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Fig 1. Lavasanat Catchment view
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1- Complex Proportional Assessment
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17- Fill sink
18- Grand control point (GCP)
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1- Advanced Spaceborne Thermal Emission and Reflection
Radiometer

2- Drainage density (Dd)

3- Stream frequency (Fu)

4- Mean Bifurcation ratio (Rbm)

5- Texture ratio (T)

6- Infiltration number

7- Constant of channel maintenance
8- Form factor

9- Shape factor (Bs)

10- Elongation ratio (Re)

11- Compactness coefficient (Cc)
12- Circularity ratio (Rc)

13- Ruggedness number (Rn)

14- Basin relief (Bh)

15- Relief ratio (Rh)

16- Slope
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Tablel. Compatibility random indicators

5 4 3 2 1 S an
Number of criteria
1.12 090 0.58 0.00 0.00 RI
0 9 8 7 6 S
Number of criteria
1.49 1.45 141 1.32 1.24 RI

o] fadaly b 511 055 e Sl JSK05 =Y

aqi
by =T, op Xu #)

A bl ansS e e x5 ke 8 05y O 3 &S

(5) ol Hle
OV Valaly 3 5 e 5 e slaslan (25 alons -
5}'_ - Ezi:— 5)'+ - EHF+ di_:" )
OO Al 3o b 5 a5 o ol (550 amloes =V
Smin D= 57 iy
I == 5_1"

Wy S p sl ot Slaslas (6 e s 5}* Ol 53 &8
ol 3l o 4o S oo 6l p e slaslns (6 e SlAas S
5 26l Q i Jse b Gk s 5 0l s S
e Slaals Qs "";6" Al
Salg L3 [Y] il e ey 58 5VL o5l SOl 3L VL Q
Slaadl e 51 eslizl U baln s 51 o Sasl s 51
5 Ll 4u.~\fjs U':j) LS “ v-"‘k"” JZ.,.Z); B wL.&CQUJ
MW[};&Q %‘))‘GDM‘LLAMY)J‘)‘)‘&JAJL@MJ
E — Pty @)

w a3

.

JAde 4 & g5l ) 5

Aokl @ s 55l S ol skl B, O s
S b bdesy; gbaadl sl eslinal b bas = 5 51 S
e hosliad b baas s o5 51 e skl @ 5 ol S
b ol S o b e e s

BEVIR'SS]

Sy Loy 050 33 5hed e bl pskeas s ol o

VYA ml —F5 5 loud — o3 s JUw Yo

COPRAS! 3y,
S 5 Ll S eeess SR S K S s
Leolns 055 5 ealinal b cilzses (glaasy 58 (gdoad ;) b (socy
Salslsly Jaw 5 U sl sl s ol [NV sas e LS
baau 8 0o S5 a3 5 L sl und S KIS
@aaS Hlae 53 a 550 SLool Sl s ol oS Iy axa s
Soto 5 aeS laslme 50 53,8 e )3 eslinal 3 50 aiin
B A I P R T B SR NEEY
5 ab>Me 0y ol =) @ Ul o ol 8 B ) e
3 JB Y e Gaguarl 5 lajlas Ol I8 e 5555
QS/JL,:—Y' (Sl oA 55 L;l.ea(..:.\.ws..,o S8 @il e S
5 LSS o 0luabl ClllB -F | Slialwe g 1 50,
O35 pdislansl =0 5 )8 busd 535 5 Gee SH LB
S oo el el [YT] 5 5e 0L

e et e JS -

AHPw,,,luL‘w\Lu) S e O anle =Y
GrS el SIS o sl il B, S AHP 25,
53 V8 b s sle lg i onl il ojbee dim
Oty 8l 68 ol S 53 s 5 Ol (e L S
Conle 45 el o )lne A (S el By SO s S e
gl 5 bl 5 5 bslae (6 S dlis SO 420 O
S0l 8lr s Sl ol e 53 (6 S s slaay S 5 VL
ol s ] ssde eslinad g5 anslis Cja“ o ols
S Al a2 Olaasie 5l b jlae O35 e ) skien Jash
JooSS bslne 05y s Gl b s Slolis Gla s Sl
b s b Sl dde s el sl s s
A esls C“’L ol sl et VY 5 CanSish 50555 VA
s wlwlie gla s Sl 31 & o8t Jds stz s
;l;_u”lmmﬂﬂcwqum@jj}ngcolfﬁjﬁjjly\;-
Sk Aol asliin y slasl a3 5 b Sl B B as

el 2 S S

)lb.}Lﬂ.v.d\LiL&!) )‘&Jﬁ‘))ju‘)‘ j.\.wJ&u_'Cdl:-
.J.ibjfwbw\‘ bl
W, =Zf_1ai}-;"n a; = 1,2,. (Y)

ok Jbo 5 slas @l ajlas )\&:JAQ)‘} Wi o s«
3l a6l Al oo bl Sl 5 Laalys 51 S a
1o S sl Voadaly 5l baalys e Jl

=a, ,.-"Z: 8 a;=123,..,n )

..m@ Loy 31 S a slawlys pslie @) of s &S
bobs Ole 43 8 ol 255 Slaslin slasl o) p 5 shes
sl ¥ el Sl eslial b OBl £ 5 OB b

.J.isjf

1- Complex Proportional Assessment

Ol S 13l (owsiaes 9 @ole



eJﬁQL&Lﬁ;}iqjuijjjéwuﬁjbduiuuyﬁjb\,\xj
4&)} 93 u‘ﬁ:ﬁ ol AT ‘Lhwj}ﬁ)' JS sl N el
rank i (r2) Jsl jis, ;31 ass> 5 a5, rank i (rl)
.MQL;&LA@)}J%)'J‘Jx;llvjrjbub)))b[u}}ﬁj@)Z
L]
wuﬁ,@g) L;uujy: wbu B LS):‘§°JU-" )‘ JJ[}- C..ib.s

CJ\J:.::J Loy Mbu: Ls\f ol 0l anla! Q\j::x: C)J..;-)
) sl 51 5 a5 Dl pedd Dl aslee 6l 5 (V1) a5

) ol ol
N-N

ﬂ.P — t‘l:lil.st'ﬂ..‘lt % 1[":. (\.>
N
N rank i(ri)
Al = E—k? )

Ncﬂnarﬂnr ‘uj’)) 93 awslis o CJ‘J::’.‘; Loy AP o BEEYY

oSy Al jo 4l Y gur

Table2. Computation of morphometric parameters

& s
Refrence Description

bl e bl

Equation Paraeters

la 03 @L"; ubt.w;l 6Lhw u:i.l[.:ﬁ

(28]
Mean Bifurcation ratio in total orders
Colos A e lS @ anl )l glaas; sles Job. Lu
[9] Er oS a e
Lu = total stream length of all orders (km), A =
area of the watershed (km2)
(9] @l gbaas, IS sl Nu
Nu = total no. of streams of all orders
[9] P = perimeter (km) ;zs JbS @ las P
[9] -
[9] -
[9] the basin length (km) « 2 LS & aal JT J b L,
[20] -
[29] -
[9] -
[16] =314
[17] Rn=basin relief (M) s 4 o33~ 5)ls0al Bh
[9] S gyl il hl e s il Sl h
H = Maximum height, H1 = minimum height
[29] -

Al e 03 gl Gl AH T s oS

Ol Cnd ke
Mean Bifurcation ratio (Rbm)

Dd=L“H asl 1 o S1 5
Drainage density (Dd)
E = Nuj wl T Sl
Stream frequency (Fu)
T = f'l.ru!r 4;""5:. :"5). U'QL' Cf
Texture ratio (T)
If = F, % D, 34 s

(Infiltration number)
A aal T cslgS et

HA = basin relief

C= EE ; L, (Constant of channel
maintenance)
_A L s
Re =7/} £ oS
Form factor
L3 5 pS
E, = B/ A S o58
Shape factor (Bs)
R, =1128 |4/, S ol
N Elongation ratio (Re)
Cc = Pj?a,_,'-;r;j—'] kﬁs/;f‘:ﬁ e
- (Cc) Compactness coefficient
R, =4 xmx4p 35 o
Circularity ratio (Rc)
R | gonal s0e
(Rn) Ruggedness number
By=h—h, o5 ol yenl
Basin relief (Bh)
Rh = B%_ oyl o
s Relief ratio (Rh)
sm = *.,'t » 100 Slope (S)
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Table3. Basic morphometric parameters

o sl gl ol sl T s e fj’k Sl M el
Max Elevation Min Elevation Stream Length Basin of Number Area Perimeter Sub-

Length Stream watershed
2537 1228 150 14.41 141 67.15 187.97 1
2558 1376 69 12.02 63 48.83 93.91 2
3394 1568 87.3 13.34 78 58.65 119.50 3
3701 1570 34.7 11.44 42 44.73 48.80 4
3877 1594 53.3 10.66 49 39.51 67.49 5
2859 1597 16.9 7.66 17 22.06 21.28 6
3270 1643 36.4 9.67 37 33.25 47.24 7
3875 1805 21.9 9.19 28 30.44 37.51 8
3170 1853 13 7.30 16 20.30 18.83 9
3887 1862 61.6 11.57 73 45.60 96.84 10
4003 1945 535 10.98 49 41.58 83.44 11
4323 1940 105 13.16 117 57.27 173.27 12

Aot gl kS 4 oh s Jsbe e e lkS @ ol 205l S 4 Jaoes 3 S a3
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Units: Area (km), Perimeter (km2), Basin length (km), Elevation (m)
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Table4. Shape, linear and topographic morphometric parameters

et ad IS 1 2 3 4 5 6 7 8 9 01 12
Index/watershed code

Cc 229 196 214 187 176 132 161 154 126 189 181 212

Re 007 013 011 026 019 059 027 033 067 013 015 007

Bs 110 154 149 268 168 276 198 225 283 138 144  1.00

Bs 061 065 067 037 059 036 051 044 035 072 069  1.00

Re 1.07 091 0.92 0.69 0.87 0.68 0.80 0.75 0.67 0.96 0.94 1.13

Dd 080 073 073 071 079 079 077 058 069 064 064 06l

Fu 075 067 065 086 073 080 078 075 085 075 059 068

T 210 129 133 094 124 077 111 092 079 160 118  2.04

C 125 136 137 141 127 126 130 171 145 157 156 165

Rbm 1240 360 520 480 340 630 1120 930 430 730 640  8.50

If 2.16 0.83 1.16 0.40 0.57 0.13 0.35 0.20 0.09 0.71 0.59 1.38

Rn 104 087 133 152 180 1.00 125 121 091 129 132 144

S 955 1220 1670 3050 27.79 2736 2367 338 303 205 225  18.1

Rh 009 010 014 019 021 016 017 023 0.8 018 019 0.8

Bh 131 118 183 213 228 126 163 207 132 203 206 238
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Table5. Land cover statistics of mini watersheds.
Er S30sS S ELRNSS < < w5
Pasture Agriculture City Wasteland Snow Water Sub-watershe
Loy ol Aoy IE WA Loy ol Aoy IS WA Loy Colus Colos IS WA
% Area % Area % Area % Area % Area Area Area
KM? Km? KM? KM? KMm? % KMm?
63.1 118.16 0.11 0.21 5.37 10.04 29.8 55.83 0.00 0.00 1.47 2.75 1
83.2 78.19 0.29 0.27 4.34 4.08 12.0 11.35 0.00 0.00 0.02 0.02 2
88.7 18.88 0.97 0.21 6.51 1.39 243 0.52 0.00 0.00 1.32 0.28 3
94.7 111.2 391 4.59 0.00 0.00 0.63 0.75 0.01 0.01 0.75 0.88 4
98.1 46.34 1.75 0.83 0.00 0.00 0.12 0.06 0.00 0.00 0.00 0.00 5
90.6 44.02 5.86 2.85 0.00 0.00 1.02 0.50 0.18 0.09 2.31 1.12 6
89.8 60.65 6.29 4.24 0.02 0.01 2.76 1.86 0.94 0.63 0.10 0.07 7
92.1 17.36 1.73 0.33 0.00 0.00 6.08 1.14 0.00 0.00 0.00 0.00 8
86.4 32.44 6.15 2.31 0.83 0.31 4.33 1.62 2.23 0.84 0.00 0.00 9
92.2 89.12 3.03 2.93 0.00 0.00 1.63 1.57 3.11 3.01 0.00 0.00 10
94.2 78.50 3.15 2.63 0.72 0.60 0.07 0.06 1.85 1.54 0.00 0.00 11
87.3 151.1 1.02 1.77 0.00 0.00 0.39 0.68 11.2 19.50 0.00 0.00 12
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Table6. Watershed prioritization for erosion susceptibility using combined method

S5 o R N P slaad e . .
Combined method Landcover Morphometric parameters R
Sub-watershed
= e A L S S A
rank rank rank
12 0.126 12 0.164 0.164 0.062 12 0.088 0.09 0.005 1
11 0.154 11 0.213 0.213 0.025 11 0.095 0.09 0.004 2
9 0.167 10 0.234 0.232 0.005 9 0.100 0.10 0.003 3
3 0.185 3 0.255 0.248 0.001 3 0.116 0.11 0.002 4
2 0.202 2 0.286 0.249 0.000 1 0.117 0.11 0.002 5
4 0.181 4 0.250 0.246 0.002 5 0.112 0.11 0.002 6
6 0.175 5 0.246 0.244 0.006 8 0.104 0.10 0.002 7
7 0.175 8 0.235 0.234 0.013 4 0.115 0.11 0.002 8
5 0.177 7 0.238 0.237 0.009 2 0.117 0.11 0.002 9
8 0.174 6 0.242 0.240 0.003 7 0.105 0.10 0.003 10
1 0.208 1 0.308 0.246 0.000 6 0.108 0.10 0.003 11
10 0.166 9 0.234 0.224 0.001 10 0.098 0.10 0.003 12
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Table7. The percentage of changes between the methods

el et sl yiror
Morphological Parameters

COPRAS TOPSIS SAW =% &=
Total changes

VIKOR 0 88.88 80.55 83.33 63.19
COPRAS 80.55 85.33 0 80.55 61.60
TOPSIS 88.88 0 85.33 88.88 65.77

SAW 83.33 88.88 80.55 0 63.19

b B VIKOR COPRAS TOPSIS SAW =% &%
Land surface cover Total changes

VIKOR 85.33 0 88.88 88.88 65.77
COPRAS 0 85.33 80.55 83.33 62.30
TOPSIS 80.55 88.88 0 85.33 63.69

SAW 83.33 88.88 85.33 0 64.38
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Table8. The intensity changes between methods

COPRAS TOPSIS SAW  —=¥ e

VIKOR

Morphological Parameters Total changes
VIKOR 1 1.95 1.07 1.08 5.1
COPRAS 1.95 1 1.72 1.40 6.73
TOPSIS 1.07 1.72 1 1.66 545
SAW 1.08 1.40 1.66 1 5.14

G e VIKOR COPRAS TOPSIS SAW  =\=° &~

Land surface cover Total changes
VIKOR 1 1.66 1.25 1.40 5.31
COPRAS 1.66 1 1.70 1.95 6.31
TOPSIS 1.25 1.70 1 1.14 5.09
SAW 1.40 1.95 1.14 1 5.49
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Combination of Morphological and Land Cover Analysis for Assessment of Soil
Erosion Susceptibility Using COPRAS Model in Lavasanat Watershed

A. Arabameri', M.H. Ramesht?, M. Yamani® K. Rezaei*, M. Sohrabi®
Received:15-04-2018 Accepted:23-07-2018
Abstract

Soil erosion is one of the most important environmental problems of worldwide. It is necessary to assess the
susceptibility of the land to erosion to determine the spatial priority and type of soil conservation measures. In
the present study, morphometric parameters have been combined with land cover classes to assess soil erosion
susceptibility of sub-watersheds of Lavasanat watershed using COPRAS multi criteria decision making
method. This method is simple, very practical, powerful and flexible, although it does not require complex
math operations. The data used in this study included Advanced Space borne Thermal Emission and Reflection
Radiometer (ASTER) data (2000), with 30 m spatial resolution for drainage generation; and Landsat8 (OLI/
TIRS) data (2016), with 30 m spatial resolution (band 1 to 11 expect band 3) to generate land cover information
of the study area. Morphometric parameters obtained using ASTER DEM with Arc Hydro package. At first,
for proper determination of flow direction and flow accumulation, DEM sinks identified and filled. We used
a critical threshold 100 because of high precision, for defining streams. Strahler’s scheme for stream ordering
has been used. The sub-watershed erosion prioritization by using morphometric parameters and COPRAS
multi attribute decision making method showed that sub-watersheds 12, 2 and 1 have the highest susceptibility
to erosion with the lowest scores (0.098, 0.095, 0.088). In order to prioritize sub-watersheds based on surface
coverage, the percentage of each surface coverage class in each sub-watershed was calculated. Based on
the results of sub-watershed prioritization based on surface coverage, sub-watersheds3, 2 and 1 with the
lowest scores (0.234, 0.221, and 0.164) have the most susceptibility to soil erosion and must be taken up for
implementation of soil and water conservation measures. In order to evaluate the model, we compared it with
TOPSIS, VIKOR and SAW methods using the percentage of changes and intensity of changes. According to
the validation results, COPRAS method based on morphological components with percentage and intensity
of changes (60.61 and 6.73), and based on the land surface cover factor with the percentage and intensity of
changes (62.30 and 6.31)) has more efficiency and accuracy than the TOPSIS, VIKOR and SAW methods.
Recommended operations include flood control measures such as construction of controlling dams, land use
change, the cultivation of plants protects the soil and controls the grazing of animals.

Keywords: Erodibility, Prioritization, Land cover, Morphometricc COPRAS model, Lavasanat

watershed.
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