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Sustainable water resources management in arid and semi-arid regions has become a
major challenge due to population growth, urbanization, industrial and agricultural
expansion, climate change, and excessive groundwater abstraction. Alborz Province is
facing severe water stress as a result of rapid population growth, the concentration of
economic activities, and a high dependence on the Hashtgerd, Karaj, and Eshtehard
aquifers. This study aimed to conduct an integrated assessment of water resources
sustainability in Alborz Province. To this end, the Water Sustainability Index (WSI) and
the Pressure—State—Response (PSR) framework were employed, with four dimensions—
hydrology, environment, quality of life, and policy and governance—analyzed
simultaneously. Hydrological, climatic, socioeconomic, land-use, and management data
were collected from official sources, the Regional Water Company, statistical records,
remote sensing products, and policy documents. Following the standardization of
indicators on a scale from zero to one, the final WSI was calculated as the arithmetic
mean of the four dimensions and classified into five sustainability levels. The results
indicated that the hydrological and environmental dimensions contributed most strongly
to the decline in overall sustainability. Key factors included decreasing precipitation,
rising temperatures, persistent groundwater-level decline, reduced natural recharge, an
increasing abstraction-to-recharge ratio, deteriorating water quality, and insufficient
environmental flows. In contrast, the quality-of-life and policy dimensions showed
relatively better conditions; however, institutional fragmentation, weak coordination,
financial constraints, and the absence of an integrated data management system have
limited the effectiveness of management interventions. The findings highlight the need
for demand management, artificial aquifer recharge, wastewater reuse, improved water-
use efficiency, integrated governance, and smart monitoring. The integrated WSI-PSR
framework can provide a practical approach for assessing water resources sustainability
in other river basins across Iran.
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Expanded Abstract

Introduction

Water is one of the most fundamental natural
resources and plays a critical role in economic
development, food security, public health, and
ecosystem sustainability. In recent decades, rapid
population growth, urbanization, industrial and
agricultural expansion, climate change, and
excessive  groundwater  abstraction  have
substantially increased pressure on surface- and
groundwater resources. These challenges are
particularly important in arid and semi-arid

regions such as Iran, where declining
precipitation, increasing temperature,
groundwater depletion, deteriorating water

quality, and land subsidence have become major

concerns. Conventional supply-oriented
approaches are increasingly insufficient for
addressing these interconnected challenges,

highlighting the need for demand management,
resource protection, stakeholder participation,
integrated water resources management, data-
driven  decision-making, and continuous
sustainability assessment.

The Watershed Sustainability Index (WSI),
developed within the UNESCO Hydrology for the
Environment, Life and Policy (HELP)
framework, provides an integrated approach for
evaluating water resources sustainability. The

WSI combines the Pressure—State—-Response
(PSR) framework with hydrological,
environmental,  social, and  governance

dimensions. It therefore enables simultaneous
assessment of the pressures affecting water
resources, their current condition, and the
effectiveness of management responses.

Alborz Province is an important case for
sustainability assessment because of its rapid
population growth, urbanization, industrial
development, agricultural activities, and strong
dependence on groundwater. Major water
supplies are obtained from groundwater aquifers,
the Karaj and Taleghan rivers, and the Amir Kabir
and Taleghan reservoirs. Declining groundwater
levels, increasing abstraction, reduced natural
recharge, and growing water demand have created
significant challenges for regional water resources

sustainability.
Therefore, this study aimed to provide an
integrated assessment of water resources

sustainability in Alborz Province using the WSI
within the PSR framework, complemented by
groundwater sustainability indicators. Four major
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dimensions—hydrology, environment, quality of
life, and policy and governance—were evaluated
to identify major pressures, assess resource
conditions, evaluate management responses, and
provide a basis for improving regional water
governance and sustainability.

Materials and Methods

Study Area and Research Approach

Alborz Province covers approximately 5,800 km?
and is located on the southern slopes of the Alborz
Mountains. It is bordered by Mazandaran, Tehran,
Qazvin, and Markazi provinces and represents an
important population, industrial, and agricultural
center in Iran. Rapid population growth, urban
expansion, industrial  development, and
agricultural activities have substantially increased
water demand. Groundwater resources, the Karaj
and Taleghan rivers, and the Amir Kabir and
Taleghan reservoirs constitute the major water-
supply sources. At the same time, reduced
precipitation, increasing temperature, excessive
groundwater  abstraction, and  declining
groundwater levels have placed considerable
pressure on water resources. The research
procedure consisted of five main stages: data
collection; selection and standardization of
indicators; calculation of PSR components;
calculation of the WSI; and analysis of results
followed by the development of management
recommendations. The methodology integrates
hydrological, environmental, social, and
managerial indicators to provide a comprehensive
assessment of water resources sustainability.

Data Collection

Hydrological data, including precipitation, runoff,
renewable water resources, groundwater levels,
and water quality, were obtained from the Iran
Water Resources Management Company, Alborz
Regional Water Company, and hydrometric
stations. Demographic, social, and economic
information was obtained from official census
data and the Statistical Center of Iran. Land-use,
vegetation, and environmental information were
derived from satellite imagery, GIS datasets, and
environmental —reports. Management-related
indicators were assessed using policy documents,
water resources management plans, regulations,
investment information, aquifer protection
programs, and implementation reports.

Pressure—State—Response Framework

The PSR framework was used to investigate the
relationships between human activities, water-
resource conditions, and management responses.
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The Pressure component included population
growth, increasing water demand, agricultural and
industrial development, urbanization,
groundwater abstraction, land-use change, and
water pollution. The State component represented
the quantitative and qualitative condition of water
resources, including renewable water availability,
groundwater levels, water quality, vegetation,
aquatic ecosystems, and per-capita water
availability. The Response component included
management measures, investment, regulations,
conservation  programs, integrated  water
resources management, improvements in water-
use efficiency, and stakeholder participation.

Watershed Sustainability Index

The WSI was used as the main sustainability
assessment tool. Four dimensions were
considered: Hydrology (H), Environment (E),
Life/Quality of Life (L), and Policy and
Governance (P). Each component was normalized
between zero and one, and equal weighting was
applied in accordance with the HELP
methodology. The final WSI was calculated as:
WSI=(H+E+L+P)/4

The resulting WSI values were classified into
three  overall sustainability levels: low
sustainability (WSI < 0.6), medium sustainability
(0.6 < WSI <£0.8), and high sustainability (WSI >
0.8).

Results and Discussion

The results indicate that water resources
sustainability in Alborz Province is influenced by
interconnected natural, economic, social, and
managerial factors. Population growth, rapid
urbanization, industrial expansion, agricultural
development, and strong dependence on
groundwater have increased pressure on the
regional water system. These conditions
demonstrate the need to move from conventional
supply-oriented management toward demand
management, integrated governance, and
evidence-based planning.

Hydrological Dimension

The hydrological assessment showed that climate
change, increasing water demand, and
groundwater abstraction beyond renewable
capacity have negatively affected water resources
sustainability. Reduced precipitation, increasing
temperature, higher evapotranspiration, and
declining surface runoff have reduced the
sustainable water-supply capacity of the province.
Increasing dependence on groundwater for
domestic, agricultural, and industrial purposes has
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further intensified pressure on aquifers. Reduced
natural recharge combined with increasing
abstraction has resulted in persistent groundwater-
level decline, representing one of the most
important threats to long-term water resources
sustainability.

Environmental Dimension

The environmental assessment indicated that
rapid urban development, land-use change,
vegetation loss, and increasing water pollution
have adversely affected water-dependent
ecosystems. Declining surface- and groundwater
quality, increasing pollutant loads, and reduced
environmental flows were identified as important
environmental  pressures. The  findings
demonstrate that water resources management
cannot be separated from ecosystem protection.
Conservation of natural areas, pollution control,
maintenance of environmental flows, and
restoration of aquatic ecosystems should therefore
be incorporated into regional water-management
strategies.

Quality-of-Life Dimension

The quality-of-life dimension showed relatively
more favorable conditions. Although a
considerable proportion of the population has
access to drinking-water services, rapid
population growth and increasing water demand
have placed additional pressure on water-supply
infrastructure. The substantial dependence of
agriculture on groundwater also highlights
limitations in water-use efficiency. Indicators
including access to safe water, human
development, per-capita water consumption,
employment, and economic conditions suggest
that improving water-use efficiency and
increasing public awareness could contribute to
greater sustainability.

Policy and Governance Dimension

Several management measures have been
implemented, including groundwater balancing
programs, abstraction control, monitoring
systems, and  other  water-management
interventions. However, fragmented institutional
responsibilities, limited financial resources,
insufficient coordination among responsible
organizations, and the absence of an integrated
data-exchange system have reduced the
effectiveness of some management programs. The
results emphasize the importance of integrated
water governance, data-driven management,
intelligent monitoring systems, and greater
stakeholder participation.
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Overall Sustainability Assessment

The final WSI assessment indicates that the
hydrological and environmental dimensions have
the greatest negative influence on overall
sustainability, while the quality-of-life and policy
dimensions show relatively more favorable
conditions. The principal challenge is the
increasing pressure on natural water resources
combined with declining renewable-resource
capacity. The integrated WSI-PSR approach
provides an advantage over single-dimensional
assessment because it simultaneously considers
pressures, resource conditions, and management
responses, thereby supporting identification of the
underlying causes of sustainability problems and
evaluation of management effectiveness.

The findings further demonstrate that the high
dependence on groundwater represents a major
vulnerability of the regional water-supply system.
Artificial aquifer recharge, treated wastewater
reuse, improved irrigation efficiency, reduction of
transmission losses, and development of non-
conventional water resources can improve system
resilience. Integrated databases, real-time
monitoring, remote sensing, Internet of Things
technologies, artificial intelligence, and predictive
models can also support more accurate and
proactive water-resource management. Overall,
sustainability requires simultaneous
improvements in demand management,
governance, efficiency, ecosystem protection,
stakeholder participation, and evidence-based
decision-making rather than simply increasing
water supply.

Conclusions
This study assessed water resources sustainability
in Alborz Province using the Watershed
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Sustainability Index integrated with the Pressure—
State—Response framework. The methodology
enabled simultaneous evaluation of hydrological,
environmental, social, and governance
dimensions and provided a comprehensive
assessment of the sustainability status of regional
water resources.

The results identified excessive groundwater
abstraction, declining natural recharge, climate
change, increasing water demand, rapid
urbanization, and unbalanced development as
major factors reducing water resources
sustainability. The hydrological and
environmental dimensions showed greater
vulnerability, particularly because of persistent
groundwater-level decline, reduced renewable
water availability, deteriorating water quality, and
increasing pressure on aquatic ecosystems.
Although  water-supply infrastructure and
management measures have improved in some
areas, institutional fragmentation and insufficient

coordination remain important governance
challenges.
Sustainable water management in Alborz

Province therefore requires a transition from
supply-oriented management toward integrated
demand management and data-driven water
governance. Priority actions include groundwater
protection, improved water-use efficiency,
artificial aquifer recharge, wastewater reuse,
continuous monitoring, stakeholder participation,
institutional coordination, and evidence-based
decision-making. The integration of WSI and PSR
can serve as a practical framework for periodic
assessment of water sustainability, evaluation of
management effectiveness, and decision support
in Alborz Province and other Iranian watersheds.



g o S35 P59,0e
Homepage: https://hydro.tabrizu.ac.ir/

LG

RN VFoF ylimo oY 05loh o Sl «(559) 5353 okl =

AL 3 00l b 5 pdf il (G ) 29 ) ST 3 WT &b (5 Ik 4> LY (Jb )
(PSR) gwil—cudg— )Lid W92 31> 9 (WSI) 3 4T 5L

T 0 sbo e ¢ T 0t 3l comne ¢ Ly O 38

0l el sl ST o8ty clinion g psle wly ol (qwaigs g psle 09,5 (555 gozails )
Ol ol a5 ookl o3T oBtils wlinhios g pale aly wol cwdige g pole 05,5 wliwl .Y
Ol ol ool o3T olEiils wlihio g pole axlg ol cwdige g pgle 09,5 ¢ Loliwl ¥
h_babazadeh@srbiau.ac.ir : Jgtus oo g %

oS> Ao wleMb!

g

5 oo S (e ez o) sty SiSaes 5 S bl ps Of el copos 2y, i o £ g0

b 5 5yl sl sl osds s gwlisl (il @ (doe 5 O 5l gy 0 bl g oaldl ks (s pglas

O L o)leill 5 g5 o St 6}%‘?’9_‘ 0k (Sdly 5 solasdl Gledld 53 08 ooz @y SV VITY el b
Ol sl ol planil Rl Gl O glie 65l 4z LSS (b)) Baa b agh (nl Sy dg; o2 (&
adie oz g wb oolitul (PSR) fuwb-coumdg lid Gzl g (WSD) oyl g lul sasle 5l jshte
ool ol Jdow lojen &gty SeSo— (g a8 Cunliw 5 (SW) CotS () baze (5595000
bl cslibaie O &S b ¢ ooy @lio ) e g ool)] 625 csolamil- elazal « conlsl ( So3sly,00n
S WSLSs b jan ol )0 o asli 55k lasliud 51 e 0d (5515,5 sl olil 5 450 51 it
5 Shsld olal a5 ol lis mls b ganainb oMl mho g o 5 Aol dilie gz Sl 5 P @ Gl G

VE O BTV 1y dy g yb

(ojlgands’

ol einy slac]

O o yois 2l dos aal3dl o Sl 2al5 )l o lul 2alS o 1) i i G dame Bl Sends)lid ooz >
Slaol, s 5 Ol ceiS alS @wis 4 el Sans Gl ok 4ds el o pejny Sepde ppl Glwl eSle
1S (6 2 B Cormbg (608 Canlins 5 (555 ek olagl il 4 i Lol Lalse 51 ooy o e a2 LS
GalS 1, Ll ik ool da LSy ilols 05 5 o Caogame o Sinlod cind «golys oSS, Ll
oysorte il colay S 2l daglsiel esias aiis LSl Cu s Sy bail il ol
hr ol 255 Wgioe WSIPSR (2l gzl aiiS o 05T aiadign (il 5 42 LSy (oS>

il 5988 5l Gladss> pl yo ol e )kl b))

Shooliiwl b 5yl sl oy ool 5 ol molie (g5lab ax LG ob,l (VF20) - e s oolo g e 00l3bl , ol5a0 Lo )b obotuw!
DOI:  http//  AY-2F (N &i9dsi59,ee  (PSR)  mulb—corsglas Coxjls 5 (WSDH 50 g)lal asls
org/10.22034/hydro.2026.74121.1350

ey olKails 1 pab By © @ OIS

DOI: http//doi.org/10.22034/hydro0.2026.74121.1350 -



mailto:h_babazadeh@srbiau.ac.ir
https://orcid.org/0009-0000-8102-5506
https://orcid.org/0000-0003-3838-5383
https://orcid.org/0000-0002-9613-2934

VP F obcwno ) oF o louds (o0 Jlw (55909959 y0u
Hydrogeology, Volume 10, No. 2, 2026

SR 0sdee wgee AT Culiw 5 giyaeln o
ol iy cnl o sl Gl atls o Sl
Alipaz 4 Chaves lawg a5 <l (WSD) 5,0 s lub
by 5 ol | 6T b 5 i (,242007)
sSislyid Slal leind s, el (PSR) gl
el (ol oS oo @al 3 1) (3l 5 eletzl ¢ araciny
Solul Coxdg amlic iy SleMbl giluosls (yes
Sl Glyear 5 Slaoe (Sen 5 1) Alide slaass>
il Qbp)l g Sl Wy, b Gl el
D9l oo ALl i poe ol

VWY 5 aiepllss j9,0 G o Jarzebski et al. (2024)
AL ol gl gyl @l o asls sl
0j9 9 ead JSas slaasly denbre (hg) lisla
az 81 as ol Glas gl cnl @ls )8 avglie 0 )8
argi ol e 6)luly oLl lp sounia glajasls
«(Sgriee ol plojer Gl JoJoas WSI Lol slassly
1ol el 5 2 sl 5 el saamacans;
D9pS p Geied (Agh (il gdior Cguite 29290
drwgi g 39,4 gools sl eolaiul da mls (o jlws lasliwl
03,5 25T 3l o> s Ll b cenliie o sla oo
5 cudlas a5 wols olis jo Gupta et al. (2020) ol
Supde 2 Gly IRl lypea a4z ST 0855l
e 2l g St @l 4 adeen Lol gl e ke
b ogrd 5 Swbiw ladie @ ol Sl 5 g oo
ol dly cuslas b, 595l
aeej 5o o Slilllae o3l slalo (b 5 olnl o
sl gleass> az LSy copae ol mle 5l b))
@l el oad el (g sl Cundy Jlos
EBES 5k 45 amd_so Lt e mmgly ol el
adi ol g ol gl jetee 2Bl L 5a8
i S il o] hin sp55 Gl smer
A azlpe bplsul 033 cudil el 5 (e
Karandish and Hoekstra, 2017; Rahmani et al., 2024; )
ezl sleslunl b Syl o Kiwgss (Madani, 2014
2ol 5 el (Sl SIE el il ki

slJas 5l Golul jasls Ol mbe 5l 5,08 00 00

AY

4A0dio

b b Gkl S ol O
zoloz Coodls ¢ 2138 Covial (golaidl davgs ;o 00ilS yuss
Ay el glrans b oS o Wl bpieawsST gk
IRl cglio G5l (Gl pnd dnngi Cane @
3 3l SBU ol 5 B pae (598 s (S ) mhaw
sk 0 1y (Soi 5 b S @lis 1 )Lid (o
IPCC, 2023;) cel ools Lilil ol cle,sds
5 adls olaysiS o Luli oyl (UNESCO, 2023
ad bl alex 5l (Sidaas 5 SKis slapall
(SHL Sals a4 gl w0l o csslin (g i
595l @lie ot als daglgsl 515l des (il
Ble Copde Gl Aller 0 Pt 4 ey Comig B ooy
(Gohari et al., 2013; Madani, 2014) sloas Lo ol
Cbley aS wes o plis W Slllas (Sl whae o
Gials Doy |y (e ol pB0 i cd )bl e
Jasechko ) oS o s0gs 1) ;85 bayeudie Ol sl g ools
.(and Perrone, 2021; Scanlon et al., 2023
Oegh YA aieplla 9,0 ;o Karandish et al. (2025)
g 2losa Ol Grae leaily aoli8l as wsls las
o a0 )lge (B0 55 5 958 008 laglsul 5l il als
az bl b e Gl Ol canley w aSil o S
Oy o ks lgul sl sladaly coddge a5 wid 5
Wl Ko slcwlow (o pae Olladl Gl 12!
S e 5 e 5 Ol sl S
ol gy Sldlas doye Yool paS g cnl pdy Sl
ol loads (reejn ol mlie bl b s 4 3350
5 i el b Capse Sazn Sl badl
ol s (il ay Gamaiz oS5 5,5
a5 Ol mlie Copae st o Sug; ol G jo
Sl 5555l wilosgy 5 pate ol 4dse anusgi s
Sl cblis Lol Z poe 2 (ng o Shg) S !
Capse ol GleSe lakigd oS lie (panb gl
35T syl slogasls sataa (Jbj)l 5 ools it
5 oS S azrls axwg o, pl 31 (OECD, 2015). ai,ls

GolS sl 1l 5l (S ol mlie Consy bl ln ol



VP F obcwno ) oF o louds (o0 Jlw (55909959 y0u
Hydrogeology, Volume 10, No. 2, 2026

—,Led esee sz yl> 9 (Sustainability Index: WSI
;o -l (Pressure-State-Response: PSR) uwl—consg
(hemecen)  ((Siglsdes slapasly

Wb Jolod g (o) 2 Olejes Sgeds (Supoe g (sloiz

g a3l bl O &l 6l Consg 5l mol> (5 pgai U
108 () sdals alye iy )0 Graghy slrl wnl
Al (¥) do_als g5lws Jasbwl g Sl (V) deosls
Lo (8) g WSI a3 L araloes (F) < PSR Jae (sladilie
ey ool el (g poe la)Sal, Wl mls
Bl S9zge Condy o Sludl sla)lad plejen Jolo IS
IS s w8 oo walf |y apae Ll pas 3l O
sl Gloass> gl byl o eadaislis slesSis,
D90 g
axlllao 8 590 o

3 &y fagkS O e dgu> 5o (Folas bl
O Sl e g a8)S LBl egSaid, g sl
9550 sbed 4 Olpl (65,9l g (e« Srer laclad
Ol pll 4 35 5ol pliwl 4 Jled 51 bl o)
S9ae (535 po bl 4 g 5l g (ngB liwl 4 oy
DAl (G el drgl e mipe WD) S5 o
FB Gl g (65,9laST (o) (A58 g suste lie
bons idt sl 0dd adlaie oyl jo ol GlolE azy
gl b 5l pbl (65,5l88 5 o o yd slasls
S el Glass 5 QUL &0y, 7,8 WSy (o2
(SNl 2l e ol 5 058 ge el Gl
5 bglsul pdgapaas cod)l 5l i cubloy oo Sl
sl ol lp o Gt (i o el
Slgie a5l el agy ol 5wl 00,8 sl sl Ol
<l e syl Gloasls (b)) sl cmlie glaised
o !

Lodls sy979 ¥
s é.ng.o )'| O®9R Q-.’.‘ 5 oolazw! 5,90 GL‘Z"’Q“)
‘%“uﬁ) “_‘:aj)b J'“Lw ‘_“S;”Js)m SleMb! Lol 6)915,5

oS g ein) ol mhw pdinass Ol gl x>

laasy> ;o 1) Of mlie Cundy o)lassiz (6 S puea
Dy9pe g Sl (nl mls Wlos ST (bl H9aS Al
Pl S ool y50 e Ghaliil b pae (5551 Lo
daglysul egime ©AE arwy (dejn ol ol
slalbs Ll 5 of GheSo i ol G2k
Gohari et al., 2013; Karandish ) s s o,ST aiaiien (il
(et al., 2025

P Giete Sl S GRS s 4 sl
(seins ol mle 00 (Sualy 9T Shaer
GRIPl s Gt e Ay aaie mlio R
glie Su e die) 5o goaxte slatllyr b ol slolis
ool 5l e BB e K8 saw el axlge O
slplyl Bk 5l ol nl oo 5 65,5leS w0 s O
slodle (b oS 5,5 o0 Sy 3)eiil 5 7,5 o Kt
Jled Gulidl g oS pals ool gl jets CSI L 5
ol (Alaviany et al, 2020)ulosgs 9,49, (5,00 0 40
Ol O b (55l Comdg golz (2l @950 Ll
il Baa byl ey il e JST Gy 5l i
32 WSI ezl 51l sl O gl 65lb az Lo
aazs sapasls 5l Glacgeme 9 PSR Cox > B
sl Gpsai B oypS o0 o seins slacl s)lul
Slladl casu il ol g JLad Jelse w29 Cundg
ol 5 oodle 5550, 90 (pl ol weo @Il 5 pow
Gl ae; ol mlie Cype plls O 5 s L
5 oslol Gl el i)l sl ! sla Sl
Gk ol Ssls S e @l B 1) ol e (SyeS 050
slasls Gunl @l ety 5l plojen eslisl )
—Carsg i ez lr g sy @l Gl panss
ol el 5l Gl O qlis a2 ,lSs (23l sl el
wgoladl ¢ canlo Jaloe le bLS )1 Julod Sl 5,55,
@l Olyie 4 Wl oo g 03,5 mal B 1) (i pae 5 eleix]
258 8 ookl 550 5585 o pl sloadg> plu sl

B gy g9igo
=Ty TE XY STY)
ol OT mlie ylul ax LSy b)) csbol o

Watershed ) 5l ,lulb Lasls 5l eolanwl L,



VP F obcwno ) oF o louds (o0 Jlw (55909959 y0u
Hydrogeology, Volume 10, No. 2, 2026

S35 CuasS (Environment) o jlaxe (Hydrology)
Joe B s (Policy) s,l38 Cenliws 5 ol oS> ¢ (Life)

Wgdos 2kl PSR
oo 9 098 Sl by S U Lo ofl o adlie o Lol

1395 o0 dnlone ) Al I Sles (el
WSI=H+E+L+P)/4

o) e as

H= 599,000 (oLl
E=cogilame a3ls
L= S0 CuleS a3lo
P= o il 5 oS> asls
Sl 09 4dl3e Jloz 52 4 HELPs lslinl (g, bl
S8 (B35 3l AL S e 3l b Al sols plaisl
Ol & 58 wax Sllhas ;0 3,805, (nl wed 6Tl

sl 0 423 IS 4y WST aslons (clys o po 39,

b ol 28 jliol g (5 3bws il

SSoilul slaasly L gl asls anslie jslaieay
So 5 o e dmr 59 el 4 o pite saled (glie
o HELP-WSI asdl gt @l Gens -2id o
Klad? Klwd [l mho 74 5l (S 0 2l
Pl (nl ol anail €053 )l 9 €09 oy
el 5 oy luly ilises slayl ey dnlie IS0l oo jliel
IRV PP SR JRCH FUUPS SRV
Losty Julow g

sleadlie (1Sl (arls o jlonl aculre 51
20,5 &) lanlin glo Llos 5 b logas o Jolax B 4
ol il ol 51 SOy ans g D98 bl yioren
2 Rpe glatwlw 5 (nb Lulys (Sl Jalse S

28,5 18 bl oyee 5l il <! &l Cundg

o9y sbasdl
Pl 40> (K399 shd Cuidg (U 3 5

ol il a8 ols plas s59ds 0 adlse o)l mbs
Syt plojen il cov 3l sl (bl ol
Cab b | i el g ol Lol Lyl o senldl

A4

205 glpl (g kegy0un el g 55l (slailaie
oyl 5l golazdl o Lelaizl o arar ledlLl
byrye Sledbol (pizman 0 4y olpl sl 3550 5 (o,
3l s slaome Dl 5 (ALS bg (S o)l @
5 (GIS) Lliliz olodlbl claalels gl lsale slas
& ab (555108 Camjlae cbli> Glejle slagh )l
(Vb ol 58 (hpse glagasly oLl sk
22 G aLe pes (50 cdlsd o lie e slaasli
@zl sl 5 ol | cbli> sz b ol i
8,5 8 gy 9550 e slreliiws
(PSR) guli—Cardg— s w92 s>

seddld gl L)l Jlos sl gl cnl 5o
sl 5l sanse DLl s Ol e Consy (Gl
5 6)5an ol Lrwss &5 oz yla opl o 03lizwlPSR
Lylg, 4l el a8l axwgs (OECD) (golazdl asuwgs
el 0 Ly Lol ailge ds oo Joleo 5 e
Ol B Camax al, plai Jelse ol (Pressure): ,Lid
drngh (i e (S (655liS Arwg (ol (sl
2 G s g 2l @l el paio
el Ol polie Sogll
alox 5l 0T polie (a5 5 o5 Ll Sl (State): sy
ol oS (oo ol g cpdisa ol gl Glies
Ty oo sd Wl g BptssST Sty (LS Sy
]
o6 )50 yow (s o loladl Lol (Response): gl
Capse bzl ol gle jl cblis> gloasly oyl
CSlie g Bras gygone GIBl Ol ple a2 )LS
el T el e 5o laiiged
odle 45 WS o wal |, 5lSl PSR gzl 5l eolic
8 e ladalis (isu il werge Caxdy b))
05 8 Ghemis 390
(WSD 3257 &l ool

sl sl el ol plie gl b5l sl
Chaves lawg | cpinss azls opl ol colaiwl(WSI)
axwgd ¢Suigy HELP 4ol )y slie 53 5 0l 3,20 Alipaz g
Sl Jold Lol am oz als opl o dly



VP F obcwno ) oF o louds (o0 Jlw (55909959 y0u
Hydrogeology, Volume 10, No. 2, 2026

JrS (o bl cblis slaasly sl & )g,0

0 50
2021 2025 2029 2033 2037 2041 2045 2049

Average GW Table Variation

— — — Agpricultural Water Use Total Water Use

boaily o3 B i 381 Conslims i 531wy —Y S
SYoYY 099 53 55 el (e @l 315 9 of @b Lyl

o8 s O 1 Cxi Yoo
Figure 2- Assessment of the Effectiveness of a 5% Increase
in Irrigation Efficiency Policy on Water Resources and
Groundwater Levels in the Karaj Aquifer during the 2021—
2050 Period under the Impacts of Climate Change.
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Figure 1- Groundwater Level Along with Total Water

Consumption, Agricultural Water Consumption, and

Population in the Karaj Aquifer under the Impacts of
Climate Change during the 2021-2050 Period.
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Figure 4. Status of Water Resources Governance Indicators
and the Effectiveness of a Policy for Using 10 million Cubic
Meters of Reclaimed Wastewater in the Industrial Sector
and Its Impact on Groundwater Levels in the Karaj Aquifer
during the 2021-2050 Period under the Impacts of Climate
Change.
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Figure 3- Comparison of Quality-of-Life Indicators:
Assessment of the Effectiveness of a 10% Increase in
Irrigation Efficiency Policy on Water Resources and
Groundwater Levels in the Karaj Aquifer during the 2021—
2050 Period under the Impacts of Climate Change.
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Table 1- Sub-indices and Parameters of the Watershed Sustainability Index.

Sub-index Pressure State Response
" Ratio of'the .C.h ange in per capita Per capita water availability .
water availability during the study . * Improvement in water-use
. . . in the watershed (long-term . .
period to its long-term average in average) efficiency over a 10-year period.
Hydrology the watershed. £¢)-
* Change in watershed BODs * BOD:s in the watershed : lmpr(?vement In wastewater
during the study period (long-term average) collection and treaFment systems
) ) over a 10-year period.
» Watershed Environmental * Percentage of the watershed : Change in the extent of .
. . environmentally protected areas in
Environment  Performance Index (EPI) during area covered by natural
the study period vegetation the watershed (percentage change
) ) during the study period).
* Change in the income-related
Quality of sub-index of the Human * HDI value for the * Change in the watershed HDI

Life Development Index (HDI) in the
watershed during the study period.

watershed.

during the study period.




VP F obcwno ) oF o louds (o0 Jlw (55909959 y0u
Hydrogeology, Volume 10, No. 2, 2026

* Change in the education-related
sub-index of the HDI in the
watershed during the specified
period.

Policy

« Institutional capacity of the
watershed to implement
Integrated Water Resources
Management (IWRM).

* Change in expenditure on IWRM
implementation in the watershed
during the study period.

WSI SaS @ 0 2 (55l Zobw =¥ Jgor
Table 2- Determination of Watershed Sustainability Levels Using the WSI.

Watershed Sustainability Index (WSI)

Watershed Sustainability Level

WSI<0.6
0.6 <WSI<0.8
WSI>0.8

Low
Moderate
High
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