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Introduction

Increasing pressures from land use change, overexploitation of water and soil resources, climate change and population growth,
reduction of vegetation cover, soil erosion, decline in the quality and quantity of water resources, and reduction of biodiversity
have reduced the efficiency of ecosystem services and threatened the health and sustainability of watersheds. The complexity of
health and sustainability indicators and the simultaneous existence of quantitative and qualitative criteria highlight the need to use
Multi-Criteria Decision-Making (MCDM) methods. Among these methods, the VIseKriterijumska Optimizacija Kompromisno
Resenje (VIKOR) method, as a method based on adaptive optimization, allows for prioritizing options based on maximizing
group satisfaction and minimizing individual dissatisfaction. On the other hand, the Technique for Order Preference by Similarity
to Ideal Solution (TOPSIS) method, in its advanced version, using Mahalanobis distance, is able to take into account the effect of
correlation between criteria in calculating the distance. The main objective of this study is to prioritize the sub-watersheds of the
Atrak River watershed in northern Golestan Province based on health and sustainability indicators using VIKOR and TOPSIS-
Mahalanobis methods.

Materials and Methods

The Atrak River watershed is located in Golestan Province with geographical coordinates of 53° 50" to 56° 30" North longitude
and 36° 50" to 38° 20" North latitude and has an area of 819,000 hectares. In this study, a total of 16 health and sustainability
indicators categorized into five classes of vegetation (percentage of canopy cover), hydrology and climatology (per capita
available water), environmental (Environmental Performance Index (EPI) and Total Dissolved Solids (TDS) indices), social (life
expectancy, population density, household size, population growth, human development index, gender ratio, and urbanization
ratio), and economic (per capita agricultural and horticultural land, per capita livestock, per capita other (honey, silkworms, fish,
and poultry), per capita wheat area, and average wheat yield per hectare) were measured to prioritize the sub-watersheds of the
Atrak River watershed. In this study, two methods, VIKOR and TOPSIS Mahalanobis, were used for prioritization. Mahalanobis
distance evaluates environmental variables without change and intact, so that all variables are assumed to be unequal. In
the Mahalanobis distance method, there is no need to normalize the data, on the other hand, the covariance operator in the

computational formula of this method considers the correlation between variables. Due to having 16 indicators and forming a
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matrix with large dimensions, all calculations were performed in the MATLAB environment.

Results and Discussion

Based on the results of the VIKOR, it was determined that the Gomishan has the worst condition. Therefore, the Gomishan was
ranked last in terms of health and stability. On the other hand, the Maraveh Tapeh was ranked first in terms of all three indicators
R, S and Q, meaning the best condition. However, the numerical value of Q between the first and second sub-watersheds is very
close and does not seem statistically significant. This important issue in the first condition (C1) of the Vikor method showed itself,
so that the condition Q2-Q1>DQ was not met, so the first and second sub-watersheds had to be introduced as the best options
together, and as a result, Chat and Gomishan were ranked second and third, respectively. According to the TOPSIS-Mahalanobis
results, the Dashli-Brun is in the best condition and Gomishan is in the most critical condition. However, studies show that the
numerical values of the first three sub-watersheds are relatively close to each other, but the Gomishan is in the last rank with a
large difference. In other words, there is high confidence in the criticality of the Gomishan and the need to allocate watershed
management measures to this sub-watershed. The numerical values of the indices in a ranked manner in each sub-watershed
showed that the Maraveh Tapeh with seven 1st and only one 4", was in a better condition than the other sub-watersheds, although

the Dashli-Brun sub-watershed was in competition with Maraveh Tapeh with only two 4th and four 1st ranks.

Conclusion

In this study, two multi-criteria decision-making methods, VIKOR and TOPSIS-Mahalanobis, were used to prioritize the sub-
watersheds of the Atrak River watershed based on health and sustainability indices. Comparing the results of the two TOPSIS-
Mahalanobis and VIKOR methods shows clear similarities and differences, and the source of error can be searched in the
structure of the first decision matrix. The results showed that the output of the VIKOR method can be considered more logical
than the TOPSIS-Mahalanobis method, because assigning the third rank to the Maraveh Tapeh sub-watershed by the TOPSIS-
Mahalanobis method reduces the validity of this method. Therefore, based on the findings of this study, the two Maraveh Tapeh
and Dashli Brun sub-watersheds can be jointly introduced as superior sub-watersheds in health and sustainability indicators,
and only if it is required to separately allocate management measures to each sub-watershed, Dashli Brun sub-watershed will be
given a higher priority, because Maraveh Tapeh is in a relatively better situation. On the other hand, the first and second priority
of management measures to improve health and sustainability indicators should definitely be assigned to the Gomishan and then
Chat sub-watersheds, respectively. Finally, in solving complex problems such as the present study, one must both reduce the
number of indicators and limit oneself to the most basic indicators that represent the overall status of the target sub-areas, or use

more flexible methods in introducing and prioritizing target sub-areas such as VIKOR.

Keywords: Atrak River watershed, Integrated management, Multi-criteria decision-making, Socio-economic indicators,

Sustainable development
Article Type: Research Article

Acknowledgement

The authors of the article are grateful to the General Directorate of Natural Resources and Watershed Management of Golestan
Province (financial and spiritual support), Golestan Agricultural Jihad Organization and Golestan Governorate for providing
the information needed for the article. The present article has been extracted from the results of a part of the studies for the

compilation of a strategic document for the integrated management of the Atrak River watershed.

VF ¥ lwsli £ o lows —o23395 Jw 1) Ol &3 el wiits o pole


http://dx.doi.org/10.22034/19.69.4
http://jwmsei.ir/article-1-1204-fa.html

[ Downloaded from jwmsei.ir on 2026-02-03 ]

[ DOI: 10.22034/19.69.4 ]

Conflicts of interest

The authors of this article declared no conflict of interest regarding the authorship or publication of this article.

Data Availability Statement

All information and results are provided in the text of the article.

Authors’ contribution

All authors reviewed and approved the final manuscript. Individual contributions were as follows: Omid Asadi Nalivan:
Conceptualization, Methodology, Data curation, Project administration, Formal analysis, Investigation, Writing - original draft.
Ayding Kornejady: Conceptualization, Validation, Software, review & editing. Gholamreza Khosravi: Supervision, Validation,

Writing - review & editing.

Citation: Asadi Nalivan O, Kornejady A, Khosravi G. Prioritizing sub watersheds based on health and sustainability indicators using

VIKOR and TOPSIS-Mahalanobis methods. jwmseir 2025; 19 (69): 60-81

Iran-Watershed Management Science & Engineering, Year 2025, Vol 19, No 69,PP 60-81 @ @ @
Publisher: Watershed Management Society of Iran © Author(s) [\~ By _NC_|
VF ¥ lwsli £ o lows —o23395 Jw vy Ol 841858 cmwdigo g pols



http://dx.doi.org/10.22034/19.69.4
http://jwmsei.ir/article-1-1204-fa.html

[ Downloaded from jwmsei.ir on 2026-02-03 ]

[ DOI: 10.22034/19.69.4 ]

9 VIKOR (sby 595 3 08lite! b (519l § candls (Sl aslis bl 9 s 55T 3 (Giaca ol
TOPSIS-Mahalanobis
S Lopde 1 (ool S ST 0l (gl el
AL 7R ZA L WY P-A4| 'c_)l: AL AN ZA LA JUR T .C.I“)u AR /AR AV TSP 'c_)l: AL EL AT-TA F MG IFRTY 'c_)l:
https://doi.org/10.22034/19.69.4

ol 1S o Ul O sl el 5 LT lup g )1l Bako 53 ogn 285 (550581 5 (S5 osken sladly Ol 5oy susul (slass o>
ssbed (Fagh onl 53 el 0dd o) e onl (5oL 5 Sl Ll o g el Dl R 9 45 5010 R0 P S R ) (AL
3 VIKOR o )lmedir (8 pans (235 33 31 5ol 5 Codhw slapasls ulal S 51 6lng, sul o) slagsul 25 sdus 4
Shils goladl 5 lal () Low (S5ashe dn sl o e la VU gl l gl . aS eslazel TOPSIS-Mahalanobis
S oo e (B 93 ) 4 1 OLE b s s .25 S el 0 5L oAl ey blagasls as0)s 5 oLl e 5 cute Ol 5
o @l bl ls Sl es 3k A B olhe S lils 5 Sl sbaiul s aleld s (Slal Sle 5 02,80 s
i 53 (Q=0.102) by Asls 5 (Q=0.000) asesl e s\apsul p3 sl 0)9 5590 Cardy ol 5 5 s, Olse 4 VIKOR
sl slis s 4 (Q=1) 0limd soul 55 45 Jbm 55 oyl Blim CMIe gl (7S Su sl 5 a2dls 513 (g,Ihb 5 Codh Comd
RO R VRPTY RO R NCPS R PIN s SV TN Y S SO SRS [ P P W P P RO S IO ¥ P PR W PN E
Y iz plo & g pls Gl P L (oo (15 (5555l Gl i sleirl 5 s3latl gl jatli 45 AS jasiis puomes
SUILI gl 5 el ke aaBl lal y ladls bagsul p5 55l 5w Candy e 53 ) S e (g s 500)
Bab 4o S S S 5 LIl 5 eslinal 5 AAS glas g5 b Sl sl p) 4o bl

Cl? g;-_l'ﬁ.)«.d ;&5,’5‘ AJBJJJ j_.?u" e}? ‘)LL_"L; W}.’i ;e)lcaﬁx\-? 6;M ‘JFLA)S-?deLaSs‘ 6[.&&)55-\.2 Zd.l:.lf Slals
r sy Wle £g8

Sla i 3l eslial bl 5 ot sla ot la ol a sl 5 (siay s Lo e (65 et « KT (63155 ol Ol gl (sl 23 Ukns!
0553 Vit Jl Ol ol (golspul wdige e I G LOAL BEAR 2F S Solapal wdigas ¢ sl= TOPSIS-Mahalanobis ; VIKOR
M= aio A 6l 14

M= amis A4 ojled V4 oys Vi E e 1l (gols ol wdigs oske

L@‘m Sk 5 © Ol 615l Cyameil 1,50

o.asadi@maragheh.ac.ir ol .l sl o casl o o5 (55, 3LES 0 lSliils (S wdign pske 05,5 bokial 5 Jstns sdins 35 )
5 Q‘J‘.’.‘ LO@‘; LL;)')}L:S
Qlﬂl chS/Jf cd@;‘;ﬂ.&]ﬂctﬂ)é)))l.és rjl.c— oSN 46)\;J?ul wWﬁf;‘L" ‘_QJ.ISJ Ml@b\”—

VF ¥ lwsli £ o lows —o23395 Jw a\s Ol &3 el wiits o pole


http://dx.doi.org/10.22034/19.69.4
http://jwmsei.ir/article-1-1204-fa.html

[ Downloaded from jwmsei.ir on 2026-02-03 ]

[ DOI: 10.22034/19.69.4 ]

WY 3 sl sl Sl sty 5l S ol A sl o5 5
Shau ol g slme WA andllas ol js s S aslie 55l 53
Ol s s w03y Opls 550 sy o) eslizad b g
sl 05 5 K5 S e 0L Jde 55 ja Jsl Co sl s &S sl
Jbe bl Gl gladinl romes Los Dslite Loy 5l
w gladlas s [YY] Oen 5 8 0 s S a1, VIKOR
Uttarakhand districts) Pindar 435, 5500 o5 5 (o ol
L SKmesdy 90 Jodoo 51 eslazal L (of Chamoli and Bageshwar
2ol sk 4 VIKOR. TOPSIS: FAHPSAHP (slas S s,
osbie & Ty o A L eple gl b 2 pde el S
s sl o5 (gt Pl st ls ol Cbli> 5 oo e 40 SaS
JVIKOR ; TOPSIS FAHP AHP laJds 3b 45 sls ol
sl el il b sl sl pnies T sl
G LU slalil 13 S eshyse slajlas a5 5l OLES gl
mvﬁbé:l;umcuwjf)bmu;bﬁw
FAHP Jus oS Cls SLbl 0155 oo ool 5 &l i oy alia
be sl on g Hlay s g i S5 sl adde ple a4 ol
osbmedin (S weendl Sl s, Sl A 53 V] OLes
Gl S seshsge sl el s CFESAW/.VIKOR (TOPSIS
Ouljet Es 550l o35 55 baysul o5 (gl il 3 s sl
wlols & wzils 0l Lol Lastls (281 ,e Jles) Soltane
5o 0L Sl gl >l gl S Gl b dates Gble
S OF JILL axwe 5 wends 5 Ouljet Es Soltane sl o 5
Gl VN sl s el 5 Y 3148 5ls 0L s ol o
OGS Olse a lep Sl Sl sl Gl b 4 G
B ol s sk e gl Gble Sl
& sl 55 Cewle> TOPSIS 5 SAW (VIKOR (sladue
A gduard oL et 5ol e e oS At e s Sl
avslis ;3 SAW 5 TOPSIS (VIKOR (sla s, &5 sls 0l il
Sldllas s 5l isls OLES (2 o i &35 CF Jus U
3 S V] S dE X1 0LKes 5 Ol sl 4 0l
V] Ks oSSRl DU OLKer 5 5w ple dA] oge
S o Ll V4] OG5 iz b 5 [T 0L 5 LS i 2
sl sl e sl s ol el Gaa

Gty bl 0kdS old Jld s S 31 albag,
TOPSIS- 5 VIKOR (sla 255 51 6,50 b ol 5 Cudls
SIS (ol pl sl laes > vy Il .l Mahalanobis
(e gy arass UGl oS ol S5 O mle g pe 5
Bl slaasls LIS Bl 31 5 s s o 55 51 (6 Sy

4. Analytic Hierarchy Process

5. Fuzzy Analytic Hierarchy Process
6. land degradation

7. Simple Additive Weighting

8. Compound Factor

VF ¥ lwsli £ o lows —o23395 Jw

¢

-

doNdo

ST 5 S5k sladsls Olpe 4 sl sl s~

2By 5 ol el a0 lep 5 5ol e TR N L
et 31 b el sla,Lis L IYY AT s ez
O is (S 5 ol e Sl s Gl e e (2Ll S
LSk b B alS iy Al (e A 5 (oSl
SR g s g8 RS s O mle DS 5 oS
Seis= ol 5 Codle Lag 5 et ST b L1
Gl la oLl Jal s i 53 [T O Y] Sl 0
Sl Lol sy dsl 5 sl Glaossm oMl 5 wdl
Ol fals 5 o i glaael oy s be dop ol
ol Cu e [V 8 F] ol pdbobasl S 0 sy e
L5 1y 651 s S 6 ol bl Lol doajls baass =
Golesl s cbli= ol s S8 lee s Sl 5l L
ki oalie gl o ML 5 cadl XS e 13
sla jexls Qu)'(,_n osliwl Lwjls Lol Sl &S Lo
LYY O] el golasl 5 elarxl (Cany Jazs (S5 05500
(iS5 oS Glaolas Olojes 3525 5 barls (pl S
(MCDM") o jlnstizr (5,8 ol sla s, Sl eslinal &5 00
0 oslmedin (S wendl Sba s, LYY O] 55l ST
osb aAS 5 oS bl Oljea Jles s SUIS s
Sl iy Kb e eslinal sl slaejsm Sy nde 53 0328
e 055 I Sl 1y dkiee aS 5 LS slaslee MCDM
53 MCDM  sla Jisy sl Oljas 6,8 o L 55 Jely
LS L n Sl LS endl &5 W1 38 (s
Ol Sl s AS pasla 1) s Sl a5 guy Sl
Al il s el 5 i Bl e i sy )
s Olge 4 VIKOR? gy da_is, ol Obs L fo] sl
S anS e ol Gl bl leang e
bl 1 ey 58 sy ) Ol (JToslas 5 JTeu! -l
oalp o33 mlo b s Sans 5 ey S Cols) 03 Saciy
S TOPSIS® s, 3 sme 31 [YO T8 04 OV A 33le
Jools 3 o3 5 e oyl ooy & oo (S35 olal
oslinal b 5 amd iy a3 Y] &S o Jos il
L bobee o (Steses 3l ol 535 Mahalanobis alols |
53y sl Eel Syl bl Bl alol el o
Spbe Smdin 5 edamy gleedls 53 ohsa mlB o) Sl
eslanal b o gl aey 5o (ool oldlas [¥Y YV N E O]
o el ol el ojlnedin (6,8 ensl gla s,
53 1, VIKOR 5 TOPSIS Jde 53 g 3 [T+] OLKan

1. Multi-Criteria Decision-Making
2. VlseKriterijumska Optimizacija Kompromisno Resenje
3. Technique for Order Preference by Similarity to Ideal Solution

Ol ool (owsias 9 ool


http://dx.doi.org/10.22034/19.69.4
http://jwmsei.ir/article-1-1204-fa.html

[ Downloaded from jwmsei.ir on 2026-02-03 ]

[ DOI: 10.22034/19.69.4 ]

by w3y 9 3190
axtllae 8590 dikaio
oY o Ll i Slass L Sl Glag, el o)

Olel 3 Jld 2,e YA Y JINFT 005 Jlas Jgb T v

! )L&A AMArer Cxlos 6\)‘)ﬁ Sl 4:‘3;)“)5 Qw
wL:wQMJJ wwﬁjyaajwwjﬁﬁ\ Jg...i
eite e VEYA B oMWY 51 el ol i Ol as e 0L 1
k:a.«ﬂ‘ L:—-Nj) Y)Y 9 QL"MNJ.@.;- )L@.?; L;‘)“’ ab‘ju\}u u’i‘ k:AvJ\
55 el g s s ks WAO G a5 el lawsie 5 4 )3 VV/0

MJ&QL;.")

odlitu! 3350 Sy
J ol 5 cedl (i g game )3 Gidd (pl 03
4 Jwl TIDS 5 EPI ¢ s |6 O &l gJ':.&)__!CU WS
g el (Camer L) OIS A (o oS1S (SK;
2Ll (3l ol ed od i S SL
i) 05 ot 5555l e pls €l 2L 5 (555LS

§3°55'0"E 54°9'0"E 54°30'0"E 54°51'0"E §5°12'0"E 55°33'0"E
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

§5°54'0"E 56°8'0"E 56°22'0"E
1 1 1 1 1 1 1

Ulsea) VIKOR gy 5l Olejen aslizul oo Sosls sl
4o Ol gie ) TOPSIS-Mahalanobis 5 (55l 5 pae o)
aslin OBl ajlns u-<‘"‘(""° L=t 4 (TOPSIS asb s )|
sl Glaeis ey 53 1 3 S, 5 ol GLE 5 23
)‘ Ls\ij JZ.A)}:' tﬁ-‘ B ‘-L\-SLfA B Ey \) S gd>ws u.m—L.Z
BE d&w;-\ E) 6:@5‘ S .]a..?uz ‘éj)})‘)v\ﬁﬁ dl.huﬁ?u
Ot RS 4.13_/5)‘)5 oslail S0 C«b— uj?:)b; &.i g_,JE
okl 5l 3L glast falS csl, Mahalanobis alobs 5l eslata
3 LSﬂfr""""d s sl g Laesls LS:“V’“ Sl Jujf
Jolo Oaa glaay S ol G 55 s e ey Ll 3
e slaslae 5 o3 Sl wlragy sl o slansul ug
ol Sl cste glajax s Jold ojlasdin sl Jsl Gl
ol ela! ( SS3 ST (SOilsde cilie laolSs
oMl 5 Dl (sla el 4 Ol p 45 s30T 1 oS 5 5
3 5 byl cpl 1 plaS 8 055 5 (250l Bl s sl oL
S i b bslae ol 4 23055 1 0355l 058 e
LE[L@J ol g ed g )‘J)jﬁ-ﬁ Lf"b- C,-;M‘ )‘ @b alises

Sl dale 13 s s | bay S sdus

56°43'0"E
1 1

Atrak River Basin

38°29'0"N
1 1 1 ) 1 1 ) 1

37°50'0"N  38°3'0"N  38°16'0"N

ok

LD T
P %; 5
Codl

z
=3 . -
£ ° Village
I
& 4
z g Subbasin
s L
£
DEM :
2 Value i
“ | — ngh 11428 - _;«f‘e"; ot
z ™ Jps e T
o | e I
8 Low:-117 [ e
4o 125 25 50 75
Z | ————
s Kilometers r
g; T T T T E T T T T T T T T T T T T T T T T T T T
b 53948'0"L 54°2°0"LE 54°16'0"L 54°30°0"L 54°44'0"L 54°58'0"L 55°12'0"L 55°26'0"L 55°40'0"L 55°54'0"L 56°8'0"L 56°22'0"L

OldS Sl 5 Ol pl 55 S5l 6ls g, pul o) Curdse ) JKS

Fig 1. Location of the Atrak River watershed in Iran and Golestan Province

VF+F lwsli =29 o lows —p2d 595 Jlw

1o

Ol ool (owsias 9 ool


http://dx.doi.org/10.22034/19.69.4
http://jwmsei.ir/article-1-1204-fa.html

[ Downloaded from jwmsei.ir on 2026-02-03 ]

[ DOI: 10.22034/19.69.4 ]

5 (R) 2l () acasgms uslin (ol 15505 i)
€2, Cllys 5 (Q Sy ols
VIKOR Method: Determining Utility (S).
Regret (R) and VIKOR Index (Q) Values and
examining conditions C1 and C2

[ solie ol o lapsul ) o 2l
PETIEDS)
Prioritization of sub-watersheds
based on VIKOR method

values

O sl By ol
Index weighting
based on Shannon's

[orboesli s

entropy method

[y el s s Ry o
ey blpuly; o b el ol
el s g sem sl Loy
el s o gyl
Determining the superior
method based on the rank
values of the indicators in the
sub-watersheds, with special
attention to the nature of the
benefits and costs of each
indicator and the final
‘prioritization of the sub-

y

Jesal ool puslia s s pmsailala picnsls S solie bl s apsl o s gl
(C) o alsls jlake y hie g ote etV 2
TOPSIS-Mahalanobis method: determining the Prioritization of sub-watersheds
positive and negative ideal solution values and based on TOPSIS-Mahalanobis
the relative distance value (C)

method values

o B SIS EP S A Y T8
Fig 2. Flowchart of research

il e dlee BB dal,y S5 4 Sldlas o)
EPI= s ois + (1) e s Comer 53 i) M
(1) s 35 $550\WES glagpme; comlua [ ¥
3 At Semex o D8 SLosl sl A5 ol EPL
L U g cpl e dol cdas o L1 el bl ol
otis oy Sl el 51 30 s jlase Cdha
oesgm Sy p aelae JLES oL BPT ote olde s s
ol J ghows 510 IS [V] Cl a5 3 0kile 3L b aLS
>l cals s 53 (TDS) yhone -3l 2 bale (TDS)
215 e S (Lo 5 (S3uslS epls 5 DLl o d G olas
ol 3l QS (gladkane O oS L5 5l Laxls pl Sledlbl
S dms o gy Slos T 25 s JB O &l o
Loy 8 lslas o 55 oS e Wi 5l S 4 s 5o
1l desles LB Y ol 3o b 5l e jzes B O &L, 1]
b Ol S 13 Sl

WA= )

057 e

S ol Ll damy Cumds 3l IS SLes HDI :HDI

5 Cldg bols anv g pwlal Ay 4w 3 | ey glS ISTIC
OLis (S5 sl mlaw il ((SL3 4 dwel) Cudl
Sl s e Sl LSl 5y 3 (S5 4 el [V] das e
el amal a2l 5 ool elanrl ((Soa b Cons
6l Ul 3550 0555 Ik mall 5s 3l eslinad b 35 pel Lasls
S sloyss Jsb o gie 5 an,de 43955 o 3 O35S Jaos

VF+F lwsli =29 o lows —p2d 595 Jlw

"

)L:g.h)b r.«\.«f)ﬁmﬁ bﬂjfﬁ&ub‘ﬁ (()xbjdﬁlﬁ
S S o3I 0Ll 5 O nkils (Dl ool slasl 25 50
wgl&a INREA o)Lo..i) L LS )| oolawl 3,90 ‘_ngL)a}LM.» ‘BLo.’ A
(@l 5 pllas 189) Ho0ex sy 53 o) 585 g (5 4l
Sl el YA ol jo a5 el S5 4 p3Y AT el o
A Bd> ua?Lw Y ‘stf“’“ c.,l.u wLu‘ 299 0d
L Curex MU Gl 3l G VS‘JS RGN P 3 VS‘JS
oarle ol (Sl Al bl e s 4 wilane Sl
LT e s S S 4 Camar 3l s 5l
Syda sl golasl Ol S Gl jasls ol Ll
a5 0Ly 4 Ol e sl Cd Gl e la S S
OBl 5 et e i e Ol ey s
3hoasls sl ,:SL? abkie K G ylae 5 slasl Ol
o dame (A st w20l ed e JUT pl o S
Gladsly 5ol 53 2 Sl g 5 b 51 gy g elinad
AVl ddy i A¥L wS ol goladl sl o
S Comexr S 4 Conexr K YL Ol o o Sl el o le
T h b piol s Sedbl eled 350 e Ol o3 D) 5 4
el ol o3lized 140 Jloe s 5 o bl 5 B33 Laxla
e Colus Ol uns Sle 3 b 5l exls ol (EEPI
Jsb 5o (Ao s @) (64 Cumarr DIt 5 4 > 5 $5,5lS

Ol ool waigs 9 ple


http://dx.doi.org/10.22034/19.69.4
http://jwmsei.ir/article-1-1204-fa.html

[ Downloaded from jwmsei.ir on 2026-02-03 ]

[ DOI: 10.22034/19.69.4 ]

ez 51 G Ll iy Sledbl ol JlSs s slsl w Al s
ol 0l CJLUJ Qm QL:M‘ (_;)'ULJ:.S

VIKOR 3,

Shocs dsl sba 3, sl S dlol 4 i)l);;—du.VIKOR =23
el 03 &SI WV KlS G5 s 8 o slmein
ng:fr.:.«,m" 03 Bl gl 0 gxe VIKOR g,
Srorelp Sl pia GBl5 Groely [V ] Gl obnedr
Sosba opd b L0 el S oS 555 0 B
el b S 13 STyl Jomely Sl alols o 3G 5 53 ol ol
DV Gl 5 8 Ess ol pladl ol

eM;bﬁlww;uJJJdﬁlﬁ:Mw;h%
2 @Bls s el (O5) Jlaen 5 (law) 4o S m Lls S
oo e b slae a4 Cd Gl 23) 4o S m s,
55 S 8 bl s (ol 5 el sl axls)
335 b (Dl Cte ogshhae s ST (Solre e Sle
2 n odealh a5 slre (el e oy gllae ghls ST (g )lns

ol o ol (B35 wlis o) (g5lwslutnl
Pl Slhee S (B poeal Sl 53 spmse lie o
2 p3le Sl elS a8 o 5 opl 4 Kpde (D) (ldaen
P A Dgd e e el Oles 4 by e sls a3l
Logis o1o ) Lo Cows 4 0 alasly BIXG a0

_ Xy
L= i

’ Zilxa (©)

ol JLAJ,: )‘Jiarij_g(s‘jddiﬁ BE) f\l)t.::u rl}- efw. JK‘L:JXU

T S RIS L IR B K H] LoV i (VR PR F P
Lf—'-’fj u’i’}) )‘L;:.E;Ju_il BE J"’L.’.g;" u.oL.a:o'-\ Q_:)_g cr-:m,a:!
sl ol oslanal O gl

o e sl 0ls dilan b tlajlas g5 ST aloe
el delee BT ddayl )

Z:fii Inf,
ol

Inm

H = Q)

i , (i =L.,m;j=1..,n)

QT L 45

fi == i =1,...,m;j =1,...,n)

Zrij | )

el s LB A il Sl ol s 035 el o
1-H, &

; L > w, =1, (j=1..n)

w o=—J

n— ZH =l \)

p3le 3 abg e O35 daslas 5SS a O35 asle 5l g

VF ¥ lwsli £ o lows —o23395 Jw

a\%

Yol 50T S de pd e drloe ol 0dd B el O
(MYSIXEYSI)?5
0.951 \®

sl 5 Ske axlEMYST 5558l e G EL 0T ;5 oS
Aaa feas gl Sl s e sladle (2= WG EYSI ¢ e
Jol IS el s 5l e )le (GNID) o alll el s 0l
Sl 5 Jotls Y e A5 51 S0 s 5 oladl Sl el
ol oage Sy G S Sl sles oS 55 Jul pe
oslizal U e (pl el 0l Olgz ol 3l g5 alse ols
sokd s Mallin ¥ 4 (PPP) &y 5 oy 8 (6l 5
23 g g e o335 50 Jlis Laslsl 53 530S oz s
(S eend £ alal Sl eslizad LHDI asles Culg
HDI= (LEI x EI x Log II)"? (¢)
5 sl et EL ( S5 & deel el LEL alaf, ool s
oL i 26 Ol e LS [ el el s LT
Dl j i 8 oS Ay e 0L l)g;ngSl;-Clzwd:wa Ol a0
oL 5 ol sl o (b Oy se ) Aal 2iy O
el LSl 515 gy 5 il S & Cod (S
ol s OledS Sl (g lspul 5 ad e JS olsl 51 s
bl sl s 03 S Sy asld islie el
£ e glag i olal b iy Db 555 S0k
IVO Sl iy 5700 =V0 LY0=00 N r=Y0 Lhy 2U Dlib 4
S oemle ol i Bl g osaleS Bl &l e L8 S s
Ll s s Somar 4 G308 5 2L S Cxlis
MR jdier pa sl e e (3LaBl e el s
w53 g i e CSle ediasOlis ‘,ub,::w a;lﬂ o)
sl o S pele r|; Mdwd &l ol i
Sl li 5l s (S5 il oo s & Comer e gl
Sy Wl pl JMas Sl pa 05d o o g (g3LaBl g
el i del s dmel jy g i rb sl sasolis (b

El =

J\.A‘)J

b 3l s 5l Gt gibel 53 O guams L &l
gwd:@f&\r_@auﬁu&}v\i]dawsqcﬁwq
Aol s sdasolis el S &l opl Sl jlir A 5sd e
Q\J..AM)\JA;-LAUJ‘ f.‘.ns Gch—ab‘,w w\ """
qwqwu)&)léub&qcﬁwww
A Dsd P ges 62mlv.€.aua}u;§i)J\JL;a Cosd
r.ljf.«:.«.:; .L:.US bM)dL«q 4Js.wl4j:.~;.:4 M‘Jw U‘»“ )\.LE.A )J\j}:
e 2l S s e s S 4 p kS 5 Ol
ol s g g S s (’J‘S W e s Shas sdasplis

Ol ool (owsias 9 ool


http://dx.doi.org/10.22034/19.69.4
http://jwmsei.ir/article-1-1204-fa.html

[ Downloaded from jwmsei.ir on 2026-02-03 ]

[ DOI: 10.22034/19.69.4 ]

S$osbas el o ol i ok @ by 0 C2 b
by gl Q parls 5l Jols pss 5 sl 5 n sbean S
D5 elie a3, 53 (Lol 5l S Bls) 35 R LS Lastls
Ak el Saley Gb by, 5l S A se L3 AL 4B S
B 3 a8 5,50 (g, a8 51 bl glas pamme &SIl 4 2l
G oS ule, pas b s b Shslahl BB 5 byl
Ol ols oo 4 el ps3 5 sl €S 55 58 ol b
Isl b S8 513 0S el a5 3550 5 Slaay S
a8 gazma g AEL 13 VT dslae oS alsle el gy Jlge 55
Syl (aMoa”a’) s ol sbaas S

0(a")-Q(a")<DQ 0V

DIVIaps obssldn 4 g sbaa 5 51 2l B9 b2

TOPSIS ;)

SO 0 5 Klgs oy VAAY Jlu 3 TOPSIS s,
Ll bl 43S 45 el gl psghe ol TOPSIS s
Aols oy i 5 (gm) Sote Jlol o ol U 1y alols o S
5 ) ool oS Al wndls (ag ) i Jleds! Jo=oly L 1,
S 3 S Sale ee 53 TOPSIS is, il sl
Sl Ollime Jliiad 5550 45 03 5 o slmadir 2551 Slahss
L5 25 4 TOPSIS iy, Jole V100 & Al el a3 S 513
DY asl

au;@\mw;uu@)w\ﬁ:m@m;uw
S0 ot > el (05) atlin 5 (o) S m Juls oS
N Sl (S5 alag) sl o3 bzl 23) ¥ m
350 (GOl 5 odl glayatld) panal jaie b jals
Cosllas gl S atls s 5be opl 53 6,8 o 513 L3y
e ke by & Lasli g s Lesls cl ke
O L o Tuw

05 s polis r@ ol D3 e gk 05,8 Jbj
Q) plisn 5b; s K b e sl
bog e sl a3l 5 slie 3l eS8 aS s ol 4 sl e
daly SIXG als p amd 5o sl s el Oles o
Al e s 4 VY

Xij
zm x2 W)
i=1 Y
ol dLaJ.» )\JJLAI‘U E) r‘_] 4“‘“J§ BE f\l Lo r[} bja..! JKJL“"XU

) LA

e ey el s e Jbe g e Sl 4 (A300
Ol sl Gras 3l 035 cul S a8l olast] S35 apenss
3l e il 5

e 5ot Jl eyl ool g Cote I o) Jo ol s

VF ¥ lwsli £ o lows —o23395 Jw

@ 2kl e Sle w5 s s e b ke O
Syhpe JdS Isdss skl e Sl

e Jlol 4o S 1 Jledsl 5 e Jlodsl au B s

Ve 58 by Do wase bl gl (F) e 5 (F)

*_ *_ *_ *_
F ‘{Fz mmax 1y Fy =max rjy e By =max rin} )
F_={F]_=min rl-I,F2_=min Tig e Fn_=min rin} ()

Ghed g Aol (g Tl 5 Ghws g palas dwle
)JMJL"\‘N‘J"JJJ\(JIM;J‘p\}ﬁtjw“\“iﬁjﬁd‘f
S5 o dnloes V) alaly sl eslatal b il laslae
& (E-F)
S,-—Zwi(F*_—F.) (o)

i=1

58 ol S w8 a gl el et ls sl
s VY sl 51 il (slalons 3 e Jlal ol 5l ol

)}..3&
F -F,
R, = max, W,-M av)
(F-F)
arloma V¥ eyl Sl asls ) Q) VIKOR st ls 4ol
Jj’;'gfd
S -S° R -R
0, =o(i—,)+(1-v)¥ Ov)
S -5 (R -R")

Slosbrs pslis Sl b ol o5 RT3 ST 01 s S
ssbas polie PBla> 55 « R 5 S il 9 Shwd s
A 3 al 035 Mol 30 g s 5 el 5 g3 5
Sad pan S a3 0/0 bogas oS sl a8 o sllas

(R) il «(S) (shios g p3lio lusl p laas ¥ (55l
L3S Q 3RS 3lie annloes 51 s :(Q) VIKOR Lasls 4
Wy S a e slEe Jils Lsd e e sl a2 SSE 4
G cgtuy sl Sl G Jle sl e bl 4y S Ol pea
Shuads ol O3 ppdy B el (b 18 e S
Cl b b sss oUs,l (C2) of s glul 5 (C1 b ,2)
b S8 ess 5 sl 5 sbaan S o VE el 2l

0(@")-0(@)=DQ a5

DQ 535 053 5 Jsl 5 slaansS o5 wa” sa Ol S
Sy o denloee V0 akail

1
DO =—— (Vo)

NG VLIS GNP LY

1. Utility Index
2. Regret Index

Ol ool (owsias 9 ool


http://dx.doi.org/10.22034/19.69.4
http://jwmsei.ir/article-1-1204-fa.html

[ Downloaded from jwmsei.ir on 2026-02-03 ]

[ DOI: 10.22034/19.69.4 ]

°>_}'.' (J.EJJ.A J_}l..d)} uJWﬁJm)Mﬁdﬂ)‘fﬂst
b oSy e ol .ol lainte gl Jlodl a3 KL S 5

[\i]w\ub&bYV &‘JQ)MMJJG-’J)‘}”JiﬁJJ\LJ\jJ)\

D, —\/(x—]\;[)r Z'J(x—]\;[)
3lie Sl epenal Gla e e 5l b ls p X 0T 5 S
LT Mol b o sSae T by 557 3 Lo ie 5SS o
s oS Al T Lt polie e e e
A Sl 4 WL 56S (D) ol ) s ol
5005 Geeldodg b dleh) sy 5o Ll 0 4y SVl oo
Lo GV 3 S eVl ol Lalsy e oS
J:3 &, 5o 4 TOPSIS-Mahalanobis a3l 5 adl Jde
O3 eslizal 5550 B laan S o sl G 5 0l &1
25 S daly

(¥v)

TOPSIS-Mahalanobis 245 55,
axJlzs u..)_\)b PR e JLG.».:.:.:M. b‘j) c‘j}ﬁ .L;‘j)‘\.: D}SL)
Lt L1 25 S

d;, = \/(le ~y )T Q' c'e (tbf _ti/) o

d, =\/(t,.j ~t,, )TQTC'IQ(Z‘W.-tU) (e)
diw

Czdiw +dib (YO)

4553};[.@%[.@3 Q)}w;;u‘)b)g\}bj:\f UQTJJAS

(Y ddaly) dd awls 05l o 5T 2sy 5l Sk

Q Zdiag(\/W_l,\/W_g,w\/W_n)

Vosde 4 i s gesg e ) g0 o YY abaly 45 Siw ke
S o Ll 5 sl s sl oy 51 0L sl 105
So 3de 4 i s WSl s s oL s el gla el
Sl Vb Ca sl 5 sl s Sl Conss Sl sl 5Ss
I V] el el o) o pde Sl yaass 5 gl >

QRY)

@\.:3

Judlbu .bL:J)\j}?'q\ﬁ)'Ja): Laugﬁ-l,i Sode olie
O34 038 3 35w Cotle ol (Gl &S anlllas CBUa 5 2t li
sl 05 A1 Jgdr s Sl et LS s

il sl 05l s 8T iy Slabe Jslir 4o s

VF ¥ lwsli £ o lows —o23395 Jw

at

O ;56;'“) e Jio,\i‘ J}-eb ‘ﬁ)b)lsjﬂ > g LgLAJ.:x.La L: LY
2 palie Min(t)) Bla= 5 Max(t)) Sl L ol s 3
o sle aie gl g andd pl WSe s Sl Ogie o g3 an S
.(Max(twj) B Min(twj)) ol @sls
ﬂL.u UL d}f Q—L\ BY) ladl o e}|.k3| Q:JJI Cwd &
Aol 5y 5l eslinad U i 5 cute ol el 5115 oy 8
dypy e ol Lol 5eds edaws 14 5 VA Lalsy 55 i il

JML’L;‘: diw 9
dibzdi(tij_tbj)z AA)
diwzﬂfi(tij_twj)z (\q)

L;_U.b 31 sl O‘l| JI eJ..;| J> ab ") d....a ‘}.Q:J.. 4.:...:\;“
sl sl a8 s (Sosp slie T e s 40 Yo
g dal g lagy! Chua 5l
diw

S‘ = —_—
" diw +dib ()

asie TOPSIS [l jlals lagn, S s p b
g ol aloe Gl ot Bl abols 5l gyl oS 550 0
O 5 e &S duld e oslinad Jle) e 5 e gla Jo=ol
Ll ot 5 malse a5l s, Wlhee 45 5550 53
LS o S, (e sS) o SVl 55 @b Sl maen
ok bl o5 54y b Bl 55 5 5 ) eIl s YY)
B geme (Kol S

o |y e glajate o sVlale dlols 5, ¢ Jlie s
don oS sk s o 13 LUl 350e en, Sy 5 S
O30 0351 polde Sl s s Ly 050 0 (5 3 Oleanl dla e
S Sl s baesls (5l S @ (510 gt (s Y ale dlsls
Stad (23 pl Gllos Jge 3 53 lbsls S Shee Koo
Slibas e 55 01 gl iy 25 on 0 53 1 b oie
e 53 5 ey ALl Sls b Sl sole 5 S by
LV OV AT s g dal g SIS LG 01,8 evenad (sl

Mahalanobis :;,
s Vale LSl Lty Lo 5 VAWV L s bl Sl g5
sy SO edalin ((Ssd laee SO s D] Gl ol &
S ol Ll b pl ol ol S Ll pd S anl
ke 4ol o 5 BB (5l B s ke 5 S 3G
ool S B s (S b S NSl 2 S0

SOWRHICRINER SINA
Cell, =[a“,al.2,al.3...a4 ‘S]

in?

(v

LSLQJ:&:.A ain‘...‘ aiB‘ aiz‘ail 9 J}L.u w.;\l i ¢C611i QT B aS

Ol ool (owsias 9 ool


http://dx.doi.org/10.22034/19.69.4
http://jwmsei.ir/article-1-1204-fa.html

[ Downloaded from jwmsei.ir on 2026-02-03 ]

[ DOI: 10.22034/19.69.4 ]

l‘“}:”.‘.’iﬁj 2 Gl g e sla s e ssde palie - i

Table 1- Numerical values of health and sustainability indicators in sub-watersheds
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Table 2- Set of steps for calculating the weight of indicators using the Shannon entropy method “u
Canopy Amalkard Sarane_gandom Sarane sayer Sarane_dam Sarane Agr HDI Omid WA TDS Shahrneshi Jensiati Roshd  Boad  Tarakom EPI X W
5 oslje -
1.45 1.68 1.4 0.19 0.45 2.02 0.63 73.5 3870 1423 14.2 99.7 1.91 3.7 54.9 38.99 T mu
Maraveh Tape
ol '
1.69 1.53 0.7 0.51 1.13 0.81 0.613 72 2476 3473 443 101.3 1.37 35 102.2 49.9 ’ wu
Chat L
~
O35 («GU fo
2.14 1.3 1.1 1.02 1.88 1.42 0.601 71 2164 5158 34.7 100.5 1.21 3.6 83.6 17.6 |mn
Dashli-Brun —
)
LS
1.24 14 33 0.17 0.4 4.43 0.577 69 2287 9173 52.2 101.9 1.63 3.8 11.6 9.9
Gomishan
Canopy Amalkard Sarane_gandom Sarane_sayer Sarane_dam Sarane Agr HDI Omid WA  TDS Shahrneshi Jensiati ~ Roshd ~ Boad Tarakom EPI f
5 o4
0.222 0.284 0.215 0.1 0.116 0.232 0.26 0.26 036  0.07 0.097 0.247 0312 0.25 0.217 0.335 e
Maraveh Tape
ol
0.258 0.258 0.107 0.269 0.292 0.093 0.253 0.25 023  0.18 0.304 0.251 0.224 0.24 0.405 0.429 ’
Chat
O3z bl
0.328 0.219 0.169 0.539 0.487 0.163 0.248 0.25 0.2 0.27 0.238 0.249 0.198 0.25 0.331 0.151
Dashli-Brun
olsaS s
0.19 0.236 0.507 0.089 0.103 0.51 0.238 0.24 0.21 0.48 0.359 0.252 0.266 0.26 0.045 0.085
Gomishan
Canopy Amalkard Sarane_gandom Sarane_sayer Sarane_dam Sarane Agr HDI Omid WA TDS Shahrneshi Jensiati  Roshd Boad Tarakom EPIL H1
5 oyl
0.241 0.257 0.238 0.166 0.18 0.244 0.253 0.25 027 014 0.163 0.249 0.262 0.25 0.239 0.264 e
Maraveh Tape
Sl
0.252 0.252 0.173 0.254 0.259 0.159 0.251 0.25 024 022 0.261 0.250 0.242 0.25 0.264 0.262 -
Chat .w
Ot GHls )
0.263 0.24 0.216 0.24 0.252 0.213 0.25 0.25 023 025 0.246 0.249 0.231 0.25 0.264 0.206 N
Dashli-Brun )
s )
0.228 0.246 0.248 0.156 0.169 0.247 0.247 0.25 024 025 0.265 0.25 0.254 0.25 0.102 0.151 |
Gomishan ..w
Canopy Amalkard Sarane _gandom Sarane sayer Sarane dam Sarane Agr HDI Omid WA TDS Shahrneshi Jensiati Roshd ~ Boad Tarakom EPI H2 2N
Q
Syl
0.71 0.718 0.632 0.59 0.622 0.624 0.721 0.72 0.71 0.63 0.675 0.7213 0.714 0.72 0.627 0.637 4 cG/\
Atrak |

05l 28T Sy 3l e el 03 ol 5 St la sl 05 Y J gl

(W]

Table 3: Weight of watershed health and sustainability indicators resulting from the Shannon entropy method 2
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Table 4- Normalized values of the decision matrix

Canopy  Amalkard Sarane_gandom Sarane_sayer Sarane_dam  Sarane Agr  HDI Omid WA  TDS  Shahrneshi Jensiati Roshd Boad Tarakom EPI Normal
0.222 0.284 0.215 0.101 0.117 0.233 0.260 0.257 0.358 0.074 0.098 0.247 0312 0.253 0218 0.335 Gl
Maraveh Tape
0.259 0.259 0.108 0.270 0.293 0.093 0.253 0.252 0.229 0.181 0.305 0.251 0.224  0.240 0.405 0.429 =l
Chat
0.328 0.220 0.169 0.540 0.487 0.164 0.248 0.249 0.200 0.268 0.239 0.249  0.198 0.247 0331 0.151 San A
Dashli-Brun
0.191 0.237 0.508 0.090 0.104 0.510 0.238 0.242 0.212 0477 0.359 0.253 0.266 0.260 0.046  0.085 ok
Gomishan
o055 gm il =0 Jyder
Table 5- Weighted matrix
0.0553 0.0538 0.0703 0.0784 0.0723 0.0718 0.0533 0.0533 0.0563 0.0711 0.0620 0.0533  0.0548 0.0533 0.0713  0.0694
Canopy Amalkard  Sarane gandom  Sarane sayer Sarane dam Sarane Agr  HDI Omid WA TDS  Shahrneshi Jensiati Roshd Boad  Tarakom EPI Weights
0.012 0.015 0.015 0.008 0.008 0.017 0.014  0.014 0.020 0.005 0.006 0.013  0.017 0.014 0.016 0.023 sl
Maraveh Tape
0.014 0.014 0.008 0.021 0.021 0.007 0.014 0.013 0.013 0.013 0.019 0.013 0.012 0.013 0.029 0.030 =l
Chat
0.018 0.012 0.012 0.042 0.035 0.012 0.013 0.013 0.011 0.019 0.015 0.013 0.011 0.013 0.024 0.011 San s
Dashli-Brun
0.011 0.013 0.036 0.007 0.008 0.037 0.013 0.013 0.012 0.034 0.022 0.014 0.015 0.014 0.003 0.006 ok
Gomishan
rww.to 9 S r:o.t.— L.Vo_& -1 Lut’v
Table 6 - Positive and negative ideal solutions
Canopy Amalkard Sarane gandom Sarane sayer Sarane dam Sarane Agr HDI  Omid WA  TDS Shahrneshi Jensiati Roshd Boad Tarakom EPI Ideal Solution
0.328 0.284 0.508 0.540 0.487 0.510 0.260 0.257 0.358 0.074 0.098 0.247 0.198 0.240 0.046  0.085 Best
0.191 0.220 0.108 0.090 0.104 0.093 0.238 0.242 0.200 0.477 0.359 0.253  0.312 0.260  0.405 0.429 Worst
QsS R sl asli -V Jyu>
Table 7- R. S and Q indices
Q R S Canopy Amalkard  Sarane g. Sarane sayer  Sarane dam  Sarane Agr HDI Omid WA TDS Shahrneshi  Jensiati Roshd  Boad  Tarakom EPI ol s
5oyl
0.000 0.017 0.098 0.010 0.000 0.011 0.008 0.008 0.011 0.000 0.000 0.000 0.000 0.000 0.000 0.017 0.009 0.007 0.017 e
Maraveh Tape
Sl
0.845 0.030 0.159 0.007 0.006 0.008 0.013 0.011 0.007 0.004 0.005 0.011 0.003 0.015 0.010 0.003 0.000 0.029 0.030 ==
Chat
O il
0.102 0.019 0.105 0.000 0.012 0.010 0.000 0.000 0.010 0.007 0.007 0.011 0.009 0.008 0.005 0.000 0.004 0.019 0.002
Dashli-Brun
R} . W\
1.000 0.034 0.163 0.011 0.009 0.000 0.007 0.008 0.000 0.013 0.013 0.011 0.034 0.022 0.014 0.009 0.014 0.000 0.000 :
Gomishan
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(Conds i b sl p5 S a3l 2 53 e (p 2S) Q 58 R Gasls aw bl 5 boydul 25 sdkiaca dsl A s
S and Q (the lowest value in each index indicates the.Table 8 - Prioritization of sub-watersheds based on the three indices R

sub-watershed with the best condition)

R S
a5 $ade i a5 S3de i a5 Sade i e
Rank Numerical value Rank Numerical value Rank Numerical value Subwatershed
S ol
1 0.000 1 0.017 1 0.098 e
Maraveh Tape
2 0.102 2 0.019 2 0.105 <
Chat
. N
3 0.845 3 0.030 3 0.159 San sl
Dashli-Brun
4 1.000 4 0.034 4 0.163 Oz
Gomishan

C2 5 C1 by i s)lmby =8 Jotr
Table 9- Stability assessment of conditions C1 and C2

c1 2
DQ 0.33
Q2-Q1 0.1016 |
Q3-Q1 0.8448 )

Golhl 5 Codh Cardy p S U fg o5 4 VIKOR (555 0lg sbuca sl -V Jsdr

Table 10- Final prioritization of the VIKOR method in order of best to worst health and stability status

sl et SoML 5 Sl Cnd s )
Sul hed healll j inabili Ran]

LUJ.! ;51...2\) M.:.y a}lf

i |
Maraveh Tapeh and Dashli- o L,jj
Best First
Brun
Ql>_ L 5l r 93
Chat Medium Second
Ol NREE £
Gomishan Wrost Third

(TOPSIS) s Jb 5 peani g 5le V) dgtr
Table 11 - Normalized decision matrix (TOPSIS)

Sarane  Sarane_ Sarane  Sarane
Canopy Amalkard HDI Omid WA TDS Shahrneshi Jensiati Roshd Boad Tarakom EPI  Normal
gandom sayer dam Agr
4 egl
0.44 0.57 0.37 0.16 0.20 039 052 0.51 0.69 0.13 0.18 049 0.61 051 038 0.5 Maraveh
Tape
Sl
0.51 0.52 0.18 0.44 0.50 0.16 051 0.50 0.44 0.31 0.57 0.50 044 048 071 0.75 :
Chat
NE3Y L)J..:l:
0.64 0.44 0.29 0.87 0.83 028 050 0.50 0.39 0.46 0.44 050 039 049 058 0.26 Dashli-
Brun
olieS
0.37 0.47 0.87 0.15 0.18 086 048 0.48 041 0.82 0.67 051 052 052 008 0.15 -
Gomishan
VEeF bl -5 0ol w2395 Jlw ve O S 13380l (omotigen 9 pole
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Table 12- matrix (t,-t.)

Canopy  Amalkard  Sarane gandom Sarane_sayer Sarane_dam Sarane Agr HDI  Omid WA TDS Shahrneshi ~ Jensiati ~ Roshd  Boad  Tarakom EPI
0.21 0.00 0.50 0.71 0.63 0.47 0.00 0.00 0.00 0.00 0.00 0.00 -0.23 -0.03 -0.30 -0.44
0.14 0.05 0.68 0.44 0.33 0.70 0.01 0.01 025 -0.18 -0.39 -0.01 -0.05 0.00 -0.63 -0.60 nE.nn:.
0.00 0.13 0.58 0.00 0.00 0.59 0.02 0.02 0.31 -0.33 -0.26 0.00 0.00 -0.01 -0.50 -0.12
0.27 0.09 0.00 0.73 0.65 0.00 0.04 0.03 028  -0.69 -0.49 -0.01 -0.14 -0.04 0.00 0.00
An_&lﬂm._.v »..u._ym Qs.u.hmf ) Fcﬂ\w —-\y L.m.»v
Table 13- Transpose of the matrix (t,-t.)
Transpose (t,-t.)
0.710 0.436 0.000 0.727 0.000 -0.184 -0.334 -0.694 -0.438 -0.602 -0.116 0.000
0.498 0.682 0.577 0.000 0.000 0.250 0.306 0.284 -0.302 -0.632 -0.502 0.000
0.000 0.051 0.128 0.094 0.000 0.011 0.018 0.032 -0.027 0.000 -0.014 -0.041
0.208 0.136 0.000 0.269 0.000 0.014 0.024 0.044 -0.225 -0.052 0.000 -0.135
0.469 0.705 0.586 0.000 0.000 -0.008 -0.004 -0.011
0.629 0.330 0.000 0.651 0.000 -0.386 -0.263 -0.487
oo e illgsS V2 g
Table 14- Decision Matrix Covariance
Canopy Amalkard  Sarane gandom Sarane_sayer Sarane_dam Sarane_Agr HDI Omid WA TDS Shahrneshi  Jensiati Roshd Boad Tarakom EPI Cov.
0.002 0.011 -0.063 -0.011 -0.003 -0.063 0.004 0.003 0.019 -0.067 -0.022 -0.001 0.004 -0.003 0.052 0.078 EPI
0.024 0.001 -0.080 0.061 0.060 -0.083 0.003 0.002 -0.003 -0.050 -0.011 0.000 -0.016 -0.005 0.076 0.052 Tarakom
-0.001 0.000 0.005 -0.004 -0.004 0.005 0.000 0.000 0.001 0.003 0.000 0.000 0.001 0.000 -0.005 -0.003 Boad
-0.009 0.004 0.011 -0.029 -0.027 0.013 0.001 0.000 0.012 -0.007 -0.010 0.000 0.010 0.001 -0.016 0.004 Roshd
0.000 0.000 0.001 0.000 0.000 0.001 0.000 0.000 -0.001 0.001 0.001 0.000 0.000 0.000 0.000 -0.001 Jensiati
-0.003 -0.007 0.028 0.003 0.004 0.025 -0.003 -0.002 -0.026 0.051 0.044 0.001 -0.010 0.000 -0.011 -0.022 Shahrneshi
-0.009  -0.012 0.071 -0.006 -0.008 0.069 -0.005 -0.004 -0.030 0.087 0.051 0.001 -0.007 0.003 -0.050 -0.067 TDS
-0.006 0.007 -0.007 -0.026 -0.024 -0.005 0.002 0.002 0.020 -0.030 -0.026 -0.001 0.012 0.001 -0.003 0.019 WA
0.000 0.001 -0.003 0.000 0.000 -0.003 0.000 0.000 0.002 -0.004 -0.002 0.000 0.000 0.000 0.002 0.003 Omid
0.000 0.001 -0.004 0.000 0.000 -0.004 0.000 0.000 0.002 -0.005 -0.003 0.000 0.001 0.000 0.003 0.004 HDI
-0.026  -0.003 0.093 -0.061 -0.060 0.095 -0.004 -0.003 -0.005 0.069 0.025 0.001 0.013 0.005 -0.083 -0.063 Sarane Agr
0.035 -0.011 -0.056 0.103 0.093 -0.060 0.000 0.000 -0.024 -0.008 0.004 0.000 -0.027 -0.004 0.060 -0.003 Sarane_dam
0.039 -0.012 -0.057 0.115 0.103 -0.061 0.000 0.000 -0.026 -0.006 0.003 0.000 -0.029 -0.004 0.061 -0.011 Sarane_sayer
-0.025 -0.004 0.091 -0.057 -0.056 0.093 -0.004 -0.003 -0.007 0.071 0.028 0.001 0.011 0.005 -0.080 -0.063 mﬁﬂsol
andom
-0.003 0.003 -0.004 -0.012 -0.011 -0.003 0.001 0.001 0.007 -0.012 -0.007 0.000 0.004 0.000 0.001 0.011 %Bm:&&
0.014 -0.003 -0.025 0.039 0.035 -0.026 0.000 0.000 -0.006 -0.009 -0.003 0.000 -0.009 -0.001 0.024 0.002 Canopy
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Table 15 - Inverse covariance of the decision matrix

Canopy Amalkard Sarane_g.. Sarane_s. Sarane_d. Sarane_A. HDI Omid WA TDS Shahr Jensiati Roshd Boad Tarak. EPI Inv. Cov.
-2.70E+17 1.61E+17 3.31E+16 -8.02527E+14 7.61E+16  -5.16E+16  1.32E+17 -9.85E+17 -1.97E+16 -3.91E+16 -1.26E+17 3.48E+18 -1.50E+17 4.18E+17 9.78E+15 -2.50E+16 EPI
-493E+16 -1.04E+17  -5.50E+16  -7.05401E+14 4.22E+15 4.15E+16  3.00E+17 -293E+17 4.52E+16 -3.68E+15 3.16E+16 -1.05E+18 -7.38E+16 -547E+16 -2.95E+16 9.78E+15 Tarakom
-1.69E+19  2.94E+18 3.64E+17 2.51E+17 320E+18  -1.78E+17  2.34E+19 -7.63E+19 1.73E+18 -9.05E+17 -4.86E+18 3.11E+18 -1.45E+19 8.67E+18 -5.47E+16 4.18E+17 Boad
9.25E+18 -2.69E+18  -9.23E+16 8.41E+16 -1.95E+18  4.77E+17  -8.97E+18 3.96E+19 -3.99E+17 6.73E+17  2.66E+18 -6.59E+18 8.07E+18 -1.45E+19 -7.38E+16 -1.50E+17 Roshd
-1.37E+19 -1.14E+19  -7.24E+17 6.32E+17 3.34E+18 1.43E+18  4.26E+19 -1.06E+20 3.30E+18 -2.89E+17 -2.15E+18 -8.14E+19 -6.59E+18 3.11E+18 -1.05E+18 3.48E+18 Jensiati
3.11E+18 -8.03E+17  -1.03E+16 -7.40E+15 -6.67E+17  1.09E+17  -3.92E+18 1.53E+19 -1.02E+17 2.68E+17  9.04E+17 -2.15E+18 2.66E+18 -4.86E+18 3.16E+16 -1.26E+17 Shahrneshi
7.87E+17 -2.55E+17  -2.16E+16 -6.65E+15 -1.61E+17 3.16E+16  -3.64E+17 3.92E+18 -2.61E+16 6.59E+16 2.68E+17 -2.89E+17 6.73E+17 -9.05E+17 -3.68E+15 -3.91E+16 TDS
-6.28E+17 -2.41E+17  -2.26E+16 -4.38E+16 1.81E+17  -435E+16 3.59E+17 -2.22E+17 147E+17 -2.61E+16 -1.02E+17 3.30E+18 -3.99E+17 1.73E+18 4.52E+16 -1.97E+16 WA
4.80E+19 -1.37E+19  -3.74E+17 8.45E+16 -1.04E+19  2.03E+18 -5.45E+19 2.10E+20 -2.22E+17 3.92E+18 1.53E+19 -1.06E+20 3.96E+19 -7.63E+19 -2.93E+17 -9.85E+17 Omid
-1.24E+19 1.97E+18 -2.65E+17 -2.23E+17 2.90E+18  -7.11E+17 2.22E+19 -545E+19 3.59E+17 -3.64E+17 -3.92E+18 4.26E+19 -897E+18 2.34E+19 3.00E+17 1.32E+17 HDI
4.16E+17 -8.15E+16 -3.23E+16 -1.74E+16 -7.46E+16 -448E+15 -7.11E+17 2.03E+18 -4.35E+16 3.16E+16 1.09E+17 1.43E+18 4.77E+17 -1.78E+17 4.15E+16 -5.16E+16 mm:.mbo\>mw
-2.25E+18 4.17E+17 1.54E+16 3.42E+16 437E+17  -7.46E+16 290E+18 -1.04E+19 1.81E+17 -1.61E+17 -6.67E+17 3.34E+18 -1.95E+18 3.20E+18 4.22E+15 7.61E+16 mmHmBmIQNB
-3.79E+16  9.50E+16 1.89E+15 4.65E+15 342E+16  -1.74E+16 -2.23E+17 845E+16 -4.38E+16 -6.65E+15 -7.40E+15 6.32E+17 841E+16 2.51E+17 -7.05401E+14 -8.02527E+14 mm:.mbolmmv\g.
-4 78E+16 4.78E+16 -6.2452E+14 1.89E+15 1.54E+16  -3.23E+16 -2.65E+17 -3.74E+17 -226E+16 -2.16E+16 -1.03E+16 -7.24E+17 -9.23E+16 3.64E+17 -5.50E+16 3.31E+16 wmamsmlmmsmoa
-2.85E+18 1.26E+18 4.78E+16 9.50E+16 417E+17  -8.15E+16 1.97E+18 -1.37E+19 -241E+17 -2.55E+17 -8.03E+17 -1.14E+19 -2.69E+18 2.94E+18 -1.04E+17 1.61E+17 Amalkard
1.07E+19 -2.85E+18  -4.78E+16 -3.79E+16 -2.25E+18  4.16E+17  -1.24E+19 4.80E+19 -6.28E+17 7.87E+17 3.11E+18 -1.37E+19 9.25E+18 -1.69E+19 -4.93E+16 -2.70E+17 Canopy

b yasls 055 dor k8 e 5L V1 g
Table 16- Diagonal matrix of the weight square root of the indicators
Canopy Amalkard Sarane gandom  Sarane sayer Sarane dam Sarane Agr  HDI Omid WA TDS Shahrneshi  Jensiati Roshd  Boad  Tarakom EPI Weights
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.263 EPI
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.267 0 Tarakom
0 0 0 0 0 0 0 0 0 0 0 0 0 0.231 0 0 Boad
0 0 0 0 0 0 0 0 0 0 0 0 0.234 0 0 0 Roshd
0 0 0 0 0 0 0 0 0 0 0 0.23 0 0 0 0 Jensiati
0 0 0 0 0 0 0 0 0 0 0.249 0 0 0 0 0 Shahrneshi
0 0 0 0 0 0 0 0 0 0.266 0 0 0 0 0 0 TDS
0 0 0 0 0 0 0 0 0.237 0 0 0 0 0 0 0 WA
0 0 0 0 0 0 0 0.23 0 0 0 0 0 0 0 0 Omid
0 0 0 0 0 0 0.231 0 0 0 0 0 0 0 0 0 HDI
0 0 0 0 0 0.268 0 0 0 0 0 0 0 0 0 0 Sarane Agr
0 0 0 0 0.268 0 0 0 0 0 0 0 0 0 0 0 Sarane _dam
0 0 0 0.28 0 0 0 0 0 0 0 0 0 0 0 0 Sarane_sayer
0 0 0.265 0 0 0 0 0 0 0 0 0 0 0 0 0 Sarane_gandom
0 0.232 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Amalkard
0.23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 Canopy
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Table 17- Matrix of distance from the positive ideal solution

olinS Osp hils ol a5 el d
Gomishan Dashli-Brun Chat Maraveh Tape ib
67016893.83 18458322.01 35305482.31 41622556.71 el
Maraveh Tape
62208236.06 12756953.81 28329872.14 35305482.31 e
Chat
41824527.48 0 1275695381 18458322.01 O
Dashli-Brun
101977888.5 41824527.48 62208236.06 67016893.83 Olees
Gomishan
st Jloy! Jomol y 51 dholB o jlo —\A J g
Table 18- Matrix of distance from the negative ideal solution
ul.w.:og ijgsluw\; ul;; A?Sa)‘f d
Gomishan Dashli-Brun Chat Maraveh Tape ™
5 o)
0 54252458.19 46745414.75 44244054.94 e
Maraveh Tape
Ol
0 58982344.71 49545897.14 46745414.75 :
Chat
QxS
0 70185572.17 58982344.71 54252458.19
Dashli-Brun
LS
0 0 0 0 )
Gomishan

(Conds (2 551 P) 7S & (Condy (2 f4) (b o 5 4 STl ool 51 o b jp3lie V4 g
Table 19- Relative distance values from the ideal solution in order from the highest (best situation) to the lowest

(most critical situation)

C s dol jluze 2l
Relative distance value C Sub watershed
0.989 S
Dashli-Brun
0.636 <l
Chat
0.515 45 oyl
Maraveh Tape
0.037 LS
Gomishan

GaW p a3a g s ge Coab a ahg a5 b gsul ) s b yasla gla; pslie -Ye Jyae
Table 20- Rank values of the indicators in the sub-domains with special attention to the

nature of the benefit and cost of each indicator

Ol 05z kil ol 45 oslpe oL

Gomishan  Dashli Brun  Chat Maraveh Tapeh  Indicator
1 2 4 3 EPI
1 3 4 2 Tarakom
4 2 1 3 Boad
3 1 2 4 Roshd
4 2 3 1 Jensiati
4 2 3 1 Shahrneshi
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Table 20- =Y+ J > sl

slins Sop gl oy “eslp et
Gomishan  Dashli Brun  Chat Maraveh Tapeh Indicator
4 3 2 1 TDS
3 4 2 1 WA
4 3 2 1 Omid
4 3 2 1 HDI
1 3 4 2 Sarane Agr
4 1 2 3 Sarane dam
4 1 2 3 Sarane sayer
1 3 4 2 Sarane _gandom
3 4 2 1 Amalkard
4 1 2 3 Canopy
ol por Ol ann 55 G gl 5 larl 5 (oalatdl o Li S il 9 Sy
39 S (ST kS ALS 1) s lan oyt i ol Gl e sl Gua L tass ol
8 555 0 a5 <ol ) el (553 ,0 SS5lap sy Sl 53 30 ol s el slajatls bl S5l abtsg,
3505 bS5l sl 03 s bl 5 bl slacs s aal TOPSIS-Mahalanobis 3 VIKOR s )lasdiz (§ S moad i3
a3 b OlieaS eisa Sl Cands sLls slagsal s 5 TOPSIS-Mahalanobis 25, 35 mmls awlis A3 sslicdl
e 3,8 il slamb (5551 LRl glas Sy 8,5 1 e e 4 ool il S 5 azalis Sl VIKOR
VIKOR ;.5 o jlme din (5 S ool sl s 5l eslizad (ol Y Il 3 g0l g s el oo Sle Sl 3 Ol 5 e
33 ngfr.:%pj s il sk 4 wlie glaas > ple ¢l ol alb i jls Ll 4 TOPSIS S, a5 ol S5 w4
Sy gl Shmder Glaesls 5 ey Ll 2 33 Gl 5 St la el Jliul Cuns s &S 1 OlieS
Sy Jold ol G glacakl pde 5 Lalys sl ol el Sl s BB s s et L slasl (g s e L g O
Spdipeets pde Tospdons m ks L Obl glassls & g ge Sl b 2Ll Sl oS 63500 B yme £33 sl Ol e
O3 dils (Ol el o) sl g Jler bl LS =k e ol A s Gl 3 s opl 4 LIS sy
— oAl Gy 53 08 Sl 5 8 S s pe (OLisS Sl Sl Zol s e gVl ol oge 25 Sl
o] Dyt s as 1 b s | s Wl e S 050 i S5 sy opl @) Caeal 4 5 635 TOPSIS s,
L b i ol JUal slag b ks gl JLsias wile L VIKOR sy oms = Ol5 e oS sls 0L el 35108 s
6ba sl 5l eslatal Lol sl a S LB s Camex & 2l |5 s &5 5 il TOPSIS-Mahalanobis s, 4 G
Sl el b (56 Gl by 500 e 5 (il o TOPSIS- b5, by adosl e sul 5 0 pyw ad, poliars
slad S5 aa0s 5 besls 53 beigelad pis 1 el asl bl J . aalS e i, onl lzel 5| Mahalanobis
Sl Wl s sles bl 5 bl gl is, b o, S e Olgige 1y Oy sbls 5 adoshe sl s 53 (Giod o
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