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Extended Abstract
Introduction
In many regions, ecosystem sustainability and environmental security have become more fragile. Because

watersheds are dynamic systems, their hydrological function and health are constantly changing under the
influence of land use, climate change, and human interventions. Since the destruction of the ecosystems of a
watershed has harmful economic and social consequences, in recent decades there has been a general tendency to
evaluate the relative conditions or health of watersheds on a national and local scale. Ecologists have paid special
attention to the study of how natural resource ecosystems respond to different types of stress caused by human
activities. The watershed sustainability index (WSI) can be considered as an effective tool in watershed
management including priorities monitoring changes and influencing factors on ecosystem management. In recent
years, various studies and plans have been conducted to preserve natural resources and achieve sustainable
development. The sustainability of watersheds includes four important goals of regulating the water flow regime,
maintaining and improving water quality, maintaining the ecological quality of plants and animals, and energy
resources. In this context, the pressure-state-response (PSR) model has been introduced and used for a
comprehensive assessment of the health of an ecosystem. The conceptual model of PSR was developed using a set
of criteria expressing environmental performance. This study aimed to evaluate the sustainability level of the Bujin
watershed.

Materials and methods

One of the methods for evaluating watershed sustainability is the use of the conceptual pressure-state-response
model (PSR). Applying the causal-effect PSR model using theWSI criteria in the form of four sub-criteria of
hydrology (qualitative and quantitative), environment, life, and policy-making, one can evaluate the sustainability
of the watershed numerically. In this method, considering the available data and information to investigate each
sub-criteria, the parameter values are determined in three modes of pressure, state, and response, and in the scoring
range from zero to one, five categories are converted to quantitative mode. Therefore, the PSR framework has
three types of criteria: pressure criteria that evaluate environmental pressure resulting from human activities (waste,
sewage), and state criteria that express environmental conditions (water quality). and the response criteria that
evaluate the society's reactions (water quality) and the response criteria that evaluate the society's responses
(policies, laws, management). The sub-criteria and parameters used in this research were determined based on the
index selection criteria published by the HCTF Habitat Protection Fund in 2003. Sub-criteria were investigated
based on three conceptual model parameters in 10 years for the Bujin watershed. The WSI criteria were calculated
at three low, medium, and high levels to assess the watershed sustainability.

Results and Discussion

According to the results, the value of the pressure parameter and the quantitative status of the basin's hydrology in
terms of available water variable is in class (C), i.e. in the range of 3400 > AW > 1700, which is a poor condition.
The average scores were obtained for the water quality part (0.583), which shows the average to low status. The
average score for the hydrology sub-criterion was 0.375, which indicates a poor situation in this region. The values
of pressure, state, and response parameters for the sub-criterion of life in the Bujin watershed, during the 10 years
studied, indicate a change in the state from weak to moderate. The results also showed that the pressure parameter
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with a score of 0.75 and the response parameter with a score of 0.625 had the highest and lowest scores for
evaluating the sustainability of the Bujin watershed, respectively, indicating an appropriate response to reduce the
pressure applied to the ecosystems. Sub-hydrology index with a score of 0.16 and environment with a score of 1
had the lowest and highest priority for the management of the basin ecosystem. According to the distribution maps
of the criterion for evaluating watershed sustainability in conventional watershed systems during the period (2006-
2016), the standard level of watershed sustainability at the beginning of the period was lower than the middle class
(score 0.59) and in the middle of the period was in the middle class (score 0.62) and for the end of the period, it
was upgraded to the upper than the middle class (score 0.7).

Conclusion

The priorities of achieving sustainable development (the priority in improving the conditions to promote the level
of sustainability and achieve sustainable development) are different, and it is important to know which sub-
criterion should be improved first and which parameter the decision-makers should pay attention to avoid wasting
time, money and energy, and to take faster development steps in an area. Evaluation of relative conditions of
watershed sustainability using the PSR model is very useful for providing appropriate management strategies
because according to the nature of the conceptual model, a specific dimension of watershed health is explained.
Bujin watershed has an unstable condition in the sub-index of hydrology and a good condition in the sub-index of
life and human development, although, for this watershed, obtaining a score of 0.7 for WSI criteria in the whole
watershed showed that the level of watershed sustainability in the 10 years is in the middle class and it is necessary
to pay more attention to improve the level of sustainability and health of the watershed.

Keywords: Ecosystems, Sustainable development, Watershed health, WSI

Article Type: Research Acrticle

Acknowledgement
The authors thank the General Department of Natural Resources and Watershed Management of Hamedan
Province for providing the data and maps required for this research.

Conflicts of interest
The authors declare that they have no conflict of interest regarding the writing and publication of the contents
and results of this research.

Data availability statement
Information and results are presented in the article.

Authors’ contribution
Mohammad Mehdi Artimani: Conceptualization, software/statistical analysis, writing the first version of the article;
Hossein Zeinivand: Guidance, editing and revision of the article and controlling the results.

*Corresponding Author, E-mail: zeinivand.h@Iu.ac.ir

Citation: Artimani, M.M., & Zeinivand, H. (2024). Assessing watershed sustainability using watershed sustainability index
(Case study: Bujin watershed in Hamadan province). Water and Soil Management and Modeling, 4(2), 17-32.
DOR: 10.22098/mmws.2023.12386.1235

Received: 21 February 2023, Received in revised form: 18 March 2023, Accepted29 March 2023., Published online: 29 March 2023

Water and Soil Management and Modeling, Year 2024, Vol. 4, No. 2, pp. 17-32
Publisher: University of Mohaghegh Ardabili © Author(s)
BY NC



mailto:zeinivand.h@lu.ac.ir
https://doi.org/10.22098/mmws.2023.12386.1235

%% SE 90T oy g Gilde

I

YYAF-Yo£1 : K9 w01 bLs

sl gyl (aS W S8 &y 55l B9 (gl (b
(Olaod (bl cragr 350 895 163,90 axllian)

PTUgste) o < Glo)] (sdgpteo

ol o) i) ol ¢ nasbs plio BASES ()55l 5 5ye st 09,5 ¢y (sl
al i) s ) IS5 ¢ s alio 8IS e 555 5 5y swige 08,5 il ”

as

i cap 3 (il oy jasky g Sldlae il Jlo iz )3 Canl 0l FoutiSS Cunnj bare Cuial 5 (B lopg 6)l0k (bl Sl ()l 5
S sl g 55l 85 )l daw @byl ol ey Bun cnlply cul B Spso kg 4 bt g b plis
B 3 WSI [asls (SaS 4 PSR Jsleem ol e sl (PSR) gl dlom jLid agaio Jo il oolizl 5,501 855 (6l i) csloisis,
Pl by ol 3 30 (5308 Sy Jlai 350 350l b5 5k bl 4 (STl 5 Ol s b (S35 ke (a3l ey
o jl (3jltel diels 13 g (end Gy 9 Il L oy a3 bajialil ol dayadls 5l plaS po (gl 35250 slaodls 5 Ml (48)5° s
390 s 350 i lp s Vo 890 Sy 53 cagtdo Ao el s ol o et Kigd o o (o8 Sl 4 ikl @y 2 5 S B
9 2 IV0 jlitel byl el ol Lt gl b dslome 5l 85 ()l (sl YU g bawsio el pdans du > WS (ol (285 )15 (w0
bt gl 835 48 Wloslsy (bS] 355 & gy sl 859 ()l 2bi) sl |y Sl S 5 ot /EY Sliel L gl el
oz by Cagdyl (n i 5 cpieS Su g INF el b e e cun lasee 5 (Siglanen (a3l sl (B lepg 4 03)ly jLib ials cax
ATAD (Glej 8399 3 sl 835> (Bye slaaibel 1> )bl (b)) Ladls (ST iy Al Gibo Wl 55l i (S3lups: Capie
bausgio 95 Bloo ;3 g (+/0% L) 0392 by & gt g 5 Ju5ol 8395 (50l o (aS L Jlaio 0,93 £9,d 53 b pasie WYAD 4 VYR
Byl 1 PSR Jae 3l ookl b b jusel (o)lul (ol sl @bl elis) (+/V jliel) YU 4 bawgio &b 4y Sloj )90 bb (slp g (+/5Y jlsl)
S o oyl 53 45 95 0 413y j5ul Bign oM I pasiiie dlal e 4 Jbe Catlo b canlia 5 sl (63,0) Jlws (1 pte (sl Sl
p3Y g &S )8 bawgio e 50 o Ve 693 5 550l B> cnl )3 ()l e 3 LS g sl 85 JST )3 WSI aslis (ol /Y Sl
29 y3S da 350l bjg Cuadl g (5l e S 4 (5t g

WS ] 8555 coodls o5 slopsy sl dxusgs 1 glS Wy

Ry e gol

zeinivand.h@Ilu.ac.ir: S g Sl oy « L3l Jgime™

O )..>u| 5j9> 13y90 :\,JUm) sl ol pasls SoS 4 )...’>ol 859> sk u.gL{)')\ (\\°~Y‘) O g 5 (Mo dao “;’Lo.u)‘ saluw!
Y W (V¥ SByo] g pto g (ol o (e il
DOI: 10.22098/mmws.2023.12386.1235

VYTV Ll o )ls V¥ YTV sl gl SFVAYIYY 16,5550 gu)b VF VY Y sl s gl

@ @ @ TV B VY amino F o)l oF 090 VY Jlo «SBy] oo g (g5l fto
O dian s © o) i oKty £yl



https://doi.org/10.22098/mmws.2023.12386.1235

PY GV Oloiio V£ ¥ Jlos ¥ 0l o€ 8,93 /S K 5 O Ca e 5 g5 ote s pald /g 505 5 (Slow ] Y

i 1y 5ol e g e dagl Gimgly o 3l
35 & (+IPA) )8l 5 (+/0) &ideyd asliy;
Slooly olais]

rogMe Asadi Nalivan et al. (2013) da yings wlo
E ST IR S INREP N N W
Copde slagyb (b))l g Gl Jeallgiws Sleslial b 5)luky
A3y e Qb ool 390 )3 gyl 5 anb wlie
3B Lawsio g 2 55530 5 B3 sy o ol ol
S gdaw 5 Bileps jl cbles glajlxe )1 L &S5
St sl i (Bilups slaul 5 cedo (il
Mehri «\buds sl o gls Jox )».701 89> » .cdly Jalgs
3ygl Cawddy +[EV 1y o sl Jlade o )lub bl L (2013)
2 )b sl Jag el b (sl bugte s I Lt &S
odlazwl b Asadi Nalivan et al. (2015) 55 Ll 550l 854>
gyl gobs A3y (6ylul Cundg wyp 4 IUCN Jus
o, Sl g Jse cpl b gollas e85 jusul Bjgn a8 ol ol
Joeblis boas o 5 glul §l awgie gaw 5 ¢
Al 5 doe ) pe (S35 gl domte 5 Sl
ol 1 eslazwl L Mohammadi and Dastorani (2017)
MHie 43315 bty 550l 859 ()Ml o (0 4 WS
oS ol olis (+/50) ool B ol 0 odd duwlxe jasli
(Ompd Cul Al (el oS @ g 1 glul aw
ojes i cdw oy L Momenian et al. (2018)
ol Cope Blial 3io0 Caz > (6 lmlyl skl
w3 poul Cede &S N, 4 cpl & ol e
Syt lp o ely 550l B2 5 (sl g 205 )18 lausgie
Heirany et «colps ;5 03505 &l clylad zalS 5 ool
by el 85 Bldps: yluk b)) Gaa L al. (2022)
9 HELP _ospte Cognjls jl oolitnl b Jlead ol s bl
LI 5l A Wy wous cal 4 gl lul asls
Bam Lt g 039s /Y WSI LIS jlzel la_jasli o lajLas
L g pol Glngh 3 Cul (Blidpg gyl lawgie pdaw
ors 55l B )l e (bl @ PSR sl eslizl
S5 A3y IYAD 9 VWA AYAD oo 59 5o e Ll

2 Watershed sustainability index

dodlo —)
3,5, it bgy (slaailols )ouT oo “SCX‘ 4 g b
(03 S5 Dyt 1 o il oMl 5 Syl
WS o g pglle jobar Sl OMlae g @Bl s
b @le I a5l alatwl (Nikouei et al., 2023)
P B ilepg b PoaiSs 5 wad Hlis el wlighiss
ol 005 3] claJlo o Logas (s drwss Jlsy> ble
8> o sloSilopg co,ms S ol T3l (Harris, 2000)
b )b g )bl el 5 oladl clasoly jo]
Lo balpd 2l 4 G (ooges l)S 3] sloans
LU ) dgu5 o0 0030 (>ee g o wlids a5 sojes coduw
by dioj yo Stockholm Ml oS’ Sbej i (et al., 2015
g boplidpg b ISR VAV Jlo 3 gl 5 cu;
lyl 4 (b @lie lapSilupy: gl 520 dalllas 4 (sl
CeMs pgpie lodges sl callad J) b la i calisee
Lo olete o ol 315 €65 JS5 18R Jlo 3 popins
GBan loed |y pgcan ) Codlw bis B 0505 L aw S
aoj oyl 4o S Bld caw bste Copie ;5 ol 5 adsl
s J) ool b)) sl (PSR) Vbl Jso
PSR Jio .ol 48,5 1,8 odlatnl 3y50 g (Byr0 poriomsj
b J)il.a.c Z.\.:.;.{Qlﬁ.g dl.m)L,,«v.a )'l d‘“’?"?“" d)f.f)KA-.’ L
(Hazbavi and Sadeghi, 2016) »,S" lay dawss coms

25 Al e Ban oy 35ul (slaeje (s)luly 0j9 el
SielsS| cunS bis ol CunS dgmp g bis ol L
Kazemi and ) 35500 Joli 1) (5551 @lie 5 5y5il> 5 (2LS
Congj gags obls)) b bylee ol (Kamali, 2018
ol iz s i 1y oolul eloinl 5 oolasdl ¢ Jaoro
Sl s o (upse Ol ol ASlen Lb bylee
WSy BB g S asie g 435 0 1) sul 89> )3 39340
Yilmaz and Harmancioglu, ) sl yize g oy ;3
P )3l Glaicds Blg o jusol 89> CaoMs a3l (2010
Jolge 5 Sy Gy 9 aglyl Jols ezl 83> o e o
b S 5 » ojlpn Cople IS,
Calizayaetal. (sladles ,».(Ghabelnezam et al., 2023)
2945 5195 A2l ol @lle G2 LS e pslated; (2008)
WSIY asls duwle & HELP Jas 5l ooliwl b (sods
3 3299y Ol 5ydd s dgmg 3y L5 o] s Ll
53 Cawl 0391 (%0 bawgio 4 ciums o gyl aaw <)
dlo s &by b Cortes et al. (2012) (¢,5> iash

I Pressure (P), state (S) and response (R)



Yy

et U oS @y 8l Bjom gyl (b))

big> el w30 ) o g i) Juab > logoe il 5 o33
3 (oo o sl S gyl gy ol 2 5%
5 peb JSio g Cusl (550 5 ) 5 eSSl o sl B
G @lie 05 35105 d a3 a3 (o ye () 3 )
dgpaiio MolS” Ly Ol con o JuSis sl o 2 bogas
General Department of Natural Resources and ) <l
.(Watershed Management of Hamadan Province, 2006

Cawl 005 43|)| O )»?u] 5)9> uuuﬁ’o \ Jﬁw 2

W sdg, 9 dlge -¥

axllas 5 g0 dilaio -

¥y oy B39l e 40 led il Ly D pag ).ou] 559>
8 s yo,e YETOV YF LYY 5 5,5 Jeb YA
bl .l giyepioghS VYOV 550l 59> cpl colue )l
2 Baas yio VWer glis) ySls b ol 8je> ol (SlwinsS
i) b ol glacuds 5 Cany LB 5 ()8 5 (3d slasise
Db s Lo bawgio iy )5 b sl is o WK e VAee
sogke oo g oS nlo &3 WV ey sl 83 BV

O Sl 5 Ol 3 e ge 2 S9a Cumbga

- Laayy
ol A
S by PG

=] -'H.gh 2777

= Low . 1604

3 T T
a7 47

Olsed Ll g o1yl 1> anllle 390 judul 3j9 Curlge —Y JSUS
Figure 1- The location of the studied watershed in Iran and Hamadan Province

55 o Jlosl |y o L 358 gy 35 ol ) ol
PSR Cgyle ccnlply S oo Jol 1 PSR 3)95L 452
dlols |y Laoes L6 a5 )Ltb (sl lono 35 Jlins g5 dus
o hE oyl 3yse 1y (oMl clols) Sl sl ;)
S o ol 1y L b bylyd oS Gl glalae caad
CuisS) |y amsle slatiSly & Gl (slajlas 5 (0] cuins)

ol dbcusls) |y ansls (clo 2Ty 45 gusly (sl las ()

oxd o3l (slayielly g o yadls WS (o (b))l (Cu e
Jlo &8 (asls QBal sbajlxe olel gl ol 5

fearl— o L Jio s y%0 —Y-¥
OECD' dlwgas &5 (PSR) gwl—cdb)lis corjly Je
Gl slylne siaplls diws sl 015 o]k (2003)
2 dde onl o L8 dags 3y00 5k gl sl 1) ) e
o1 0313 duwgi (B jlopgy oo (sl gl )Lié Cgryle &
bl el gl Cule porde 5o 0ozl Cul
Ao s |y o o 9 38 o 8T s e Sl
sbcwbe Jlel )b 5l Sl ool 4 asels sl
Slculed 0ad o wSaio slainl § i) lae (g0l

! Organization for Economic Cooperation and
Development



FY GV Oloio VT Jlor ¥ 0,ladd o€ 0,93 /S K 5 O Co e g (5o e s pald /g 505 5 Slow ] Y

Habitat (HCTF)) bolSiws 5l cblas 5gdio (gomw jl Voo ¥
Cul 0l ped Wb uiile (CONServation trust fund
() Jss>) (Chaves and Alipaz, 2007)

(Chaves and Alipaz, 2007) (WS1) 8wl g b (sl g wiol,b g b jad i w —Y Jos

Table 1. Sub-indicators and parameters of watershed sustainability index (WSI) (Chaves and Alipaz, 2007)

ol b

b Shxe 25

sl 8y 50 e yiwd B O &l

Sdo (b oyiod JB Ol &l 1 Ol Cand

Al Ve 5,90 e Slesly 45 ) 39
( 8390 (k) ol Bpas el )3 d9ue (S Sil) o () xS & Sl Sidoss
899 b NGB A g Colin s )3 29002 (IWRM) "ol o &2 4S5 cappte 350 BOD Jlosd s jli 290 (13 )3 s _
) ’ ST
Ao (a05ly> eSike) 525 839> Mlas e b okl g
2 Gy oo cblis cod 3blie Cuang ) Jo5 8j5> ) (b Lidg b sble a0 ) 5 Bjg> Cannj laeo jLié jadliyj EPIY o
(SWlas ©se (Lo o yd ) 5l 859> a5l Sl e b 2
) HDI) ™ sl g e ¢yl )3 pusis
Sl Gae b HDI s g sl 5 HDI ol oy s e (D) sl sl 23 3 58 ol
Sllas G (b
Gl e (B IWRM Jlosl soasn 3 Joos - i cae sl i Glojlo bl 35l 85 )3 (390l HDI (sl 53 yeets i sl
Pt

(IWRM)

DMMQAA‘_J&

Chaves and ) >4 aalss (Pressure) ;Lid yiol )l 60S s
stwos syl s (Response) zuwl yal,b (Alipaz., 2007
gy oy 4 2 CanS it sl o Gy )l (aSlh

iy o Sllllas Bygd 1> Ol e losly Sgup

3 litis] S8l & cr g b o Wil gtz -Y Sy
Table 2- Per capita water classification according to
minimum standard

Condy (o o 5 o 20) o Gl e
Cind jlow 1700 >y jiwd > O @l s A
- 1700 < o y2d > o &l < 3400 B
Lwgio 3400 < oy p> O &l <5100 C
PSS 5100 < oy ,» ol &l < 6800 D
e ey y> S &l > 6800 E

O CudS puiio -Y-V-Y-Y
Jaie ;I Chaves and Alipaz (2007) yuie opl dsl>e ;3
ol 3,8 odlitsl (BOD) LT basdisn (slys yens]
d)jb)l.})] dl)a UL") ALY .)5;\?00 9 odld U‘J..O.‘) Juj.)dd L}u.b9}4
Colin b (PSis sl 3L) Jole clials IS Hlade Slie
A8 Sl e Blag) S b3 sl (EC) 50
al> 50 (ool Sl g edy ol cuas ke Jole TDS
chals (rzpn ) dlge hdofin g (plerd bS5 2l
LS 5 5ol sl gl e 52 (3L B ¢ Jglore Ml
bg od ool 4 gl phgle 5 oS 5l (gl 5 4l
ol cuas s el,b ((Mahdavi, 2016) )l cole e

4 Biological oxygen demand
3 Total dissolved solid

(H) 53909, b luiyej —Y-Y-¥

Sl WSI (adlip) ol Sidgptn (adlinj
il 1y s 2y90 3l 850 (So5d g obesd Slusguad
siie 93 5xlke Sl 35 (Ggdgi aSliy; ke S e
(Catano et al., 2009) ] oo Consds T CutS § oS

o oS puiia -1V =YY

2 sl Goytod 1 Ol Bl deslome 35k 5l it ol

2] o Candey 5 Al 1 ookl b juul 8565 15 o 53 (WA)
Wl2g; by Gaejlyy (ke

WA = - (V)
sl Bjg> Canes

4 yid 3 ol & e &) Sloj o i S ale gl

Sy o8 e il a Jle p ceSepe Wee o 5eS
WA !y edaw iy (Falkenmark and Widstrand, 1992)
wans L Jols Chaves and Alipaz (2007) lwgs
& Jlo > jed JB Ol e yte o (Jlo g

e ply Jlez sl cpl &5 A8 (s PA - 1 Gl )85 50
.(Chaves and Alipaz., 2007) cuwl caSoyio Wee x4l
o dibaie Sy > OF G5 carge ol 5l S 4 O Jlde Bl
Saojly WA ds ke (Y Jods) Cunl 48,5 &g dgud
Olyu® s g D990 Cumdy ol )b 548 s (VWAD-IVFD)
(WAA-IYAD) Sllae Bygd Jobo 4 (wyiwd j» ol dasils

! Integrated water resource management
2 Environmental pressure index
3 Human development index



Yy

e gab L SoS @y 5l B39 (55l (2l

b gy el (29290 Cumdg yial)l) cul j5ul 855 5
ol ol 8 > blis Slles > by g AS) s
Sl Uy e 9 Glo SIS (e S B3 ey
sl oo st oyt 30 )l B gy 3y90 1, ] L)
cblis 3ble 3> s o wlie cudy (B el ol
Chaves ) wsb oy Yo plp b 35S, 5 ol 859 55 ord

.(and Alipaz., 2007

(L) ©le padlipj duslno -Y-Y-¥

OS Lo A3 (S5 CulsS  (obj 093 U gy Sl s
Sl o 42 o (glo il g )l (S sl 85 0
2 23l sl 855 50 (HDI) Gl dawsgs jlae 5 (S35
Jsbo 53 il del,> s dliasgay )b el (pad iy o)
2 e Agloee b @Bly 53 prall ol 298 00 Glo adlllae 393
Jole ] o canday Sllllas 5y9d o HDI selyd jaslis
aolol )3 Jpais 2 ol (sl gLy g HDI (8ye g dsuslxs
P 5l (Sl el ol (e polie b amlgs 03l 7y by,
5 ol Slills 5)90 (b 55wl B 0 oSl Cumer (0
b 50l 5oy o)lgen A3l al)> Dlps ) ks Sl
lyeas el opl 8 cal Jb p3 ol .l 0390 I35 51 sl
g CoMlo dor I (eloial glajlne p &5 (698 sl Sl
Chaves and Alipaz, ) ol s aislus ol I8 56 350l
do95 b 350l ) lusl dawg Jluxe cundg yial)ly )3 .(2007
Wy Gllllas 895 51 Jlo 0031 (sl o d 53 Ml o,
2 550 85> )3 (0> ) HDI &lyeeis esly el 5 99 0
sl s cpl s amd oo )13 L)l 2590 1) (Slalllae 895 (b
ol 5> Alon on &S ol 005 o3zl HDI j1 s ol
looj plo ly Slolay Sl oo 53950 dslone o
o deglio 15 3t s Sy 3 S bl 518 g e
sl yiol )b gl e 5Liel o 5 i J(Catano et al., 2009)
Mo & Ll o Cundty Gloj ey Sl gl 5 Cumdy
2o Yo 3l 5 i g Cue HDI clyuss g /24 5 5 iy HDI
(Chaves and Alipaz, 2007) wib sllas 5,9 53

(HDI) (Sl arwgi ylro —Y-Y-Y-¥
0295 9 e (laolyd Loy Diged 055k (Sludl dawgi Jlone
ol drngd Ao 53 Modlipn awslie (gl o 5l
5 ojgel o g cudligy Jols drwgs wlol dm 4w 1,
Of’.] ASU:BJ b Ll B o uL\M) LS_\})’ 3|55kl Cja.w

2 (ol 2 g 5,508) EC coaasliss (uilin i
o Ol Jopd 4 Sresdly (SSbe 4 Cuns Sllllae 893 Jobo
Sdo Yol (1 le (iglgrp CubS Cunsg el S
(Cortes et al., 2012) s o olis 1) (Y Jsus) EC o
Cise & 055 b o8 Col ot sl { S55515) ol sl
8j9> 53 L'm..j i Colin g OB Ldad sl g, 0 daue
wisns L3 mbw g 5l S Sl e (b sl
u~u’>u 99 M )2 .)9«3@ J.ol.w 1) L'JLC— 9 u5> 4]4.»)9‘».0 4W
oS il (:Slke ool Camdey jlitel O CudS 5 oS

ol Frolb—cdlo— )lid gl ol )by 00

Cortes et ) O CodS o jliel g zgbaw o gs —F Jgui

(al., 2012
Table 3- Description of water quality levels and scores (Cortes
etal., 2012)

) (ol p 90 955e0) SepSllcolia oS
Cumds o EC > 2250 A
s 1600 < EC < 2250 B
Lasgio 750 < EC < 1600 C
PSS 600 < EC <750 D
S EC < 600 E

(E) comnsj baumo pad Wi -Y-Y-¥

ol s sell ol ealy L Y Jos o &Sk len
"Sayllis jasls bad Mol & (EPI) asliy;
oy Colue s (ke Gk 5l 9wl (API)
Jsb 53 (303) (86 Cmo s 5 550l 8395 )3 (5y5ltS
29 g0 dnole (V) dlasly JSG 4 (Slllas 59

EPl = — .MM)D-FL;MMW)‘MMP (v)

bl Colus Cans & 3l 8jps S o Ol coaS
Hunsaker and ) s,ls Siww jusol 39> cly; g s
Hare bl LYo 1 S0y (S oplpegMe (Levine, 1995
S Sl opl Gy laee Hlis yuall Glgisar agee jlis
93 Sl (gjaee Sliwl g g ylod o ol 304l 51 Slula
s yd BB (6938 yp )3 (Sl g shsl & 5 (anb> o)
.(Chaves and Alipaz, 2007) ¢l
O 5 bl Glr 5550 o, EPL 59530 3190 ogMle
On PPl e o &l ely; bl Colue g (6y0ud Curon
sl elacallad 1 3b G ams oMo Lais |y g3 o]
Sl o EPI (Catano et al., 2009) 5,5 oudiino dlayl,
Cato pdlie o) olaidl dgs ay |y oo b e e polio

DJJLou..élg gwb utz:Lf Ube (S9) elae Hlie z‘:J.;.eab“JLid Ol

! Anthropic pressure indicator



FY GV Oloio VT Jlor ¥ 0,ladd o€ 0,93 /S K 5 O Co e g (5o e s pald /g 505 5 Slow ] \£3

JEETIWEIIF POVC IO V3 PO R T R

Coodlw g Conilirgy —Y-£-Y-Y-¥
Candg Sl g whe sBjlee Sl g g0 )3 (S5 4 Al
(Ot ool drols o bligy 5 (obaidl ¢ clois] ( Sinyd
Do zBly date oud plovl lead oLyl j3 Wleh o jlze oy
553 sbjlne 103 58 )3 Jlme ool ) Sl cudlige plojl
Malek Afzali and ) cuwl 558 meles olidi)l (sloylno

.(Majdabadi Farahani, 1987

JEETI I AP R

Oh9y 2 Ubisel Jlhme Gl 01 W10 Jgax > 4 psb lon
Jras sl sl 3,50 893 Jobo el )l 93 5l eslisul b s
Spo oS sloygs Job lawgio g dusydo 4 39)9 (yw )3 5395
Sl duyho dy 39)9 (o | S8 S )l )90 (Jras
Jobo ples )3 (o 2 5> aie plicad slag p Jghiie (slagSl
Jas )Ué'x.i\ dy90 L;LQJL» bl.\ﬁ) L5 S yuasS J39§ ‘_’JT o
Jlo YO 5,31 55901 G pao oS ol ola Sl (e 4 duwydo )
b jgel 0 (b zobaw 3 sdel Cundar) cusl aas 5YL
o Jsb 4 shjgel g ym )3 & e loj Do Gl
S (£) a5 3kl b yupus (UNESCO, 2011) (sl
ol shas EYSI ot gla L :5iko ylxo MYSI
(¥)

_ (MYSI x EYSI)!/2
h 0.951

22 (g 93 jlme p2 sl pSTas g Jolas polie 0 Jgu
5‘ n.a.«;},&xm u?l.mdl Axigd dlrauf})!ﬁ)HDl )l.yu Al
(wosi0 Mo oo drwgs dolip sow
Table 5- The minimum and maximum values of each index in

the new calculation method for HDI (human development
reports published by the United Nations Development

Program)
Jile Jrigies Olgis
20 832 () 5 3% » 555 % 3
0 132 9o (9ol Bpo oS (dloyey Jsbo agie
(J)
0 26.6 O 2 838 Jwans sl sl )90 0593 Jsbo
(Jlo) dyo 22 395
163 311.108 (PPP$) &, GNI

SN 0 lsliwl -Y-£-Y-Y-¥
Juols S aely 15l cowl @yle (GNI Lo (a8 ol y> &y
Jolse oSl 5 (A3 Y guasco I b (gagi slazdl 5l onds

oS Sl cwl oY il (I sl 5 (AS Olegdge
oA 43S Jai )3 gadge p y> il slayite o] (3903
5 odliul g e cpl ,d dgmge leMbl g Lol I eslizl b g
HDI (S5 9 (I sl Al & sl (g bl (sla g,

(Amiri, 2011) cslb

O S pkie (B yme —Y-Y-Y-Y

e 5 S0 B 5 oS (slouno B sliiony
Ly YoV o ()55 STHDI Jlns il 5 o 55 e
(¥ Jsia) cunl ouis oolasiwl doxie Jlo ylojlw dawes

Sl drwgi B A dlasl (g1 il b purio —€ Joaa
2\.&»)93 z\nlﬁﬁ Sow )‘1 (X" JUr VPR PV 2\&»93 dlﬁuﬁ)‘}f)
(woie Mo (ylojlw
Table 4- Substitute variables for the three dimensions of

human development index (human development reports
published by the United Nations Development Program)

B ) w8 by dnag el
ol sl 3y90 895 Jsbo s pbes 25
@ 3939 (0 ) O3S Jwans e ohigel
)
duyle
o &S (gloyd Job lawgie ool £u oo
sed o el Sl T U9
3 bige
55 4y syol el
55 9% 3 (S5 4 el P e P
’ RUSISY oMo
4ly0 GNI 4l GDP S5 3kl

3Nl G e (13903 Jlo i —Y-Y-V-Y
Sl slaasly a5 398 (slaylne S5 5l gy oSl sl
S5 e &S epl Gl op g ) Sy Hlae G4 W)
Caliseo (ol yguiS wilgxy a8 b anidls |y culilB ol sl cnday
dlayly 5l oolatol 558 Hlre dw I S ya lnl culed sibag, |,
Hgdiee Jds Cund G g o o ol e & 4l Hlxe
5 Cawl jle AL Hlxe
3958 50 Jlie bawsgie = jlao jlade JSlus
4l lee = (¥)
o Hlade yiSlas — jlae Hlade J8ls

S5y &S oyl (6l el pasuie (V) Ay 5l aS4S len
o5Y g g ey ke & dlarly oyl 51 3lizesl L laloxa 5
S 5> (Baa olia) Sl g JBho ol Jlns o sl ol
> w238 (hg) 4 Cannd (Jab (ydg) y3 plie (] &S 39 id)S
o ylro 1 S5 o (sl i las g Bl plie .l o 51y
(AmIri, 2011) cuwl & Jodo & ygods Jydo gy 4




Yo

e gab L SoS @y 5l B39 (55l (2l

A)lbSe Capte Jlasl 4 S0 L ()0 a4 badled (52585
QAI 2 Wg )M‘)l} JMS‘SQ SoS )».701 3)9> 2 uT é’L.ﬁ
Ly olel ol g 2300 )‘)5 @L))‘ 390y )~>°‘ 09
ol Bige a5 A5 daled asuie Cavgn Jglis 5 ool
MR (Jle g e dhwgie s wipmd ) ndy 4>
.(Chaves and Alipaz, 2007) cul 48,5

Jlosl B po o8 aloaiy s LISy 359150 4 gl 20l
ods Sllhe 5,00 b (IWRM) o ple &)L copie
9 ul.x&.}d.) J“’*‘jlu"*g-“ omd&xm U] 4 .))‘J)JL;O o
L)’I 6'919 » Lol u‘ é)L.a umb&bp Jel l).sw
Bpo dalllas dy50 o b a5 oladi el edlatwl b jielyb
liwly 3 Sluwwse 5 gy Slolidl oo 4y cawl ous IWRM
5 439 Gall Db pel g o o Blue el
ol Gsul mle Cople 4 ond o3 olal cla)lsel
b Sl B sty S5 90 Sl 35 (el (s St
(Chaves and Alipaz, 2007) culs salg Jlida 1y sl
Chaves and lewgs o ags Jolis 3 &S Cunl s gi 4y p3Y
Sl PS5l oS ©ygody Fuly el Sbj,l Alipaz (2007)
Moy Vel poke Ul picaes lp aoyn Ve e
e Judods Lol g o a8)S Jlas 3 Cuxdg oy e lp
sladrdg g gyl anje (S GleMbl 4 wpiod (395
Candg )ml)l.» KV PIPENES ).ouT Big> 4y ol oald uoLa.’:.&‘
855 )18 bl y90 (e g wob dawgie

8l o 6yl pas L Alone —0-Y-Y
ol padldps sa sl 2l slajladl Sl 1 e
Gl SIWSI i ol comdey gusl—Cumo g Lid (sla ol
ol dpwloee B 5 Oyaods adli s olus (1Ske
WSI:H+E1—L+P )
L ) bame jlatel B (s35lg e jlael H YL Al 5
liliel 8gamme a8 Cawl (g M8 sl Lol P g s Lol
IV Ghio) 295 0 i 03) @iyt So b yho 5L ] L]
S Sltel Cumdg (i 3 85 Spgo cl 4 (S g VO /0
Chaves and ) .S’ o S 1) yoo jliel Camdg p 5 )0 o
2 xS 6o 5 (F) Ay i3 le 390 s (Alipaz, 2007
clalasl ol g bl 5b Jiald cel 5 e sl
3 ol 595 (65l g oo by el )b dilre 139, 45 Jleis!
3 oolizl L (S5 b yao 55L) WST Susbes 5| ey o 4o

shre 5> liliel s astiie | e bl e Cundas £ Jgas

loly ol ayge caby Gpo o sl lote oAy
&5 3 oolizal b e ol ol 00 o sl 51 eas Llse
oo 9 0 o (lollin 3¥ 4 (PPP) 43 )05 (6l
dSgdie e Hl5 350 Jlo bawlgl )3 5508 Cumer
HDI fsls 335 3o, ol 1 «cales , (UNDP, 2009)
b odal Cundas polie pwdin ke | Sludl dawgi Hlise
105 dploee Coglie Jlo 93 gl o lojles YoV o Jlo 3155
HDI = (LEI x EI x Logll)/3 (0)
1 g 55900 slixe E 5355 4 dgel jlino LEI clasly ol
S lxe y2 a8 ol il sl rusgr 4 p3Y sl sely> jline
Blize glodgl Cuss 5 bl S oy iSile pite Glsica;
JUl @b ole lagingsy (ol g oCann a3 3590 £9290 L
Lo )3 11 g 0dgs yaie S35 3,5kl paw & el > e
AMiri, ) ol o0 o3kl 45l 2ol 3 b Jlxe 2,5 5IHDI
Cawdds o b jao oy 634 HDI o5 jlie o (2012
dlne jlade 4 295 b Jlo plojls gt (sl yguiS a5 b 0
M YU ey Sl Gngs b b9 1 dwd jlon o] 843
(UNDP, 2009) 555 oo ol 1) (bl o Lawsio

(P) o )l38 Cawlow 2 Wi 33 5 Bwrlmo —£-Y-Y
Semo gel padlin 0 et (Sl L8 el
D9 o ol |y aalllae ise Job )3 0l 8595 Slus! dawgs
odlituol b s o JuddS 4 ¢ LB iz 50 o Slaslxe K59, o5
2950 o EMas (im0 g 9] s el ]
GV Slg g | ol S5 (WSl iy e &S I
Copde yeal > B> gl st CeMo aBl )8
@ (P i L8 D95 o el pl 55,5 walgd g sul 359>
)...‘>u| 09> (x> 0 )l u.»l.a:duw Dy»JMUI)ASM
w5 50l 850 33 SLo 313l xSy a8 0 o> a5 g
il o el ol o 83 s pogle (Bank, 2003
JUR OO P PPOW VN [ P oW B PG VL S S
4 o)l Sluwlxe 45 s> y» (Chaves and Alipaz, 2007) cowl
b dyge Sledbl &y b g odd ooty (oS Ll boud
ol o oS Lo yguiS )3 o

Jhn el B Ulg dsges S50 Cundy sl
O gl i)l Cupte & ) Sl o dbsl o8
Do oo oyt iz (slaylojle b ole Hle )3 (IWRM)
w2l g mle piliS Spsl & cosr L IWRM S
b 5 b g ) bome Bluws | olazzl 28T sl g0



FY GV Oloio VT Jlor ¥ 0,ladd o€ 0,93 /S K 5 O Co e g (5o e s pald /g 505 5 Slow ] ™

o sl ly e b o el sty S 550l 8355 S ol
w2 o s dalaie ) ety

Ol yadllm; -Y-Y

il 3 (bl pa3Liy3) oslo 055 & sl b Jlos
Joleo 18, I WA Jlo p3 g +/V+ Joleo VWAD Jlo 3 olen
Ay e ol 1y (S5 4 sl e Ay &S cawl </VYY
5 VLo 50 oolgul oy 2ol 93 5l 055 bjgel (el
9o St (g0l Chlieo golaws )3 LAl plices o
Jls el g 2 IVY Joleo YWAD Lo gl ol sl o doms
b &l dolyy (adli ) o8, b dsle +/VAS Jolee VTR0
Sl am o Aol /YO alBL W by jlxe 3l ool
B sly oo cnl Hhe (Ll dawrgs (sa LS 5 Al
@ PN 5 [PV Lo e \YAD 9 WYAD (cla JLo 13 JLai de ]
Sl oyl olie ol e &y (+/FFY) Ladli g opl gl il
2 o el 8 Sl el sl gl § o ol
guu.uy )Luw uaus]).) F31Y sleass d*b REO W 03)9]\/ J9.\>
WAB) loj 8)93 )3 cprge sl B39 By (sladilabs 5 Sl
@)l Vb & bawgio ddds 4 VYA Jlo 50 g 039 cams ddbs o
(Y Jgso) ol asdly

6N Cnslons 423 Ly —£-F
59> ol 58S sl 5L 28 Ly Sl ol
w9 b Cunsy yal)b jliel el Comdds Joyd MY ply sl
ol 85 mals Cupte g Ol @lie olpl g 4l Sldlas &
Sile o b gusly asling b dmlxe (VD
oS oy s addllas 3yg0 35l 395 50 /YD 8y ply wljlital
A i gl w3 o Ui (2Ll )3 1) Gt Cundy slire
Shilial b (85 5 (o) Siglorien padlipg olas bl )
5 S bae Sl jadli ) ly g )lde (p S /0 9 yho
Slp cliliel (ke )b 1) jlade ¢ 5 e S5 5Ll b ol
sol)b cpl 01y bawgie gyl a8 Al duulee /YD Cuond )]
0235 cnl £85)) Caa w5 jil B IS 4l
5 (st 2 Ol Wl o) o8 (Giglgphem com & 255
@b )b, A8 e pleidgs dilaie p (0 cunsS) LaS
Aot S el b G boms g OF S (a3 li (ol
@l glaiz @ Sk g jl ke mre cpl )b ) s
Cuond 3 copied 3o Ui ) Of @lie a2yl Co e

Sliliel b (&S g (o8 iddapien padlip) g b

oo a0 g5ul B gyl sl g cilie (lapadlipj
W) 4:15].3){. )595\»»] 1 O}aﬂ Gk 5! Lhdi d)LoT

WSI L 8l 3395 (551l goba omess =1 g
Table 6- Determination of watershed sustainability levels

with WSI
(WSI) j50 850 (550l slae ol Bj9> ()l pdaw
WSI<0.6 omb
0.6<WSI<0.8 Lo
WSI>0.8 3

oy g @b Y

SiP9d pas iy -V -Y

Gillo 350l 5 (59)9)0m (oS Cumdg g )Lid ey ke
AW iz bd 5l 550l 350 ol el candts A gV Jglis L
a8 3y 1B Y <AWSYY e Bagie 3 m C dads o
SByan ool 390 izl 83>l )3 ol gnd Cndg
do sl Qs cos bl b by, Ay S8 @ O
cojsn sl g Sbrept looly (35 d9aus allcias
390 sl Bjg> S5 Gl 9 039 GRIB > )3 s)seel]
Slagby) D98 Joli |y o3le Larlpd )3 (loj 59,0 4 adlllas
0391 tiuw dnlllan 390 ul Bign ;> NS A5 5 Al gds
i S8 g Lo > wilen 555 slabig) 5o Logas L
Caand (gl jlitel Sl el 05 gyt g )kl I 5
y b 4 gy bwgio Cundg 48 Sal Cawday (+/0AY) OT a8
O oS Caanid el Il uSilio comimed B3 oo s
o) Gy s Cuxsg §l S aS dad e plis 1) (+/VF)
IV (il padlin sl Shiel Sl ol uond
(Y Jsia) Cunl ddlaie (pl Chunsd Cundg bamd L &5 dg

S j b ad L 5 -Y-Y
8)9> ) Cumex Clydl (ke I (gt bz L3S jles
b Ol g (ohi o gaw e 589 Sllae
AYAD Jlo jo ely; slaipme; Cole do)yd g oo duwloxo
FONY @ WA Jh gy o8, cpl 9 cusl 039y doyn Y0
oo 0anlio aS4355 lad .l ol 1wl 359> o 5l oy
(1o)3 VNVE) Canl 0 aBLS (6559lisS” (sl o Cormsg &y 254
Sogore & bgrye baslh oul 83 53 T (o3l el o
Oty sl (g )l g catS e glaogd b Ol I e
gl Jl 20> OF ady g £l g @le Jolis 550l 859> o
G5t Candy 3 o (V JS3) 0oy (ol sgs 4 |y 50l 85>
ol cdlom i (sl b Slis s )5 (s ll Ll 5



Yy

et U oS @y 8l Bjom gyl (b))

2 5Pk alip; )bl g cunj e adld
(Y Jogio) a8 o oS ailaio

PO 9 S S el b G j Lo (a3 li 5 9 /YD
L i are ol & woby ol 3w |y sl

418.02l 5 AB.DBI 48.10| 1

X

0051 2 3 4 [8
O — — iles g

47‘92| ) 47.9.': 6 47.99I 4
;‘ i
<
@
e
0
<
“
94
)l
3‘ Ll
1395 Jow okl } 2.0 4 4kl
o easg
B e sl
.
& Eyr
2 |_Pres
©
T L. T
47.92 47.95 47.99°
4793935 47.985730
I !

T T T
48.02° 48.06 43101004

48031625 48,077520 48123415
1 1 |

iy
1385 dua i 515 0l
GaM s
Ty 3 8l gl

7
=t

i

34.824524 34.857437 34.879540 34.905543
1 L ! N

34.797231
h

T T T T
34.824324  34.851437  34.879%40  34.905593

T T
47,9305 47,9853

hY
q0s1 2 '3 4 I
Miles |5
T ” T T h
48,03125 48,0770 481298

andllae 3,90 (Floj )93 )3 (g juil Bjo (5,5 A Y UK
Figure 2- Land use map of Bujin watershed in the studied periods
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