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The quantitative and qualitative decline of water resources represents a critical
global challenge, necessitating in-depth investigation in regions susceptible to water
scarcity. Yazd city, characterized by a hot and arid climate, falls into this category.
Resilience, defined as the ability of a system to withstand disturbances and maintain
functionality, plays a pivotal role in sustainable water resource management. This
study aimed to assess the resilience of drinking water resources in Yazd city,
identifying its strengths and weaknesses. Employing a practical, descriptive-
analytical approach, data were collected through literature review and field studies,
utilizing the Delphi method with the participation of 40 experts in water resources,
environmental science, and urban management. The Delphi process facilitated
consensus among experts regarding factors influencing resilience and the evaluation
of the current situation. Data analysis was performed using SPSS software. The
findings indicate an unfavorable assessment of drinking water resource resilience
across all investigated dimensions. Specifically, the dimensions of "Current
Drinking Water Status and Supply" and "Future Drinking Water Quality" exhibited
the lowest scores, with means of 2.10 and 2.13, respectively, indicating significant
challenges in ensuring sustainable and high-quality drinking water provision. These
results highlight the high vulnerability of Yazd's drinking water resources to climate
change and increasing demand. Consequently, the sustainability and resilience of
drinking water resources in Yazd city require urgent attention and immediate
measures to prevent potential crises.
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Extended Abstract
Background and Objective

Iran is classified as part of the world's arid regions due to its low average rainfall and the
uneven spatial and temporal distribution of precipitation. Under such conditions, the effective
management of water resources in Iran is imperative. The city of Yazd, selected as the case
study in this research, faces chronic water scarcity and challenges in securing reliable water
sources. Therefore, the concept of resilience in the context of water resources requires thorough
investigation and evaluation.

This study seeks to answer the following question: To what extent are Yazd’s drinking
water resources capable of withstanding consumption pressures, considering various factors
such as declining precipitation, increased evaporation and transpiration, and excessive water
withdrawals?

The objective of this applied research is to assess the resilience of Yazd’s drinking water
resources and identify their strengths and weaknesses. The research adopts a descriptive-
analytical methodology. Data collection was conducted through both documentary review and
fieldwork, utilizing the Delphi method with the participation of 40 experts specializing in
water, environmental science, and urban management. The Delphi process was employed to
reach expert consensus on the key factors influencing water resilience and to evaluate the
current status of water systems in Yazd.

Methodology

To collect the required data, this study employed a mixed-method approach combining
documentary and field techniques. The literature review and investigation of the geographical
characteristics of the study area—Yazd, Iran—were conducted through desk research.
Population data, water consumption patterns, and expert insights were obtained via fieldwork,
including interviews and structured questionnaires.

The statistical population of this study consisted of specialists and professionals in the
field of drinking water resources in Yazd. Due to the specialized nature of the target group, a
sample size of 40 participants was determined and selected using the snowball sampling
method. In this technique, experts contributed to sample expansion through reciprocal
introductions.

Data collection was facilitated using a questionnaire designed based on a Likert scale. The
items were formulated with reference to prior studies and expert opinions. The collected data
were analyzed using SPSS software and interpreted through the Delphi model. The key
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evaluation criteria included water quality, water quantity, resource capacity, and consumption
patterns.

The Delphi method—recognized for its validation capability and expert consensus-
building—was applied to synthesize professional perspectives and guide informed decision-
making on key components of the issue under investigation.

To quantify qualitative data obtained via the Likert-based questionnaire, numerical values
ranging from 1 to 5 were assigned to each response, corresponding respectively to "very poor,"
"poor," "moderate," "fairly good," and "excellent." After the first round of questionnaires, the
mean and standard deviation for each item were calculated. Additionally, Kendall’s coefficient
of concordance (W) was employed to measure the degree of agreement among experts. Values
approaching zero indicated minimal consensus, while values nearing one suggested strong
agreement. Given that complete consensus (100%) is rarely attainable, a threshold of 0.7 was
set as the benchmark for acceptable agreement. Accordingly, Kendall values below 0.7
indicated the need for subsequent Delphi rounds, whereas values above 0.7 were deemed
indicative of sufficient expert consensus.

Findings

Yazd faces critical urban water supply challenges due to rising per capita consumption,
limited accessible resources, and increased migration. The city operates 13 water storage tanks,
six of which are active with a nominal capacity of 113,000 m?; seasonal fluctuations reduce
reservoir levels to 50-60% capacity. Drinking water is sourced from groundwater and
transferred through supplies. Statistical analyses revealed strong positive correlations between
population growth and water consumption (Pearson’s 7= 0.951 and 0.991). Projections indicate
escalating demand amid population pressures, while expert interviews highlight limited
resilience, with quality storage capacity estimated at just 48 hours in emergencies.

The Delphi method was used to assess expert consensus regarding water system
indicators. The first round produced low agreement (Kendall’s W = 0), prompting a second
round with a 95% response rate. The resulting W=0.719 reflected substantial convergence,
negating the need for further rounds. While water use patterns showed moderate adequacy
(average score = 3), indicators related to consumption levels and resource capacity were
deemed suboptimal, emphasizing the urgent need for effective improvement strategies.

Conclusion

Based on expert interviews, data analysis, and the Delphi process, the resilience status of
drinking water resources across all relevant indicators was evaluated as unfavorable. The
Delphi results highlight significant challenges in terms of water quantity, quality, ecological
potential, and sustainability indicators.

Item analysis revealed that the lowest scores were associated with statements on the
"current status of drinking water supply" (2.10) and the "future quality of drinking water"
(2.13), whereas the highest scores were attributed to "drinking water conservation practices"
(3.08) and "water consumption culture" (3.05).

It is noteworthy that the city's drinking water supply is heavily reliant on transferred water
sources, as existing local resources are insufficient in both quantity and quality to meet citizens'
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needs. Population growth and increasing migration further intensify water demand, placing
additional pressure on available resources.

Given these circumstances, relevant authorities must adopt strategic approaches and
develop practical solutions to ensure the sustainable management and provision of water
resources—both now and in the future. Water, after all, is the foundation of life and sustainable
development.

Keywords: Climate, Resilience, Water Resources, Delphi Method.

Cite this article: Talebi MS, Hashemi SR. Assessment of Drinking Water Resources Resilience in Yazd City
Using the Delphi Method. Water Resources and Climate Change. (2025); 1(3): 13-22.
https://doi.org/10.22091/wrcc.2025.13149.1017

Declarations

. Ethical Approval

B The paper is not currently being considered for publication elsewhere. All authors have been
personally and actively involved in substantial work leading to the paper, and will take public
responsibility for its content.

. Competing interests
B Conflict of Interest - None

. Availability of data and materials
B Data will be made available on the request.

. Authors Contributions

Seyed Reza Hashemi was responsible for collecting library resources, statistical data, and
conducting field surveys. The corresponding author carried out the data analysis, compilation,
and interpretation of the study materials.

. Acknowledgements
B The authors would like to thank all participants in the present study

. Funding
B This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.


https://doi.org/10.22091/wrcc.2025.13149.1017

-

TRV FYFA : Sig oS LS

https://wrcc.qom.ac.ir/

SAS gy 3 0ol b8 3 sei 30 0 pw T ailin (555T w0l L)

T sodla Lo jas & b olovesce

talebi@meybod.ac.ir :asbl !, .ol 5l s e olKisls ( Sluil pole 0aSLiils Ldl ao 09,5 ¢ Jgtums 0dinun g .\

S.rezahashemi.1380@gmail.com :asbll, .\l s e oliils ¢ Sluil pole uSails Ldl 3> 05,5 sl cwlils IS (ggzmaiils ¥

oS o SN
0 58S (m)p iajl ¢ Sloz slo il (n nte 3 (S lsiedr ol lie (S 5 (oS talS allis gol
(891l .08 o 58 Atwd pl 10 SS9 0,5 @Bl L 5 o el O SguaS St 3blis sings alie

Sl Copae 40 oS ik o Slee Liis g la Suasl b ablie o ailele S Sblgs olgrea
blas Slulis g o5 e opd ol mlie 6,910l Sbj)l Boa b Lol iagh ol ol b
Laore ol 0595 b I8 Fe oS Lo g (o g, 5l eoliinl b ¢ Sloge g glasbulsS sla g,
Ololes )5, plozl @y pbews jsliiods (ils sl b il (g slanr (54d Copde 5 S
ey b baesls ol ocd) Sy S5zge unds (2l s islol 2 Sige Jelse (pgas o
sloa S aled 0 0y Ol mlie ©5lol Cansy 45 wms o lid laasl .ol plxil SPSS
Jo 52 Ol el 5 0 Ol s slarsS (o jsbas 355 o (2ol wslsli e g 9550
Iy Ol Cm S coad i YNY o VIV Slad 85k b Moan] jo oyt O cgas™ o " ol
b ol cwl G Ol ceaS L g ol el 0 oz sloille casasglis 45 wog |ls
el g ohag azg el sl g sl Bl o s opd ol plie Cundg i )

5d 55 sl sl sl je 51 cl 598

VESLYNY redly yo 7 )6
AR ERTARE sz.ia)b @)L‘I
VEXL0NY b ds a6

VEF1e V- F el o)l

Anojlguds
ol
(89l
wol ailie
S8 )

V¥ il i 5 T mlie . s e, 5l enlial b o3 10 5 wyd o alie 6,510l o)) Lo s soiln e goloorme ol solizul
http/doi.org/10.22091/wree.2025.13149.1017 A¥-YY «(t))

https://doi.org/10.22091/wrcc.2025.13149.1017 : Jlizms awlis

o8 olls 1 pal
L?My@



https://doi.org/10.22091/wrcc.2025.13149.1017
mailto:talebi@meybod.ac.ir
mailto:S.rezahashemi.1380@gmail.com

VF-F Y a)La..i) A 0,90 LML?/)A_«&/} ufé/l...a

Ol 3l Cod Saday (b polie 5 cwlal

e 3 Ko ol dgeeS Mallos a5
Y7 (e Yeoor Jlo jo sl oad Jos b il
Sish (srhes 5 Widg azlse Ol ogeS ISt b jouiS
Ol a5 by o158l janS P a olaws pl Vo0 JLo b
[Ve]ogdoo Jola 1) ploz Comaz a0 #5

bwgio ol Somb (Sab (ke Jdoa o)
Se 0 ek S g Sl bl @ s Sl
lossas JlocsSas [WV] ols )18 ol Sis ddlate
YV ansdS Jlo B b a5 gysbas el ol 5o i,
44255 b Cosl dlugy £9894s 5505 )3 (JloSis 090
Sl Ol o @l mle e cupae by G
Sras ;0 Groe V0 i (p9zadpe bt (5)9,0
g St glo e 2 5l Gl (65,8l Gise o
DIY] 6,5 ol 1, Sils

55 e oMsiy (nl o asdllae 590 Glgieds g 4l
51 sl axlge T ol sl SMe 5 108 Jns b
s Si0ils Of mlis 039> 50 (5 )10l psgie cgy0!
S @bl plyieas olgiee 1) 6l sl (551
Slts plp 50 gl Sleas @l sl porien;
DIYT 0,5 Gaypms bl slo Ltd 5 aymo

@ e ppton ) Copde (e lad 5oy 50
Sl s g 0gd o0 a8 )T Gl 0 col wbele S lsie
O3 4y il (plaS Wigds oo 4285 0nuol o a5
sloalels (Jlie )0 2530 porcen; Srdyas]
D18 55 508 Saeatly ;0 (sl 4 biws » gl
oS aies geable Gl o sl oplply [VF]
o |y oW § Sllug als gly p3Y cud)b
[Vo]

biye adgl 4y ctSib bl e
Ul Olyeds (oulidp g sbaledls ;5§ 098 oo atails
3,5 huyai plgioe Dllog 5 Olds Cupse g Ol

asle Bawasds slodsds sy o o)l e [VF]

\f

daddo -

sl n St 5lles (Rl g (ol Ol
g3l sleans o [V 5 V] Wy lediar edli
Sal 0392 Sgpedon b9t (e 0,5 Slod (Sl B
s dlo caipS Olyea YV 9 Y17 GlaJlo s
oo ol 381 cpl [Y] ot a3 ol ol ol
(S el 9 97 SLaSl 1o (slod S Dl i &y yonie
el oals ()L sl )0 et g

WVlo AL Olie Ol Bble 5l )l o
e w5 Ok Sl miss (Jeine 0 5 4l rals
Bblie (2 50 DM 585 41yl (] S Sl 0ud ks
7ol Ol pess (b g Led pogdle el 00 cyald
G5 5 o b Oz sl (bl slaag 8
a0 [F] ol 35,56 OT dly oIS jsbas
Gt 5l olpea JlesSas wass (Gl
L] ogis oo aslis o8l ois slooales

Jloy a5l 5eS )b b gloyes & Jloses
oo il 555 oo Dbl Jlo Wiz b ole aix b
abaly JloSas glooygs (ad (GYsb 5 £939 b (e
[O] ol oagay (ol aaicd oo lis 5 0,15 eubiiue
poie 90 JluSis g Sud a4 cuils axg Wb
S B ol TRy S (Si rasies Ol
wiile lelse LJsay JlucSis a5 b s el aibaie
Srohn Slmdd )5 oldl aes o ) )L pelS
g8 Jeadly 5 00,8 obwl (AL G oSl o
Ao o iliEl ) JluSis aile o sloonsay
Gl 515 jsbay a5 i blis ;5 pelil yeuis Sl
[Pl el azgs BB Jls caiin (o8 (51 5 Cush,

e ol yony o1 b as o Pl 5 Ol il als
ohst 1 Sler LUl G ines 5ol B rae lasSl
5 ol Olss [V] Wy jleday (St bl o
sloasix pled p darmmolon s dltus S5 plyica oo

5SS olseas (ol wlio [A] 0135 o 53U L S



ke g5 5 el o amy g0 0 laemac b
) 0l, Glgiear |, WR-DP Lozl g 00,5 asuis o
ilodged By laaste ol 3,90

S Capyme b gdy 50 olKes 5 TS lesils
o lBoee) s ya) Gross Sl s po 2l sl
Slojlow Sl pais o (sloaisS s s Ll ] jo a8
3S o Gl g 00,8 a1 Ol Sl Coenl (o s
o gl atile ansb glaaslols slasSIl ) &l i a5
9 odd lepplun) coy 5 S Glep 4 e
Sl 00,5 sllacli |, T wlie (555106 Sl copnds
7]

S5 sl oprge oS, saSL 5 TS
o] o35 syt |y T qrlie glaailobis ol (55l
(el Sl x5l Gyslol gudls slea
ool )18 Jelowi o y90 1) DL ey 2b5k 5 (2oEub
S5l 5 sriydllanl (o5 i gln b s
Y] wilos,s il T molio sloaiboles

S ooliial b ptag 5o iSen g 7o, S
Sl abie 6l 2 5i5e Jelse (6,52 4 (s s,
2 ST ped bl ams s,y ol el laass> o
=B 1) e Jelse siloimne ol mlis S e Canl
ks lis iegt cpl gl aiils go Liwly ol jo sl
g Soeal woys laly bajlaey uias; 5l o &S
Ao Jelse et Olseas L 5 el Ol az o
IVF] Wl bl ol 5o T mlie (65Tl

b oS cosl Jlgm cnl 0 ly Jlisay g ()
IR el pezee Al Jalse 4 4z g
5 e 8 ol e sy Bl 5 B 5 et

4 Wang
5- Blackmore
®- Nikranjbar

ol leslaiz ] el lalllas 4o g (a8l Oy
[\f] Sl 00 00 3 0 442 ﬁﬁ-&j“"

aloles S cud,b lgieas 5,510l (IS gboas
355 daze axilejle g Sllug 5 bo Siasl i slp
DIVT ogioe 28,5 Sl )5 Slpis o gely o

ol 5,510 5 035 o b (5l iy
s 5 Pl G a4 ciS b ol wlele S
ol DAT sl 55l 5 65 82, 51 ol g
(owbiipe (slox! dlax 5l alie olaul jo popie
V] sl sy BB Silosles 5 oIS (goladl

il 5 )l 4 azgi b e sl glas o
IS ol jeme daw Jo> dacaw! b oasd> SO
@b‘y L) Lg)bilg .[\&] )l.'xfj ‘:L’)b ‘Lg)bg.L; ‘)")"5&5"
eY oley e 2bsk ojls o lil adsl cdl a4y a5l
D> Sondy So 4 39)9 9 bl sl Alebe Jeuily
[Yo] o s <d¥s

Pt (owyy Sliwl, o gouaxn Cliass
‘55).3 4 dolol 5 aS ol o0l r:bu‘ u—l @L.o G)ST%JU
b stgsy 5 ollSer 5 g 5tise 09 o 0 )lol ] |
Lo} ‘.)..u‘ ‘";.;‘ d)..a.c 69§J| J..,.su 9 6)51;.;5‘" U‘}"C
Ao slaien; olss sy oo T il o0 T (Lo
6)5];’;5’ 9 d)‘a.c )Li;é) J)o 6‘)"‘ ‘;M “T)T d).a.o »
[V ] s o il

Olye bogladlie o oKea 5 T stugls
sl (b (K55x oy p @ e slacSlenj
il @ @55l sly absye sloalls 5 O
5 2l S Ol caaS Sy am len | sl

'~ Monteiro
2. Klossterman
3. Falkenmark



VF-F Y a)Ln..i) A 0,99 &M@'/M} c_;/—ézl...a

63550, by w38 Bue b ol agh
sybaieds (g (nl 5o el ool planil Lol nogs
4 Ghee 5 glailelS glaig, 5l deesls (g)slaez
Elo sy &5 i iind b eolitul (S 5 O jse
S SRy oy Grized 5 ($ES Gainia 9 ool
Sl Gog) Goyb ) candllas 3590 adlaie L3152
(Corez & byrye slhosls gyslaer Cénly O 50
G295 b 5l eslid)lS Sl 5 Ol B ras slasS)
s plol dsliion yy g alas Jols glae

plaass 5 pllis )5 (ieshy bl gansl
Coplo ay azgi bdiog o b b ol mle 039>
3y et S5 T Gl Saiged oo dnalr pansd
Ol o el QL (8 paldlS (g5 aiged (Bs, Gk
Solaez 4 o Jlite (Byme Boyb 5l Lolid )5 ¢ i,
228,85 S digel

Vg b glabitwy daosls (g slaex I3l
L oVlga cpl w00 Yo S dils bl oais 4k
ool Hlaasie Ol kg iy Olellas 5l 6,50 40
5hoeoliiwl b oeaissyslans slaosls Julo aloads
Jsor o8 plosil (s Jae 6 25 S L 9 SPSS 138l 5
aly Giegiy onl 5o eslitul 550 sladysS 5 o jlns o)
A2 oo &l Joads

&S by, -Y-Y

5 Sluyine slalpl 51 (o plsrear (als b,
S Gae b B e &LA?l 4 ehaows
6‘)? |) (& S ‘Ql.a,aé:l.c Lgl.aob’.).g.o Lg)Lgb)b

S oy 6 oozl ¥ S [YA] 8l e eal
S o pugeaiay | S Olidsd )

Lo b9, g olge =¥

aslllas 3,90 ailaze -\-Y

Sl olnl RS G e Sl sl on
ax 51 [V0] canl Slpl 0daamin 5 o8 (5 lore
Oblols CagS> (lhgs 4 Jyore jsbas s (nf clivie
oaidlis wleds Lol g co 00le G Jgl 9,505 4
ol Jlo 50 cpais Clnd a4 dalaie ol jo CoSl
Syl 5 i ool Sblay o5 sl
[YP] ol ooy aisliss 045 5lgieir
5 SR n Obwl S plaied (el
Slatbe gb e Comime Ol b (n Slerex
YY 5 addo FY g a0 VY oye 05b jo 0p bl
OF Jsb s Jlos aili OF 5 aids OV g a0 ¥\ b5 agl
94880 YV g 4,0 OF U agl YA g dado VYV g a0
Solod s oy T ol [YV] 0)ls )18 B asli -
i g 008 i OYASVY 555 1 Copmaz A TAD Lo 4o
YIEY L s V0 B TR el o (s Copraz 03,
D dga> 03 b Colune Cawl 0ol )18 asy
Sl 520 VYN0 byd mhans 5l T ela)l 5 @y y2agkS
ools lis VS o andllas 0540 03g05me Caadge [YA]

el 00

T
[ o W e ‘

Figure 1. Location of the study area

axllas O)g0 03gdse u...\S}.o—\ Jiw

’- Likert Scale



Mo Mogllasl coia Mogllasl” slogaly
28% oS5 3l gy Mosllas 5 Mgl Conia”
Gl 5o sl sl SBlzul g (S0le dadsbiten sl
sty (W) JusS™ (a3ls jl odleds ol aruloxe
20le 1200 5 oolital 5 3 G Bl Gliee Sl
FBlypac oawoplis (JWsS (s 6lp yhe 4 S0
@ azgi bl oS By Sole ) 4 S0y polie
oylgan (doye Veo) oS @l a4 ohcws aseyl
G55 Sy slems Sliear 1Y Al s g oIS
o5 IS el jyolie a8 Loy s a8 8 L o
) olols I8 ol 331 ol p 1SS a5l /Y 51 5
SISl IV YL olie a5 Il s wans e oLt

Application of the
Delphi method

Composition of
the experts

Gathering expert
opinions

Determining the
level of
consensus

Controlled
feedback

Is there
consensus?

Yes

Report of results

Figure 2. Theoretical framework of the Delphi method in
qualitative research

S Olidad )0 (A gy B ozl Y S8
@lS (o) 9 Con Y

s Ol el e p3 sawie sla iy

BB T b Cussame wbpme ailyes Sial33l alox

S97ge Cumdy Jlod D900 (D p2loe by g (o ed

ey 05 5 0 s 2l g ez g 08 O

o3k o 1y 05 b e Comoz 35515 ¥ Jgaz o5lo oo
RVSSUPRRIEAR B3 28 SR IR RN IS

oolatwl 8,90 slods o 5 lo Lz - Jgux

Table 1. Used criteria and indicators

Number
Component Criteria Indicators of
indicators

Present
drinking water

Water quality
resource 2
quality Future drinking

water quality

projection

Current status
of drinking
water resources
and their supply

Projected status
of drinking

Water
water resources
resource 3

. and their supply
tit
dquantity in the future

Drinking water
Status of consumption

drinking rate compared

water to the existing

resources population

Resilience of
drinking water
Water resources
resource 2
capacity Sustainability
of drinking
water resources

Status of
drinking water
consumption
culture

Patterns of
water Status of
resource drinking water
consumption loss

Status of
drinking water

conservation
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Table 4. Drinking water production in Yazd city
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Table 2. Estimated population of Yazd County

Year Transfer Groundwater Total
water resources

2021 33 31 64

2022 33 31 64

2023 38 31 69
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Table 3. Annual drinking water consumption in Yazd

city
Year Annual consumption
(x10° m®)
2016 46
2017 47
2018 45
2019 49
2020 51
2021 53
2022 52
2023 55
2024 55
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Table 6. Data collected in the first round of the

questionnaire
Factors Scorel Standard Kendall
] (Mean) deviation (W)

Drinking Water Quality in the

29 1.033
Present Era
Prcdwtcl:d ]?rmkmg Water 223 0947
Quality in the Future
Current Status of Drinking
225 0.981

Water Resources and Supply

Predicted Status of Drinking
Water Resources and Supply in 2.93 0917
the Future

Drinking Water Consumption

Rate Compared to the Existing 2.85 0.949
. 0.097
Population
Resilience of Drinking Water 288 0.966
Resources
Sustainability of Drinking
2.83 1.083
Water Resources
Status ofDnlnkmg Water 118 0931
Consumption Culture
Status of Drinking Water
Waste/Loss 3.02 1.097
Status of Water Conservation 31 1194

Practices
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Table 7. Data collected in the second round of the

questionnaire
Factors Score2 Standard Kendall
: (Mean) Deviation (W)
Drinking Water Quality in the 293 0474
Present Era
Prcdwtcl:d ]?rmkmg Water 213 0404
Quality in the Future

Current Status of Drinking

2.10 0.379

Water Resources and Supply

Predicted Status of Drinking
Water Resources and Supply in 2.95 0.389
the Future

Drinking Water Consumption

Rate Compared to the Existing 2.90 0.441 0719
Population ’
Resilience of Drinking Water 288 0463
Resources
Sustainability of Drinking
2.85 0.533
Water Resources
Status ofDn.nkmg Water 305 0552
Consumption Culture
Status of Drinking Water
3.02 0.480
Waste/Loss

Status ofWatcrlConscrvanon 3.08 0474
Practices
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Table 5. Water consumption in the period 2027 to 2031

Year Water Population
consumption (x10°
m?)
2027 59 695510
2028 60 710734
2029 61 725974
2030 63 741214
2031 64 756454

sosls o (Sed i oy sk
‘;M wj.o)‘ (o> 9&.)];9).49 OM‘SM)W
el Cawods +/22Y lade a5 o ooliiul o,bg ygm
O s § (598 (Swmo 3525 00id LS g b
ez g 6 le] oo 5l Jol> slaaidl .l yuaie g0
sk_)" é:l.m 039> ul..a.am LJ wl..a.o )‘ J.ob @Lu
A Syl g Comez (ciuli8l Wy, 188 Sk o
ssbar b o Glolis s ol B pae 358 e (e O3
2 &S sl ol plaaxie b Gl g Seds
@LLA wLaS,n.xs ﬁog)l.c “SlLa_..J u] ub)> uzsy O yg0
Al el Sabay j o ol CeiS sz se O
et ol gl A5 6yslob codib rzee 2l
(ol by 0gb oo 00 (pmesd el FA Lo o5 bl
Candg Sgnp (Sl S5e 5 (e la)lSel, sl g Sl
Syl oS Gelyins S5 jle0h b oS ol e
el (Sl 5 55952
Jsl 590 50 sabsyglae sleesly adlsl o
ol 00 43‘)‘ 4 Jﬁ.).> BN ‘Sﬁ]o Ui’ﬁ) u*’L“U’ AAL.M...M:))
Sl 5o b 38195 (Gosimaylis aS sl Cuvdds yho 4
doazsl Jlel rolidl jelateds ¢yl plo .ol lolis I8
ool 51 Jlo,yl Glolia 5 6lp o)bge daslicun »
aS Cewl S8 HLLE e Fwly SYlaw 4 b ol asulgs
o yo S dsliiw )0 bagewly (2 Sbe sl 599 50

5 Oleld )5 Sllai ol o ggdge (pl &S o5



VF-F Y a)La..i) A 0,90 LML?/)A_«&/} ufé/l...a

20 5l el a4 B (S g (oS Sl 0gge
3 o Dyles oauay g Comex il aizegd (laig e
Pydse e o
oy slooySug, Ll Jalge ol (85 s o b
by 68 Gelsie bawgs os laSel; (ngas 9 530
so.)..u" 9 JL> )Q g.)" é)LAﬁ )LML\ W)JAA 9 ‘JAALJ Lg‘}“'
5 ol sl ol & |z cudl Gl 5 55950 64!

g5 I Jool 5l 59,m

ol et g pll yo I IS Jgal oniny s
Ol 9l 050 £5050 (nl g 03g0i Cale ) (ale g3
olf..n..«.;’} A

sle Gpleer  Je  odl Lo
D9 @‘M 6L°g5“’))€ ‘anu" 9 L;)La] L;Lboob ‘Lg|4.3L‘$qt'5
0|9.A ).«.m.su 9 ‘_’.19;).1 daools J...L?u ‘J}L.wc OA.LM...{EJ'
ol plil 1) dsllas

&le o)l

55 gdlie (o5 allie ol 8 ot g Lol o L
o o>

Cdlyo ool i SaS ASas Gibgh ()
w‘ OQ)SJ

Sl
5 Sl byl Sl b p e Glyls )

D 0 (5wl (ole

References

Al ye ol 53 45 SN IS e ls 4 azg b

Sleli, 5 Sl oS dlye lyce odsl Casods
] 00 g_i)b).\ él.o.>‘ o9 MLV 5&}9.1 J.JLS @‘)iab
Siks oyls 1B Y alinl 5l 51,8 asly pl a5 Ll )
e Aol By 51 (sl e anl B 1S5 4
S5z 4 by gloas @l Sl o

6!4.@9&0 Wﬁ Y Sgd> (50 yod u.i)L.A L: ";.;‘ d)..a.o
5 LS plo owyp (Jo ool b s plas )
"ol slecdd g Mias et Rl ale e
Comits oy cpl 1o S Comdg oS el ol 51 S
Oy e odidonlis G pl 0ed oo bl oglkadl
hos sloSol, (58l 5 el (nl Sgme 4 0y 4z g8

| Lﬁo] LgL&S)‘ 6‘)?
S5z -F

Gl 5 b aslas )l Jols mbs 4 4 b
u] é)L.Jc 6)5];;[) Mﬁ “SﬁJo A.\J").B 9 ools J.l?u
by wsllasl (e slaasls ales o Sawels]
ol sl a5 was e ol Al by, mli b
ool g o il cintS (S s 5l Sl
oz sl boglal 5 gplol slagasls s
Al dxlg0

4 kel (neS 45 ol lis laayeS flow
9 (Y/\ <) "‘:ML“;‘ g_)] U.A.OL) &xﬁ M.os” LQLQO)‘;
ol a2l oLzl (YY) "oy ] o oyt 0T oS
u] d)..a.a o ‘:PA.B).@ C«:.:..ésn Lngo)‘}f aS ‘SIL‘> L
Gl (V12 0) "1 G pme Ko 3" 5 (V0 A) " Sl
50,5 Sy slael o

ssb e Gl 0y Ol eels el 53 a0y

‘:" é}LA |):) ¢l wb él.a.u‘ g_j éJLAA A odes

[1] Bagheri Khanghahi M, Hazar Jaribi A, Kamali MI, Zamani F. Forecasting rainfall in different climatic regions
of Iran using the LARS WG7 climate model. Water Resources and Climate Change. (2025); 1(1): 28-39.

https://doi.org/10.22091/wrcc.2025.11744.1008.


https://doi.org/10.22091/wrcc.2025.11744.1008.

[2] Golfam P. Estimation of crop irrigation water demand using climatic data and Cropwat model. Water
Resources and Climate Change. (2025); 1(1): 51-61. https://dei.org/10.22091/wrce.2025.11311.1001 [In
Persian].

[3] IPCC. Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Change [H. O. Portner, E. S. Poloczanska, D. C.
Roberts, M. Tignor, K. L. Bader, P. M. Midgley, S. M. Pritchard, T. Das, W. Felis, et al. (eds.)]. Cambridge
University Press; 2021. 928 pp.

[4] Benestad RE, Lussana C, Lutz J, Dobler A, Landgren O, Haugen JE, Mezghani A, Casti B, Parding KM.
Global hydro-climatological indicators and changes in the global hydrological cycle and rainfall patterns. PLOS
Climate. 2022 May; 1(5): €0000029. https://doi.org/10.1371/journal.pclm.0000029.

[5] Diffenbaugh NS, Swain DL, Touma D. Anthropogenic warming has increased drought risk in California.
Proceedings of the National Academy of Sciences of the United States of America. 2015; 112(13): 3931-3936.
https://doi.org/10.1073/pnas.1422385112.

[6] Dai A, Zhao T, Chen J. Climate change and drought: a precipitation and evaporation perspective. Current
Climate Change Reports. 2018; 4(3): 301-312. https://doi.org/10.1007/s40641-018-0101-6.

[7] Rahimi D, Zarei F. The effects of climate change on volume of water resources and transfer of inter-basin
water. Irrigation Sciences and Engineering. 2019; 42(3): 61-74. doi: 10.22055/jise.2017.21862.1565 [In Persian].
[8] Varela-Ortega C, Esteve P, Blanco I, Carmona G, Ruiz Fernandez J, Rabah T. Assessment of socio-economic
and climate change effects on water resources and agriculture in Southern and Eastern Mediterranean Countries.
MEDPRO Technical Report No. 28/March 2013.

[9] Pahl-Wostl C, Downing T, Kabat P, Magnuszewski P, Meigh J, Schlueter M, Sendzimir J, Werners S.
Transition to adaptive water management: The NeWater project. Water Policy. 2005; NeWater Working Paper X.
Osnabriick: Institute of Environmental Systems Research, University of Osnabriick.

[10] Omidvar K, Zare M, Ebrahimi R. The impact of recent droughts on groundwater resources in the Yazd-
Ardakan plain. Iranian Journal of Irrigation and Drainage. 2016 Dec; 10(5): 622—-635 [In Persian].

[11] Ashraf Vaghefi S, Keykhai M, Jahanbakhshi F, Sheikholeslami J, Ahmadi A, Yang H, Abbaspour KC. The
future of  extreme climate in Iran. Scientific Reports. 2019 Nov; 9: 1464.
https://www.nature.com/articles/s41598-018-38071-8.

[12] Sedighi Moghadam M, Hosseini, SM, Farajollah Hosseini SJ. Identifying the strategies for sustainable water
utilization management of Qanats in Yazd province, Iran. Iranian Journal of Agricultural Economics and
Development Research. 2021 Nov; 52(4): 849-837. doi: 10.22059/ijaedr.2021.320087.669019 [In Persian].

[13] Folke C, Carpenter S, Walker B, Scheffer M, Elmqvist T, Gunderson L, Holling CS. Regime shifts, resilience,
and biodiversity in ecosystem management. Annual Review of Ecology, Evolution, and Systematics. 2004 Aug;
35(1): 557-581. https://doi.org/10.1146/annurev.ecolsys.35.021103.105711.

[14] Yazdani MR, Mehrabi Sh, Ghorbani M. Resilience assessment in social-ecological Systems against available
water depletion (Case Study: Harchegan Village). Journal of Emergency Management. 2022 Apr; 11(1): 67-80.
[In Persian].

[15] Mousavi SK, Tabesh MR, Lahijanian A, Jozi SA, Mirfakhradini SH. Establishment and selection for improve
resilience of Yazd Ardakan plain water resources. Geographical Space. 2011; 21(73): 103-120 [In Persian].

[16] Nariman A, Fattahi MH, Taleb Bidakhti N, Sadeghian MS. Assessing the hydraulic resilience and return time
of Sadra city water distribution network against earthquake. Iranian Water Resources Research. 2021; 17(2): 204-
221 [In Persian].

[17] Folke C, Carpenter S, Walker B, Scheffer M, Elmqvist T, Gunderson L, Holling CS. Regime shifts, resilience,
and biodiversity in ecosystem management. Annu Rev Ecol Evol Syst. 2004 Aug; 35(1): 557-581.

[18] Fatahi S, Vahedi M, Arayesh MB, Eshraghi Samani R. An assessment of farmers' social resilience level in
the face of water-based crises: The case of Haris County. Iranian Agricultural Economics and Development
Research. 2023 Mar; 54(1): 107-129. doi: 10.22059/ijaedr.2022.338067.669128 [In Persian].

[19] Mirzaei E, Jalali A, Jodaki H, Arbabi Sabzevari A. Analyzing the level of urban resilience against the water
crises, a case study: Tehran City. Safe City. 2019; 2(1): 93-104. [In Persian].

[20] Monteiro M, Bahta YT, Jordaan H. Water resilience and change of water use behavior. 24th International
Farm Management Association Congress; 2024 Jul 14-19; University of Saskatchewan, Saskatoon,
Saskatchewan, Canada.


https://doi.org/10.22091/wrcc.2025.11311.1001
https://doi.org/10.1371/journal.pclm.0000029
https://doi.org/10.1073/pnas.1422385112
https://doi.org/10.1007/s40641-018-0101-6
https://www.nature.com/articles/s41598-018-38071-8.
https://doi.org/10.1146/annurev.ecolsys.35.021103.105711.

VF-F Y G)LA.:JL\ o)sé‘M@/ﬂﬁ'}yfa&a Yy

[21] Kloosterman RA, Van der Hoek JP, Herder P. Resilient drinking water resources. Water Resources
Management. 2020 Dec; 35: 337-351. https://doi.org/10.1007/s11269-020-02736-9.

[22] Falkenmark M, Wang-Erlandsson L, Rockstrom J. Understanding of water resilience in the Anthropocene.
Journal of Hydrology X. 2019 Jan; 2: 100009. https://doi.org/10.1016/j.hydroa.2018.100009.

[23] Wang ChH, Blackmore JM. Resilience concepts for water resource systems. Journal of Water Resources
Planning and Management. 2009 Nov; 135(6): 528-536. https://doi.org/10.1061/(ASCE)0733-
9496(2009)135:6(528).

[24] Nikranjbar M, Babaei Semirmi F, Jozi SA, Danehkar A, Arjomandi R. Application of Delphi method to
prioritization effective factors in water resources resilience in watersheds. Geographic Space. 2022; 21(76): 181-
195. [In Persian].

[25] Nabavi F, AhmYahaya A, Goh AT. Daylight and opening in traditional houses in Yazd, Iran. In: 28th
International PLEA Conference; 2012 Nov; Lima, Peru.

[26] Zolfagharkhani M, Ostwald MJ. The spatial structure of Yazd courtyard houses: A space syntax analysis of
the topological  characteristics of the courtyard.  Buildings. 2021  Jun; 11(6):  262.
https://doi.org/10.3390/buildings11060262

[27] Zareie S, Khosravi H, Nasiri A, Dastorani M. Using Landsat Thematic Mapper (TM) sensor to detect change
in land surface temperature in relation to land use change in Yazd, Iran. Solid Earth. 2016; 7(6): 1551-1564.
https://doi.org/10.5194/se-7-1551-2016.

[28] Rezaei MR, Alizadeh Shourki Y. Stability of water resources based on optimal loading of population and
urban development (Case study: Yazd city). Human Geography Research. 2019 Jul; 51(2): 307-322. doi:
10.22059/jhgr.2017.222203.1007355 [In Persian].

[29] Fatemi M, Akaberi M, Dehghan Khavari S. Investigating the impact of economic and social factors on urban
water demand in Yazd province with emphasis on immigration process. Journal of Water and Sustainable
Development. 2020 Dec; 7(3): 37-46. https://doi.org/10.22067/jwsd.v7i3.86531 [In Persian].

[30] Okoli C, Pawlowski SD. The Delphi method as a research tool: an example, design considerations and
applications. Information & management. 2004; 42(1):15-29. https://doi.org/10.1016/j.im.2003.11.002.


https://doi.org/10.1007/s11269-020-02736-9
https://doi.org/10.1016/j.hydroa.2018.100009
https://doi.org/10.1061/(ASCE)0733-
https://doi.org/10.3390/buildings11060262
https://doi.org/10.5194/se-7-1551-2016.
https://doi.org/10.22067/jwsd.v7i3.86531
https://doi.org/10.1016/j.im.2003.11.002.

