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Fig 1. The location of the studied area in Kermanshah Province and Iran
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Table 1. Precipitation situation in selected stations during 1961 and 2021 in Kermanshah Province, Iran
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The mean annual precipitation (mm)
260.6 272.0 271.1 (Facden) wlale 2ol S
The maximum monthly precipitation (mm)
211 199 A

Number of months without precipitation
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Fig 2. Monthly SPI drought index values in the period of 1961-1980 in Kermanshah Province, Iran
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Fig 3. Monthly SPI drought index values in the period of 1981-2000 in Kermanshah Province, Iran
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Fig 4. Monthly SPI drought index values in the period of 2001-2021 in Kermanshah Province, Iran
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Fig 5. Distribution of monthly SPI drought index during 1961 and 2021 in different stations in Kermanshah Province, Iran in
various periods of 1961-1980 (a), 1981-2000 (b), 2001-2021 (c)
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Fig 6. The watershed health indicators in different periods in Sahneh, Kermanshah and Harsin stations in Kermanshah

Province, Iran
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Table 2. The percentage of changes in reliability (R ), resilience (R ), vulnerability (V ) and average health (R R 'V )

indicators in different periods compared to the whole period in Kermanshah Province, Iran

s B slisls S Lo ga-ls Jle e A slisbe Lowo  Gatli Jl

Harsin Kermanshah  Sahneh Index Year Harsin  Kermanshah Sahneh Index Year
2.32 14.26 -2.13 2010-2021 -1.91 -0.55 0 2010-2021
6.58 3.68 -4.26 2000-2021 -1.91 -0.55 0 2000-2021
-0.52 2.13 -3.55 R 1990-2021 -1.91 0 0 Ra 1990-2021
-3.94 1.99 -0.71 1980-2021 -0.68 -0.14 2.5 1980-2021
-0.24 -1.5 0.76 1970-2021 -1.91 -0.22 0.33 1970-2021
5.77 1.96 16.19 2010-2021 17.89 -6.72 62.75 2010-2021
9.20 6.72 10.80 2000-2021 24.54 17.88 42.09 2000-2021
-2.54 8.45 2.19 RR .V,  1990-2021 -5.13 24.89 10.63 \'A 1990-2021
-0.51 2.24 2.26 1980-2021 3.24 4.94 5.09 1980-2021
-8.40 -5.14 -6.43 1970-2021 -21.47 -13.15 -18.96 1970-2021

Gladle Ll W o 55 Kden 4 5 axelS ol ol i
L bparls 53 @ik @iy 5 Slui bl o ol
Sl gasls il als Sl i das e 0L gl sl Ol
G Cand (IYVITA) (oobel ogss planl Jle Yr s cwdle
el Jl Y s ol la yastla Jaul5l ials ol s
Dol i 1y Ol i Ol 5 Sl 55 (WWE0 ) 605
S LIYYT Glake 5 s iy fpmes 3 s o
Glp kails Ol 5 0l s JlKax ool oys b
Oiee b St bl oss Igb ax a Jlslas L)
St ol e s Jlsisr 5 Il Glae,ss sl
ot e il Ll Sl el (5 5 58 BB e s e
bl o5 2l sl 5 bl slaeyss glal sladl
035 JS b bl oy il sldle Sagen o sls 0L
sl 3 1) e w5 ol e St (e £7) &bl
Y oyas rash cpl oo 1 mlanals JLSis st L5l
R e R P P g [WRE- P P B SO O
V] OLan 5 oslo Ko Liash 55 kS o dul ) Jhash
oslizals ) o (glaolKausl slins Sobel o905 Jsb ﬁ;l: bl b
laolSainl slins ax o tindls Ol DL Saule b axls »
Sl 6 5ded B 5 Sl @L:J AL 5 eslinals g
33t 2 Bl 55 bl es53 sb Sl B b 5l S el
S dB 1 rasn nl @l 5 ASk eils pslles G il
e Lol (g 3l eddalyl Sl 5 55wl (lae) s>

bl ee 5,8 e 513 Sles Ok e ) Cilis Jal e

VELY sl — 1) 0yl — paaia Jlo

04

G

Loy 5 Oy Ll oo Ol 53 a8l (VL g5 S

G e 5 AS Ol e 1) SQSsodes la s
L il 5 Jlis o Qbbb cuas sladl,l S
Yoo K s ol ey @Lg Lealy e 53 [T0] 552
ool o5 dsb s Came eyl oS das e 0L 0 G
L Sl 5 Wlossy sl la JLusSlis 5 Jl 5 lyls
5 ediul 3 aS A3 oo QLS bl sl eslsz ) (g3dans slrail
el Ol Ol s sdae Slab b L Sis 55, Jlas|
okl Jlo £0 b Ol ol s Olo V6] (oo aly e 3
Sy 0 iSOl 48 5 S dal g s | ookt (gla Jla i
el Doy gl Sl sl gl O gl el Gble
cdlzzes Gble 53 JleSlst ooy 550 5 (Lo Sl 03 el
slslis oy g B8 oyl cilse glapsul oS sdd o
| ciles glacawl 55,8 sl b 516 5 03,15
Loyl s 3l Bls Sledst 5 ks el s il anill
bl o555 Jsb wdls men b Y] W3 8 Olabisd bawy
b sl o il 5 Jcas plalis 55 ali 5 ot 285
Sl slao, s 530 B e K8 bl &S (g, 5bas [YV] 50
OF e 5 Sl 03l55, cilse Ol s JluSKasr (il
sl Codle 5 6 i (osT0l (UL gl antls Ol
el esls LS 1y Salie lade il Sley glac, e 5 5
)93 Jsb pam A sl SLAY 5 gl IS8 s s o
wals 3 g anl als Cdle gla jastls iolis 3 9 es 558l (6Ll

Ol ool (owsias 9 ool


https://dor.isc.ac/dor/20.1001.1.20089554.1402.17.61.6.0
https://jwmsei.ir/article-1-1136-fa.html

[ Downloaded from jwmsel.ir on 2025-11-05 ]

[ DOR: 20.1001.1.20089554.1402.17.61.6.0 ]

8. Hazbavi, Z. 2018. Importance of geology and geomorphology
in watershed health assessment. Agriculture & Forestry, 64(4): 277-
287.

9. Hazbavi, Z. Baartman, J.E.M. Nunes, J.P. Keesstra, S.D. and
Sadeghi, S.H.R. 2018a. Changeability of reliability, resilience and
vulnerability indicators with respect to drought patterns. Ecological
Indicators, 87: 196-208.

10. Hazbavi, Z. Keesstra, S.D. Nunes, J.P. Baartman, J.E.M.
Gholamalifard, M. and Sadeghi, S.H.R. 2018b. Health comparative
comprehensive assessment of watersheds with different climates.
Ecological Indicators, 93: 781-790.

11. Hazbavi, Z. Parchami, N. Alaei, N. and Babaei, L. 2020.
Assessment and analysis of the Koozeh Topraghi Watershed
health status, Ardabil Province, Iran. Soil and Water Resources
Conservation, 9(3): 121-141. (In Persian)

12. Hazbavi, Z. Sadeghi, S.H.R. and Gholamalifard, M.
2019. Dynamic analysis of soil erosion-based watershed health.
Geography, Environment, Sustainability, 12(3): 43-59.

13. Jahangir, M.H. Noor Azar, L. and Azimi, S.M.E. 2019.
Analysis of the head of drought branches SPTI, SPI, SPEI using
SOFM roots compared network in the Chahar Mahal Bakhtiari
Province. Eco Hydrology, 6: 837-847. (In Persian)

14. Jamshidi, R. 2016. Continuity of a decade of drought in stone
and water Land, Hamshahri Newspaper, 17 May 2016.

15. Jat, M.K. Khare, D. Garg, P.K. and Shankard, A. 2008.
Remote sensing and GIS-based assessment of urbanization and
degradation of watershed health: A Case Study. Urban Water
Journal, 6(3): 251-263.

16. Kalehhouei, M. Kavian, A. Shahedi, K. and Soltani, M. 2018.
Droughts zoning Caspian Plain with using SPI and CZI Indices.
Extension and Development of Watershed Management, 6(20): 45-
54. (In Persian)

17. Lee, J. Chung, J. Woo, S. Lee, Y. Jung, C. Park, D. and Kim,
S.2021. Evaluation of land-use changes impact on watershed health
using probabilistic approaches. Water, 13(17): 2348.

18. Madanchi, P. Shahdi, K.M. Habibnejad, K. and Fatehi Marj,
A. 2019. Zoning climatic drought and drought magnitude using
SPI Index and Kirijing geostatistical method, case study: Kerman
Province. Irrigation and Water Engineering of Iran, 10: 203-226.
(In Persian)

19. Mao, X. Wang, X. Chen, Q. and Yin, X. 2014. A PSR-
framework- based health assessment of Ulansuhai Lake in china.
Polish Journal of Environmental Studies, 23(6): 2093-2012.

20. Mckee, T.B. Doesken, N.J. and Kleist, J. 1993. The

VELY sl — 1) 0yl — paaia Jlo

Gl o33 dsb U Ol oS ol ol e Ras% cnl o
6,95 43 SPI L;L“&'i;'?- upuf JJLA E) Lhﬁu] CM’DA-WJJ
35 o 5 oliile S s oBasl 4w 3 WWESIYAA L
b SPI JlSlis jatla 5l eslanad L oliile S0 ol
_/,.ouT oM L.wj:ﬂ 9 (Vul) 64,.1.,\in L(Rcs) 6))];_)[5 ‘(Rcl)
bl oss il gladle 53 5 Sie glaolKansl ;s R R V)
adls oy IS 5 ol Gladle & cod 1y (5 e Ol s
ol Sk Ol bl oys3 dsb SRl L OT 5 esdle ol
el JL T S el 0T 5l (S s b e Al s e
45\) \) J}J ‘-}.:L; 9 WLA @L’b (\VV'—\Y’C\A) AAJUQJJ)}» 092
= u:"ilﬁ‘ oA g L &)L«T 09 d}iﬁ J;i\_)e\ L 9 a3
Sl dalss Sl Ol s b el Sl Ollas
@L“u ..b‘jJL;a alises L;u(..:l.é\ BE Lhal.<.‘;~.i‘ u;Slﬂ u,:..;:v.h
slas (sl Sladllas 53 48 53 8 e slgiiey a5 Al azdls sl
)Jg;/.b)b‘}.'&ﬂ@)j;U)ﬁij‘):ﬁjbhua&ﬁ.‘)\éﬁw

25 gl Sy

&b

1. Ahn, S.R. and Kim, S.L. 2017. Assessment of integrated
watershed health based on the natural environment, hydrology,
water quality, and aquatic ecology. Hydrology and Earth System
Sciences, 21: 5583-5602.

2. Chamani, R. Sadeghi, S.H.R. Vafakhah, M. and Naghdi, M.
2022. Reliability, resilience, and vulnerability of Chalous Watershed
based on drought index. Watershed Engineering and Management,
14(1): 65-75. (In Persian)

3. Dai, Q. Liu, G. Xue, Sh. Lan, X. Zhai, Sh. Tian, J. and Wang,
G.2007. Health diagnoses of ecosystems subject to a typical erosion
environment in Zhifanggou Watershed, North-West China. Front of
Forestry China, 2(3): 241-250.

4. Duan, T. Feng, J. Chang, X. and Li, Y. 2022. Watershed health
assessment using the coupled integrated multistatistic analyses and
PSIR framework. Science of The Total Environment, 847, 157523.

5. EPA, Environment Protection Agency. 2012. Identifying and
protecting healthy watersheds, EPA 841-B 11-002

6. Ervinia, A. Huang, J. Huang, Y. and Lin, J. 2019. Coupled
effects of climate variability and land use pattern on surface water
quality: An elasticity perspective and watershed health indicators.
Science of the Total Environment, 693, 133592.

7. Hashimoto, T. Loucks, D.P. and Stedinger, J. 1982. Reliability,
resilience and vulnerability for water resources system performance

evaluation. Water Resources Research, 18: 14-20

Ol ool (owsias 9 ool


https://dor.isc.ac/dor/20.1001.1.20089554.1402.17.61.6.0
https://jwmsei.ir/article-1-1136-fa.html

[ Downloaded from jwmsel.ir on 2025-11-05 ]

[ DOR: 20.1001.1.20089554.1402.17.61.6.0 ]

30. Tabari, H. Agha Kouchak, A. and Willems, P. 2014. A
perturbation approach for assessing trends in precipitation extremes
across Iran. Journal of Hydrology, 519: 1420-1427.

31. Tirivarombo, S. Osupile, D. and Eliasson, P. 2018.
Drought monitoring and analysis: Standardized Precipitation
Evapotranspiration Index [SPEI] and Standardized Precipitation
Index [SPI]. Physics and Chemistry of the Earth, 106: 1-10.

32. Wiegand, A.N. Walker, C. Duncan, P.F. Roiko, A. and
Tindale, N. 2013. A systematic approach for modelling quantitative
lake ecosystem data to facilitate proactive urban lake management.
Environmental Systems Research, 2: 1-12.

33. Won, J. Choi, J. Lee, O. and Kim, S. 2020. Copula-based
joint drought index using SPI and EDDI and its application to
climate change. Science of the Total Environment, 744: 140701.

34. Yerdelen, C. Abdelkader, M. and Eris, E. 2021. Assessment
of drought in SPI series using continuous wavelet analysis for Gediz
Basin, Turkey. Atmospheric Research, 260, 105687.

35. You, Q. Fang, N. Jian, M. Hu, Q. Yao, B. Liu, D. and Yang,
W. 2022. A reliability-resilience-vulnerability framework for
measuring the influence of changes in water level fluctuations on
lake conditions. Ecological Indicators, 134, 108468.

36. Zhang, F. Zhang, J. Wu, R. Ma, Q. and Yang, J. 2015.
Ecosystem health assessment based on DPSIRM framework
and health distance model in Nansi Lake, China. Stochastic
Environmental Research and Risk Assessment, 30: 1235-1247.

37. Zhang, Sh. Xiang, M. Xu, Z. Wang, L. and Zhang, Ch. 2020.
Evaluation of water cycle health status based on a cloud model.
Journal of Cleaner Production, 245: 118850.

38. Zohrevandi, A.A. and Sagheb Talebi, K. 2021. Distribution
pattern of Wild pear (Pyrus spp.) in the forests of Kermanshah
Province of Iran. Applied Biology, 33(4): 165-178.

39. Zolfaghari, H. Sahrai, J. Sahaghobadi, F. and Jalilian, A.
2014. Analysis on synoptic and dynamic aspects of air pollution
in Kermanshah City. Journal of Geography and Environmental

Hazards, 3(1): 75-96. (In Persian)

VELY sl — 1) 0yl — paaia Jlo

1)

relationship of drought frequency and duration to time scales. In
Proceedings of the 8th Conference on Applied Climatology, 17(22):
179-183.

21. Naderi, K. Moghadasi, M. Shokri, A. and Ahmadi, F. 2021.
Analysis of the effect of statistical period length on occurrence
probability of drought using the copula functions approach (Case
study: Arak Synoptic Station). Iran Water and Soil Research, 52(9):
2427-2440. (In Persian)

22. Pourhossein, S. and Soltani, S. 2018. The effect of climate,
precipitation regime and data record length on the Bhalme & Mooley
Drought Index in Iran. Soil Science (Science and Technology of
Agriculture and Natural Resources), 22(2): 159-173. (In Persian)

23. Rani, G. Kaur, J. Kumar, A. and Yogalakshmi, K.N. 2019.
Ecosystem health and dynamics: An indicator of global climate
change. Contemporary Environmental Issues and Challenges in Era
of Climate Change, Springer, Singapore, 1-23.

24. Sadeghi, S.H.R. and Hazbavi, Z. 2016. Watershed health
(part 1) conceptual model of reliability, flexibility and vulnerability.
Extension and Development of Watershed Management, 14: 39-43.
(In Persian)

25. Sadeghi, S.H.R. and Hazbavi, Z. 2017. Spatiotemporal
variation of watershed health propensity through reliability-
resilience-vulnerability based drought index, case study: Shazand
Watershed in Iran. Science of the Total Environment, 587: 168-176.

26. Sadeghi, S.H.R. Hazbavi, Z. and Gholamalifard, M. 2019.
Interactive impacts of climatic, hydrologic, and anthropogenic
activities on watershed health. Science of the Total Environment,
648: 880-893.

27. Sadeghi, S.H.R. Zabihi, M. and Vafakhah, M. 2016. Effect
of data length, study span and number of stations on amount of
rainfall erosivity factor variability in different time scales in Iran.
Pasture and Watershed, Journal of Natural Resources of Iran, 70(2):
400-409. (In Persian)

28. Shahbazi, Kh. Khosroshahi, M. Heshmati, M. and Saieedifar,
Z. 2022. Effects of climate change on dust storm occurrence in
Kermanshah Province, Iran. ECOPERSIA, 10(2): 121-131.

29. Smakhtin, V.U. and Hughes, D.A. 2004. Review, automated
estimation and analyses of drought indices in South Asia.

International Water Management Institute, 3: 1-24.

Ol ool (owsias 9 ool


https://dor.isc.ac/dor/20.1001.1.20089554.1402.17.61.6.0
https://jwmsei.ir/article-1-1136-fa.html

[ Downloaded from jwmsel.ir on 2025-11-05 ]

[ DOR: 20.1001.1.20089554.1402.17.61.6.0 ]

oole 4 s

Ol ool (owaiges 9 p5le
Iran-Watershed Management
Science & Engineering

9, i
T la 550 U

Vol. 17, No. 61, Summer 2023 VLY Ll =Y o lows — e Jlw

Effectability of SPI-based Watershed Health Index from Data Length

S.H.R. Sadeghi', M. Kalehhouei?, R. Chamani’® and Kh. Haji*
Received: 28-08-2022  Accepted: 10-01-2023

Abstract

Watershed health provides an integrated view of the factors influencing the watershed conditions. In the
current study, the data length effect on changes in SPI-based watershed health index was evaluated using the
R R_V  framework for the period of 1961-2021 in Sahneh, Kermanshah, and Harsin stations in Kermanshah
Province, Iran. For this purpose, reliability (R ), resilience (R ), vulnerability (V ) indicators, and mean
watershed health (R R_V ) were calculated in different periods. According to the results, watershed health
indicators were different in 1961-1980, 1981-2000, and 2001-2021. In addition, with the increase in the
length of the statistical period, health indicators had different changes, so that in short-term data, the changes
of the indicators mentioned above were more than the whole period. The maximum changes in the first 30
years of the statistical period, and with the increase in the length of the statistical period until the end of the
period, changes decreased. Accordingly, the last 30 years of the statistical period have reliable results in
calculating health indicators. Considering massive calculations, climatic data deficits, and limited stations
while increasing the length of the statistical period, it is suggested to use the climatic data of the last 30
years to estimate watershed health.

Keywords: Drought, Temporal analysis, Watershed health assessment, Watershed management.
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