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Abstract

This study investigated the zoning of Sub-Watersheds (SWSs) in
Talegan Watershed in Alborz Province regarding Sediment
Generation Potential (SGP) using the Multi-Criteria Decision-Making
(MCDM)-based Best-Worst Method (BWM). The BWM approach
was employed to prioritize the SWs. To this end, Principal Component
Analysis (PCA) assisted in identifying the criteria conditioning SGP
and after quantifying these criteria, a decision network was created
considering their impacts. Subsequently, SGP was classified into five
different categories using ArcGIS 10.8 software. The MCDM method
was validated using observed sediment data from 18-gauge stations in
the outlet of SWs. The results indicated that SW6 was identified as a
critical area from the viewpoint of SGP, with northern SWs generally
demonstrating a higher potential for sediment generation than southern
SWs. The prioritization of SWs revealed that the BWM approach had
33.33% number-wise similarity with that obtained based on observed
data. Notably, the percentage of similarity between the BWM
approach and observed data in SGP classification was approximately
50% in the low and very low categories. The independent samples t-
test showed that the MCDM approach had insignificant differences
with the observed data in prioritizing SGP. Moreover, the BWM
approach displayed a high correlation with criteria such as time of
concentration and bifurcation ratio with respective correlation values
of 0.81 and 0.70. The findings underscored the significance of
employing various MCDM approaches while considering observed
data in sediment yield-related analyses. Thus, a comprehensive and
integrated approach at the SW scale is emphasized to enhance
sediment management and water resource management.
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Fig. 1- Geographical location of the Taleqan Watershed area, Alborz Province, Iran
5291 sl QW sl il 5 (59088 Capnbyo =) JS5

Table 1- Characteristics of the river gauge stations in each sub-watershed of the Taleqan Watershed, Alborz Province, Iran
51 Sbw! (W usul Gasul 5 s 43 (ol (Lol Glaswin -Y Jois

Sub-watershed Station X (m) Y (m) Area (Km?) Elevation (m)
1 Hasanjoon 50.76 36.17 94.7 1800
2 Shahrak 50.79 36.18 37.12 1820
3 Karkabood 50.85 36.18 29.04 1900
4 Khoien 50.87 36.18 27.48 1920
5 Jovestan 50.89 36.17 65.69 1940
6 Mehran 50.91 36.18 102.17 1960
7 Narian 50.99 36.18 61.69 2120
8 Dehdat 51.04 36.18 48.23 2235
9 Garab 51.07 36.17 56.61 2300
10 Gatedeh 51.07 36.17 24.77 2308
11 Sikan 51.01 36.18 12.55 2165
12 Mashino 50.98 36.18 26.48 2120
13 Khajireh 50.93 36.17 28.12 2020
14 Nesa 50.87 36.18 16.97 1980
15 Orazan 50.85 36.18 26.72 1900
16 Khodkavand 50.77 36.18 21.23 1879
17 Jazan 50.79 36.17 27.1 1840
18 Minavand 50.73 36.16 14.65 1800
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Table 2- Quantitative values of the parameters affecting sediment generation in Talegan Watershed, Alborz
Province, Iran

320 bl (W 350l 13 Gy g8 2 550 S kae (oS prdlie Y Jouo
Sub-watershed

Criteria

1 2 3 4 5 6 7 8 9
El 2709.50 2730.00 2775.70 2800.00 2839.20 2899.10 2880.80 2828.30 3000.80
PrC 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PIC 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pmax 259.50 269.40 27690 320.60 363.40 332.80 284.10 252.90 214.60
Dd 2.00 2.90 3.00 3.40 2.80 2.70 2.40 1.90 1.50
Emin 1787.00 1805.00 1893.00 1900.00 1940.00 1957.00 2116.00 2250.00 2326.00
Emax 3614.00 3919.00 3878.00 3859.00 4037.00 4001.00 3940.00 3875.00 3915.00
Dmax 24.70 7.30 3.30 19.60 56.80 15.70 6.50 6.10 2.40
Dda 4.00 0.70 0.20 3.00 8.50 2.20 1.80 0.80 1.30
Imper 8.50 6.00 1.50 1.60 2.00 1.40 6.70 5.30 4.90
Tc 1.20 1.00 0.80 0.80 1.30 1.30 1.00 0.80 1.00
TWI 6.50 6.50 6.30 6.30 6.30 6.30 6.20 6.10 6.40
CN 79.20 73.60 75.50 68.60 76.80 74.10 75.30 69.20 66.60
Sms 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10
Sl 45.00 47.30 50.90 48.50 51.10 49.10 52.60 52.30 45.80
FF 0.20 0.10 0.10 0.10 0.10 0.20 0.30 0.30 0.30
CcC 1.50 1.80 1.80 1.80 1.70 1.50 1.50 1.40 1.40
Lms 20.30 18.70 14.90 15.30 22.20 21.90 14.80 12.80 14.80
L 188.90 109.00 88.10 94.20 18520 278.30  149.60 89.70 82.00
Erl 22.80 18.70 16.20 15.80 22.50 25.00 19.60 15.30 15.90
Ww 5.60 2.50 2.30 2.20 3.60 5.40 4.40 5.00 4.50
Werl 6.00 3.30 2.90 2.90 4.60 6.00 4.70 4.40 4.90
Cd 11.00 6.90 6.10 5.90 9.10 11.40 8.90 7.80 8.50
Fa 621.60 199.90 17490 17040 102.10 297.30 131.50 82.60 425.40
P 57.30 39.90 34.30 36.30 56.20 65.00 49.80 41.50 47.60
Ra 4301.20 2513.70 174750 1368.40 2141.60 3407.30 172190 265240 5356.40
A 91.10 36.50 25.50 29.60 70.20 97.90 57.90 47.50 57.90
Br 3.40 2.60 4.80 3.50 6.80 3.90 2.80 4.70 3.80
Er 0.50 0.40 0.40 0.40 0.40 0.50 0.50 0.50 0.50
Mr 0.50 0.30 0.30 0.30 0.40 0.40 0.40 0.50 0.50

&las,l) Emax «(m :aeS glas,l) Emin o iSa; o51,5) D omm :¥lo o)L ,iSlas) Pmax o M slsdl) PIC o Juds p (slzal) PrC (m :glas)l) El smmsgs
(BS99 cagby (asls) TWI (cels 8 505 oloj) TC o(duoyd 3985 JoB il 2 glaw) Imper (3™ :ailjs, o) Dda (3™ iy o3) DMax (M :diin
canl ol S Jgo) L ook Lol el Joo) LMS (55,58 o 52) CC 8 ) FF (o ted) S1 (1o 1ol el sd) SIS i oylad) CN
P Ao 1053558 (gl Clns) FA (e o2l 0s8) CO { Joleo s (12.) Wl {zosk 5] 05 (52) WW ( Jobes s Jgb) EFl o5k

(595 o) M (53088 ) EF oo ) BI (0 2 lae) A (500 550 (51 colas) R iagh thano)

Note: El (Elevation: m), PrC (Profile Curvature), PIC (Plan Curvature), Pmax (Maximum Annual Precipitation: mm), Dd
(Drainage Density), Emin (Minimum Elevation: m), Emax (Maximum Elevation: m), Dmax (Maximum Discharge: m3/s), Dda
(Daily Discharge: m3/s), Imper (Impervious Areas: %), Tc (Concentration Time: hours), TWI (Topographic Wetness Index), CN
(Curve Number), Sms (Main Stream Slope: %), Sl (Slope: %), FF (Form Factor), CC (Compactness Coefficient), Lms (Length of
Main Stream: km), L (Total Stream Length: km), Erl (Equivalent Rectangular Length), Ww (Width of Sub-basin: km), Werl
(Width of Equivalent Rectangle), Cd (Concentric Circle Diameter), Fa (Area of Agricultural Land: hectares), P (Perimeter: km),
Ra (Area of Rangeland: hectares), A (Area: hectares), Br (Branching Ratio), Er (Elongation Ratio), Mr (Circularity Ratio).
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Table 2- Continued

ol =Y Joas
Criteria Sub-watershed
10 11 12 13 14 15 16 17 18
El 3105.50 3049.90 292050 2767.40 2636.90 2501.80 2450.80 2425.80 2189.00
PrC 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
PIC 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Pmax 193.80 196.70  189.00 179.90 175.10 158.60 153.90 144.40 151.20
Dd 2.00 1.80 1.70 1.90 2.50 3.00 2.60 2.90 2.40
Emin 2321.00 2172.00 2114.00 2014.00 1980.00 1892.00 1873.00 1831.00 1818.00
Emax 3941.00 3943.00 3906.00 3571.00 3398.00 3266.00 3261.00 3146.00 2740.00
Dmax 8.30 1.10 2.20 3.00 0.10 6.90 12.20 6.20 1.30
Dda 1.00 0.30 0.80 0.80 0.00 0.70 0.50 0.80 0.10
Imper 0.10 0.00 0.00 0.00 2.00 0.00 2.10 0.00 0.00
Tc 0.50 0.40 0.60 0.60 0.60 0.70 0.70 0.70 0.40
TWI 6.50 6.20 6.20 6.10 6.00 6.50 6.50 6.60 7.00
CN 72.20 68.50 76.20 69.70 77.40 76.70 76.10 73.60 79.20
Sms 0.20 0.20 0.20 0.10 0.10 0.10 0.10 0.10 0.20
Sl 46.50 50.70 57.50 54.70 51.30 41.40 38.60 37.50 25.20
FF 0.50 0.20 0.30 0.30 0.20 0.30 0.20 0.20 0.70
CcC 1.20 1.70 1.30 1.20 1.60 1.30 1.60 1.30 1.40
Lms 6.90 8.70 10.10 9.60 9.20 10.00 10.50 10.60 4.60
L 49.80 22.00 45,10 54.60 41.70 81.30 54.90 77.80 35.10
Erl 7.70 9.80 9.90 8.80 11.20 9.90 12.00 9.80 8.20
Ww 4.10 1.50 3.00 3.90 2.20 3.30 2.30 3.00 2.80
Werl 4.10 2.00 3.60 4.20 2.30 3.60 2.70 3.70 2.50
Cd 5.60 4.00 5.80 6.00 4.60 5.80 5.20 5.90 4.30
Fa 36.30 0.00 0.10 135.00 8.20 266.40 229.90 288.70 1.30
P 28.20 24.70 28.40 28.00 22.10 28.90 25.90 31.20 15.40
Ra 2533.20 1282.80 2450.40 2525.00 194.80 981.50 927.90 2086.80 1118.20
A 25.70 12.80 24.80 30.20 13.70 27.80 19.40 31.10 11.20
Br 2.80 4.00 4.10 410 4.40 410 3.70 3.00 3.60
Er 0.70 0.40 0.60 0.70 0.40 0.60 0.40 0.60 0.50
Mr 0.70 0.40 0.60 0.70 0.40 0.60 0.40 0.60 0.50

S danlye (V) Jgia Jol pise 53 osds &) clbuusgs 4 immded

Note: Please refer to the explanations provided in the first part of Table (2).

Hastings et ) oLk (Sl i 99 Yo Jold (caoglyl
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Table 3- Results of PCA application related to selected parameters in sediment modeling in Taleqan Watershed, Alborz
Province, Iran

3931 il ¢S 5501 )3 rguuy (53 lurdne 53 0 (5B, liro 41 bgy o PCA Caunn 5 gyl Y Jou>

Components Variance (%) Selected criteria R?
1 40.211 Area 0.915
2 19.098 Compressibility Coefficient -0.834
3 11.466 Slope -0.848
4 7.413 Plan curvature 0.818
5 5.662 Farmland area -0.404
6 4.028 Rainfall erosivity -0.414

Table 4- Weighting of sub-watersheds based on sediment generation criteria using BWM, Talegan
Watershed, Alborz Province, Iran

531 Q! QB 5501 BWM 1 odlisan! by ogawy g5 (1, lume wlusl s W5l (23059 —F Jga

SW Criteria
Area| Compressibility Coefficient | Slope | Plan curvature | Farmland area | Erosivity | Score
1 |0.16 0.03 0.01 0.09 0.40 0.02 0.12
2 |0.04 0.01 0.04 0.10 0.04 0.09 0.05
3 10.02 0.01 0.04 0.04 0.04 0.13 0.05
4 10.10 0.01 0.10 0.02 0.03 0.06 0.05
5 1013 0.01 0.05 0.01 0.03 0.16 0.07
6 | 040 0.10 0.03 0.03 0.13 0.05 0.12
7 |0.09 0.04 0.13 0.04 0.04 0.40 0.12
8 | 0.05 0.04 0.09 0.05 0.02 0.04 0.05
9 | 0.06 0.05 0.02 0.01 0.16 0.01 0.05
10 | 0.03 0.40 0.03 0.13 0.01 0.01 0.10
11 | 0.01 0.01 0.04 0.04 0.01 0.01 0.02
12 | 0.01 0.06 0.40 0.40 0.01 0.04
13 | 0.03 0.16 0.16 0.01 0.10 0.03 0.08
14 | 0.01 0.02 0.06 0.01 0.01 0.04 0.03
15 | 0.04 0.09 0.01 0.01 0.06 0.03 0.04
16 | 0.01 0.03 0.01 0.16 0.05 0.01 0.05
17 | 0.04 0.13 0.01 0.06 0.09 0.10 0.07
18 | 0.01 0.04 0.01 0.03 0.01 0.01 0.02

sl 0333 g 035 5 LSLQ)'.:.'P'QT)?.)' 043 i il A e g LﬁT sk 1mded
Note: The blue and green cells represent the winning and losing sub-watersheds, respectively.
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Fig. 2- Spatial distribution of sediment generation in the sub-watersheds based on BWM, Talegan
Watershed, Alborz Province, Iran
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Table 5- Observed daily sediment values at 18 river gauge stations, Taleqgan Watershed, Alborz Province,

Iran
53! bl (B 5u8e] ¢ ool slan] YA 43 dilje, Cgw, (Slualin pdlie -0 Jous

Sub-watershed Station Sediment (Ton Day™?)
1 Hasanjoon 37.57
2 Shahrak 27.56
3 Karkabood 4.86
4 Khoien 47.41
5 Jovestan 103.73
6 Mehran 124.36
7 Narian 14.18
8 Dehdat 17.02
9 Garab 21.68
10 Gatedeh 8.13
11 Sikan 1.74
12 Mashino 4.46
13 Khajireh 7.45
14 Nesa 0.46
15 Orazan 29.32
16 Khodkavand 52.21
17 Jazan 32.68
18 Minavand 3.13
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Fig. 3- Mapping of sediment generation based on observed sediment data, Taleqan Watershed, Alborz Province,

Iran
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Table 6- Results of the independent t-test between the MCDM approach and observed sediment data,
Talegan Watershed, Alborz Province, Iran

)’.J‘ Oh’m’ ‘Ol.i.ll.b )‘.éuj (g J'.\bl.w.c asl> 9 MCDM :,SJ“” o Js:.mot O’o).i @w -5 J,.\?

Daily sediment

MCDM approach

F Statistic Sig.

BWM

0.252 0.619
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Fig. 4- Comparative Taylor diagram for selected sediment generation criteria, Taleqan Watershed, Alborz Province,

Iran
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Table 7- Comparison of sub-watershed prioritization based on sediment generation using MCDM and
observed sediment data, Taleqan Watershed, Alborz Province, Iran

8l cogmy Flaaliie (gla0dl> g MCDM 3,509, b gy Sudgi (bl 5l o5 (o glgl dunlio -V Jga
301 ! WL

Sediment generation prioritization

Sub-watershed

BWM Daily sediment

1 High Low

2 Low Low

3 Very low Very low
4 Low Low

5 Low Very high
6 High Very high
7 High Very low
8 Low Very low
9 Low Very low
10 High Very low
11 Very low Very low
12 Very high Very low
13 Moderate Very low
14 Very low Very low
15 Very low Low

16 Very low Moderate
17 Low Low

18 Very low Very low

ol Gy y 50 95,509y 2 50 St slacaglol sdims L e sla Job zRmbgd
Note: The green cells indicate equal priorities in each approach and in each row.

1- Multi-Criteria Decision-Making (MCDM)
2- The Analytic Hierarchy Process (AHP)

3- The Analytic Network Process (ANP)

4- Simple Additive Weighting (SAW)

5-  Vlekriterijumsko ~ KOmpromisno
(VIKOR)

6- Technique for Order of Preference by Similarity to
Ideal Solution (TOPSIS)

7- Best-Worst Method

8- Topographic Wetness Index (TWI)

9- Principal Components Analysis (PCA)
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