AR A Aaé.p AN }ﬁlﬁ c(ff ‘gl:.t')“ ZJM NY ZJ‘,A

S3S Okl W3 poul 359 A Ad e sslob e b ol
Tollis sge e sl Lot de ¢ Dl 3 il

VORIV 2y VORI /Y o3l s jus6

oS>

o3 ol (Sl 0 sl aUS 2ty 6500 S B el el e by e SR L Sl S,
3 S o sl s Sy o VY BATSV o3 b,05 6l 6l ulis s NDVI alS iy Lasli syl 5l e
ol i b 5 e Il A Oleany (3lal 8555 b 3 Sie (el e o S «Slllae (slazol 55
ElS Coo A5 S NDVI alS 25y sl Sl Bkl a5 ode3lys o SKke i alad il gla sl
(SHern i Gblie (281 L 0T ) ol s s e ladia 3 3l eslinal b 53 (soslob b b sl 5 ol
o 3L el 5 (ol b b st la 53l oS sls 0L tagy s A L) sddc blis Gble cismen 5 (66
Ol e 150 el 5 s ol (sl i b el 10 50 glassul 5w bg s S 5 4B S 15 /Y 50/
lac s s o 4 05 0 1510 55l s VU (6sTb b B oS Jlm s ols Cond ST s g 4 O (s
0 slassul s aS 35 0T LS s comen 315 S bk ks (slaollity 5 i bl ailaia b OF (5ol mpn 5 Sl
S e 33 5dme 53 Bl (IS i Dk b K Sl Ll il 3 g LS a5l Wkl 1F
383 ss il 035 VU (6 s (sl a5 BB SR 3 LS (53 Gl e OF (6551l ullB Ol e
Cd b L slagsul 55 A g Uk s e DLl 50l 3 63,008 5 e LIl Olsisa Ll g e Sl

2,8 3 eslizad 3550 b (osTls

.n\.}l:MTp@é.a U'.?'LJZ)'};- Ccl;— o pde gﬁzjdﬁ,\ﬂgﬂ;ff Lals Z\Aojb.\:.ls

Mostafa.zabihi@modares.ac.ir « p.;de o 5 olRls ( anl mlis 0aSS1s (Gl sl dige pse 555
sadeghi@modares.ac.ir «J s st 5 e o 5 o850 ¢ ands e e aSCEls (813l wdige 05,5 slzul Y
vafakhah@modares.ac.ir « ;e o 5 oKils (ol e Al (1l wdige 05 S slaul X
el osde S 5 B (g S iy sl a B s ol @

DOI: 10.22052/deej.2025.256065.1088



WY b FF (b)) ¥ oyl om0 s Jlw (bl pimmmmwgST (oot (oiug ool almo Y

9> S ikl Ll 4 Ul e (sl ol C b
Sl oY Bl b 5 03,8 oS e glasoul 5
33 e gl S glas Il 5 6 sasl
sl b ey 5 gl sl 5
ool il s3> U5, L ey 53 ke (sla Sta s
iass 53 (T) OLKen 5 18 buly cpen 53 ol 0
Sl il 3L bLs ) s alS idy Skl o)l e
"y Sl g 53 S bl 2alS 5 b
5 e S il s ol 0L DLy ol el
iy S s Aalt @) Sy S gpdol- als
N el (o3 Y0 ol g 5 Bl 1 a8 sl
20 7 83 ol Sl 5 (YY) O
ol 53 A3 S sy o sl e b3l i S
S Sl el S Ol O CdS Sl g
O Ly Gl o8 515 0L il s sl sl (5106
VVE s bl dasls L5 o ALS idsy Cble
=L el sl 83 s lasbis gy 1Ko s e
5 sl oy oo e RIS ol DL (e
s S s Sl e b s el 85 51t
A bl (55516 (YY) 0Ll 5 L) i e
A0S dsan s 1 Olsls 05 T 51 s ok
033565 4y JB als s g b oS sl Ol @L:;J:lxj
Ao, ¥ 5 Tl s 53 o3 OV) 0L 5 5l e
A s 5 OIS 5 Ol g K bl (T 0L IS
Jlw SO b1y Al 83 555 lgms Sl Ao s Ve
GRS R S FCI T 35 o
s L LS I sl 555> ¥Y s S ol
Sallle lagsl 5l dw s OF 350 5ls OLES i L3 S

=S K5 Sl Ales 1S e Lo e IDl Bli]

6. Resilience Capacity Index
7. Gao

8. Changting

9. Pires

10. Rio Doce

11. Haiyan

12. Guiuan

13. Tacloban

14. Hou and Wei

dodde
U358 s L 0T Rl 5 S R
5 A8 e Bl 355 (Y2 YY OS5 )
Jolse Sl il ens 5 b JLSlis 5 el sla 550
P B TC S SN B NG SUCIN W R e A T Vs g
Cld s Jals uo@;uw oLl 4 Ll o o S
St o 55 S Il g e e s
sdalie bl dos 3 Ol ) sbay bl cdler y alS
5l e ol Ll s an s S 55 e
Y O 5 o) el slie 0T (551t

S s ks gla ol Ctle (2151 L 2als
Oy S (ALS by a5 el ol s
Sl e 5 il p (Sl Ll iy 5 035
i il s ole el sline 0T il
S Sl it Ml L (L oy 5l slaes
5 Dl ) Sl Dgline ;s (55l a5l
i Ay b ol (YR YY O San
ol 3 ity LaOT S8 iy (sl sl (sl
Sl e s (S3omal s Grmen 5 o316 5 Y
Sl 1 S5l ilisie Slods ol s el Lais
TY OLan 5 Do ) Sl sy VL

Aol s ol sbay ol 850 (6 R i8S il
Ll 5 Loyl o b 5 ()Tl dm) s el oy
ol bt o Slads 5 Sl Blad 563 ol s
il ol Lol LYY OLSen 5 M ed) 3,15
Ly e (JBal a5 s G Bl pn o she
Ctbe Lol 5 Ly (UL ey ] (slaes g S -
hre a5l ey dial) opl 03 55 Jeees
A 5 sl b Ll 5 alol Gl 6l el
557 S sl §) K Ol (ALS by 1t
et el 0l oLl (55 0 Dbl W3S sl 85

1. Sze

2. Watershed Health
3. Chen

4. Resilienc Threshold
5. Elasticity



¥ 635 0 linel W3 il 8395 (BLS gy (59Tl aud b (b))

S gl e Bl pLabis 6 (V60T 5 i
5 3 ol Ly S5 058 aledl sl e slang
1 (Sl e sy OLS @l_zj s Y&:,ib Sk
ods S B ui :j_..aS gd\)\_; d&:ﬁ u;:)k_a 4@‘-:.?
Ssm = b S0 i S S S g8 s Jlsls
Gl OF 31 Sl sds o155 la iass dnds s p
>jﬂj_3 P 5> iz Gl b gsdaze gla g, &S
Lo ta s 3wl o el sl laes s (gladilen]
ealin 3l S Oleay bt s slaglbul oL ol
Lao e Gl 5 Jae Sluis Jos 3 wlud
sdas ¢ yaiey Dladllas (g by 53 (Il Lo alis
o 03 S5S Cunds 53 Susl il p S e
J..?-W‘U &;Sf &‘fﬁuiélﬁe)f Lﬁ.:LM.;Sw)j:M
P u}\sﬁj)l.x_lli 2y ;ia” @ L;.L:‘waj 6)}1;.)\5
ity sl sl sy Il bl duaib s (sl
el 83 53 o3 s ban sl 85 ebde 53 LS
CM‘ ol (5Jf.)ML’JJ LSJSJA Qt«dl JJ)L;:

LBy 9 3l

andllas 3 g0 dilate

S ol Sl ys glazal 55l S Xl el by
GAAY 5l ol slis) Gals b gy o shS WVF Cla b
L3l el 53 Bl SWL Jawsze (e YY e I 5
5SS B 1Y O BUL (slos e n e T
G O 3 e S Ul S o
e Ve el Sde gl ol el @3l (558 e Ol
5o 9 skes Ol wlinl sla A5 T aS o>y
3 3b05508) Sl eals (lr 3 3 1) sy VNt e
Gloo (TYF OLKar 5 S b Y18 O K
Candge o Slallas gl s A3l sl S5 5 o sae

.C,....ule.l,.ieblb&u(\)ﬁ):&.ﬂjdﬁiwﬁ\f

2. Machine Learning

S Sis s (WUl 5 sUlosm) o8l & 55 O LS
JSeor Pl gladlin] 1 Sl lad 25 Gl 85
G G Ll U sl (glae) S e Jles
e 3Ol il e s g5 ol glols e s pls
Slaes s U1 5 52aS g st OB jlup 5 cildlagrs
detls 3 s (g, meS K Dol Bl 5855 sl
N0 ,8 (sl (T1A) O iSas Dnseilbe g 5aS
Ol Ol 5 5 Sl sy 5o JUSia bagarlgo 5o e
s e LIS Laaly s s S gLl s o |
539 Sl olae Bla 3l sy cul 0L o g (55510
o=l S by Ol G‘LJ Oeemen Liea glebinl Cons 5o
b 5 oolasl K - elanl Ldlge LU Sl
@olg idlge LU 51 s azils 1) (6510t Ol o 2
OSen 5 Jsor o lieed (o5l 31 ol o bl
L ls psul 535> olul Ja! ol 4 5 (Y4IA)
Aoty LS i LS s Sl Sl ) eslind
Jlu 5l alS sy Sl uss gy ol OLAS e, 6[:3
a3l 350 VW40 Jl 5 e 5 4l 288 \YAV VY90
5 Gslam ML sl 855 53 ;80 e s
ol sl e cudln Ll o (T oL Kes
S g @Lﬂ Kl YOVY Jl s ey ds
LUsd 5l 80 e s 3Ls sl 655 S 55 0 3l Sl
b a3 S b Gy 5 ALS Ry
Gloaalul —zags 55 5 5 (YY) Lol 5 (5 x>
W3S o s ) s el 85 S J e
el 3 VY s a8 D5 i 45 35 of Sl
S oo 5 o3 VY e (S e Ok VPYAPA)
Lo U sie ol (dlesls ool s g w1y sl Sl
YAA 4 YO Jlw 53 s o5 Aoy VY 550> 314458
Loblee dw el b 50 VAV Jlo jn il odeny Ao ys
S O35 g oS 2o O ks VAV/A O e e
s TS0 Al S 308 e B
PPN K-S U BCSUW PRUC PEIL N IICI LS Vg

1. stakeholders



VPo¥ 5l o(FF () ¥ o o o s Jluw (gLl o ssikigen (ol g 3y ool dloxo f

49°6'10"E 49°17'20"E 49°28'30"E 49°39'40"E

49°50'S0"E

33°50'0"N 34°0'0"N 34°10'0"N

33°40'0"N

CQ s 2y

B o gble

A il ol
(o) Ei sl (o8 y S0

s YYPA st
s VAYY it

33°30'0"'N

e Y.

fekm

34°10°0"N

—34200N

33°50'0"N

33°40'0"N

49°6'10"E 49°1720"E 49°28'30"E 49°39'40"FE.

49°50'50"E

2538 5 55 o Dbl 53 L3S SRl 83 Camdge 5 g sles :(1) JSS
Figure (1): General view and location of the Shazand Watershed in the Markazi Province, Iran
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Figure (2): Conceptual view of watershed resilience capacity
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Table (1): Resilience capacity and prioritization of study sub-watersheds based on the vegetation resilience capacity index
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Figure (3): Spatial distribution of resilience capacity (right) and prioritization of sub-watersheds (left) based on the vegetation resilience
capacity index
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Figure (4): Spatial distribution of land use/land cover, industrial and mining areas, and protected regions
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Extended Abstract

Introduction: The sustainability of watersheds is influenced by a wide range of factors, including environmental
conditions, land-use patterns, and the inherent resilience of the ecosystem. Resilience, in this context, refers to the
ability of the watershed to withstand disturbances, adapt to changing conditions, and recover from environmental
stressors such as droughts, floods, or land degradation. Understanding the resilience of a watershed is crucial for
managing its resources effectively and ensuring its long-term ecological health. Identifying resilience threshold points
in watersheds is particularly valuable, as these thresholds mark the critical limits beyond which the ecosystem may no
longer be able to recover or function as it once did. These thresholds can help predict the behavior of these areas when
faced with environmental disturbances or long-term changes, such as climate change or increased human activity. By
recognizing these threshold points, watershed managers and policymakers can make more informed decisions about
land and water management practices to avoid crossing these critical limits and to maintain or enhance the ecological
stability of the area. Moreover, identifying resilience thresholds is essential for predicting the watershed's response to
stress and improving management strategies. For example, understanding how various factors like vegetation cover,
soil quality, and water availability influence resilience can help formulate adaptive management strategies that aim to
restore or enhance the resilience of a watershed. These strategies include restoring degraded areas, improving land-use
practices, and promoting sustainable resource management.

Materials and Methods: This study used the vegetation resilience capacity index to assess vegetation cover changes
in the Shazand watershed in Markazi Province, Central Iran. This index was designed to evaluate the state of
vegetation cover compared to the resilience threshold under various environmental changes. Initially, a time series of
vegetation cover was estimated using the NDVI index, and the mean and minimum values of vegetation cover were
considered as the current and resilient thresholds, respectively. Then, the resilience capacity index was calculated for
24 sub-watersheds, and the studied sub-watersheds were accordingly prioritized for management actions.

Results: The results of this study underscore the critical need to identify resilience thresholds within watersheds, as
exceeding these thresholds in certain sub-watersheds can lead to severe consequences such as soil erosion, a decrease
in water reserves, and a decline in biodiversity. The results showed that the resilience capacity of the study sub-
watersheds ranged from -0.05 to 23.0, corresponding to sub-watersheds 5 and 15, respectively. The results also
indicated that sub-watersheds 5 and 6 had exceeded their vegetation resilience threshold. Implementing targeted
management programs for vegetation restoration and enhancing resilience in these vulnerable areas is crucial to
prevent further degradation. Additionally, the study reveals that land-use changes can have opposing effects on
vegetation resilience. In some regions, such changes have contributed to a decrease in resilience. In contrast, in other
areas, such as near the Mohajeran, improvements in resilience were noted, which emphasizes the importance of
proactive land management and the protection of vegetation cover. These findings highlight the role of sustainable
land-use practices and the necessity of continuous monitoring to ensure the resilience of watershed ecosystems.

Discussion and Conclusion: In this study, the simple vegetation resilience capacity index was utilized as an
innovative and effective tool to assess the resilience of vegetation in the Shazand Watershed. The results demonstrated
that the resilience capacity of vegetation varied across different sub-watersheds, highlighting the need for tailored
management approaches in certain areas to restore or enhance their resilience. Specifically, some sub-watersheds were
found to be more vulnerable, requiring targeted interventions to prevent further degradation. Moreover, the study
revealed that land-use management influences vegetation resilience, particularly in urban areas. Effective land
management strategies, such as increasing vegetation cover in regions with significant land-use changes, were
identified as key measures to improve the resilience capacity of the watershed. This approach not only helps mitigate
environmental stressors but also enhances the ecological stability of the region. The findings of this research offer
valuable insights and can be applied as a practical tool in management planning, facilitating the conservation and
restoration of ecosystems within watersheds. Furthermore, the results can guide the development of efficient and
sustainable strategies to combat environmental degradation, ensuring the long-term sustainability of vital natural
resources.

Keywords: Integrated Watershed Management; Management Planning, Resilience Threshold, Watershed Elasticity.
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