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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-
Mabhalanobis 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.
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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
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Canopy Amalkard Sarane_gandom Sarane_sayer Sarane_dam Sarane Agr HDI Omid WA TDS Shahrneshi Jensiati Roshd  Boad  Tarakom EPI X
5 o4
1.45 1.68 1.4 0.19 0.45 2.02 0.63 73.5 3870 1423 14.2 99.7 1.91 37 54.9 38.99 i
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 ’
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
1.24 1.4 33 0.17 0.4 443 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 o
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Table 3: Weight of watershed health and sustainability indicators resulting from the Shannon entropy method
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S5l
0.055 0.053 0.079 0.078 0.072 0.071 0.053 0.05 0.06  0.07 0.061 0.053 0.055 0.05 0.071 0.069 ”

Atrak

Ol Il (owige 9 ok

V)

5 0 lowd — 23390 JU

(v

VEF



Sl @l nl als bl s ple 4 Cod e Canss
»s TOPSIS-Mahalanobis 5 VIKOR %, 35 o0 osl&
AN OlieS sl s s 55 e s el gl 2u
b bl s Jsl sl 5> sls Ll S 3me sul ns
Oes 5 obe dor 5l Slids ple s Ciliie Gl
5 S e 1T OLMSen 5 oy VT S 5 sl D]
05 &S Sl ol Ol 5 [0 ] L) 5 (6o 3 5 VY] 0L Ken
Olidsd ple b g 5 A2 0Ll s pl 50 ol b
S el 5 e Sldlkee Cfl“ oolel il ey
TOPSIS- o5, & Coms VIKOR 55 5l o5 4
oslinal 5,90 glayetla WLl b6 e Cu Mahalanobis
S abisy,y el e bl cduca sl e
03 S o Olge 4 VIKOR (g 58 ,me .l o3l &1
LS s, YE] 0L 5 ols (V4] OLKen 5 ey Slalls
2l el B I ] G 5 ol 5 ] 0L
Lo lalyes o5 cl odd Ll o lasdtin (65 el Sl s,
55 TOPSIS s, o5 ol Il 55 ol dites Lol Goios
0L 5,8 Sldllas s 5 V] 0L 5 5 sl Sladlas
Lok b e 5o 55, Olse w FAHP 25, [YY]

3 Sands e 0 O P sl 5 08 s el
OLES W gy iz 2 305 Sl 3 ands o 5 Sl 53 OLES
Sony KoK 4 ks Jyl gl 3w g3de slie s e
D3 ass el s ool O L 0liaS il s s e
OlieS ol s Candy 0o w3l Gs Sole 4yl
Ol sl onl & sl e DL olansl oy
FINFPEpRNE

AS Olgs w1y Ve ol 0185 o 5 Jde e g Lol
03 4 Q}\wa“uj\ e Y Jader 25 g0 &1 Jies
amlie g w55l o5 58 s et Ll (gade pslie Ol 3 &S
Lot &1yl glagy CIas ¢ S0

aSosl e ol 5 4 Gl asiie SWlS Yo Jade bl
ot Sl e Sandy 3 b a5, LS ) a5, cas b
S ey 5o LS O bl el da s ey gl
Ol sl o5 e Jilie 3 ol ol 3 el a L) ad) Jler
ot SOML s Sl SanBy o S 3 bk 5, 4 L
45 ol izl L SIS Yo sl 51 68 glaltens 11 o
Sl o 45 Sl ojlimedir oy ol Jodr 21 5 Cn
358 s DLiaS 5wl e a5 0 i S

VF ¥ sl £ o lows —o23395 Jlw

\Al

Al 53,08 gl gl b 5 (4 Jpdx) €2 5CI
SC2 5Cl bys 5 b gy sl sl 55 VIKOR Jus
SHOLS a8 55ls 5 0 555 @Lﬁ SO COON =1 PRI W2 W [ o
Syl Jde ol (g b callaa

Al OlieS 5ol 5 &S cl pasie A Jode el
Cothe 214y 53 OlieS soul g dl s | Cuns s
A e o5l sl s s 53 S e 518 SOl
Cardy e o S 4l 53 Q 5 S R el an
}:5;3];3)' 33 om0 Q gode Hlde (dr e "JSJ‘ Bt
3 0o Sup sl (O kls 5 adesle) pos 5
dsl by po e ol e 0 B 4 jl e (obl B 4
Q2- b, & 4 (g sbas sl Olii |y 5 VIKOR 55, (C1)
£3> 5 T 5ol 25 3 Gl e W 0345 413, QIZDQ
Sl b 5 2500 Gome S sl S Olse 4 OLlg 1
S AalgE 1B e 5 ps 48y 05 S 4 OlieS
U sSs arle ell o ol Jbe s onl (Ve Jsds)
Slassul py 5 ) s /AL0 /Y /e gode alde
St Camdy ghls OLieS 5 05 Ll (Ol eyl
s s 3 Lpals bl g e oML
B O R S g o W BV S O QTN LG P Qtes
Slaas s ey el Sope el G5 s g e Sl
D] OLKes 5 5wl JA] Jgw 5 S dex 5l 01K
s dd o Lal 5 [Y0] G 5 [VE] 0L 5 oli VAT 0L Kan 5 S8
.@lﬁb—&bﬁl{yrﬁéwl

TOPSIS-Mahalanobis .5 5 s, m
e sl TOPSIS-Mahalanobis .S 5 5s, ;2
o 3 (N ) el (5ladle sl o sl ol LSS
bl sS (O 5Y Jsas) wlyl s ol 55 byl gla s Sle
Al 3 (0008 i) paedd o Sle (LIS s
(Ol 28T Grss 5l Jole) bpasls 055 sdr (ks
Joly 5l o o Sle 53 e A dal > (VN i)
Colg o3 Lok SIVA 5V Jslis s e 5 cude Jlonk
S 0 e i Tl el 5l e sl 0l
055 Iy ot ol S3 4 (’j\j RGSOM IS W% Y I K GRS TS P
Slsles 25 (S5 bl b Sle S 1S5 5 L la )
polie &S 0l OLE s .25 S el MATLAB Ls o
G/AA0 (gade pslie L 5 4 dleds) el SIC ol dlols
(Sl (O3 Jils Glaseul s a Glate /0 YV 57010 (/T
Do hdls sl s o onl a5 el OLERS 5 45 asl e

Ol S 135l (omwsias 9 @ole



R g il ek Jb g palie -8 Jgus
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 0429 b
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 Qo
Dashli-Brun
0.191 0.237 0.508 0.090 0.104 0.510 0.238 0.242 0.212  0.477 0.359 0.253 0.266  0.260 0.046  0.085 ol
Gomishan
2180355 g Fle =0 Jsd
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 el
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 b
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Gomishan
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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
Q sS R sl asls -V Jyu>
Table 7- RS 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 ol
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
ol
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 dls
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
OlieS
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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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
ads Sade ldds “is Sade i ads Sade i el
Rank Numerical value Rank Numerical value Rank Numerical value Subwatershed
5ol
1 0.000 1 0.017 1 0.098 it
Maraveh Tape
2 0.102 2 0.019 2 0.105 e
Chat
i) W)
3 0.845 3 0.030 3 0.159 2 s
Dashli-Brun
4 1.000 4 0.034 4 0.163 Ot
Gomishan

C2 5 C1 by ,o syl pmsp -8 Jor
Table 9- Stability assessment of conditions C1 and C2

c1 2
DQ 0.33

Q2-Q1 0.1016 e}

Q3-Ql 0.8448 |

GoMb 5 et Cand s SN U e o 5 4 VIKOR 2y, 0lg stncs gyl -V Jsr

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

sl gl okl s Dl Coms a5
Sul hed healll | inabili Ranl

[))J,..v gfl":'b ‘4.;5 ajjn

Maraveh Tapeh and Dashli- o “,b
Best First
Brun
ol b g £
Chat Medium Second
OlaeS oA £
Gomishan Wrost Third

(TOPSIS) s Jbs 5 ool g le V) gutr
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
45 o5l
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 0.59 Maraveh
Tape
2l
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 S
Chat
Qgn Gl
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
OlaeS
0.37 0.47 0.87 0.15 0.18 086 048 048 041 0.82 0.67 051 052 052 008 0.15 i
Gomishan
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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 -0.23 -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 AEA:.
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
QElﬂav t.—bﬂ &.hmf 0 fbcﬂ&w —-\y Qb.»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 Sl illysS V8 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 EPIL 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 Mﬁw;m&
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 3.20E+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 -8.97E+18 2.34E+19 3.00E+17 1.32E+17 HDI
4.16E+17 -8.15E+16 -3.23E+16 -1.74E+16 -746E+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 mmﬁmﬁmh&»mﬂ
-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 mem:mlambn
-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 mg.mbolwmv\oa
-4 78E+16  4.78E+16 -6.2452E+14 1.89E+15 1.54E+16  -3.23E+16 -2.65E+17 -3.74E+17 -2.26E+16 -2.16E+16 -1.03E+16 -7.24E+17 -9.23E+16 3.64E+17 -5.50E+16 331E+16 Sarane _gandom
-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

FCB-..YFW_ NEY) u.wV. rmt &.\L.FIJJ L.w.kv
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 0.23 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

QL.Z.:.»S/ Q‘}J;éﬁ;\) C)l;— 4.;;1:}‘)&
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 =l
Chat
41824527.48 0 12756953.81 18458322.01 O S
Dashli-Brun
OliS
101977888.5 41824527.48 62208236.06 67016893.83 :
Gomishan
st Jloy! Jomoly 51 dhaolB o jlo —\A J g
Table 18- Matrix of distance from the negative ideal solution
Olies Osz Al ol el d
Gomishan Dashli-Brun Chat Maraveh Tape ™
o)
0 54252458.19 46745414.75 44244054.94 iad
Maraveh Tape
ol
0 58982344.71 49545897.14 46745414.75 :
Chat
On il
0 70185572.17 58982344.71 54252458.19
Dashli-Brun
L
0 0 0 0 .
Gomishan

(Conds (n 751 P0) o faS 4 (Condy (2 74) bt o 5 4 STyl ool 51 d ol 3l 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 ol i

Relative distance value C

sl
Sub watershed

0.989

0.636

0.515

0.037

Q 9 B LSL"'.J
Dashli-Brun
Sl
Chat
el
Maraveh Tape
OliaS
Gomishan

AFLE A ha3a 5 3 g ol s oins ax g b L pul 5 s Lpasls gl palie Y0 Jsur
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

VF ¥ lwsli =29 o lows — e 555 Jlw

SLaeS R R el

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 g sl

HLaeS R 45 oslp ol
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
o por Il 5 S s elazl 5 (ol slaax s (6 57 dms 3 Sy
3 S (DT dS ( ALS 1) s Lamn a2t i sl bl eyl Guaa b tagn onl
S 35k e o 5 el l el (5555 S lp s e 5350 Gl 5 ol slaarls bl S 51wl
S LSS ssal ey 5 silsl 5 bl slaspasl TOPSIS-Mahalanobis s VIKOR o ,Las - Lg,fw 33
B o b OlawS eisa Sl su Gy glls slasel o3 s TOPSIS-Mahalanobis 55, 53 i awslie s esli
edle 3,8 il olammb S5 S1 il slas S5 o8 S et wie oS ol mily DS 5 Lzl il VIKOR
VIKOR &5 o )line LSJKV‘M Sla sy sheslaal opl 5 3V Il 3 00 gt s el oo Sle Sl 3 Ol 5 e
33 L;J:fr.ﬂﬁ.aj s sl ke 4 wline slaas = sl ol odd alb i jls L5 4 TOPSIS G, a5 ol S5 a4
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