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Table 1- Parameters related to the morphology of the watershed.

Unit Code  Parameter No Unit Code Parameter No
Km’ S0-2 The slope area is 0-2% 25 Km® A Area 1
Km® S2-5 The slope area is 2-5% 26 km P Perimeter 2
Km’ S5-8  The slope area is 5-8% 27 km  Le  Basin length 3
Km’ S8-12  The slope area is 8-12% 28 - FF Horton coefficient 4
2 '
Km S12-20  The slope area is 12-20% 29 . cg Oravels 5
coefficient
2 e
Km $20-30  The slope area is 20-30% 30 - Re  Miller's roundness
coefficient
Km’ S30-60  The slope area is 30-60% 31 - Re Slenderness ratio 7
Km® The width of the
S>60  The slope area is more than 60% 32 km Rw  equivalent 8
rectangle
Km® The length of the
As5p  The area of the flat slope direction 33 km Rl equivalent 9
rectangle
2 . :
Km AsSn The area of the north slope in 5 34 km D The dlamgter of a 10
directions coplanar circle
2 .
Km AsSe T.he arca of the cast slope in 5 35 Km?® A3d  Basin surface area 11
directions
2 .
Km' AsSs T_he area of the south slope in 5 36 K v The{ volume of the 12
directions basin
2 . ..
Km AsSw The area of the west slope in 5 37 m Hmin Mlnlmum 13
directions elevation
2 . .
Km AsOn The area of the north slope in 9 38 m Hmax Max1rpum 14
directions elevation
2 .
Km As9ne The area of the northeast slope in 9 39 m Hmea Mean elevation 15
directions
2 . C s
Km As9e The area of the east slope in 9 40 m Hsd Dev1at10n' from 16
directions the elevation
2 .
Km As9se T_he area of the south-cast slope in 9 41 m Hmed Middle elevation 17
directions
2 . .
Km AsOs The area of the south slope in 9 4 m Hran E_levatlon 13
directions difference
2 .
Km As9sw The.: area of the south-west slope in 43 m Hstr  Straight elevation 19
9 directions
2 .
Km Asow  hearea of the west slope in 9 44 %  Smin Minimumslope 21
directions
2 .
Km AsOnw Th? area of the north-west slope in 45 % Smax  Maximum slope 21
9 directions
km 50 The le_ngth of the alignment lines is 46 % Smea  Mean slope 9
50 m in the basin
The length of the alignment lines is o Deviation  from
km 100 100 m in the basin 41 % Ssd the slope 2
km C200 The length of the alignment lines s 48 % Sran  Slope difference 24

200 m in the basin
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Table 2- Experimental methods for estimation time of concentration.

Unit Code Parameter No Unit Code Parameter No
hr Tj Johnston-Cross hr Tke  Kerpich method 1
hr  Tkar Carter hr Tw  Williams method 2
hr Te  Spy hr Tc  Chow method 3
hr Tsc  SCS empirical relation hr  Tkal California 4
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Table 3- Parameters related to the watershed flow network.

Unit Code  Parameter No Unit Code Parameter No
m  Shmim The starting elevation of the main stream 5 - So  Main stream category 1
m Shmax  The elevation of the end of the main stream 6 km Sls  Total length of stream 2
% Shnet  The elevation of the end of the main stream 7 km.km? Sd Stream density 3
% Shgro  The gross slope of the main stream 8 km Slm  The length of the main stream 4
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Table 4- Climatic parameters studied with their codes.

Unit  Code Parameter No Unit  Code Parameter No
%  Humea Mean moisture 9 mm  Rmin The least rainfall 1
% Husd Deviation from the moisture standard 10 mm  Rmax The most rainfall 2
C Tmin The lowest mean temperature 11 mm  Rrang  Rainfall difference 3
C Tmax Maximum mean temperature 12 mm Rmean Rainfall mean 4
C Trang Temperature difference 13 mm Rsd Rainfall deviation 5
C  Tmean Mean temperature 14 %  Humin The lowest moisture 6
C Tsd deviation from the temperature standard 15 %  Humax Maximum moisture 7

%  Hurang Moisture difference 8
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Table 5- Fractal parameters of the watershed.

Unit Code Parameter No Unit Code Parameter No
- FC100 Fractal lines of 100 m 4 - Fa Fractal basin area
- FC200 Fractal lines of 200 m 5 - Fp  Fractal of the basin perimeter 2
- Fst Fractal stream network 6 - FC50 Fractal lines of 50 m 3
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Table 6- Parameters related to watershed runoff.

Unit Code Parameter No Unit Code Parameter No
m’s  P2Mean  Maximum discharge of 2 years 6 m’s  P2MAX  Maximum discharge of 2 years 1
m’s Pl10Mean Maximum discharge of 10 years 7 m’s PIOMAX  Maximum discharge of 10 years 2
m’.s P25Mean  Maximum discharge of 25 years 8 m’s P25MAX  Maximum discharge of 25 years 3
m’.s P50Mean  Maximum discharge of 25 years 9 m’s P50MAX  Maximum discharge of 25 years 4
m’.s P100Mean Maximum discharge of 100 years 10 m’s PIOOMAX Maximum discharge of 100 years 5
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Table 7- Parameters related to sedimentation of watersheds.

Unit Code Parameter I;I Unit Code Parameter I;I
;on.da S2Mean Maximum sediment of 2 years 6 ;on.da S2MAX Maximum sediment of 2 years 1
;on.da S10Mean  Maximum sediment of 10 years 7 ;on.da SIOMAX  Maximum sediment of 10 years 2
;on.da S25Mean  Maximum sediment of 25 years 8 ;on.da S25MAX  Maximum sediment of 25 years 3
;on.da S50Mean  Maximum sediment of 50 years 9 ;on.da S50MAX  Maximum sediment of 50 years 4
ton.da S100Mea Maximum sediment of 100 10 ton.da SI00MA  Maximum sediment of 100 5
y n years y X years
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Table 8- Statistical summary of the parameters of the studied watersheds.

Deviation Deviation
Skewness  Kurtosis from the Max Min Average  Parameters Skewness  Kurtosis from the Max Min Average  Parameters
standard standard

512 28.04 525.3 3353.8 0 170.6 S0-2 3.64 16.76 2545.6 16771.4 16.9 1407.3 A
4.79 27.99 515.7 3730 0 2149 S2-5 1.79 3.67 203.2 1065.2 23.6 213.8 P
4.47 27.27 299.9 2230 0 148.9 S5-8 2.08 5.86 46.5 273.2 7 50.3 Le
4.16 23.02 279.2 1990 0.1 145.7 S8-12 0.06 -0.21 0.1 0.61 0.12 0.35 FF
3.47 13.97 381.5 2290 0.5 209.5 S12-20 0.86 0.81 0.29 2.94 1.47 1.98 Cg
3.09 10.28 327.4 1740 1.4 188.7 S20-30 0.15 -0.5 0.07 0.46 0.11 0.27 Re
2.73 7.34 457.2 2180 2.3 275.3 S30-60 -0.39 0.06 0.1 0.88 0.39 0.66 Re
38 16.75 110.5 710.5 0 53.6 S>60 1.7 3.28 6.77 33.89 1.58 8.53 Rw
4.77 26.8 1305.9 9151.4 03 5353 As5p 1.82 3.79 94.71 494.96 10.02 97.62 Rl
297 9.33 395.1 2000 0.1 231.6 As5n 3.64 16.76 1621.4 10682.4 10.8 896.3 D
35 15.33 3247 2100 6.1 192.2 AsSe 4 20.93 2440.5 17043.7 18.4 13473 A3d
2.85 8.79 404.1 2180 4.1 244.8 AsSs 3.74 16.38 2450.1 15666.7 11.1 1152.8 A%
2.83 8.62 337 1740 3 203.3 AsS5w -0.92 -0.02 523.4 2245 31 1336.3 Hmin
2.89 8.69 197.8 987 (] 116.2 As9n 0.3 0.96 638.2 5594 1914 3286.8 Hmax
3.26 11.62 228.2 1220 0.2 129.2 As9ne -0.39 -0.07 493.8 3267.2 755.3 2063.1 Hmea
3.85 19.32 155.5 1071.6 29 90.6 As9e 0.2 03 133.6 739 81 364 Hsd
2.92 10.02 141.8 829.9 22 88.7 As9se -0.42 0.04 512.2 3278 648 2026.6 Hmed
2.75 7.98 200.9 1060 1.6 1232 As9s 1.2 436 709.6 5230 527 1950.4 Hran
3.18 11.58 246.3 1440 0.4 139.7 As9sw -0.59 -0.14 463.4 3295.5 1135 2311.6 Hstr
2.82 8.72 157.9 850.7 0.7 96 AsOw 4.21 22.16 0.8 57 0 0.4 Smin
3.05 10.44 150.3 834.4 0.2 88.9 AsInw 1.86 6.12 53.2 381.7 51.8 1315 Smax
2.72 7.4 9524.8 45490.8 175.9 5827.3 C50 0.3 -111 12.9 52.7 7.5 27.6 Smea
2.72 7.37 4763.6 22752.2 86.1 2916.8 C100 -0.2 0.09 35 243 7.7 15.8 Ssd
2.72 7.41 2382.6 11389.5 42.7 1463.6 C200 9.27 86 439547.9 4076331 51.6 47528.8 Sran
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Table 9- Pearson correlation coefficient between physical parameters.
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Log

Log

Log

Log

Log

Log

Log

Log

Log

. Lo
Hstr  Hran  Hmed ™9 Hmea Hmax min vg Ald D RIL Rw Re Re Cg FF  Le P A Parameters
095 098 1 098 0098 098 099 I [ Loga
094 097 099 1 0.94 - 0.66 0.99 1 0.99
0.66 LogP
093 096 098 099 093 - 0.68 1 099 098
0.68 Log Le
1 068 -068 1 Log FF
0.67 - -1 1 - 068 066
0.68 0.68 Log Ce
- 068 1 -1 068 - -0.66
0.67 0.68 Log Re
1 068 -068 1 Log Re
093 097 098 094 1 093 094 098 | LogRw
093 097 098 1 0.94 - 0.67 0.99 1 0.98
0.67 LogRI
095 098 1 098 098 098  0.99 1 | LogD
094 1 098 097 097 096 0978 098 | LogA3d
1 094 095 093 093 093 0942 095 | LogV
0.73 0.74 0.76 1 Hmin
0.83 0.684  0.65 0.68 1 Log Hmax
0.92 0.99 1 0.68 0.76 Log Hmea
0.85 1 Hsd
0.89 1 099 065 074 Log Hmed
1 0.85 0.68 Log Hran
1 0.89 092 083 073 Log Hstr
0.7 - - - - 0.7 - )
071 069 065 0.72 0.71 | LogSmin
0.7 0.66 Log Smax
0.61 -0.6 -0.6 -0.6 -0.6 Log Smea
0.64 0.68 Log Ssd
0.72 -
0.64 Sran
078 09 091 091 088 09 091 091 | LogS0-2
079 091 092 092 089 091 092 092 | LogS2-5
081 091 093 093 09 092 093 093 | LogS5-8
0.84 092 094 094 091 093 094 094 | LogSs-12
0.88 094 095 095 092 094 095 095 | LogSI2-
20
093 094 095 095 092 094 095 095 | LogS20-
30
0.71 094 085 086 086 084 085 086 086 | LogS30-
60
0.84 0.6 0.67 Log S>60
081 092 093 093 091 092 093 093 | LogAsSp
092 092 093 092 091 092 093 093 | LogAs5n
095 095 096 095 093 095 096 096 | LogAs5e
095 094 095 094 093 093 095 095 | LogAsSs
094 095 096 096 094 094 096 096 | LogAsSw
088 088 089 089 087 088 089 089 | LogAson
093 093 094 093 092 093 094 094 | Log
As9ne
094 094 095 095 093 095 095 095 | LogAsde
096 094 095 095 093 094 095 095 | LogAs9se
094 093 095 093 093 092 094 095 | LogAs9s
089 091 092 091 091 089 091 092 | Log
As9sw
092 094 095 094 093 093 095 095 | LogAsow
093 093 094 094 091 093 094 094 | Log
As9nw
098 095 096 095 094 094 095 096 | LogC50
098 095 096 095 094 094 095 096 | LogC100
098 095 096 095 094 094 095 096 | LogC200
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Table 9- Pearson correlation coefficient between physical parameters
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Lo Lo Lo Lo Lo Lo Sran Lo Lo Lo Lo
ASS%V AsSgs AsSi AsSgn AsSgp S>6g0 sg(()) : 532 (()) ) S21 é ) 5182 Sg ) SSZ- S;) ) Ssg Smega Smagx Smign parameters
96 95 96 93 93 86 95 95 94 93 92 91 -0.60 -0.71 | Log A
96 95 96 93 93 86 95 95 94 93 92 91 -0.60 0.71 | LogP
94 93 95 92 92 85 94 94 93 92 91 90 -0.72 | LogLe
94 93 93 91 91 84 92 92 91 90 89 89 -0.65 | LogRw
96 94 95 92 93 86 95 95 94 93 92 91 -0.69 | LogRI
96 95 96 93 93 86 95 95 94 93 92 91 -0.60 -0.71 | LogD
95 94 95 92 92 85 94 94 92 91 91 90 -0.60 -0.70 | Log A3d
94 95 95 92 81 67 94 93 8 84 81 79 78 - 66
0.64 LogV
60 68 61 Hsd
Log Hmed
84 71 - 64 70
072 Log Hran
- -0.74  -0.83 - - - - - - 60 1 .
0.68 072 083 084 085 079 083 Log Smin
61 0.65 84 76 - 64 1
0.92 Log Smax
-0.82 - - - - - 67 1 60
067 076 081 082 080 Log Smea
0.65 - 1 0.67 0.64
0.62 Log Ssd
- -0.83 - 1 - -0.92
0.62 0.73 0.62 Sran
0.83 0.81 0.83 0.81 0.98 065 08 092 095 097 098 1 -0.8 -0.83 | LogS0-2
0.84 0.82 0.85 0.83 0.99 064 087 094 097 0.99 1 0.98 -0.82 -0.79 | LogS2-5
0.85 0.84 0.87 0.86 0.99 0.67 0.9 096  0.99 1 0.99 0.97 -0.81 -0.85 | LogS5-8
0.88 0.87  0.89 0.88 0.97 071 093 098 1 0.99 097 095 -0.76 -0.84 | LogS8-12
092 091 093 092 094 078 097 1 098 096 094 092 -0.67 083 | LogSl2-
20
0.95 0.94 0.95 0.92 0.88 0.87 1 097 093 0.9 0.87 0.86 -0.72 | Log S20-
30
0.89 0.91 0.89 0.88 0.67 0.82 1 087 078 0.71 0.67 0.64 0.65 - 0.76 Log S30-
0.73 60
0.61 0.65 1 0.82 - 0.65 0.84
0.83 Log S>60
0.86 0.84 0.86 0.84 1 067 088 094 097 099 099 098 -0.82 -0.83 | Log As5p
0.9 0.89 0.93 1 0.84 088 092 092 088 0.8 083 0.81 -0.74 | Log As5n
0.94 0.93 1 0.93 0.86 089 095 093 089 0.87 085 0.83 -0.68 | Log AsSe
0.96 1 0.93 0.89 0.84 0.65 091 094 091 0.87 084 0.82 081 - 0.651
0.62 Log As5s
1 0.96 0.94 0.9 0.86 0.61 089 095 092 088 0.85 084 0.83 0.616 Log As5w
0.85 0.85 0.88 0.98 0.81 0.84 0.9 0.9 087 0.84 0.83 0.81 -0.75 | Log As9n
0.9 0.9 0.96 0.95 0.85 087 093 091 088 0.86 0.84 0.83 -0.67 | Log As9ne
0.93 0.92 0.99 091 0.85 088 094 092 088 0.86 084 0.83 -0.67 | Log As9
0.94 0.96 0.97 0.91 0.84 0.9 095 092 0.88 0.85 0.83 0.81 -0.61 | Log As9se
0.94 0.99 0.92 0.89 0.83 0.66 091 0.93 0.9 085 0.83 0.81 0.8 - 0.65
0.63 Log As9s
0.95 0.97 0.87 0.83 0.82 0.62 085 091 088 0.84 082 0.81 0.8 - 0.64 Log
0.62 As9sw
0.99 0.94 0.92 0.88 0.84 087 093 0.9 086 0.84 083 0.82 0.6 Log As9w
0.94 0.9 0.93 0.96 0.84 089 093 092 087 0.85 082 0.81 -0.66 | LogAs9nw
0.96 0.97 0.96 0.92 0.81 0.71 096 094 088 083 0.81 079 0.79 - 0.7
0.68 Log C50
0.96 097 096 0.92 0.81 0.71 096 094 088 083 081 079 079 - 0.7
0.68 Log C100
0.96 097 096 0.92 0.81 0.71 096 094 089 084 081 079 079 - 0.7
Log C200

0.67
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Table 9- Pearson correlation coefficient between physical parameters.
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Log Log Log Log Log Log Log Log Log Log Log
€200  C100 C50  AOnmw  As9w  AsOsw  As9s  As9se  Asde  Asdne  As9n  Porameters
0.96 0.96 0.96 0.94 0.95 0.92 0.95 0.95 0.95 0.94 089 | LogA
0.95 0.95 0.95 0.94 0.95 0.91 0.94 0.95 0.95 0.94 089 | LogP
0.94 0.94 0.94 0.93 0.93 0.89 0.92 0.94 0.95 0.93 0.88 | LogLe
0.94 0.94 0.94 0.91 0.93 0.91 0.93 0.93 0.93 0.92 087 | LogRw
0.95 0.95 0.95 0.94 0.94 091 0.93 0.95 0.95 0.93 0.89 | LogRI
0.96 0.96 0.96 0.94 0.95 0.92 0.95 0.95 0.95 0.94 089 | LogD
0.95 0.95 0.95 0.93 0.94 0.91 0.93 0.94 0.94 0.93 0.88 | LogA3d
0.98 0.98 0.98 0.93 0.92 0.89 0.94 0.96 0.94 0.93 088 | LogV
0.66 061 -067  -067  -075 | LogSmin
0.7 0.7 0.7 0.6 0.64 0.65 Log Smax
067  -0.68  -0.68 062 -0.63 Sran
0.79 0.79 0.79 0.81 0.82 0.8 0.8 0.81 0.83 0.83 0.81 | LogS0-2
0.79 0.79 0.79 0.82 0.83 0.81 0.81 0.83 0.84 0.84 0.83 | Log$S2-5
0.81 0.81 0.81 0.85 0.84 0.82 0.83 0.85 0.86 0.86 0.84 | LogS5-8
0.84 0.83 0.83 0.87 0.86 0.84 0.85 0.88 0.88 0.88 0.87 | Log$s-12
0.89 0.88 0.88 0.92 0.9 0.88 0.9 0.92 0.92 0.91 09 | LogSl2-
20
0.94 0.94 0.94 0.93 0.93 0.91 0.93 0.95 0.94 0.93 0.9 | LogS20-
30
0.96 0.96 0.96 0.89 0.87 0.85 0.91 0.9 0.88 0.87 0.84 | LogS30-
60
0.71 0.71 0.71 0.62 0.66 Log $>60
0.81 0.81 0.81 0.84 0.84 0.82 0.83 0.84 0.85 0.85 0.81 | LogAs5p
0.92 0.92 0.92 0.96 0.88 0.83 0.89 0.91 0.91 0.95 098 | LogAssn
0.96 0.96 0.96 0.93 0.92 0.87 0.92 0.97 0.99 0.96 0.88 | Log Asse
0.97 0.97 0.97 0.9 0.94 0.97 0.99 0.96 0.92 0.9 0.85 | LogAs5s
0.96 0.96 0.96 0.94 0.99 0.95 0.94 0.94 0.93 0.9 0.85 | LogAssw
0.88 0.88 0.88 0.93 0.83 0.79 0.85 0.87 0.87 0.92 1 Log As9n
0.93 0.93 0.93 0.91 0.88 0.85 0.9 0.91 0.95 1 09 | Log AsOne
0.95 0.95 0.95 0.93 0.92 0.85 0.91 0.97 1 0.95 0.87 | LogAs9e
0.96 0.96 0.96 0.93 0.93 0.9 0.95 1 0.97 0.91 0.87 | LogAs9se
0.96 0.96 0.96 0.89 0.93 0.96 1 0.95 0.91 0.9 0.85 | Log As9s
0.92 0.92 0.92 0.84 0.94 1 0.96 0.9 0.85 0.85 0.79 | Log AsOsw
0.95 0.95 0.95 0.93 1 0.94 0.93 0.93 0.92 0.88 083 | LogAsow
0.94 0.94 0.94 1 0.93 0.84 0.89 0.93 0.93 0.91 093 | Log
As9nw
1 1 1 0.94 0.95 0.92 0.96 0.96 0.95 0.93 0.88 | Log(C50
1 1 1 0.94 0.95 0.92 0.96 0.96 0.95 0.93 0.88 | LogC100
1 1 1 0.94 0.95 0.92 0.96 0.96 0.95 0.93 0.88 | Log(C200
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Table 10- Pearson correlation coefficient between physical parameters and flow network.

Log Shgro Log Shnet Log Shmax Log Shmim Log Slm Log Sd Log Sls So parameters
-0.9 -0.8 0.98 1 0.96 Log A
-0.91 -0.8 0.99 0.99 0.95 LogP
-0.91 -0.79 0.99 0.98 0.93 Log Le
-0.62 0.66 LogCg
0.62 -0.66 Log Re
-0.86 -0.78 0.93 0.98 0.95 Log Rw
-0.91 -0.8 0.99 0.99 0.94 Log Rl
-0.9 -0.8 0.98 1 0.96 LogD
-0.88 -0.79 0.96 0.99 0.95 Log A3d
-0.78 -0.63 0.95 0.94 0.91 LogV
1 Hmin

0.83 Log Hmax

0.76 0.76 Log Hmea

0.72 0.75 Log Hmed

0.8 0.73 Log Hstr
0.74 0.72 -0.66 -0.75 -0.65 Log Smin
0.78 0.88 0.64 -0.81 -0.65 -0.6 Log Smea
-0.93 -0.92 0.89 0.69 0.93 0.89 Log S0-2
-0.95 -0.92 0.9 0.69 0.94 0.89 Log S2-5
-0.95 -0.9 0.91 0.68 0.94 0.9 Log S5-8
-0.94 -0.88 0.92 0.64 0.95 0.91 Log S8-12
-0.93 -0.84 0.95 0.96 0.93 Log S12-20
-0.87 -0.74 0.96 0.95 0.92 Log S20-30
-0.65 0.87 0.85 0.82 Log S30-60
-0.95 -0.92 0.91 0.7 0.95 0.91 Log As5p
-0.83 -0.71 0.93 0.92 0.9 Log As5n
-0.85 -0.71 0.96 0.95 0.91 Log As5e
-0.82 -0.68 0.94 0.95 0.91 Log As5s
-0.84 -0.7 0.95 0.96 0.94 Log As5w
-0.8 -0.7 0.89 0.89 0.86 Log As9n
-0.85 -0.71 0.93 0.93 0.9 Log As9ne
-0.85 -0.7 0.95 0.95 0.91 Log As9e
-0.83 -0.69 0.96 0.95 0.9 Log As9se
-0.81 -0.67 0.93 0.94 0.9 Log As9s
-0.81 -0.68 0.9 0.92 0.89 Log As9sw
-0.83 -0.69 0.93 0.94 0.93 Log As9w
-0.82 -0.7 0.94 0.93 0.91 Log As9nw
-0.79 -0.63 0.95 0.95 0.91 Log C50
-0.79 -0.63 0.95 0.95 0.91 Log C100
-0.79 -0.64 0.95 0.95 0.91 Log C200
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Table 11- Pearson correlation coefficient between parameters (physical and flow network) and time of concentration.

Log Tsc Log Te Log Tkar Log Tj Log Tkal Log Tc Log Tw Log Tke Log Fst parameters
0.97 0.97 0.97 0.95 0.97 0.97 0.8 0.97 0.94 Log A
0.98 0.98 0.98 0.96 0.98 0.98 0.82 0.98 0.92 LogP
0.98 0.98 0.98 0.95 0.98 0.98 0.82 0.98 0.91 LogLe
0.66 0.64 0.64 0.62 0.66 0.66 0.61 0.66 Log Cg
-0.66 -0.64 -0.64 -0.62 -0.66 -0.66 -0.61 -0.66 Log Re
0.92 0.93 0.93 0.92 0.92 0.92 0.75 0.92 0.94 Log Rw
0.98 0.98 0.98 0.96 0.98 0.98 0.83 0.98 0.92 LogRI
0.97 0.97 0.97 0.95 0.97 0.97 0.8 0.97 0.94 LogD
0.95 0.96 0.96 0.94 0.95 0.95 0.79 0.95 0.93 Log A3d
091 0.9 0.9 0.86 091 0.91 0.66 091 0.87 LogV
-0.74 -0.74 -0.74 -0.77 -0.74 -0.74 -0.65 -0.74 -0.66 Log Smin
-0.65 -0.68 -0.68 -0.74 -0.65 -0.65 -0.82 -0.65 -0.65 Log Smea
0.92 0.94 0.94 0.96 0.92 0.92 0.9 0.92 0.89 Log S0-2
0.93 0.95 0.95 0.96 0.93 0.93 0.9 0.93 0.9 Log S2-5
0.94 0.95 0.95 0.96 0.94 0.94 0.9 0.94 0.9 Log S5-8
0.95 0.96 0.96 0.96 0.95 0.95 0.88 0.95 0.91 Log S8-12
0.96 0.96 0.96 0.95 0.96 0.96 0.85 0.96 0.91 Log S12-20
0.95 0.94 0.94 0.92 0.95 0.95 0.77 0.95 0.9 Log S20-30
0.81 0.8 0.8 0.74 0.81 0.81 0.81 0.77 Log $30-60
0.94 0.96 0.96 0.97 0.94 0.94 0.9 0.94 0.91 Log As5p
0.91 0.91 0.91 0.88 0.91 0.91 0.73 0.91 0.84 Log As5n
0.94 0.93 0.93 0.9 0.94 0.94 0.74 0.94 0.89 Log AsSe
0.92 091 091 0.88 0.92 0.92 0.7 0.92 0.89 Log As5s
0.93 0.92 0.92 0.89 0.93 0.93 0.72 0.93 0.91 Log As5w
0.88 0.87 0.87 0.85 0.88 0.88 0.72 0.88 0.8 Log As9n
0.92 0.92 0.92 0.89 0.92 0.92 0.73 0.92 0.86 Log As9ne
0.94 0.93 0.93 0.9 0.94 0.94 0.74 0.94 0.89 Log As%¢
0.93 0.93 0.93 0.89 0.93 0.93 0.73 0.93 0.88 Log As9se
0.91 0.9 0.9 0.87 0.91 0.91 0.69 0.91 0.88 Log As9s
0.89 0.88 0.88 0.85 0.89 0.89 0.68 0.89 0.89 Log As9sw
0.92 091 091 0.88 0.92 0.92 0.7 0.92 0.91 Log As9w
0.92 0.92 0.92 0.89 0.92 0.92 0.73 0.92 0.86 Log As9nw
0.92 0.9 0.9 0.86 091 0.91 0.66 091 0.88 Log C50
091 0.9 0.9 0.86 091 0.91 0.66 091 0.88 Log C100
0.92 091 0.91 0.86 0.92 0.92 0.66 0.92 0.88 Log C200
0.92 0.92 0.92 0.91 0.92 0.92 0.76 0.92 0.92 So
0.97 0.97 0.98 0.96 0.97 0.97 0.82 0.97 0.95 Log Sls
0.62 0.66 Log Sd
0.99 0.98 0.98 0.96 0.99 0.99 0.83 0.99 0.9 Log Slm
-0.63 Log Shmax
-0.84 -0.87 -0.88 -0.92 -0.84 -0.84 -0.96 -0.84 -0.79 Log Shnet
-0.96 -0.96 -0.96 -0.97 -0.96 -0.96 -0.94 -0.96 -0.87 Log Shgro
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Table 12- Pearson between parameters (physical, flow network and time of concentration) and climate.

Log Log Log Log Log Log Log Log Log Log Log Log

Tsd Trang Husd Hurang Rsd Rrang parameters Tsd Trang Husd Hurang Rsd Rrang parameters
0.61 0.64 0.67 Log As9ne 0.63 0.65 0.63 0.66 0.64 0.67 Log A
0.61 0.62 0.61 0.63 0.66 Log As9e 0.63 0.64 0.61 0.64 0.66 0.68 Log P
0.64 0.65 0.65 0.68 0.64 0.66 Log As9se 0.62 0.63 0.62 0.63 0.66 Log Le
0.71 0.72 0.70 0.73 0.70 0.72 Log As9s 0.61 0.63 0.64 0.67 0.61 0.64 Log Rw
0.72 0.74 0.69 0.71 0.69 0.71 Log As9sw 0.63 0.64 0.60 0.63 0.66 0.68 LogRI
0.66 0.68 0.63 0.66 0.68 0.70 Log As9w 0.63 0.65 0.63 0.66 0.64 0.67 LogD
0.61 0.62 0.64 Log As9nw 0.62 0.64 0.63 0.65 0.64 0.67 Log A3d
0.70 0.72 0.67 0.70 0.70 0.72 Log C50 0.65 0.67 0.67 0.70 0.65 0.67 LogV
0.70 0.72 0.67 0.70 0.70 0.72 Log C100 0.65 0.65 0.61 0.62 Log Smax
0.71 0.72 0.67 0.70 0.70 0.72 Log C200 0.60 -0.62 Sran
0.60 0.62 0.60 0.63 0.60 0.63 So 0.62 Log S12-20
0.61 0.63 0.62 0.65 0.63 0.65 Log Sls 0.61 0.62 0.62 0.65 0.65 0.67 Log S20-30
0.62 0.63 0.61 0.64 0.63 0.65 Log Slm 0.70 0.70 0.62 0.65 0.68 0.70 Log S30-60
0.60 0.61 0.63 Log Tke 0.62 0.62 Log S>60
0.60 0.61 0.63 Log Tc 0.61 0.63 Log As5n
0.60 0.61 0.63 Log Tkal 0.63 0.64 0.60 0.63 0.65 0.67 Log As5e
0.60 0.61 Log Tkar 0.71 0.72 0.70 0.72 0.70 0.72 Log As5s
0.60 0.61 Log Te 0.67 0.69 0.64 0.67 0.68 0.71 Log As5w
0.61 0.61 0.63 Log Tsc
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Table 13- Pearson correlation coefficient between parameters (physical, flow network, time of concentration, climate) and
fractal dimension.

Log Fst Log FC200 Log FC100 Log FC50 parameters Log Fst Log FC200 Log FC100 Log FC50 parameters
0.89 0.79 0.78 0.68 Log As9e 0.94 0.77 0.75 0.65 Log A
0.88 0.82 0.81 0.73 Log As9se 0.92 0.76 0.73 0.63 Log P
0.88 0.84 0.83 0.76 Log As9s 0.91 0.75 0.71 0.6 Log Le
0.89 0.78 0.79 0.71 Log As9sw 0.94 0.77 0.75 0.67 Log Rw
0.91 0.8 0.8 0.7 Log AsOw 0.92 0.76 0.72 0.62 LogRI
0.86 0.8 0.77 0.69 Log As9nw 0.94 0.77 0.75 0.65 LogD
0.88 0.89 0.89 0.8 Log C50 0.93 0.76 0.74 0.65 Log A3d
0.88 0.89 0.89 0.8 Log C100 0.87 0.86 0.85 0.78 LogV
0.88 0.89 0.88 0.8 Log C200 0.75 0.78 0.78 Log Hran
0.92 0.72 0.71 0.62 So -0.66 Log Smin
0.95 0.74 0.71 0.61 Log Sls 0.73 0.8 0.74 Log Smax
0.9 0.76 0.74 0.64 Log Slm -0.65 Log Smea
-0.79 Log Shnet Log Ssd
-0.87 Log Shgro -0.71 -0.79 -0.74 Sran
0.91 0.69 0.66 Log Tke 0.89 Log S0-2
0.77 Log Tw 0.9 Log S2-5
0.91 0.69 0.66 Log Tc 0.9 Log S5-8
0.91 0.7 0.66 Log Tkal 0.91 Log S8-12
0.91 0.62 Log Tj 0.91 0.67 0.64 Log S12-20
0.91 0.68 0.64 Log Tkar 0.9 0.78 0.77 0.67 Log S20-30
0.91 0.68 0.64 Log Te 0.77 0.91 0.93 0.86 Log $30-60
0.91 0.7 0.66 Log Tsc 0.82 0.86 0.83 Log $>60
0.74 0.67 0.64 Log Rrang 0.91 Log As5p
0.73 0.66 0.63 Log Rsd 0.84 0.78 0.76 0.69 Log As5n
0.72 0.66 0.66 Log Hurang 0.89 0.8 0.79 0.69 Log As5e
0.7 0.63 0.64 Log Husd 0.89 0.83 0.83 0.76 Log As5s
0.74 0.71 0.67 Log Trang 0.91 0.82 0.81 0.71 Log As5w
0.73 0.71 0.67 Log Tsd 0.8 0.73 0.72 0.65 Log As9n
0.86 0.78 0.77 0.69 Log As9ne
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Table 14- Pearson correlation coefficient between parameters and discharge with different return periods.

Log P100 Log P50 Log P25 LogP10  LogP2 Log P100 Log P50 Log P25 Log P10 Log P2 parameters
Mean Mean Mean Mean Mean MAX MAX MAX MAX MAX
0.73 0.71 0.69 0.66 0.78 0.8 0.81 0.81 0.75 Log A
0.73 0.71 0.69 0.66 0.78 0.8 0.81 0.81 0.75 Log P
0.71 0.69 0.67 0.65 0.78 0.79 0.8 0.8 0.74 Log Le
0.71 0.69 0.67 0.64 0.76 0.78 0.79 0.79 0.73 Log Rw
0.72 0.71 0.69 0.66 0.78 0.8 0.81 0.8 0.75 Log Rl
0.73 0.71 0.69 0.66 0.78 0.8 0.81 0.81 0.75 Log D
0.72 0.7 0.68 0.65 0.77 0.79 0.8 0.79 0.73 Log A3d
0.77 0.75 0.74 0.71 0.65 0.77 0.8 0.81 0.81 0.77 LogV
0.61 0.61 0.61 0.61 0.62 Log Hran
0.74 0.74 0.73 0.73 0.72 0.6 0.63 0.67 0.72 Log Smax
-0.71 -0.71 -0.7 -0.69 -0.67 -0.6 -0.63 -0.65 -0.67 Sran
0.69 0.7 0.7 0.68 0.6 Log S0-2
0.69 0.69 0.69 0.68 0.6 Log S2-5
0.71 0.72 0.72 0.7 0.61 Log S5-8
0.73 0.74 0.74 0.72 0.63 Log S8-12
0.76 0.78 0.78 0.77 0.69 Log S12-20
0.64 0.63 0.61 0.66 0.61 0.79 0.81 0.82 0.82 0.76 Log S20-30
0.72 0.71 0.69 0.78 0.75 0.74 0.77 0.79 0.81 0.8 Log S30-60
0.82 0.81 0.8 0.67 0.67 0.63 Log S>60
0.68 0.68 0.67 0.7 0.71 0.71 0.69 0.61 Log As5p
0.73 0.72 0.7 0.68 0.62 0.76 0.78 0.78 0.78 0.73 Log As5n
0.73 0.72 0.7 0.68 0.62 0.75 0.77 0.79 0.79 0.75 Log As5e
0.78 0.76 0.74 0.72 0.66 0.79 0.82 0.83 0.84 0.8 Log As5s
0.76 0.74 0.72 0.7 0.64 0.79 0.81 0.83 0.83 0.79 Log As5w
0.7 0.69 0.67 0.65 0.72 0.74 0.75 0.74 0.68 Log As9n
0.75 0.74 0.72 0.7 0.64 0.75 0.78 0.79 0.8 0.76 Log As9ne
0.72 0.7 0.68 0.66 0.6 0.73 0.76 0.77 0.78 0.74 Log As9e
0.73 0.72 0.7 0.67 0.62 0.76 0.78 0.79 0.79 0.74 Log As9se
0.78 0.76 0.74 0.72 0.66 0.79 0.81 0.82 0.83 0.79 Log As9s
0.75 0.74 0.72 0.69 0.63 0.79 0.81 0.83 0.83 0.79 Log As9sw
0.75 0.73 0.71 0.68 0.62 0.77 0.8 0.81 0.82 0.78 Log As9w
0.71 0.7 0.68 0.66 0.6 0.75 0.77 0.78 0.77 0.72 Log As9nw
0.81 0.8 0.78 0.76 0.71 0.78 0.81 0.83 0.84 0.82 Log C50
0.81 0.8 0.78 0.76 0.71 0.78 0.81 0.83 0.84 0.82 Log C100
0.81 0.8 0.78 0.76 0.71 0.79 0.81 0.83 0.84 0.82 Log C200
0.67 0.65 0.63 0.6 0.74 0.76 0.77 0.77 0.71 So
0.7 0.68 0.66 0.63 0.77 0.79 0.8 0.8 0.73 Log Sls
0.71 0.69 0.67 0.65 0.79 0.8 0.81 0.8 0.74 Log Slm
-0.69 -0.7 -0.7 -0.69 -0.61 Log Shgro
0.74 0.74 0.74 0.74 0.74 0.64 0.66 0.68 0.7 0.72 Log FC50
0.79 0.79 0.78 0.77 0.76 0.67 0.7 0.73 0.75 0.77 Log FC100
0.82 0.81 0.81 0.8 0.78 0.73 0.76 0.79 0.81 0.81 Log FC200
0.62 0.6 0.7 0.72 0.72 0.72 0.67 Log Fst
0.67 0.65 0.63 0.6 0.77 0.78 0.79 0.78 0.71 Log Tke
0.67 0.65 0.63 0.6 0.77 0.78 0.79 0.78 0.71 Log Tc
0.67 0.65 0.63 0.6 0.77 0.78 0.79 0.78 0.71 Log Tkal
0.72 0.73 0.73 0.71 0.62 Log Tj
0.64 0.62 0.75 0.76 0.77 0.75 0.67 Log Tkar
0.64 0.62 0.75 0.76 0.77 0.75 0.67 Log Te
0.67 0.65 0.63 0.6 0.77 0.78 0.79 0.78 0.71 Log Tsc
Log P100 Log P50 Log P25 LogP10  LogP2 Log P100 Log P50 Log P25 Log P10 Log P2 parameters
Mean Mean Mean Mean Mean MAX MAX MAX MAX MAX
0.75 0.76 0.76 0.78 0.79 0.61 0.71 Log Rmax
0.84 0.84 0.84 0.83 0.82 0.68 0.72 0.74 0.77 0.8 Log Rrang
0.6 0.61 0.62 0.64 0.67 Log RMean
0.83 0.83 0.83 0.82 0.81 0.67 0.7 0.73 0.76 0.79 Log Rsd
0.61 0.6 0.62 0.63 0.64 0.64 0.62 Log Hurang
0.61 0.61 0.61 0.6 Log Husd
0.76 0.76 0.76 0.76 0.74 0.64 0.67 0.71 0.78 Log Trang
0.76 0.76 0.76 0.76 0.74 0.63 0.67 0.71 0.77 Log Tsd
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Table 15- Pearson correlation coefficient between parameters and discharge with different return periods.

Log S100 Log S50 Log S25 Log S10 Log S2 Log S100 Log S50 Log S25 Log S10 Log S2
Mean Mean Mean Mean Mean MAX MAX MAX MAX MAX parameters
0.84 0.84 0.83 0.81 0.74 0.61 0.66 0.69 0.74 0.8 Log A
0.84 0.83 0.82 0.8 0.73 0.61 0.65 0.69 0.73 0.79 Log P
0.83 0.83 0.82 0.8 0.73 0.61 0.65 0.69 0.73 0.79 LogLe
0.83 0.83 0.82 0.8 0.72 0.61 0.65 0.68 0.73 0.78 Log Rw
0.83 0.83 0.82 0.8 0.73 0.61 0.65 0.68 0.72 0.79 Log Rl
0.84 0.84 0.83 0.81 0.74 0.61 0.66 0.69 0.74 0.8 Log D
0.84 0.84 0.83 0.8 0.72 0.61 0.65 0.69 0.73 0.78 Log A3d
0.86 0.86 0.86 0.85 0.78 0.63 0.67 0.7 0.75 0.81 LogV
-0.62 -0.65 -0.67 Hmin
0.61 0.62 0.64 0.63 Log Smax
-0.61 Sran
0.67 0.66 0.65 0.62 0.61 0.64 Log S0-2
0.69 0.68 0.67 0.64 0.62 0.65 Log S2-5
0.73 0.72 0.71 0.68 0.62 0.66 0.69 Log S5-8
0.76 0.76 0.74 0.72 0.64 0.62 0.65 0.69 0.72 Log S8-12
0.81 0.81 0.8 0.78 0.71 0.64 0.68 0.72 0.77 Log $12-20
0.86 0.86 0.85 0.84 0.78 0.6 0.65 0.69 0.74 0.82 Log $20-30
0.84 0.85 0.86 0.85 0.82 0.63 0.67 0.72 0.8 Log $30-60
0.71 0.71 0.69 0.66 0.61 0.64 0.68 Log As5p
0.83 0.84 0.83 0.82 0.77 0.62 0.66 0.69 0.73 0.78 Log As5n
0.85 0.85 0.85 0.83 0.77 0.64 0.68 0.73 0.8 Log AsSe
0.84 0.84 0.83 0.82 0.76 0.63 0.67 0.72 0.8 Log As5s
0.86 0.86 0.85 0.84 0.79 0.63 0.68 0.73 0.81 Log As5w
0.8 0.8 0.8 0.79 0.73 0.6 0.64 0.67 0.7 0.74 Log As9n
0.82 0.83 0.82 0.81 0.75 0.64 0.68 0.72 0.79 Log As9ne
0.84 0.84 0.84 0.82 0.77 0.63 0.67 0.72 0.79 Log As9e
0.85 0.85 0.84 0.83 0.78 0.63 0.67 0.72 0.79 Log As9se
0.82 0.83 0.82 0.81 0.75 0.62 0.66 0.7 0.78 Log As9s
0.81 0.81 0.8 0.79 0.73 0.61 0.65 0.7 0.78 Log As9sw
0.84 0.84 0.84 0.83 0.77 0.61 0.66 0.71 0.8 Log As9w
0.85 0.85 0.85 0.84 0.78 0.63 0.67 0.71 0.78 Log As9nw
0.86 0.87 0.87 0.86 0.8 0.6 0.64 0.69 0.73 0.82 Log C50
0.86 0.87 0.87 0.86 0.8 0.6 0.64 0.69 0.73 0.82 Log C100
0.86 0.87 0.87 0.86 0.8 0.6 0.64 0.69 0.73 0.82 Log €200
0.82 0.82 0.82 0.8 0.73 0.62 0.66 0.71 0.78 So
0.83 0.83 0.82 0.79 0.71 0.61 0.65 0.69 0.73 0.78 Log Sls
0.83 0.83 0.82 0.8 0.74 0.63 0.66 0.7 0.74 0.8 Log Slm
-0.61 -0.64 -0.67 Log Shmim
-0.68 -0.68 -0.66 -0.64 -0.62 -0.66 Log Shgro
0.66 0.67 0.69 0.71 0.72 0.64 Log FC50
0.75 0.76 0.77 0.79 0.78 0.61 0.71 Log FC100
0.73 0.74 0.75 0.77 0.76 0.63 0.71 Log FC200
Log S100 Log S50 Log S25 Log S10 Log S2 Log S100 Log S50 Log S25 Log S10 Log S2
Mean Mean Mean Mcan Mean MAX MAX MAX MAX MAX parameters
0.77 0.77 0.76 0.73 0.65 0.63 0.67 0.74 Log Fst
0.8 0.8 0.78 0.76 0.69 0.6 0.64 0.67 0.71 0.77 Log Tke
0.8 0.79 0.78 0.76 0.69 0.6 0.64 0.67 0.71 0.77 Log Tc
0.8 0.8 0.78 0.76 0.69 0.6 0.64 0.67 0.71 0.77 Log Tkal
0.75 0.75 0.73 0.71 0.62 0.62 0.65 0.68 0.72 Log Tj
0.79 0.79 0.77 0.75 0.67 0.6 0.64 0.68 0.71 0.76 Log Tkar
0.79 0.79 0.77 0.75 0.67 0.6 0.64 0.68 0.71 0.76 Log Te
0.8 0.8 0.78 0.76 0.69 0.6 0.64 0.68 0.71 0.77 Log Tsc
0.61 0.64 0.68 Log Rrang
0.6 0.63 0.67 Log Rsd
0.61 0.6 Log Hurang
0.61 0.63 0.66 0.66 Log Trang
0.6 0.63 0.66 0.66 Log Tsd
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Extended Abstract

Introduction and Goal

Understanding the role and influencing factors of soil erosion is crucial for effective management and
recognition of erodible land areas. Watershed management is one of the most sensitive and complex
types of resource and production management. The fractal dimension can be used to examine the
complexity of data and simplify complex natural phenomena. This tool enables generating fractal
patterns to assess the morphological behavior and power of watersheds. This research focused on the
connection and interplay between the morphological characteristics of the watershed and the fractal
dimension in the creation of runoff and sediment.

Materials and Methods

In this research, the necessary data were obtained from the statistics of the country in the water
measuring and observation stations of the watershed. The base maps were utilized to determine the
watershed characteristics. The calculation of the fractal characteristics was done in Fractalyse 2.4
software by utilizing the box counting method. The factor analysis method was used to identify 85
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features related to watershed. In this research, for further analysis, the size of annual runoff and
sediment was investigated using different return periods. Therefore, 5 different scenarios were
considered based on the homogeneity of the watershed, climatic characteristics, physical and
morphological characteristics of the watershed, physical and climatic characteristics simultaneously,
and fractal characteristics of the watershed. The correlation between estimated irrigation and
sediment size (with different return periods) and different morphological features was also carried
out.

Results and Discussion

The results of the factor analysis technique showed that among the 85 parameters related to the
watershed, 18 are the effective parameters of the area, the slope area is §-12 and 12-20%, the area
of the east slope in 9 directions, the length of the 100-m level lines in the watershed, the total
length of the stream , the concentration time base Kirpich method, elevation difference, fractal of
200-m level lines, deviation from the moisture standard, temperature difference, average slope, net
slope of the main stream, average temperature, average moisture, average precipitation, elongation
coefficient and fractal of the basin environment. Also, the fractal dimension of the 200-m
horizontal lines and the fractal dimension of the watershed environment were able to significantly
explaintheoverall changesindischargeand sedimentation. Thisfindingexplained well therole of fractal
characteristics in the relationship between irrigation and sedimentation.

Conclusions and Suggestion

Based on the results of this research, it was found that almost all the effective factors in
estimating discharge and sedimentation in large watersheds are summarized in the area and fractal of the
watershed environment, and these two features justify the most changes in discharge and
sedimentation. Therefore, with the reduction of the area of watersheds, the role of other factors such
as the direction of the slope, the net slope of the waterway, etc., is more evident in explaining the
changes, and it can be said that dividing large watersheds into smaller watersheds is the best measure
to control the erosion and runoff of watersheds. Implementing watershed management measures in
these small sub-watersheds is the next step. The reduction of watershed area in most relationships
is sufficient to justify up to 70% of sediment changes. This research findings should be utilized by
users and beneficiaries to implement watershed development and management programs.
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