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Extended abstract

Introduction

Watersheds, as key units of water resources management, play a fundamental role in supporting ecological
processes, regulating the hydrological cycle, providing water, conserving soil, and sustaining the
livelihoods of human communities. These natural systems are exposed to increasing pressures from climate
change, population growth, unsustainable exploitation, agricultural and industrial development, and land
use changes. In such circumstances, the concept of watershed sustainability as the system's capacity to
maintain optimal performance of ecological processes and environmental services in the long term has
gained special importance. In addition to providing early warnings of environmental degradation, assessing
the health and sustainability of watersheds can also identify the causes of existing problems. The Watershed
Sustainability Index is one of the valid indicators that quantify the status of watershed sustainability. This
index, due to its high flexibility and usability at different scales, is known as a suitable tool for planning
and decision-making in sustainable watershed management. Therefore, the present study was conducted
with the aim of assessing the sustainability of the Atrak River watershed and providing a comprehensive
picture of its functional status and ecological sustainability. The strengths of the article include the breadth
and comprehensiveness of the indicators used (four key dimensions of sustainability), the 10-year study
period, which increases the validity of the results, and the spatial assessment of watersheds and
prioritization of actions, which allows for targeted policymaking.

Materials and methods

The Atrak River watershed with an area of 819,000 hectares is located in Golestan Province. The watershed
sustainability index, developed by developing the UNESCO-HELP model and using the PSR (pressure-
state-response) causal model, is one of the few indicators designed specifically for watersheds, which
evaluates the sustainability of the watershed in question numerically and using a formula in the form of
four sub-indices of hydrology (qualitative and quantitative), environment, life (livelihood conditions and
human development), and policy. In this method, taking into account the available information and data
(10-year period), the values of the parameters in the three components of pressure, status, and response
were collected to examine each of the sub-indices and converted into quantitative form in the scoring range
from zero to one and in five categories (0, 0.25, 0.5, 0.75, 1). The indicators receive a score of one in the
best condition and a score of zero in the worst condition. The final WSI value was classified into three
categories of low, medium, and high through the arithmetic mean of the sub-indices.

Results and discussion

The results of the hydrology section showed that in all sub-watersheds, per capita available water decreased
during the 10-year study period. Also, the three sub-watersheds of Chat, Dashli Borun, and Gomishan are
in the weak category in terms of the pressure component, and only Maraveh Tapeh is in the medium
category. This condition is also true for the status and response component. According to the results, the
TDS level has increased in all sub-watersheds. The results indicate a critical situation in the water quality
sector of the watershed. In general, the average results of the hydrological index varied between zero and
0.25. The environmental index showed that the trend of increasing agricultural land is visible in all four
sub-watersheds. The highest increase in agricultural land occurred in the Chat sub-watershed and the lowest
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in the Gomishan sub-watershed. Also, the highest increase in population occurred in the Chat sub-
watershed, which confirms the results of the increase in agricultural land. The results indicate a very bad
situation of the EPI index in the two sub-watersheds of Maraveh Tapeh and Chat, and Dashli Borun is in
the next rank, and the Gomishan sub-watershed has the best situation in this index. According to the final
score results, the situation of Gomishan is better than other sub-watersheds in the environmental sector. In
general, the average results of the environmental index varied between 0.33 and 0.5. The results of the life
index showed that the status of this index in all sub-watersheds was average to high. In general, the average
life index results varied between 0.75 and 0.83. The results of the Policy Index showed that based on the
average scores, the status of this index in all sub-watersheds was poor. In general, the average Policy Index
results for all sub-watersheds were 0.58. The final values of the WSI index showed that all sub-watersheds
have a poor status in terms of sustainability in all four main indicators. According to the average scores
(0.448), the Atrak watershed is in the low category in terms of sustainability.

Conclusions

Considering the results obtained and the low level of sustainability of the Atrak River watershed, it is
necessary to take immediate and planned measures to improve the sustainability status. The most important
management and applicable suggestions in the watershed include the following. Integrated water resources
management, which will increase the efficiency of water use in the agricultural sector by using modern
irrigation methods and consumption management in the drinking and industrial sectors. Improving the
quality of water resources, including controlling and reducing the input of pollutants into surface and
groundwater sources, can be done through the development of urban and rural wastewater treatment
systems. Protecting and restoring natural vegetation by implementing projects to restore degraded
rangelands and developing protected areas, which play a fundamental role in improving the sustainability
status of the watershed. Strengthening environmental governance and policymaking and establishing
coordination between organizations responsible for water, agriculture, and the environment to implement
integrated watershed management are other important strategies for improving the sustainability of the
Atrak watershed.

Keywords: Atrak river, Integrated water resources management, PSR approach, Watershed sustainability
index

Cite this article: Asadi Nalivan, O., Khosravi, Gh., Alvandi, E., 2026. Watershed sustainability assessment
using the HELP approach, case study: Atrak Watershed, Golestan. Watershed. Water. Eng. Manag.18(2),
148-169.

© 2026, The Author(s). Published by Soil Conservation and Watershed Management Research Institute
(SCWMRI). This is an open-access article distributed under the terms of the Creative Commons Attribution

License (http://creativecommons.org/licenses/by/4.0) ®
(SMOoM



https://doi.org/10.22092/ijwmse.2026.370527.2128
http://creativecommons.org/licenses/by/4.0

Watershed Engineering and Management el o e g cwdige
Volume 18, Issue 2, 2026, Pages 148-169 VAV FA Sliao AP0 (Y o)leds VA ol
DOI: 10.22092/ijwmse.2026.370527.2128

HELP 5,59, 3l ooliiwl b 35l 039> (5,laly (b
OM oS ).a.:uT 039> 159,90 axdllo

" sigll ! 37 (59 puud L oM ) gl (ol il
Q‘)"‘ ‘A.CIJA ﬂd\.C‘JA oKisls ad))su ouSiisle uT;‘ LS“"’\"“G(Q 9 ?9’15 05; ‘)L\'QLL..J‘ !

Olpl o5 (85 (b mlin 5 (55,5l ple oKiils (&l el et g pole (655D J,a.z’dl&l.é'
Ol el «s5,0leS Zg g ui;)'yﬁ «Wligdos el mg)‘oMT 5 Sk cblas oo Lok v

VEENY 8k b VECFVIY . izl o fo b

b gunro 00y

doddlo

ot ¢ 53 lbpgr slaanl B 5l Gloity jo bl (28 Ol lie S e (535 slaasly lsieas 50T slae 5>
b glaailile ul aiiS o ] Sl melsr citimo pglas 5 S Las Ol (el ((Sojgls e 452
Olass 9 (o 5 55)9laS dnng bl (5190 0 oz 0B oelBl i 5 (LBU (93850, Slajlid (o yne
g ,8es Lai (gl albols cod b lyiear ol il psrde (lpd Gtz )0 Wl I8 el 608
odle 1ol (6ol o) el 4Bl (Slofng aranl contly ) s jlasme Sloss g 5lbpg glaasls
IS Lol 1) oz ge OIS Ae e Wlgf s ciyla ol |y o jaoms g 55 sl (gl wilss o a5 ol 2
Syl Candg S Cunl piae slo ey ) S5 (Watershed Sustainability Index, WSI) 50l g b asLs
lsieds wilizes gloulie 1o oolitul bl 3 YU (g dyillan] s 4 casls ol WS o (g jloceS |, juso]
b pol andllas og,cnlil ol oo a3l lajsul Sl Copoe ;0 (S peadd 5 (55,0002 (6l cemlio (5,13
ol Fldes 6yl 5 @0, 8kee Condg il malx s ngal Sl 5 Il aileog, ssul 030> ()l bl Bae
SlS o Jlez) ssliinl 9550 laaSls Comela 5 (5058 4 Glgi o0 JRagh (ol D98 LI sl oud plox]
Sasls) el 5 il b ()l s 05d oo @l el Gralidl el aS all ) - Glalllas o550 Job (sl
5,5 0 )L WS e ol 8 1, ataban (6N Canslins 1ol 45 Lol

g, g olgo
angi b 530l 6 luly (as Lo .l sud adly HldS lial o bSa AVA« - v colis b il ailssg, susel 055>
Sl gloazli sgams 3l (wly —Comsg —,Lid) PSR Jolas - e Jow (6,5 ,54 L g UNESCO-HELP Jus
Sl il (05 5 (a5 Siglaser alin Ll B Lo a5 culeas (b sl ek oS
5 oolainl b g goae &g Hlais g0 poul gylul ol 4 6105 Caslis § (Slusl anng g (oo Ll l)
PRS2 gy sl (Wl Vo (Glej 0,99) S9g0 glrosls 5 Cledllol (28,5 JLas jo b gy cnl yo 0310 0 o0 U8
o) So B o 5l sl aels )3 5 (59105 Fal andg Lad adlie a3 laaziial B polie a5 )

o.asadi@maragheh.ac.ir :ol5le Jgtme *


https://doi.org/10.22092/ijwmse.2026.370527.2128
mailto:o.asadi@maragheh.ac.ir

\F0.¥ O)L‘o.i:‘\/\..&l? ,JUTWJJMSG.»W ERYAN

S ganad b

lo Ve Sldlls 0,50 (b 5o (wytes BB Ol ail baglg (olad ;o a5 ols Glas s3gls aen i @l
8,18 18 s aid o Lid adlge blod 4 lice 5 g p il «Ola vl p) an uismen ol 009 talS
LI o e Ol cuas it jo Sl Carsg Sl s sl 00,8 oy il o jul 5 aen 0 TDS
Sy Gl Bl g, a8 3l las S jlame (a3l S peiie (VO U o (rm S35lg) 0 palh @S (ke
8 S 5 Sl sl 50 65,0 (ol Gl Gliee cn i el Gbled Ssul; ez e 0 sl
Ca] 00li8] dl.cu‘ ul} )“?D]J“) P w‘)&‘ U‘J...A d).u...u.) Oypimadd G| 0028 dLQ)‘ QM J’“'?UTJ)) 3
asogl e il ) 90 50 EPL Lasli &y (L Candy Sl guls S oo ol 1) (s3,0taS ool Lialydl gl a8
a2 boyle jasls ol jo 1y Comdy (e GLiaeS fouln 5 0500 8 gan as; o el g ool Sz
alS o jasls cpl Cansg a5 ob lis Gl asls bl e e /OB /YT o eyl S ll
@S 0g pxie AT L VO o Ol a3l @S ke IS Gl jo el YU 4 g, bawgte bpsul
ol Cirs psol g adS o jadls pl Carsg Olilinl (uSle wlol g aS ol lis ¢ a8 culw asls
Slilitel aKile a4y az g5 b3 ,ls hmd Curdg Lol (asls bz ;o 0 5)lal bl 4 bysul ) seles as ol

28 o0 48 omly Al o gl Bl 4 Sl sl oje (/FFA)

6 325 A

5 6598 Slaladl 3Bl s )lmly Gl ghan )0 ST Aoy, ul ojem 6518 5 el @l 4 4 b
sl 0jgm 53 12l (B 5 (o poe slasleiiing e Sl 65575 55k Sundg S T 00d s yaeli
Slagts; 65 e b s5plsS (i 5o ol Brae (23l Gl o a5 O lie golz e ) Jols S
8IS 5 J5S Jalt ol i kS g ¥ A a8l Cari 5 g iy 3 by e 3 el
plnl BB (ol 5 508 AL ahal glaailbls anusi Goyb ) (smjy 5 (i @lie & Laoai¥T (635
Bblie anmgi g oudee 55 @lie sl slag,b 2l ©jpon (b (LS il bl 5 cBlis ¥ el
SIS Sl 5 G larme (G1paS> g F il colul (285 Sl (g5lly Cundy Sl o o5 ende bl
a0l el 059> malz Cy pae izl sl Canilume 5 65,5leS O I laglejle G (Siales olml
el S 51 sasul 0392 50 (5 b Candg Sl )| Cu e sl Sa

ol alie zol> o o ‘},;'e.ﬂ &ylul jaxls PSR & S, oS il ailsog, 1 guads saejlg

QisS oo Lyl Sludl malg> Cutis polas § S5 Laas doddlo
Hazbavi et Falkenmark and Rockstrom, 2004) Co g G0lS slaaly lgieds usul sloeje>

Kamali et al., Sadehietal., 2018,2020 «al., 2018
39 b ool ol (Fathi et al., 2025b 2023

sleanl sl olasy o cwlal 28 ol ple
ol el ( Sisleyons a5 > aulan ( SSlles



VOY /

- HELP 5855, 5l oslitl b 550l 059> (gl (b))

Sd el cblis g )l o o e Jolss S Laas>
OJ...»T (5ng)-““ st.u ‘) ‘Stlf)t.u‘by Sloos 9 Q)Lw
Ebrahimi «Chaves and Alipaz, 2007) asles  yous
.(Gatgash and Sadeghi, 2023

23 sleans (5 lagsul 5l bl slaghs,
@ GanSS oSy, 5l g oad S SheFcius
Wl gl S jemearls 5 Al les S,
5 Ysems oSy, ol (Liu et al, 2018)
Gobrianoglas i canede locgz)lr
3o o Sig, K0 51 (OECD, 1993) ui,lgwl (PSRY)
5045 3,5 6,LusI DPSIR? o ,S55, 45 )95 0 dis ) (2!
bl Jels 558505 Glaal L g kit Slalllas
(e slaySalyarwg el gl
s Sy S e e Sl g Jalge g ol
Sopse bl S cbls obladl b))
Copde slo)Sal; Goul e cudle S5 sl
Ngy Jobee gl el 5 cendig b S,
S 4\.»3; )|)5 oolawl S)90 )L&9$)§ ‘_gLQulB}]a
Mosaffaie et al., Salehpour Jam et al., 2021a,b)
Karimi Sangchini et al.,, 2022ab 2021
.(Soltani et al., 2023 Soleimanpour et al., 2023

Sloslaiul sy ol )0 (g oo, S, 5l (S
Solul Cundy G @lp (55 slopasly
55909 00 alizes slal mol> obj ! Sl a5 el
30 Sjlw e w2l 3 1) golaidl cloixl g 5lilpg
Ored oS5 slarls xS e ol )
L;fa,wLu QKA‘ :r)..\:ui 0)99- 6)‘JJL: ua.?-l.w
pald 1) hpae bl cancaglsl o byl
Nufiez- Chaves and Alipaz, 2007) Cewl aisle
.(Artimani and Zeinivand, 2024 Razo et al., 2023

e o atls 5l S ssul gll asls
a2 oo 1y ol cpl crmds aslie )l o 4y 0 ) Lrenis
5 Sl el e Jelse (e bl S
Chaves and ) suS olulid 1) 20 paw slacy gl

3 Watershed Sustainability Index (WSI)

0 w8l yeess 51 GB0 938ls, lajlad (o yme
5 GliS arwg Glubl gl pe e anex
oS lelge ijls J18 ey ()5 Syt g (Srio
AL S o Jio (Sl pen 510, IS s
Sgboo e LoEilepy ilul elS o
Asadi Nalivan et Lu et al., 2015 «OECD, 1993)
«Sadeghi and Hazbavi, 2017a,b «al., 2016, 2017

Hazbavi et :Ahn and Kim, 2019 {Liu et al., 2018
Zare Bidaki et :Kamali et al., 2023 al., 2019a,b
.(Parkes and Horwitz, 2025 al., 2025
sl oje il psede slalyd Gz 5o
G o Slee bad> olp wbls cld b lgeas
3O seyhase Glods 5 Selilpe ool
Liu et al., ) ceol a8l glojg ool ool
BUNS SR Y sl s b syl o359 (2018
ol 53 Olnse g Ol SaRg5 culul lacagly]
Copde gledan 4 Sbows bl o ol
Chavea and ) cewl ool o Jlasl aswgs o 185500
Firdaus EPA, 2014 Council, 2006 «Alipaz, 2007
Nuiiez-Razo et Sadeghi et al., 2017 «<t al., 2014

.(Fathi et al., 2025a al., 2023
o3 o lapElups s Salol
@ ool sl g olatdl slasaly ]
O S soges G5 S Sl Glaans b ools
2 el gleeje syl s kbl L)

Fleming, 1999) sgi s0 o0ss oo 9 o wlido
Sadeghi Asadi Nalivan et al., 2015 EPA, 2014

Hazbavi et <Witulski and Dias, 2020 <t al., 2020
aSepl podle (8 slupg s ll obj)l al., 2020
o231 Syl o 25 adsl bl Wiy o
WS gl 1) 920 ML Cde wilgh o wylad
S el o jleps slul Gk s 2yl el
@byl s Fllpg cbli> sl ol 5 e o8
Moghadam and Liu et al., 2018) el ] Slons
.(Fathi et al., 2025a Malekmohammadi, 2025
545 5 sl sz gostho ol (5l
5 solatdl eloar! slaf 4l g hne Conids

Sl Gloj semul oje S 10,8 0y 50 53 ) 50l

! Pressure- State- Response
2 Driver, Pressure, State, Impact, Response



VF0 Y oleis VA Wl

seul o e g cwaigal ) O

4 &d>d o Ebrahimi and Chezgi, (2023)
L oleoys Gl i Sy58 5ol 055> (sl (b))
G cpl jo Ll asssls p HELP! b, 5l eolaul
A Sl oye Sy o sl oje> sylul bl &
ULMLQ)‘GSLJM‘Q)J)M VY 5leslewl b g allis
POCROM IRV & SEVE P KV A PR RV ISP
Ll o Wil 0y e S8 Gl cns Cundg
05> 22 5 £o e ol a5 wisls slpriy
i)l g Jad ) s Lad> gliwl) jo ,950e ol
09 3 et szl 039> (6l

byl 4 siegy o Heirany et al., (2022)
ol Jlas o (b5 ezl ojsm (23 ldpas ol
e ozl gl sl L Jles lul >
ach 3 ol o el (WSD) acul=e 9 (HELP)
bl pas cd )3 18 solaiul 0)50 e VT (L)
Glid jadls atws aw o ] 5l plaS e coale
Cawddy Y0 g +IAD + 170 o jay g5 jusuloje>
($359596m 518 amo SIiliel (Sl pnizran o]
AEE L ol (P) 108 sl 5 (L) Sl slo,lse
5 blas ads 5.l 5l ol mls ol aul=e
WST L5 5Ll a5 oloylis aslas 550 slo oLl
Gl maw eamonlii g oog /FY ln
ol Lawgie SSLips

Sl ool las alire Olalllas o WSI 5,18
o llo b gedss ool hua asls opl oS
il Olsieas Wl o oSl o )lo 1) jusul (slaeje>
S8 eolaiul 0590 o g sladlain Zolaw ;o (slanslis
Chaves and Artimani and Zeinivand, 2024) » .8
s .(Nufiez-Razo et al., 2023 :Alipaz, 2007
a5 col o 51 (S s olpl o sadelxl Glalas
b bagio gl 5o 5585 55ul gloojs> 5l ()l
Asadi Mehri, 2013) iyl 13 g lul ol
‘Hazbavi et al., 2019b Nalivan et al., 2015, 2016

Artimani and <«Ghabelnezam et al., 2023
Fathi Zare Bidaki et al., 2025 Zeinivand, 2024

YU g pdyBllas] Lo 4y msli -l (Alipaz, 2007
Olgeds calizes lo wlido o oolatul colls o
P SxSpeedd 5 Sryaeln Glp ol )l
NUfiez-) Cuwl oo aizlil ol Sl Co pose
.(Razo et al., 2023
oads plil (g lul a0 bt Slalllas
b9y e s o Fathi et al., (2025b) ool
sleysol jo |, WHAF ; EWPI RRV PSR WSI
2 aS ol plas mls wels HI 3 w0 0 50 Al
30 5 Aiud and g g8 bl gl o bs, 5l SO
oolazwl BB cglate laal glp calize Lol
aole gl wll> as il ly uiores aiiun
slas> sl 18,5 Jlai o pas 5 ools vgeS
ab g 39 ovalie JB Lo (& 50 Comjlane

e Blaal 5 55l 0je> ol Lulpl Gulul
Sgd OBl cawlie Joe 1A 550
4 ladlae ,o Zare Bidaki et al., (2025)
oy bl p sl Gl asls (3L
Jbee oz bl jo sblcaige el 059> ,o DPSIR
30,8 solatwl asls s YO 5l sel 6lub obs)]
30 hawgie piul g)lul asls a5 ols las =l
45 w3l ol LTl JPYD obleaigy sl JS
Nufez-Razo et al., .cwsl 030 Lol o 50S slylo
ool 035> (6,lul el drwgs Adss (0 (2023)
sy 990 |y S8 (oS Ll dilsog, asg> (gl
Ol udul s e WSIas ols jlas mls .asols 18
Aoy ddlaie j0 lawgio g bl g YU oje> adlais (o
Lol solub gl b ble was o )8 655 5
bl 6,5 0 Ol o 4 s jlases o 5
Gl b dahis o af Jb o wisd o0 attin
@ o )l 2 b n i b Jlele davgte
wibaie gl WSI=0.36 s lauly IS el ol ]
ol 059 42 5l S 4 sl Caws ar axdllas 8,90
@il Ol ol 5o Ghg) et 4 oS Canl (6500

Sl 00

! Hydrology- Environment- Lief- Policy



VoY )

- HELP 5855, 5l oslitl b 550l 059> (gl (b))

S| g S jlarmms 5l cblam (gl 5 (g5,5la8
i) ol @l Sl (e sy (S kS
Gl Gl Cope @lp sele sl Wl
Slojs> vl )l 5 hxe oS,
sl e S5 & WSI aralbna ] oal,9
GanCaggl g was Gl ) Gl ladgls wlgs oo
ool e bl aws @l 558 upos
Syge SlaFld Coml> 5 (FoS 4 (g
090 Jsb sl oS ww Jlez) ool
sodco gl el il3dl el a5 allo Ve Slalllas
a5 Ll caglsl e 5 gl lad (2Ll
o)Ll S o wal 3 1) aiedan (g )08 Canlis ISl

o,5

L g g 9lg0
Syl ailzo, ).,..zj 09> axillao 090 adlie
YEOYT 0 bl Slatke b(obl 5 She)
Slowd uaf\”/\"v"uw"m’g‘;m Jg.la&?o
Coluwe gllo g casl a8 315 Lds lewl o
039> Cad "94’ asas ) JSM) S| )L'J.i!b M.
Olime amo o litd |y pwlow Slopwds jo jusul
3 e VEYA L j55 by VY 5l el ) ol poss
BN 9 s lawgie g a0 VYO adlhie sleos
0 oel8l g5 (3 5lego gy el 2 g e die YVAD

54°3'0"E 54°340"E

ity slayles 5 L2b a5 (et al, 2025
QL...«..IS" g QL’;....J o JJS\ )..:m—l 039> M e ]
Olwgs 995008 (S3Lilipg g (sranl Pl 51 oS 5
5 s (2L g (JlSis g Jew) 50
o 2l bzl o Sladl (S5 sl aglo
ol glEh) pol)l 68 e (Gy0lkes
(2L e ) pls biae gl> (bdlw
5 Ole (S hlep wass g 2loble
e 3 6, cmulio 0505) elaiz] (g bl
ol Copae pas) ol g (Shpoe (sl
6)“5}.‘.".‘:’] slzb el o wns a).o:j 0)9>
OLloro e G Bl Bl wrog ves Jdoa
2 d9s soles g olylawls ol sles oyl BMS)
AT 5 55500 955 9 (e 5 ol mabis 3l oolinl 5o
OMSie ol 50 9 Glab sylo posee slabg,
5 0lrl 5500 Sl ul (09 (650) (stieb- (sl
sloasly Wl oo g,lubl 48,0 5 luieS 5
5| bl (golatdl slocs Lus 5 (abl 428l g5yl 5
o it cpl oud el 45wt (JLSts 5 Joo
05 )18 5588 Gl slagsul oy
eoldi Dyge 0 g ooy 1¥lee OMSIL ()]
God & |y ddbhie eloizl g S3lies g)ll
S 10557 39 el Gslaly (o2 I 0SS (o g
Sl s g 6l Si Kl e s
Solub (rmb L tals (S gol gl Lai>

55°5'0"E 55°36'0"E 56°T'0"E 56°38'0"E

,,
:
2
38°3230"N

38°T30'N

e
37°4230'N

37°1730°N

36°52'30"N

7 | Atrak River Watershed

38°20'0"N

37°55'0'N

37°30'0"N

8 Subwatershed

z

DEM 5

i &
mm High: 1428

— £

Low:-117 g

2

s4

55°50"T 55°36'0"E S6°T0"E

HadS bl g ol o S 51 a0y, jusol 05> Cundee =Y JSi
Fig 1. Location of the Atrak River watershed in Iran and Golestan Province



VF0 Y o)leds A ul>

el o e g (cwiigel ) OO

5 &5 Sidodee axlin; Jky B e &S
il slul b)) 4 Sl 5 (Sl
Chaves and ) ojloy oo (05 Syge 4 Hhais jge
Sledlbl 28,8 Jlas o b g, opl yo (Alipaz, 2007
o oL 5l S 12 (o) 2 (10 29290 slaosls
ol amsg Glid adlie aw jo o pss polas
V0 Gao) SO U yao 5l ojlasl aals jo g s
Wgd oo hawd (o5 b 4 (SO /YD /D
(Branchi, 2022)
s Sz TSl s Al sl
Ls)deAmL:.u 9 e ‘w).la..\m ‘6‘)‘5%)&.#:&
UNESCO-IHP, ) S| OAEL...J) wsaa.: aQ cb)‘..)fgc
SIS o e 5l Bos L HELP Gz ,l> (2001
5 Olaiisd 5 Camjlanzme 5 Ol gl GLlil)lS
bladl slxl sy 5 mle a5 IS canlw
ol Shels ;o Bkl az Lo &gty (Su e
(UNESCO, HELP, 2010) a5 LS5 g lnog,S
Sloojo> galz Cu poe sl W 69,505, L HELP
UNESCO, ) cewl oo >y ylgz ol jus 10 50l
o oolazwl 6[2).“ 9 Lbuvl.w))) (HELP, 2010

Sl 00 dj‘)‘ \ Jgd.?- )Q ws) L}J‘ )Q

H(PSR) grwly-Comdg— )Lid  cogede 9,509,
L oelr p (e PSR saspde 0,50y,
Sondy Jodo lp a5l mel —ounsg
25 de 0,50, el ool ool arwg 8 5lupg
Scedled oS poghe cul el Jlgiul Cole popde
ol cdlo g )35 0 30 Canjlane (Sl
B 51 s ) & cnalr sl 083 o i
izl s syl (oolaidl glaculs Jlesl
Lol ol 5 ol slaceled g o Sxie
Wz g WS e Jlesl 1) plo)lid vg3 ang @y 5
OECD, 1993) WS o JelS |, PSR 5,555k
.(Chandniha et al., 2014

Lid adlhe £53 A PSR cogpie 9,500, ol ple
adlse (Heirany et al., 2022) sl Zuly 5 Cuxsy
) el sl | Jools oo L5 g
Ly Sondy adlie wasee H1E 2Ll 00
Sy ol adlhe 5 WS Olo 1) S jlaome
Iy ools &, slcdls 5 bjlid 4 canb § axcl>
(Hazbavi et al., 2020) &S o U3
L ol )lul asls :UNESCO-HELP! Juo
Jde 5,54 b g UNESCO-HELP Jow aswgs
Sgare I (Gl ~Comdy —)Lad) PSR Jolao — Je
Gl 00y (b sul el oS Cwl slaasls

seul Sl et li slaaminlp g laaslin ) -) Jgua
Table 1. Indicators and parameters of the Watershed Sustainability Index (Chaves and Alipaz, 2007)

. Pressure State Response
Indicator
Parameters
- Variation in the watershed’s per . - Improvement in water-use
. SR - Watershed per capita water .
capita water availability in the availability efficiency (last 5 yrs.);
Hydrology last 5 years; - Improvement in sewage
- Variation in the watershed . Watersh;irB;OSS (yearly treatment/ disposal (last 5
BODS (last 5 years) & years.)
. - Watershed’s EPI (Rural & - % of watershed area with natural - Evolu_tlon in watershed
Environment urban) vegetation conservation (Protected areas,
g BMPs)
. - Variation in the watershed per - Watershed HDI (weighed by - Evolution in the watershed
Life capita GDP in the last 5 years county pop.) HDI
P ¥ pop- (Last 5 yrs.)
Polic - Variation in the watershed HDI- - Watershed institutional capacity I_V]\f;/((l)\lluanell?d?tfrezaifr;}:ee?a:t
y Ed in the last 5 years in IWRM P

5 years
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Table 2. Determining watershed sustainability using WSI

Watershed Sustainability WSI
Low WSI<0.6
Medium 0.6<WSI<0.8
High WSI>0.8
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Table 3. Calculation of water volume and per capita available water in the Atrak Watershed
Per capita available water

Population Change in WA during the study

Sub-Watershed Water Volume (m?) (m3/pr.y) .
(Person) 2006 2016 period
Maraveh 76229 295000000 4295 3870 9.9
Tapeh
Chat 149789 371000000 2987 2476 -17.1
Dashli Borun 124256 269000000 2481 2164 -12.77
Gomishan 44597 102000000 2527 2287 -9.5
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Table 4. Quantitative hydrological index scores in the Atrak Watershed

Pressure State Response
Sub-Watershed Value Score Value Score Value Score Mean scores
Maraveh Tapeh 9.9 0.5 3870 0.5 Medium 0.5 0.5
Chat -17.1 0.25 2476 0.25 Poor 0.25 0.25
Dashli Borun -12.77 0.25 2164 0.25 Poor 0.25 0.25
Gomishan 9.5 0.5 2287 0.25 Poor 0.25 0.33
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Table 5. TDS status of Atrak Watershed

Sub-Watershed 2006 DS (mg/h) 2019 TDS change during the study period (%)
Maraveh Tapeh 1205 1423 153
Chat 2850 3473 17.93
Dashli Borun 3715 5158 27.97
Gomishan 7471 9173 18.55
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Table 6. Hydrological quality index score in the Atrak Watershed

Pressure State Response
Sub-Watershed Value Score Value Score Value Score Mean scores
Maraveh
Tapeh 15.3 0.25 1423 0.5 Very Poor 0 0.25
Chat 17.93 0.25 3473 0.25 Very Poor 0 0.17
Dashli Borun 27.97 0 5158 0 Very Poor 0 0
Gomishan 18.55 0.25 9173 0 Very Poor 0 0.084
2 TDS azg BB al3dl g o yiws LB ol &l i G5 e Al el Gl 5o
S g oS ol LS waws Sl sl ) eles ol ail e als alauly 4 g lal Gials jo ) g



VPl

- HELP 5855, 5l oslitl b 550l 059> (gl (b))

ol 0,155 w9l Siddess slajsel ple o

.(Zare Bidaki et al., 2025 :Mehri, 2013) <ol
a2 oo L 1) ase> b b Colus doyo
Oiig Colue oy il mhaw my o glile oS
AL A g2l )8 sleass jl ade> (b
0j9> b Mg Sl (ouyp @B Y Jgox
oled idu ol el ams o plas |y S 1 sl
Sid 1515 oS g s g4 5l Adg> &l e yiion

Zare Hazbavi et al., 2019a Sadeghi et al., 2025
Branchi, Heirany etal., 2022 Bidaki et al., 2025

45 Cowl (Artimani and Zeinivand, 2024 2022
D CaheS 5 SoaS b Lo (sloailo wlos S 05Ty
O3S g sl galdST i g lul b)) o
Sl i 9 Sl sl jLad pl iy yo a5 Wil pla i
g o o] o
2 Jsle Slge 5 st GRlBl ioren
S Olgee |y (OlieS oh9a) adg> Cawd il
Ll 5o oan¥1 55 o3 cildsg) 4y b,z (Rals
oS SN sl dibate wlidipme; il 5 S

Table 7. Percentage of natural cover area of the Atrak Watershed

Sub-Watershed Area (ha) Natural cover area (ha) Area (%) Score
Maraveh Tapeh 138833 90863 65.4 1
Chat 146561 131485 89.7 1
Dashli Borun 148605 135688 91.3 1
Gomishan 382929 234204 61.2 1
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Table 8. Changes in agricultural land area during the period 2011-2021

Sub-Watershed Area 2011 (ha) Area 2021 (ha) Change Area (ha) Change Area (%)
Maraveh Tapeh 9722 30798 21076 68.4
Chat 1446 7951 6505 81.8
Dashli Borun 6929 9940 3011 30.3
Gomishan 103474 113294 9820 8.6
YoNF =Y o8 0,90 40 Comen Ol e -4 Joua
Table 9. Population changes in the period 2006-2016
Sub-Watershed Population (2006) Population (2016) Change(l;:g) ulation Change (];Z))p ulation
Maraveh Tapeh 68954 76229 7275 9.54
Chat 122870 149789 26919 17.9
Dashli Borun 118100 124256 6156 4.95
Gomishan 39598 44597 4999 11.2
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Table 10. The rate of change in the EPI of the area during the period 2006 to 2016

Sub-Watershed Change Population (%) Change agricultural land area (%) EPI Score
Maraveh Tapeh 9.54 68.4 38/99 0
Chat 17.9 81.8 49.9 0
Dashli Borun 4.95 30.3 17.6 0.25
Gomishan 11.2 8.6 9.9 0.5
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Table 11. Environmental index score in the Atrak Watershed

Pressure State Response
Sub-Watershed Value Score Value Score Value Score Mean scores
Maraveh 38.99 0 65.4 1 0 0 0.33
Tapeh
Chat 49.9 0 89.7 1 0 0 0.33
Dashli Borun 17.6 0.25 91.3 1 0 0 0.41
Gomishan 9.9 0.5 61.2 1 0 0 0.5
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Table 12. Health index (life expectancy) of the Atrak Watershed

Sub-Watershed

Life expectancy (Years)

Life expectancy index

Maximum Minimum

2006 2016 2006 2016
Maraveh 83.2 20 715 735 0.815 0.847
Tapeh
Chat 832 20 70.5 72 0.799 0.823
Dashli Borun 83.2 20 69 71 0.775 0.807
Gomishan 83.2 20 67.5 69 0.752 0.775
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Table 13. Results of the education index in the Atrak Watershed

.. . Average duration of the course Mean duration index
Sub-Watershed Minimum Maximum 2006 2016 2006 2016
Maraveh Tapeh 0 13.2 10 11 0.758 0.833
Chat 0 13.2 10 11 0.758 0.833
Dashli Borun 0 13.2 10 11 0.758 0.833
Gomishan 0 13.2 10 11 0.758 0.833
.. . Expected duration Expected duration index
Sub-Watershed Minimum Maximum 2006 2016 2006 2016
Maraveh Tapeh 0 26.6 18.5 21.5 0.695 0.808
Chat 0 26.6 18.5 21.5 0.695 0.808
Dashli Borun 0 26.6 18.5 21.5 0.695 0.808
Gomishan 0 26.6 18.5 21.5 0.695 0.808
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Table 14. GDP per capita and HDI income sub-index values for the watershed in 2017 and 2022

.. . GNI Value GNI Index
Sub-Watershed Minimum Maximum 2017 2022 2017 2022
Maraveh Tapeh 163 21110 15180 18230 0.717 0.863
Chat 163 21110 15180 18230 0.717 0.863
Dashli Borun 163 21110 15180 18230 0.717 0.863
Gomishan 163 21110 15180 18230 0.717 0.863
sobay HDI auloee gl ol aploea Y VP B Y- o £ oali jlade HDI sl jazli 15 dwloes o
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Table 15. Human development index values in the Atrak Watershed

Life expectancy Education Income HDI
Sub-Watershed —— 57 2016 2006 2016 2006 2016 2017 2022
MTa;;ZEh 0.815 0.847 0.763 0.863 0717 0.863 0.446 0.63
Chat 0.799 0.823 0.763 0.863 0717 0.863 0437 0.613
Dashli Borun 0.775 0.807 0.763 0.863 0717 0.863 0.424 0.601
Gomishan 0.752 0.775 0.763 0.863 0717 0.863 0411 0.577
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Table 16. Values and scores of the life index in the Atrak Watershed

Pressure State Response
Sub-Watershed Value Score Value Score Value Score Mean scores
Maraveh 16.9 1 0.63 0.5 293 1 0.83
Tapeh
Chat 16.9 1 0.613 0.5 28.7 1 0.83
Dashli Borun 16.9 1 0.601 0.5 29.4 1 0.83
Gomishan 16.9 1 0.577 0.25 28.8 1 0.75
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Table 17. Values and scores of the Policy Index in the Atrak Watershed

Pressure Response
Sub-Watershed Value Score Value Score Value Score Mean scores
Maraveh 11.55 1 Poor 0.25 Medium 0.5 0.58
Tapeh
Chat 11.55 1 Poor 0.25 Medium 0.5 0.58
Dashli Borun 11.55 1 Poor 0.25 Medium 0.5 0.58
Gomishan 11.55 1 Poor 0.25 Medium 0.5 0.58
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Table 18. Final results of the Atrak Watershed sustainability using the WSI method

Sub-Watershed Hydrology Environment Life Policy Mean Score
Maraveh Tapeh 0.375 0.33 0.83 0.58 0.498
Chat 0.21 0.33 0.83 0.58 0.432
Dashli Borun 0.125 0.41 0.83 0.58 0.414
Gomishan 0.207 0.5 0.75 0.58 0.448
Mean 0.229 0.392 0.81 0.58 0.448
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Table 19. Prioritization of Sub-Watershed based on four indicators

Sub-Watershed Hydrology Environment Life Policy
Maraveh Tapeh 4 1 2 1
Chat 3 1 2 1
Dashli Borun 1 2 2 1
Gomishan 2 3 1 1
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Fig 2.

WSI values and Sub-Watershed rankings based on sustainability
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