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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.
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Figure 2- Land use map of Bujin watershed in the studied periods
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Archive of SID.ir



Archive of SID.ir

¥4

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

47.92l 47.95l 47.991 43.02. 48.061 48.1!:
o S Saiie -M/ & -~
- _(( Saseay 0 oy - b=
o lis—amiace. . BT e ' . i ]
2:3 ] e Y ;) Seeaa =
) Nerm - = 5 =
- - ' . A dana . -
Fls Sas e /-‘~ gl S "‘"\
x > LA S e ’ _ ~v—
=7 L SO e g S et r . e
3 . 1 = - : k]
R e e r
q 5 . §. G
i A _
ey Ewaa —
2 R L' ~ N
O v = ;
3 (B S ‘ 5 3
S - L 0
o 1385 Je aaags ol g B / L Ly -
' 0.66-0.68 fRas ..,,f_.ikﬁ,,,
1-0.68-0.70 e 1
54 =070072 o n , 5. e
@ | 1 072074 D 3 i |2
3 - Aileess ;
1 1 1 1 1 3
47.92 4795 47.98 48.02 48.06 48.10

Floj i3 13 gt Sl Bio (Bye eilolur (5l (ad L Al Y JSS Aol
Continuation Figure 3- Sustainability index map in common systems of Bujin watershed in periods

Copde 5 (siydely Algn U aayy el 5 lpde & )
ol 859 ()l sty )3 5 ol g0y 1y sul slaojex
sl 800 o clacoglyl oluls 4 (asls cpl ey plol
S8 by gl 3 3)hes b)) 5 sl drwg gl 5

LS e SLls

Sl Pl
Sl ched il Dl 9 b @lbo JS 50 I By
Sled oo S5 img 1l 3y90 (slaaid ¢ ,lo &)

OB Ny g8 28l LS
2 Bl ol GFzn oS Wyl o pMel dlie oyl By
) 3929 il cpl @l 5 s il g (B)IS (ogad

Lodld 4y ow yowd
o 015 1)) dlie yie > ol 5 Ml don

OB Ny g &S \Le
sadis pbul gilupspie i Slewiyl Sageese
oloin g st 5 comn Ao g Soiuns 55 s lol s 38l

2l S8 lis il 5 ol

&l
acgezme L(VWAD) ¢ ltar oyl LS)I.)}:_’iLJ 5 b mlbo JS o)l

gy yalie ppwdine «olwlelS Adgs gz g Olalllas

S5 e €
g >SS Coglyl) Jlul drwy 4 ey slacagly)
(Il dawg & Gy 9 )Mk daw (&) can blys
b yasls g plaS bl &S oo cpl 5l BT 5 conl eglie
S 5128l o)l pluS” (59 Ol S e 42 g5 9 S Ly Sgare
4ol S5 )3 i sl 5035 (S ol (3l g A ja 2y
sl B > alig) Cumex £ Dsdie By g
L Oneh 9 odd gyd) (shie A5y b Ol b (g
Al o 5 G Sle 18 o5 L ) sla Iz s
Jbo yo 580 b sl & oyiwd LB -V SO 03 d>lge
Lylys a8 ol (olasl s 1) «/V0 jliel 150l 856 ol 5
CublS) potune (65938 & da g b s ol (L ) g)lul
Sidorr paling lp bl kulid g (adhie > pas
i ddad g sl sladbls pldl (iS5 S)
logas il e pie ctS 555N oMol g jlropé clools
Gl (+/¥V0) s Cuomd (pl 30 gl jiolyly Lol &S oyl
G5 a4 a2y b (50 bl Lzl B3y b
(EMM]) o Lo W8 laz Ao 55 550l 855> 1 tawd
S oS 5 clslis bl j1 dy (s)lul o 5 okb b5
s 3] 5l o0l G5l 350l 850 nl 1> (50 9
3 (e Cumdy (Sl dawg Jlns 5 Sl aslinj
x5 g 2T S 0y 4 pledl nre ol g (S jlnel)
023l 5 28] sl 53 olde b it sl <8 Lk S
Sy 9 35l 83 Sl e Cundg 25l Gl Bl
55l 85 il padls IS jsbay .l (ol oy (203l
S5 b Blgi o PRS Lospie Jio §l odlizl L (WSI)

Archive of SID.ir



Archive of SID.ir

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

e3> 518k 3] (ITRY) Gl gSis JaS 5 amo ¢ oblS
Cudigg 50l 039 16390 adllle HELP Jso (wlul s 550
NAY (YY) ool drawsd 5 g )b el oS
http://www.wmji.ir/article_254774.html

(VFeY) i sl 5 b (Mo M (Ll Ll cpllas L8
0555 sul CaoMws b)) yobaie 4 PSR-FUZZY s dawos
ASY Y ()Y B 5 of Cy o g il o . By

4 6yl b)) (1T (Btazme ( lygied 5 0pall ((saoome
il isesianten sl Il pasls iy 5l edlial |
d0i:20.1001.1.23833254.1396.4.10.3.2 £¥-¥) (V+)f

5 0b5 o Joia (WFB) dg050 c(s3g05e 5 ey < Shadl S
WAV (VDY wlid Lo o) s ol lye
dor:20.1001.1.10258620.1365.14.14.1.4

chlasl s> Sl s2)S Sigdarir (VYA0) deoxe csoige
s VEY 05 oKl

sl (WSI) )l (sl (6554 g dmwgs (YY) Lo e 2e
byl olid)lS sl ol sl (sl Jog sl
OB b @lie 5 55)5liS pole oIl

0lj lauan g (e yro @Njogin o s IS (g cliage
g3k ol slaojes i syl 5 L) (WYAY) g
(sl yokad g3)90 adllas) jil oMl a2 plul s
(IR il oj> Copto dolidogy (o plomldl esss
dor: 20.1001.1.22516174.1397.9.17.23.5.) Y-

s FLVFY) (B damo ¢ )53 5 g0mme ¢ 53] ol ¢ 555

VOR o | o3kl b los 3t jusol 0565 oM o ol

MY VY ()Y SB g O cypte 5 oile o
doi:10.22098/mmws.2022.11685.1156

References

Amiri, N. (2012). Calculating the human development
index. Journal of Economics, 11(12), 131-138
http://ensani.ir/file/download/article/201212120
94537-9562-78.pdf. [In Persian]

Asadi Nalivan, O., Mohseni Saravi, M., Zahedi
Amiri, G.A., & Nazari Samani, A.A. (2015).
Comparison of two methods of IUCN and
watershed, range and forest management in
assessing watershed sustainability (Case study:
Talleghan-Zeidasht). Journal of Watershed
Management  Research, 6(11), 73-89.
http://jwmr.sanru.ac.ir/article-1-494[In Persian]

Asadi Nalivan, O., Nazari Samani, A.A., Mohseni
Saravi, M., & Zahedi Amiri, G.A. (2013).
Determination and assessment the sustainability
criteria and indices in Taleghan Catchment-
Zeidashtl. Town and Country Planning, 5(1),

(ol Pl (6 el (0l5 e pne (59l (e el ¢ laels gl
s ITUCN g, 45 duslio .(\YAF) uST1 e ¢ Slobw (g, 4
ojp> el il > @il Bl dadSa ool
doliingiy (Vv cudy; —oWlb ieyg0 (gadlllae) ol
http:/jwmr.sanru A=Y (MDY i/ ojss o
.ac.irfarticle-1-494

(e s(Sojle (gume ST o Glalo (ka5 sl ol sl
5 bjles obil s e IYAY) ] plo e g el (calj g
bl Sy b Bl 5l oje )3 sl sle Sl
doi:10.22059/J NOF-IYY () (o g
TCP.2013.35476

Ao . Sluil drwg (adld dwolowe (hgy (WA dll Cuons (g pel
http:/fensani.ir/  \YA=IY) FAMN o solaidl
file/download/article/20121212094537-9562-78.pdf

{0F20) iz ecsgbip 9 b e e o oipe b Sl ddypel ¢ Sl
o gl il o figh el ojg> > (S lideg sk o)
AOV-Y YN e oldbe 5 L
https://dorl.net/dor/20.1001.1.20087845.1401.11.42.10.9

Cuod) 3341 oo (1YRD) L e (B0l g s ecssbi>

5 @37 (PSR) Gl 5 cundy lid (ogpie Jio (pg
Ye-vo {Vo)f s/l drugl
http://ww.wmiji.ir/article_696852

(V) ails ( G1LES (sdommo g wdonl cygy (Bolo ol 4o il s
@ J sl el Jre ol b sy gl lul b))
Fe¥ev)rY «wssbi] slo gy
https://wmrj.areeo.ac/10.22092/wmej/2020.342265

el o)l (bl (V) i bl g oyl (LS ST (gamls
(YN elaeo ()Lbl g i ks (i e (o S0 o
doi: 10.22126/GES.2023.8473.2599 .HV-Y4

133-154. doi:10.22059/JTCP.2013.35476. [in
Persian]

Branchi, B.A. (2022). Watershed sustainability and
composite index: Application and Challenges.
Sociedade & Natureza, 34. doi: 10.14393/SN-
v34-2022- 63868

Calizaya, A., Chaves, H., Bengtsson, L., &
Berndtsson, R. (2008). Application of the WSI
to the Lake Poopo Watershed, Bolivia.
Hydrology Journal, 24(10), 9-2267.

Catano, N., Marchand, M., Staley, S., & Wang, Y.
(2009). Development and validation of the
watershed sustainability index for the watershed
of the Reventaz6n River, Report Prepared for
the Ommission for the Preservation and
Management of the Watershed of the
Reventaz6n River, Costa Rica, Pp. 4-31.

Archive of SID.ir


https://doi.org/10.22059/jtcp.2013.35476
https://doi.org/10.22059/jtcp.2013.35476
https://doi.org/10.22059/jtcp.2013.35476
https://doi.org/10.22126/ges.2023.8473.2599
https://dorl.net/dor/20.1001.1.23833254.1396.4.10.3.2
https://dorl.net/dor/20.1001.1.22517480.1399.9.3.8.0
https://dorl.net/dor/20.1001.1.22517480.1399.9.3.8.0
https://dorl.net/dor/20.1001.1.22517480.1399.9.3.8.0
http://dorl.net/dor/20.1001.1.22516174.1397.9.17.23.5
https://dorl.net/dor/20.1001.1.22517480.1399.9.3.8.0
https://dorl.net/dor/20.1001.1.22517480.1399.9.3.8.0
https://dorl.net/dor/20.1001.1.22517480.1399.9.3.8.0
https://dorl.net/dor/20.1001.1.22517480.1399.9.3.8.0
http://ensani.ir/file/download/article/20121212094537-9562-78.pdf
http://ensani.ir/file/download/article/20121212094537-9562-78.pdf
http://jwmr.sanru.ac.ir/article-1-494-en.html
https://doi.org/10.22059/jtcp.2013.35476

Archive of SID.ir

¥y

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

https://docslib.org/doc/13187950/wsi-for-the-
watershed-of-the-reventazon-river

Chaves, H.M. & Alipaz, S. (2007). An integrated
indicator based on basin hydrology, environment,
life, and policy: the watershed sustainability
index. Water Resources Management, (21), 883—
895. doi:10.1007/s11269-006-9107-2

Cortes, A.E., Oyarzun, R., Kretschmer, N., Chaves,
H., Soto, G., Soto, M., Amezago, J., Oyarzu, J.,
Otting, T., Senoret, M. & Maturana, H. (2012).
Application of the watershed sustainability
index to the Elqui River Basin, North- Central
Chlie, ObrasProyectos 12, Pp. 57-69.
https://www.scielo.cl/pdf/oyp/n12/art05.pdf

Falkenmark, M., & Widstrand, C. (1992).
Population and water resources: a delicate
balance. Population Bulletin, 47(3), 1-36.
https://pubmed.ncbi.nim.nih.gov/12344702

Ghabelnezam, E., Babaei, L., Alaei, N., & Hazbavi,
Z. (2023). Development of an incorporative
PSR-Fuzzy model for health assessment of the
KoozehTopraghi Watershed, Water and Soil
Management and Modeling, 3(4), 152-167.
d0i:10.22098/mmws.2022.11379.1125 [In
Persian]

Harris, M.J. (2000). Basic Principles of Sustainable
Development, global development and
environment institute, Tufts  University
Medford MA 02155, USA, 26 Pp.
d0i:10.22004/AG.ECON.15600

Hazbavi, Z., & Sadeghi, S.H.R. (2016). Watershed
health (second part), conceptual model
pressure, condition and response. Journal of
Extension and Development of Watershed
Management, 15(4), 25-30. [In Persian]

Heirany, A.R., Behzadfar, M., Alaei, N., & Hazbavi,
Z. (2022). Ecological sustainability assessment
in the Tutli Watershed, North Khorasan
Province. Journal of Geography and
Environmental Studies, 11(42), 152-1609.
dor:20.1001.1.20087845.1401.11.42.10.9. [In
Persian]

Hunsaker, C.T., & Levine, D.A. (1995). Hierarchical
approaches to the study of water quality in
rivers. BioScience (45), 193-203.
doi:10.2307/1312558

Kazemi, M., & Kamali, A. (2018). Sustainability
assessment of watershed management based on
HELP model case study of lost paradise of Fars
province. Journal of Extension and
Development of Watershed Management, 6(22),
7-18. [In Persian]

Kheirandish, H., Sadeghipour, A., & Mohammadi
Kangarani, H. (2020). An evaluation of the

Bakhtegan Watershed sustainability using the
HELP model. Watershed Management

Research, 34(2), 48-60.
d0i:10.22092/WMEJ.2020.342265.1325.  [in
Persian]

Lu, Y., Wang, R., Zhang, Y., Su, H., Wang, P., Jenkins,
A., Ferrier, R.C., Bailey, M., & Squire, G. (2015).
Ecosystem health towards sustainability.
Ecosystem Health and Sustainability, 1(1), 1-15.
doi:10.1890/EHS14-0013.1

Mahdavi, M. (2005). Applied Hydrology. 2th
Edition, Tehran University Press, 427 pages.
[In Persian]

Malek Afzali, H., & Majdabadi Farahani, M. (1987).
Table of life of men and women in urban
communities of Iran in 1984. Journal of
Environmental  Studies, 13(14), 1-16
d0i:20.1001.1.10258620.1365.14.14.1.4.  [in
Persian]

Mehri, R. (2013). Development and application of
wsi sustainability index (WSI) for Chehel-Chai
Watershed, Golestan Province. Master’s
Thesis, University of Agricultural Sciences and
Natural Resources, Gorgan, Iran. [In Persian]

Mohammadi, T., & Dastorani, M.T. (2017). The
Evaluation of the sustainability of watershed
using watershed sustainability index. Journal
of Hydrogeomorphplogy, 4(10), 41-64.
dor:20.1001.1.23833254.1396.4.10.3.2.  [in
Persian].

Momenian, P., Nazarnejhad, H., Miryaghoubzadeh,
M., & Mostafazadeh R. (2018). Assessment
and prioritizing of subwatersheds based on
watershed health scores (Case Study:
Ghotorchay, Khoy, West Azerbaijan). Journal
of Watershed Management Research, 9(17), 1-
13. do0i:10.29252/jwmr.9.17.1 [in Persian]

Nikouei, H., Azari, M., & Dastorani, M.T. (2023).
The effect of climate change on the Fariman
dam watershed health using VOR model. Water
and Soil Management and Modeling, 3(4), 107-
121. doi:10.22098/mmws.2022.11685.1156. [in
Persian]

Organization for Economic Cooperation and
Development (OECD), (2003). OECD
Environmental  Indicators:  Development,
Measurement and Use, Reference Paper, Paris,
P. 50.

Shahedi, K., Kiani, A., & Bayati, F. (2023).
Evaluation of sustainability in Sarab Seydali
watershed, Selseleh city. Geography and
Environmental Sustainability, 13(2), 39-57 .
d0i:10.22126/GES.2023.8473.2599. [In
Persian]

Archive of SID.ir


https://docslib.org/doc/13187950/wsi-for-the-
https://doi.org/10.1007/s11269-006-9107-2
https://pubmed.ncbi.nlm.nih.gov/12344702
https://doi.org/10.22004/AG.ECON.15600
https://dorl.net/dor/20.1001.1.20087845.1401.11.42.10
https://doi.org/10.2307/1312558
https://dorl.net/dor/20.1001.1.10258620.1365.14.14.1.4
https://dorl.net/dor/20.1001.1.23833254.1396.4.10.3.2
http://dx.doi.org/10.29252/jwmr.9.17.1
https://doi.org/10.22126/ges.2023.8473.2599

Archive of SID.ir

FY BIY Ol £ ¥ Jlo o 0,lond o€ 0,93 /S 5 O Cuprte g (5 jlodbe &g g [ i 5§ 5 (silo ] Y

UNDP (2009). Human Development Report. 1 UN
Plaza, New York, NY 10017.

UNESCO Institute for Statistics, (2011), School-
Life Expectancy, P. 251.

World Bank, (2003). Water resources management
strategies in Brazil: cooperation areas with the
World Bank. In: José Lobato Costa (ed)
Brasilia, Brazil, p 177.

Yilmaz, B., Harmancioglu. N. (2010). An indicator
based assessment for water resources
management in Gediz River Basin, Turkey,
Water Resources Management, (24), 4359-
4379. doi:10.1007/s11269-010-9663-3

General Department of Natural Resources and
Watershed Management of Hamadan Province,
(2015). Gamasiab Basin Explanatory Studies,
Zumar Consulting Engineers

Archive of SID.ir


http://dx.doi.org/10.1007/s11269-010-9663-3

