b ‘SL&% Clur «Oiloguin
Sl @ pditunys Grol Cowd (97 Neass 95 sz
2 0dd Bpae W)ﬁ‘c gj SGigbd .ol sl W
O Oy YOO NS+ FYIY + AT L s i Lo sicies (ol
) JS8) Canl 0 G pas e

Vgame Jdgi Glp odd BGpas OI JS Hlade WY Jlu o
S9de Oliwl by US 5 sSwie Oosle PO/ goLazd
Gb 3 OT 3 oo 3 G €S Sl Szt Ogelua VYOV
CSaste YAV T (6bsy dilp dedin (sl ol ol
by pasls didogil .l o 3yl Oliwl 35 485 10 Glila
Eilion «shsLESH Slagidn Bpas 1 G 3509 3
B pas (e adid) €3S 5 (Suaaldl (238 OYgame
3 sl 3l dolo gl dzgil ol polazst 39 4]y O
Gpae IS) tiw 9,509 b «iusliS» G 42,81 WA« Jlu
O Lol WS (e Bpan Iy U.)T &LLA 3 doys Y/ WY (uT W
GialS woyd FVIAY jlade ds Ol $bdy 3,559 dsdagils Hlude
5 il (e ONpame mlion idn Lk 3l el 48l
wlaisl 395 a1y O B pas JS 3l duoys +/F+ Ly &S «Olslss
VEIVE @ e ool O 6bdy 9,509y b cawlite Gl 031
3,509y )0 0l dewloe yuolde Ciglds . bie Ginlisl woyd
T 6be) 9,508 @ dogs Sl ol 5bdy 9,509 5 i
Ol 3 esSaite Ogudae YAY Jlade WA+ Jlw 53 )l e OLLE
g yobo Sltul ool 51 4 oud Bpae VS Wls gy
Oseken Y27/0 L «hu9liSy ity (gl sladidly dydzgily
by pasli .l @il T suiiSyslo 4 38) 5 sSwsie
IS b O o0l 31 )ladie der (s, 33 A e (Lid ols Ol
(Silome T Slyls) Sl oy 3yl ,S0s 3blie 3l Giloxe
Qlatal Ol glp G2l O by Liasiy sladidl pululy
04iSSYlg (12,583 9 el 00 3y91 0 CsSasie (gudes VWY'/4
O mSoite Ogales YRAVF b «ghpsliS» G asilone O
L «Olilss § Giawelal (e CYgame &luor Jisu g Sl
031> polais] 395 i Iy pgs olSule usSazie (sudus YVAY/A
Ssse s Y Olgol Ol pasls ol IS sladia slulys
din 9 il Glowe O lyls palls CSaite Ogales FAFA
(Y JSK) Sl 00ls polais] g5 s 1y Jgl 4y« y9LiS»

v

oaid0LEd 5 olj Gk (A1 LT sy earasglas £ (A) adal; 5
Al Bilas 5l sl Gl @lie ) o eslatal O JS
Coal ol SLLES 31 e 0aiad0Lis £ 9 Canl i L1
2 T 6hoy dualone y3hiteds Dgd0 Bpas USId 53 &S
Cloly pisny 95 Jold Gisn 0 50 Sloly Sl ddzgily
dyly Oygody ool O Sy sl ol Sloyls 5 ldbauly
D0 55 (3)

ENWF =87 +S" )
Blas sl @l el @iloe OT g b sl 8 0T 5o oS
33 ol Oty b ojlp & Sgde oslitl Llsls oy
dewlos (V) dhaly 31 oolitul b 5 Coul Sl O Slgiome
230 QLIS ) phsn Rl Iyl il M) osde
S/ :[sﬁ},sf zw;xmf ()
3 odlatul b S Ceul Gilowe O glddawly Oloyls b ply ™"
S5 duslome (V1) dlasl

n
in __ in in __ t
S —[sj ],sj —(Z;wj xmij}xvj
j=
Sldawlg ool (lgieds aS Cawl <=|luuou Syl OYgame my;

Olyls 3l i S plulil Sgde oolitwl j pisu
dat Dgd o 0dlatwl Silyslo CVgame ddgs lp ldawly

(W)

SO dlwsdy Gldhauly SInly 3 oubdusd Gl O
SLaLE el B O 31 i 9 9584 B pas G ol
Sldhauly Sloyly 3335 duwloxs sl (alpla D50 2ol
o (1) dhasly 55 s o Olsisds ¥ pais Sl O
Slhyslo j (sl slolds Jolds Cuwd 31 paie ool g0
OF 53y deslome b Colghyd e Sty ol Lol 5
el Cewdds O sboy JS (ol O by 5 Glsls

o dlis dihie S 50 Lzl O Gbdy £ gaze dS e
Olgie (V) dhaly 31 esldtwl b «Cawl Gilome O Ol3ylg
19)8) Cewdds 1y Glow O Olyslo

Uz[uj],uj =w' xe, (v)
U 9 WNguase Olydlo JS (i)l sxiasylis e (V) dhaly 5o
Slogls palls . Cal lf Gt 33 Siloe S Glyslo IS poe
3980 daulome (VW) ahusly Sloslizull @l T

NVWI =(S' +8™)-U (W)

o

o 0315 93 iy ol Sleaslone 31 ol gl (V) Ui 59
O.A.A..Sgsﬁa.n u.«)JS)).a «8iy9leS» g ‘@Lu Ld=g3Lb .l
0SzsS sz Veame 9 Lsz Lolur sy 5 O

5ot 5 (Giliss !

ou3lzw—-0315 Jie 3 00litul s nae 3,55 9) plul p (ladsl Sl soladl gla o o5l



Oladol Gl golamdl glagisy 35 Gilow O 5 T 6Ly O B pas Ol Gleads gl -Y Jsae

YAVE/A Y2/ FVIAN N0OF/A YAV OFVo/f VAA/Y VA+/84 W/vY FYVO/0

—

YA VIV o/ A VV/A Ve/7 VY V/YE +/O) oY \VAs Y
VVOO/Y A% VR/VY Vaayv/y Ve YYV/Y VV/ -4 V/ya DAL YA y
FIN/F VoI5 Y/EA Fav/y Fya/y FNY Y/VY oA oY Y/Y ¥

YV JAs DA FY/) YV/Y o Y/vE VAR ofes s [

VR/Y oY AN \V/¥ VR/Y \rAs /W /Y o/ DA 4

ARY7A! A </\Y \YA VWY ZIN Y/W Y/00 VY Ay \
VOY/Y VO/0 AR AYN§ VEV/IA V-/0 Disd /Yy VN V-/0 A
ya/v /¥ And YY/A ya/# \rAn g ~IYV A \As 1

Vo/F VY DAY Yo/v VWY W0 ids </YV AN Vo/7 B
0-/f Y/0 +/OY #4/¥ ov/a Vel¥ /Yy DAY AR Va/4 Wy

7/ DA A% /0 \% Y/0 VAR DANE oY Y VY
Yy A ~/\V YY/# YV/§ Y/ AR VAR /-y \/Y VW

o/0 /0 o/ A VV/F WA o/f VY ~/aA /9 eIy V¥
WY /-0 ANS W/ WY Y/A /Yy AN R Y/0 VO

\7A1 o/F o/ ¥ oy F/v /A IYE DAYS AR /0 \Y4
YY/Y \Uig DAL FA/N F./q \7As ~/V /fV DVAR W/ WV
Fa/v A </F¥ OA/A Fa/y a/f AR /-0 o/ ¥ y/a VA

Y0 0/0 /0 Fa/v F/0 YAV AVARY VY i FY/Y AR
OWIF VYA FAY  OOV/F OYV/6 YA Y/FY VYO 01V YOV v
FAFA YAY Ve YOV VEYOA SWY A VA
3500 250
2000 B sl O Olyolo N )

B sl T Syl alls 2 200 W peitne sl
i 2500 \% B oyt $no
3 2000 3 150
3, {1

1500 Es
. 2 100
1000 e

500 50

N I 1 o
VY YR OOF VA S V-V VA VR A0S WA Y. 0 . - - -
. VP Y RO OS YA S AR AR A0S VAN Y-
s oyl
sy oyleds
39 Gl Ol Oloyls palls 5 Slysle -¥ JSa B
ol gl e3lasdl gls s $olaBl glagisn )d puliuaypd 9 psbius G0l - JS
Oladol bl

A

Ve ¥ oplod prdia Jlw Sl drwss 5 O 4 25




Slois 5 g:;T Wyﬁ Gilac d cW Gras pogdle
D dz g 5 gdlaidl

oLaBdl glogisn 35 Of eulitunsyss Bylas aSil 4dgil -
O8] 9yl Cowl a8 Gygo GiaslaS s 4 dtwals
20 Gldhasde LB als 4 jmie $HH9ldS Gusu 50 (B
S5995555 syl ol b .0gd e goladl sla i O G pas
6ROl plitus pd Oygods Wlgie Gidu ol 53 A5
Aol sudsi slaisy

25 G Hlgieds Glome T Sylod lalST dolus 45 ploal ) -
Ll Gl 590930 sty O galie S e 33 sl 5 sl
b Cwlite 9 Gy §52540l50 SO polaslyy g0 Slgidiy
U8l (Sl 33 L 5 IS Castol mass Car3) a5
35S Oygo Slxe g.j SOl S g Gl g:;T Slyole

1- World Resources Institute (WRI)

Casl Glastilae (dol Giadgdy ol OB diun g3 Oilsllas polulys -Y

—031> Jgdz duwloe 4 (SFLQ) Sl g o9y Sloslazull

el i1y Oladiol Oliwl 03k

B pao gloosls 6)5‘]‘&&.? s 95 Ol Glaludgdow das 31 -

O 45 bgiye Gilel @lis das 3l Laosls (3l dz S Caal LT

b Lo 3 i oo siaone wdogib Lol Coul oad 65,5
ol 00 03) (s Siledyd (g v SO 58,5 L3y

4- National Water Footprint

5- Virtual Water Content

&LSA

(www. amar.org.ir) o1l skl 35,6 Lol oSk

o0 (Bl 9w (29 VLB cp (D) ool
SlaysdS by Ol imie W¥same Oyles b)) VAP
slasdl aamgiy-Gale 4 i3 Sileme OF o5ugs 3l Cali
SAV-VEY (PO (g5l 9

sl YR8 oladol Olil 3ydsby 5 Cupae Oloile
(WVA8-3Fe L) Olgdol Oliwl (il dmwgd by ol
(sly8 039> pow e

Slagisn 35 O Bpas uyp 5 o Y0 Lo ()l
Al owliyS abobly 33 Ol 5 oyl @olal
93 o851 gyl § Co pue olaidl 6uSisls

olaidl k:)T Gras Judsd ATV L) (allas £ )
(DT 6Ly oBud) Bpas » Giie 3509y SO L Ol

19

ES dou 9 Lusny

Sialidl ol ye 4 Oladiol Ol 5o 4idS gladle gloJluSlis
dloz 3 Ol Calina Sl 35 azgd Lo Ohlucs Lolis
il olyem 4y |y (e $19,5 SG Dlgieds) 0950005 Gy S
el 0355 azlge (o GBI L 1y Giaed) 9 oo T @l s
2 Ol o bogaye Ul GLolE 3 g3k e aS el
elal GalS UT G pan S368e Ly il (g3l sl it
38l 3 S el (I malie o Ca yake Sliuly 53
odiliw-03l> Jgd= 9 0l by paslis 3l eslaul buwly ool 5o
31 0L bl Gl 5 oplonl slaiansy 5l ol gols (ool
ol s3Lamdl slaisn O B pas Olise Olie ySadiz Solds
Slapasli » G gl b (Bpas » i) ST by oS
dibate O (led Cumds s 5 (Ll glily 50 Cawl i
Gl 9 ddod pole (laghy Glel dius (galadl slsyl 4
gj Oyles dewlre 9 (90laid) Calise glagiuso 5 gj Grae
Olial a8 ol 50 . Gladial Ol 53 LT 6b3) 5 G3lee
93 S8 (a8l Oy it sla Jlu Sl pogde Olgdol
3905 8 9liS 9 s lalulmd JifuS Cumes Ly 4
E5090 0l ey Carnl 04130LES &S WS e a3 |y O
23 Olgdol Sl T by IS ety ol gl didzgily Cul
0 Ghl s O ) w 5 5w e Ggades IOV 390 VP4 - Jlu
Cewl 00 35l CxSasio YVEV a5

9,559 95 3l 03latul b 8 pan T Oliae H5 31 «g339LiSH i
0313 polarsl 355 ay |y O Bpas sl oSl T sl 5 i
e () O 5oy pasls 58S a5 50 b 4 gl (il b ol
Uiy . lbe J3S oy PVIAY 4 doss YWY
23 el S3lee T 0uiiSy0lo 5 0iS )l (33,5555 «83s9LaS»
o2 e A Osalen YAY 04iSyslo Olgdol Glial Y4+ Ul
S o Ogdes FAFR plp ] o= wAlls 0usSoyly 5 o
3 @ UPie ey gl J OIS anges SO 50 Ll
O lie 285 ds Olgdol Gliwl 5> iyl 65331 5,8 oLl ¢ 9090
35 gl il o0 Easls 651 el Lyl s .Cad Ol LIS
Oolod dasilisr il @il Wl palls 0uisS 3y Lals Oyles
Iy O Jade opl 5 9960 03latul 6,50 8 31 Oliwl (ol
&l o3l 5 63l Hlad Ll mbie 1 OF (uels 9,54 ls
Olgreds «63)9liS» s adL pialdl Colgd 53 .05 e Dls
23 Hhls SaS wiilg e Sl oS yslo 5 0uiS B pan (52 55)3
il Olaeol Gliwl Hd Ol gl Co pue

Sholgiin ol Giagh 3l odel Cwsds guls palul s Lk 5o
g0 Bl bad g b

& @l Copte b hasie golaBl glag Sl o -

5ot 5 (Giliss !

ou3lzw—-0315 Jie 3 00litul s nae 3,55 9) plul p (ladsl Sl soladl gla o o5l



blue and green water footprints based on land - use
types: A case study of the Yangtze River Economic
Belt. Sustainability, 10(10): 1-27.

Liu X., Shi L., Engel B.A,, Sun S., Zhao X., Wu P.
and Wang Y. 2020. New challenges of food security
in Northwest China: Water footprint and virtual
water perspective. Journal of Cleaner Production,
245: 1-14.

Lovarelli D., Bacenetti J. and Fiala M. 2016. Water
Footprint of crop productions: A review. Science of
the Total Environment, 548: 236-251.

Lutter S., Pfister S., Giljum S., Wieland H. and Mu-
tel C. 2016. Spatially Explicit Assessment of Wa-
ter Embodied in European Trade: A Product-level
Multi-regional Input-output Analysis. Global Envi-
ronmental Change, 38: 171-182.

Mekonnen M.M. and Hoekstra A.Y. 2011. National
water footprint accounts: the green, blue and grey
water footprint of production and Consumption.
Value of Water Research Report Series No. 50, Delft,
The Netherlands, IHE.

Okadera T., Geng Y., Fujita T., Dong H., Liu Z., Yoshi-
da N. and Kanazawa T. 2015. Evaluating the water
footprint of the energy supply of Liaoning Province,
China: A regional input — output analysis approach.
Energy Policy, 78: 148-157.

United Nations. 2006. Water demand management
strategy and implementation plan for JABALPUR.
Human Settlements Programme, Nairobi, Kenya.

Zhang Y., Chen Y. and Huang M. 2019. Water foot-
print and virtual water accounting for China us-
ing a multi-regional input-output model. Water,
11(1): 1-14.

Zhao X., Chen B. and Yang Z.F. 2009. National water
footprint in an input-output framework—a case
study of China 2002. ecological modelling, 220(2):
245-253.

Zhuo L. and Hoekstra A.Y. 2017. The effect of differ-
ent agricultural management practices on irrigation
efficiency, water use efficiency and green and blue
water footprint. Frontiers of Agricultural Science

and Engineering, 4(2): 185-194.

VY0 :(AR)Y0 o]y 9 pudowe delilad

G5 Mg ziwdewdly IV Lz (A 5 dgdese

i .0 6ldy 9,559y b 0yd suams 3l Jols i

AT (V)Y ($55)950umsS]

SBT 655031 WYY L (e 9. (g ) bl

355095 b Olnl 5 golaBdl glaldled el

(W)Y solaBl giludan a0 odilw—osly Jgus

£F-FO

Cwns Jauma 53 Caumas Jiy 51 AFAVLOlols 9.5 (el oS

Sloliwlw doliliad Lo ddhhio glaygiS plw 9 Olypl 5o

SooF (YN OIS 5 gl

Bagliani M., Bravo G. and Dalmazzone S. 2008. A
consumption-based approach to environmental
Kuznets curves using the ecological footprint indi-
cator. Ecological Economics, 65(3): 650-661.

Feng K., Hubacek K., Minx J, Siu Y. L., Chapagain A.,
Yu Y., Guan D. and Barrett J. 2011. Spatially explicit
analysis of water footprints in the UK. Water, 3(1):
47-63.

Feng K., Siu Y.L., Guan D. and Hubacek K. 2012. As-
sessing regional virtual water flows and water foot-
prints in the Yellow River Basin, China: A Con-
sumption based approach. Applied Geography,
32(2): 691-701.

Hoekstra A.Y. and Hung P.Q. 2002. Virtual water trade:
A quantification of virtual water flows between na-
tions in relation to international crop trade. Value
of Water Research Report Series No.11, Delft, The
Netherlands: IHE.

Hoekstra A.Y. and Chapagain A.K. 2007. Water foot-
prints of nations: water use by people as a function
of their consumption pattern. Water resources man-
agement, 21(1): 35-48.

Hoekstra A.Y., Chapagain A.K., Aldaya M.M. and Me-
konnen M. M. 2011. The water footprint assessment
manual: Setting the global standard. Water Foot-
print Network 2011, London, Washington, DC.

Hong S., Wang H. and Cheng, T. 2020. Analysis of wa-
ter use characteristics in industrial sectors in Beijing
based on an input-output method. Water Supply,
20(1): 219-230.

Liu G., Shi L. and Li K.W. 2018. Equitable allocation of

Ver s oylod ot Jlu

Il dmags 5 OF 4y i



2021, Vol.8, No.2, Pages 21 to 32
Journal of Water and Sustainable Development

ey
o ¢

YT Ol Ve oY olad i Jlu
gly dmagd 5 OT & 5

Article Type: Applied

Investigating the Status of the Combined
Water Security Index of Iranian Provinces
in the Period of 2012-2017: Application of
Multi-Criteria Analysis Methods

N. Maleki', R. Shakeri Bostanabad”, M. Salehi Kom-
roudi’, S. Seyedabadi’

1- MSc of Economics, Management and Planning Organization of Semnan
Province, Iran. 2- PhD Student, Department of Agricultural Economics, Uni-
versity of Tehran, Iran. 3- PhD, Agricultural Economics, University of Tabriz,
Iran. 4- Undergraduate Student, Shahroud University of Technology, Iran.

*(Corresponding Author Email: reza.shakeri@ut.ac.ir)
Received: 08-03-2021
Accepted: 06-05-2021

808 :dllie g o5

G el S S ld Cumdy iy
GOy :IPA0-3 e 05L yo Ol glaHliwl
Oslmodier Julodi glagig ) 5

8150_9)65 (;JLD O :“QL-)T C)L’L&g GJSLJ‘\’J Lb‘) n‘uS-nA )bb
"L w0

S5zild- Y.yl eOliow bl (S 33 ydalsys 9 s yda Slailawed LBl syl eolidsylS - )
525 08 (6 yoliS SlaBl (6 583 -¥. 0yl oy OIS (539 LisS LBl (5SS
Olyldgyols isio o8 a3 dlaBl LuwliiylS ggmials-F.0ly)

(E-Mail: reza.shakeri@ut.ac.ir «Jgiwo Golwg3)*

VRV 28l s gy

ANERVEA JAVZ UZ)JAJ &)U

Abstract

LRVCES

Drought and water shortage in Iran is a climatic reality and due
to the increasing need for water in various sectors, especially
the agricultural sector, the problem of drought will become
more acute in the coming years. Meanwhile, the approach
of maintaining water security is less seen in the country's
development policies, especially in the agricultural sector,
and development policy in Iran has led to the threat of the
country's water resources and has posed a serious challenge
to establishing water security in the country. Therefore, the
management of water resources and how to use it in Iran
needs a serious review and therefore it is necessary that the
water resources of different regions in terms of physical,
social and economic factors and development policies based
on it to be continuously assessed. Therefore, the purpose
of this study is to investigate the situation of water security
in the provinces of the country in 2012 and 2017 based on
water security indicators and identify the most important
variables affecting it. For this purpose, first, using the
method of hierarchical analysis and the opinions of experts
and researchers, the relative importance of water security
indicators was determined and using multi-criteria analysis
methods, the combined water security index of the provinces
of Iran in 2012 and 2017 was constructed. According to the
results, the provinces of Khuzestan, Tehran, East Azerbaijan,
Kurdistan and Mazandaran are in a better situation and the
provinces of Qom, Yazd, Kerman and Sistan and Baluchestan
are in a worse situation in terms of water security than other
provinces in the country.

Keywords: Combined Water Security Index, Iran, Water
Resources, Multi-Criteria Analysis, Spearman-Shannon Index.
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Abstract

Conservation of water resources is one of the main features
of sustainable development and international and national
documents emphasize the need to protect them in protected
areas in order to preserve biodiversity and their many
services such as drinking water supply. In the first step of
the present study, the country's surface water resources
including important water bodies, permanent rivers, and
glacial areas were studied and after preparing the current
status maps of these resources, their ecological sensitivity
was determined according to the proposed criteria and
expert opinions. In the second step, the coverage of all three
surface water sources by the network of protected areas was
investigated. The results showed that the criteria of flow
regime, naturalness, Extent, species richness of fish and
birds, and conservation management status were prioritized
for the management of these resources. Also, according to
these criteria, Bakhtegan, Arjan, Miankaleh, Choghakhor,
Shadegan, and Anzali wetlands, and Kor, Karaj, Sardabrud,
Chelgerd, and Sefidrood wetlands were identified as the
most sensitive water sources. It was concluded that the two
management classes of the protected area and the national
natural effect are weaker in covering water resources than the
other classes, and the rivers are less present in the network
of the areas than other sources. The findings of the present
study can be used as a guide for land protection planners in
order to pay proper attention to sensitive water resources in
selecting protected areas in the country.

Keywords: Sensitive Surface Water Resources, Water
Resources Conservation, Network of Protected Areas,

Sensitivity Prioritization.
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Abstract

Online evaluation of potential evaporation can be use-
ful in water resources management. In this research, the
use of software for smartphones to estimate the potential
evaporation from free water surface and ground surface
and also to estimate the possibility of reducing evapora-
tion due to the installation of photovoltaic panels on water
bodies is considered. The data used is extracted from the
NASA-POWER cdloud network database and the software
intelligently detects the selected point in relation to two
states of dry area or water area and performs the relevant
calculations. The proposed relation for the evaluation of
potential evaporation was analyzed by considering 10 year
average data of Doosti dam (2008-2017) and its error rate
and some experimental relation of potential evaporation
and evaporation from the free water surface with the rate
of evaporation from the evaporation pan located at the site
were determined. The results indicated that the proposed
relation yielded a smaller error compared with all the
other relations. In order to evaluate the efficiency of the
proposed relation and the data extracted from the NASA
POWER database, the evaluations done by the software
were compared against the values from the evaporation
pans in the synoptic stations in six cities. This revealed the
validity of the software outputs to be within 8-16%.

Keywords: Estimation of Potential Evaporation, Smart
Software, Evaporation Reduction, Water Resources Manage-

ment, Photovoltaic Panels.
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Abstract

US>

Efficient use of water, in addition to increasing production ef-
ficiency; can lead to a return on investment with an emphasis
on conserving water resources and the environment. One of
the ways to use water optimally in agriculture can be the appli-
cation of technology of pressurized irrigation systems. In this
study, using AHP hierarchical analysis process in GIS software
environment, the priority of implementing different pressur-
ized irrigation systems (classical fixed, Wheel Move, linear and
localized mechanization) in Dez plain was investigated. This
plain is the widest plain and one of the most important agricul-
tural hubs of Khuzestan province. For this purpose, effective
criteria in the implementation of each irrigation method, in-
cluding two main criteria of socio-economic and field physics,
each of which has several sub-criteria were considered. Then,
the criteria and sub-criteria were scored from 1 to 9 according
to the hierarchical scoring table, and after calculating the geo-
metric mean of the final weight of the criteria and sub-criteria
for each option, the final scores were entered into the GIS and
graphic maps were obtained to prioritize the implementation
of each irrigation method. The final maps were obtained to
several levels of classification and the final score of each ir-
rigation system by weighting the average percentage of area
and the priority of each type of pressurized irrigation methods
to be implemented in Dez plain was determined. The results
showed that 80.46 and 18.54% of the total area of the plain are
suitable for sprinkler and local irrigation, respectively, and the
fixed classic irrigation system with the highest score was select-
ed as a higher priority for this research.

Keywords: Pressure Irrigation, Plain, AHP Hierarchical
Analysis, GIS Software, Fixed Classic Irrigation System.
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Abstract

According to the forecast of future population growth
and recent droughts in the country, one of the major
challenges for policymakers on the one hand is to pro-
vide safe drinking water and on the other hand, is to
solve environmental and health problems caused by
undesirable wastewater disposal. To solve this problem
in Mashhad, the regional water company of Khorasan
Razavi and the water and wastewater company of
Mashhad in multilateral cooperation have developed
an effluent model to construct a wastewater treatment
plant, water supply, and effluent recycling. In this
model, due to the lack of public budget and internal
resources of companies, the use of private capital by
transferring wastewater to the investor to achieve envi-
ronmental goals and water supply in Mashhad, which
has significant benefits for the private sector and com-
munity is defined. In this model, two investment pack-
ages have been developed between the two companies,
the details of which are discussed in the paper. What is
very important in this project is to achieve a sustain-
able effluent model for achieving the defined goals. In
this investment model, a total of 93% of water needs
and 29% of the required capacity for wastewater treat-
ment will be provided.

Keywords: Joint Effluent Model, Wastewater Plant, Wa-
ter Supply, Investment, Buyback.
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Abstract

Aquaculture is known as a growing industry in the world.
This important industry provides food and income to
local communities. Hence, it plays an important role in
the economic development of countries. So far, nano-
technology has been used as an emerging knowledge in
many industries, including the aquaculture sector. One
of the manifestations of nanotechnology in the aquacul-
ture industry is the use of metal nanoparticles, which is
used to feeding aquatic animals, improving water quality
and controlling diseases. Although these materials are
widely used in aquaculture, the increase in their produc-
tion and application has raised many concerns about the
potential toxicity to human health and the environment.
So far, several studies have been conducted on the toxic
effects of metal nanoparticles in aquatic environments,
but the role of environmental factors in the toxicity of
these materials has received less attention. The present
study was conducted to investigate the effect of some
physicochemical factors of water (including tempera-
ture, salinity, oxygen content, water hardness, pH and
organic matter) on bioavailability, toxicity and level of
impact of metal nanoparticles in aquatic ecosystems. The
findings showed that the factors play an important role
in reducing or increasing the effectiveness of pollutants
in aquatic ecosystems. Therefore, it is necessary to con-
sider the importance and effectiveness of these factors in
studies aimed at evaluating the toxicity of nanoparticles.
Keywords: Metal Nanoparticles, Bioavailability, Toxicity,
Organic Matter, Aquatic Systems.
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Abstract

Loss of more than 30% of the incoming water to the coun-
try’s drinking water distribution networks due to leakage
from the network, has caused serious concern to the officials
of the country's water and sewage companies and finding the
location of leakage in distribution networks is one of the im-
portant issues and concerns of users and related organizations.
Reducing the amount of leakage in water supply networks is
one of the main methods of managing the water distribution
network in different countries. Currently, several methods
have been proposed to detect leaks in water supply networks.
In this paper, hydraulic modeling of a real network flow by
WaterGEMS hydraulic software and inverse solution of flow
equations, having measured values of pressure in a number of
network nodes, location prediction and leakage rate in the net-
work Water distribution works were carried out in Mohiabad
city located in Kerman province. First, the hydraulic model of
the studied network was prepared and calibrated in the hy-
draulic analysis software and the amount of existing leaks was
collected, and then by analyzing the network for different states
and number of hypothetical leaks, the pressure values in differ-
ent network nodes were calculated. In the second stage, using
artificial neural networks, after network training, by presenting
the measured pressures in some network nodes as input data to
the neural network, the position and amount of possible leaks
were predicted. Investigation and comparison of the results of
hydraulic analysis of the network and artificial neural network
showed a very high accuracy of artificial neural networks in
estimating the amount and position of leaks.

Keywords: Leak Modeling, Water Loss, Pressure Difference,
WaterGEMS Model, Artificial Neural Network.
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Abstract

dUS>

R

Rangelands, as one of the most important natural ecosys-
tems, play a prominent role in the production, support,
refinement, regulation, and culture of water. In other
words, the social life of water is related to the rangelands.
This article explores the relationship between rangelands
and water, examines their two-way action, and deals
with supporting and habitat, provisioning, regulating,
and cultural and information dimensions of rangelands
in the field of water. Rangelands determine various wa-
ter-related capabilities due to the creation of an integrat-
ed socio-ecological system. Finally, to deal with water
shortages, restoration and preservation of rangelands
should be one of the basic activities of today's society.
Just as water is the savior of rangelands, these ecosystems
are the savior and refuge of water. Therefore, sustainabil-
ity in the water supply is related to the biosustainability
of rangelands.

Keywords: Social Water, Biostability, Vegetation
Cover, Water Supply, Social-Ecological System.
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What is the purpose of the study?
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What kind of entities are in the model? Do they represent managers, voters,
landowners, firms, or something else? By what state variables or attributes are
these entities characterised? What are the temporal and spatial resolutions an

extents of the model?
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What entity does what, in what order? Is the order imposed or dynamic? When
are state variables updated? How is time modelled: as discrete steps or as a con-

tinuum over which both continuous processes and discrete events can occur?
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Which general concepts, theories, or hypotheses approaches are included in the
model’s design? How were they taken into account? Are they used at the level of

submodels or at the system level?
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What key results are emerging from the adaptive traits or behaviours of in-
dividuals? What results vary in complex/unpredictable ways when particular
characteristics change? Are there other results that are more tightly imposed by

model rules and hence less dependent on what individuals do?
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What adaptive traits do the individuals have? What rules do they have for mak-
ing decisions or changing behaviour in response to changes in themselves or

their environment? Do agents seek to increase some measure of success, or do

they reproduce observed behaviours that they perceive as successful?
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If agents (or groups) are explicitly programmed to meet some objective, what
exactly is that, and how is it measured? When individuals make decisions by
ranking alternatives, what criteria do they use? Note that the objective of such

agents as group members may not refer to themselves but the group.
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May individuals change their adaptive traits over time as a consequence of their

experience? If so, how
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Prediction can be part of decisionmaking; if an agent’s learning procedures
are based on estimating future consequences of decisions, how they do this?
What internal models do agents use to estimate future conditions or conse-
quences? What ‘tacit’ predictions are implied in these internal model’s as-

sumptions?
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What aspects are individuals assumed to sense and consider? What aspects
of which other entities can an individual perceive (e.g. displayed ‘signals’)? Is
sensing local, through networks or global? Is the structure of networks im-
posed or emergent? Are the mechanisms by which agents obtain information

modelled explicitly in a process, or is it simply ‘known’?
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What kinds of interactions among agents are assumed? Are there direct in-
teractions where individuals encounter and affect others, or are interactions

indirect, e.g. via competition for a mediating resource? If the interactions

involve communication, how are such communications represented?
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What processes are modelled by assuming they are random or partly random? Is
stochasticity used, for example, to reproduce variability in processes for which it is
unimportant to model the actual causes of the variability, or to cause model events

or behaviours to occur with a specified frequency?
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Do the individuals form or belong to aggregations that affect, and are affected by,
the individuals? Such collectives can be an important intermediate level of organi-
sation. How are collectives represented—as emergent properties of the individuals

or as a separate kind of entity with its own state variables and traits?
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What data are collected from the ABM for testing, understanding, and analysing
it, and how are they collected? Are all output data freely used, or are only certain

data sampled and used, to imitate what can be observed in an empirical study?
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What is the initial state of the model world, i.e. at time t=0? How many entities
of what type are there initially, and what are the values of their state variables
(or how were they set)? Is initialisation always the same, or is it varied? Are the

initial values chosen arbitrarily or based on available data?
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Does the model use input from external sources such as data files or other mod-

els to represent processes that change over time?
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What are the submodels that represent the processes listed in ‘process overview
and scheduling’? What are the model parameters, their dimensions, and reference

values? How were submodels designed or chosen, tested, and parameterised?
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What is the purpose of the study?
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Research question incl. test of hypothesis, system un-
derstanding, theory development, quantitative pre-
dictions, management or decision support, commu-

nication and learning (participatory modeling)

Sl 00 Lohb iluS de gl Jue

For whom is the model designed?

O3S panaielsbial/ Ol sz Gl Aoee
Scientists, students/teachers, decision makers, stakeholders

)13 3929 Jke 13 (nloCadszse £ o der
What kinds of entities are in the model?

Slausly dog g3y 5 lag o5 (Lol dapludl) o8l dels
loCasszge 3l 25,5 dasw (lasud gladsle) S5

(Laols sLaos,S)
Agents / individuals (humans, institutions): types and
subtypes, spatial units (grid cells), environment, collec-

tives (groups of agents)

Glaysie i) (pladaiin dz 3929
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By what attributes (i.e. state variables and
parameters) are these entities character-

ized

idle Sl G s (G (lalid olods ol (gl
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SSoyluslaslg
Of Agents: identity number, age, sex, maximum age,
memory, location, level of resources, ownership of land,
(political) opinion, occupation, decision model (only
mention the name of the strategy, which is explained lat-
er on), one agent represents one individual / one house-
hold / one farm / all individuals of one specific type,
of spatial units: location, a list of agents in a cell, land
owned by farmer, descriptor of environmental condi-
tions (elevation, vegetation cover, soil type), current land
use
of collectives: list of agents, specific actions

Units of measurement
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What are the exogenous factors / drivers | Disease, climate, lake water level, land cover change,

of the model? tectonic disturbances, invasive species, legislation

550 358z Jute o Lad odlatul Gygo 50 | 05d4 e (GIS) (aldliz 9 g 0 (e Olo ol
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If applicable, how is space included in | Not included, spatial implicit, spatial explicit, georef-
the model? erenced (GIS)
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What are the temporal and spatial reso- | One time step represents one year and the simulations
lutions and extents of the model? were run for 100 years, one grid cell represents 1 ha and

the model landscape comprises 1000 x 1000 ha
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What entity does what, and in what order? | Self-explanatory names of the model's processes, in-
cluding decision making processes, pseudo-code of

the schedule, synchronous / asynchronous update
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Which general concepts, theories or
hypotheses are underlying the models
design at the system level or at the level(s)
of the submodel(s) (apart from the decision
model)? What is the link to complexity and

the purpose of the model?
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Why is a/are certain decision model(s) | Data (non-) availability, pattern-oriented modeling,

chosen? reference to other studies, theoretical considerations

(s ko digé Olyieds) Jukaysy b Jto S | ceolina iolong (0355 83 i) S e slaoySs)
3 Loosls gl el 2y25 gloosls pwluly | Glag39ai] GIS (UL «gslel slods s oalituns odalive

Tl e Cawdas 1S Loyl 31 doxe 53 b aalesl
If the model / a submodel (e.g. the deci- | Participatory approaches (role playing games), house-

sion model) is based on empirical data, | hold surveys, interviews, direct observations, statisti-

where does the data come from? cal census, archives, GIS, field or lab experiments
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Design Concepts
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Theoretical and Empirical Background
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On what assumptions is/are the agents’

decision model(s) based?
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Established theories (micro-economic models: homo
oeconomicus, full / bounded rationality; cognitive
models: social psychology, mental models; space-the-
ory based models)
real-world observations (mechanistic explanations /
process-based understanding available; black-box, use
of heuristics, statistical regression methods)
ad-hoc rules (dummy rules, e.g. constancy assumption)

combinations of theory and observations

ladsle mozd johin) mesd I hw dz 5o
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At which level of aggregation were the

data available?

03;@&)0 81/ 5lgils t.b.w BN

Household / individual level, group level
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Individual Decision Making
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What are the subjects and objects of
decision-making? On which level of ag-
gregation is decision-making modeled?
Are multiple levels of decision making

included?
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Name subjects (individuals agents / households, on
communal level, top down decision maker) and ob-
jects of decisions, e.g.: Form of land use, distribu-

tion of labor, choices of buying and selling
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What is the basic rationality behind agents’
decision-making in the model? Do agents
pursue an explicit objective or have other

success criteria?

035 a33Sle «SdS Siludigy 9,509)) Gihte Gl
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(Uas 5 2w dJgasme 239))
Rational choice (classical optimization approach,
utility maximization), bounded rationality (satis-
ficing approach), no objectives (routine based, trial

and error)

35S (0 e 98z L Jale

How do agents make their decisions?
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Decision tree, utility function, random choice
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Do the agents adapt their behavior to | Adaption of resource extraction level in depend-
changing endogenous and exogenous | ence of ecological state of resource

state variables? And if yes, how?

Sayd glagy)l b peleiz) slaylos LT sloel (Sam)d slayluia
105,590 (G S eseual Wgy ys | Cultural norms, trust
Do social norms or cultural values play

a role in the decision-making process?

ExSpuedl W9y y» S glaaus L Ae-s8 aby sladus
$.3,390 | Space-theory based models
Do spatial aspects play a role in the de-

cision process?

SxSesal Woy » Sy gladis LI L PPN RES)
§.,390 | Discounting, memory
Do temporal aspects play a role in the

decision process?
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To which extent and how is uncertainty | Not at all / stochastic elements mimic uncertainties
included in the agents’ decision rules? | in agents’ behavior / agents explicitly consider un-

certain situations or risk
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oolulyp Oley Jgb 53 81,81 Sl o0l 418,S

Pee Iy Olipmal 48z 89> Oloyed | Change of aspiration levels depending on past ex-
§uS | periences

Is individual learning included in the

decision process? How do individuals

change their decision rules over time as

consequence of their experience?
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Is collective learning implemented in | Evolution, genetic algorithms
the model?
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What endogenous and exogenous state
variables are individuals assumed to
sense and consider in their decisions?

Is the sensing process erroneous?
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What state variables of which other in- | resources (Multiple) (including working power,
dividuals can an individual perceive? Is | monetary resources, other income resources) and

the sensing process erroneous? behavior of other agents

$Canir (Gl 035 o (S0 olidio (Juo 5Lsd pl8) laz 14Sd olone
What is the spatial scale of sensing? Local, network, global (whole model space)
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Are the mechanisms by which agents | Sensing is often assumed to be local, but can hap-
obtain information modeled explicitly, | pen through networks or can even be assumed to
or are individuals simply assumed to | be global.

know these variables?
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Are costs for cognition and costs for
gathering information included in the

model?
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Are interactions among agents and en- | Direct interactions, indirect interactions (mediated

tities assumed as direct or indirect? by the environment / the market, auction)
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Which data uses the agent to predict

future conditions?

S Olaslic 1 Ol yod 3 gl sl

Extrapolation from experience, from spatial obser-

vations

Sl ohdl & oud (8 sl gladus 4
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What internal models are agents as-
sumed to use to estimate future con-
ditions or consequences of their deci-

sions?
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Might agents be erroneous in the pre-
diction process, and how is it imple-

mented?

(298) dole (RUIg (o) Cushd pus

uncertainty (External), capability of the agent (in-
ternal)

Sl LKwn Rl 4o 4 Odelss
On what do the interactions depend?

dole g 8 dodSiss ((Solunn) S35k dlols
Spatial distances (neighborhood), networks, type of

agent
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If the interactions involve communi-
cation, how are such communications

represented?

o glaply

Explicit messages
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If a coordination network exists, how
does it affect the agent behaviour? Is
the structure of the network imposed

or emergent?
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Centralized vs. decentralized, group based tasks
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What processes (including initialization)
are modeled by assuming they are ran-

dom or partly random?
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Do the individuals form or belong to ag-
gregations that affect, and are affected by,
the individuals? Are these aggregations im-
posed by the modeller or do they emerge

during the simulation?

S8 9 Sl gladSs (slois) slaog,S

Social groups, human networks and organizations
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How are collectives represented?
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Collective as emergent property vs. as a definition by
the modeler (separate kind of entity with its own state

variables and traits)
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Are the agents heterogeneous? If yes,
which state variables and/or processes

differ between the agents?

A Giludacs $9) 1 S Il 53 5,500 b Jale SG s L
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Would an exchange of one agent with another at the

beginning have an effect on the simulation?

Ol Olin,Seanas 5o ladale LT
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Are the agents heterogeneous in their
decision-making? If yes, which deci-
sion models or decision objects differ

between the agents?
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What data are collected from the ABM
for testing, understanding, and analyzing

it, and how and when are they collected
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What key results, outputs or characteris-
tics of the model are emerging from the

individuals? (Emergence)
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How has the model been implemented? | Computer system, programming language / simulation

platform, simulation runtime, development time
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Is the model accessible and if so where? Homepage?(link)
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What is the initial state of the model world, | Types and numbers of entities including the agents
i.e. at time t=0 of a simulation run? themselves, values / random distribution of their

state variables
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Is initialization always the same, or is it

allowed to vary among simulations?
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Are the initial values chosen arbitrarily | References to data if any, stakeholder choice

or based on data?
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Does the model use input from external | Observed time series e.g. annual rainfall, time series
sources such as data files or other models to | generated by other models,

represent processes that change over time? | not: parameter values, initial values of state variables

S leanld &S (pladasy) » Slde 4z ALl Oledbl daety 5l ¥olze
"Gdeby 5wl Jo) Gwyp' s ous | Equations, algorithms, additional information

$ld 399
What, in detail, are the submodels that rep-
resent the processes listed in ‘Process over-
view and scheduling’?

dz Ll (29,5 palis 5okl due glasalily Lasielyy Joud
Suiwss | Tables of parameters
What are the model parameters, their di-

mensions and reference values?
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How were submodels designed or cho- | Justifications, references to literature, independent
sen, and how were they parameterized | implementation, testing, calibration, analysis of

and then tested? submodels
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