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Abstract

Sediment discharge by rainfall runoff affects water quality in rivers such as turbid water, eutrophication. In order
to solve various problems caused by soil loss, it is important to establish a sediment management plan for
watersheds and rivers in advance. However, there is a lack of sediment data available for estimating sediment
discharge in ungauged basins.. Thus, reasonable research is very important to evaluate and predict the sediment
discharge quantitatively. In this study, cluster analysis was conducted to classify gauged watersheds into
hydrologically homogeneous groups based on the watershed characteristics. Also, this study suggests a method to
efficiently predict the sediment discharge for ungauged basins by developing and evaluating the SDR equations
based on the PA-SDR module. As the result, the SDR equations for the classified watersheds were derived to
predict the most reasonable sediment discharge of ungauged basins with 0.24 % ~ 10.89 % errors. It was found
that the optimal parameters for the gauged basins reflect well characteristic of sediment movement. SDR
equations proposed in this study will be available for estimating sediment discharge on ungauged basins. Also it is
possible to utilize establishing the appropriate sediment management plan for integrated management of
watershed and river in Korea.
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2. Materials and Methods
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Fig. 1. Locations of flow and sediment stations.

Table 1. Result of the expected watershed

River name Watershed ID

Han-river Bockha-cheon(H2), Cheongmi-cheon(HS), Heuk-cheon(H7)
Nakdong-river Naeseong-cheon(N9), Yeong-river(N11), Hoe-cheon(N14)

Geum-river Gap-cheon(G1), Miho-cheon(G3), Yugu-cheon(G4)
Yeongsan-river Gomakwon-cheon(Y1), Jiseok-cheon(Y4), Hwangryong-river(Y5)

T ES Z A BEse RS2 YeElgtiTable 2). Fig. 2& 414
Hozg R 158 71222 ASH dEd g3 ERE 27 E BoF
A 1= I o, Table 32 ' FYEFAAY FHHAH BF
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Table 2. Results of watershed classification by cluster analysis

— Watershed 1D
Hierarchical Method N.E.-W. Nonhierarchical Method N.EW.
A H1, H6, N1, N2, N7, N8, N13, G2, G3, Y1, Y3, H1, H6, N1, N2, N7, N8, N13, G2, G3, Y1, Y2, 3
S2, S3 Y3, Y5, S1, S2, S3
B H3, H4, H5, N9, N10, Y2, Y5, Sl H3, H4, H5, N9, N10 2
C H2, H7, N3, N4, N5, N6, N12, N14, G1, Y4, S4 H2, H7, N3, N4, N5, N6, N12, N14, G1, Y4, S4 5
D N11, G4, G5 N11, G4 2
N.E.W.: Number of Expected Watersheds
Table 3. Average values of watershed characteristics by cluster analysis
Cluster Shape Compact- Circul.an'ty Tn'butar}{ Drain.age Chz:mnel Channel Penneal?ility CN
factor ness ratio length ratio density width slope coeffcient
A 0.17(0.1) | 2.67(0.27) | 0.14(0.02) | 0.81(0.09) | 0.32(0.07) | 0.33(0.13) | 1.77(0.19) 0.73(0.31) 72.22(3.09)
HM. B 0.25(0.12) | 2.47(0.28) | 0.16(0.04) | 0.70(0.14) | 0.31(0.08) | 0.30(0.17) [ 1.03(0.43) 1.28(0.74) 72.42(2.23)
C 0.21(0.11) | 2.33(0.24) | 0.18(0.04) 0.77(0.1) 0.30(0.06) | 0.34(0.15) | 2.81(0.43) 0.80(0.23) 71.57(2.8)
D 0.20(0.08) [ 2.23(0.37) | 0.21(0.06) | 0.62(0.06) | 0.37(0.18) | 0.20(0.03) | 6.53(1.24) 0.70(0.29) 69.68(0.71)
A 0.18(0.11) | 2.67(0.24) | 0.14(0.02) | 0.81(0.08) | 0.33(0.07) | 0.34(0.14) | 1.65(0.32) 0.68(0.3) 72.16(2.83)
NM. B 0.24(0.01) [ 2.33(0.46) | 0.19(0.07) | 0.62(0.09) | 0.28(0.14) | 0.19(0.04) | 5.84(0.47) 0.86(0.1) 69.3(0.38)
C 0.21(0.11) | 2.33(0.24) | 0.18(0.04) 0.77(0.1) 0.30(0.06) | 0.34(0.15) | 2.81(0.43) 0.82(0.23) 71.57(2.8)
D 0.26(0.11) | 2.35(0.3) | 0.18(0.04) [ 0.63(0.13) | 0.26(0.05) | 0.25(0.13) [ 0.98(0.56) 1.76(0.4) 72.75(2.67)

H.M.: Hierarchical Method, N.M.: Nonhierarchical Method

Hierarchical Method

ClusterA 1!

2 2
N G0 Qo =t

Cluster B | ¥,

Cluster C | 3¢

Cluster D | ci——}

by | T LI

Distances
Fig. 2. Results of cluster tree by Hierarchical method.
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Table 4. USLE P factor according to landuse and slope

Table 5. Sediment rating curve used in this study

Landuse Percent of slope P factor Cluster Sediment rating curve
Bare land - 1.00 G3 Q,, = 1.2335 x Q'""?1(2012)
Percent of slope <2 0.12 A Q. = 0.0232 x Q***%(2013)
ts : >
Percent of slope 2~7 0.10 Yl Q. = 0.6091 x Q75(2014)
Paddy Percent of slope 7~ 15 0.12 H5 Q.. = 0.4696 > Q7(2012)
Percent of slope 15~ 30 0.16 —
B Q,, = 53859 x @"""(2011),
Percent of slope >30 0.18 N9 ’
Q,, = 0.2502 x Q" #2%(2012)
Percent of slope <2 0.60 :
— 1.4591
Percent of slope 2~7 0.50 H7 @, = 06949 <@ (2013)
Field Percent of slope 7~ 15 0.60 C va Q,, = 0.0294 X Q**%(2012),
Percent of slope 15~ 30 0.90 @, = 0.0107 x Q*1*(2014)
Percent of slope > 30 1.00 NI Q,, = 0.0149 x Q*'"13(2013),
Pasture - 1.00 D Q,, = 0.1789 x Q" **13(2014)
Forest - 1.00 G4 Q.. = 0.0882 X Q*"57(2013)
Orchard - 1.00
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Fig. 3. Flow chart of Parasol-SDR module.
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Table 6. Sediment rating curve used in this study

Landuse (Curve number i i ~
Cluster Area (kn?) Slope of0 ( : ) Drainage dfz:nSIty Clay 0D 10 cm
watershed (%) Urban Agriculture Forest (kmvkn) (%)
A G3 1,850.03 17.60 0.08(89.81) 0.33(78.11) 0.47(64.48) 0.28 16.26
Y1 190.14 18.00 0.04(88.64) 0.41(78.25) 0.46(65.66) 0.39 22.68
B HS5 513.57 16.00 0.07(93.15) 0.37(78.55) 0.41(62.29) 0.30 14.99
N9 1,512.01 22.70 0.04(92.64) 0.24(75.72) 0.63(59.93) 0.23 12.89
c H7 306.66 27.03 0.04(93.23) 0.10(77.81) 0.75(60.17) 0.34 17.32
Y4 580.27 28.10 0.03(89.05) 0.19(77.14) 0.69(66.80) 0.45 24.30
D Nil 614.45 32.50 0.03(93.37) 0.11(75.95) 0.80(61.72) 0.18 19.77
G4 257.51 22.00 0.02(90.33) 0.18(77.38) 0.74(72.72) 0.39 15.52
Cluster A Cluster A Cluster B Cluster C_ Cluster D
Watershed A 2,500 824.60 1,617.93 1,515.53 73818
l s e o o - (o) || tonknr) ) || tontknyr)
Preparation of input data NZ’ 2,000+
Monthly soil loss g
‘{ Measured sediment g 1,500
Watershed characteristic L;‘
S
PA — SDR Module g 1,000
SDR = A x Area® x Slope€ x RyCN,° x R,CN,E z
X R3CN3F x D€ x ClayH -E 5004
Simulated data on each time step wnn
= Monthly soil loss X SDR
Development of SDR equation 0- = = =
Siadiodis premer—— G3 Y1 H5 N9 H7 Y4 N11 G4
Fig. 5. Result of estimated soil erosion for classified watersheds.
SDR eq.of Watershed A SDR eq.of Cluster A
jf,ig,”;‘;j;"j}fj,’;{ e Cluster A Cluster B Cluster C Cluster D
(Crossover) Watershed A 300+ 11473 188.50 55.66 844
SDR eq.of Watershed B {Waterslled B ; (ton/kan’yr) (ton/kn/yr) (ton/kni’yr) 1 (ton/kne/yr)
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Table 7. Sediment rating curve used in this study

i Coefficient of Watershed characteristics
A B C D E F G H
G3 1.512 -0.052 1.564 0.310 0.348 0.422 1.634 -1.590
A Y1 3.448 -0.067 1.587 0.590 0.235 0.585 1.970 -2.305
H5 3.164 -0.042 1.871 0.431 0412 0.370 2.748 -2.151
B N9 3.517 -0.056 1.340 0.372 0.546 0.057 1.683 -1.538
H7 3.656 -0.098 1.366 0.649 0.524 0.230 2.018 -2.428
¢ Y4 1.923 -0.051 1.685 0.325 0.201 0.761 2.453 -2.084
N11 1.058 -0.058 1.153 0.968 0.223 0.203 1.598 -1.977
P G4 2.955 -0.054 1.398 0.546 0.421 0.207 1.489 -2.686
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Fig. 7. Result of SDR equation developed by PA-SDR module.

Table 8. Comparative analysis of empirical formulas and PA-SDR equation

(d) Cluster D (N11, G4)

Simulated sediment loads (ton/month)

Total sediment load(ton/yr)
Cluster Applied SDR formula PA-SDR equation
Observed data - -
USDA (1972) Vanoni (1975) Boyce (1975) Crossover method | Cluster equation

G3 308,828 109,410 322,497 432,248 254,509 311,772

A Percentage Error 64.57 443 39.96 17.59 0.95
Y1 | 11,887 14,400 32,824 42,518 17,162 11,962
Percentage Error 21.14 176.12 257.67 44.37 0.63

HS | 57,931 47,657 121,668 159,992 92,294 51,623

B Percentage Error 17.73 110.02 176.18 59.32 10.89
N9 | 401,128 213,537 615,235 822,117 215,977 411,731
Percentage Error 46.71 53.38 104.95 46.16 2.64

H7 | 21,841 69,299 166,724 217,519 35,323 23,150

c Percentage Error 21728 663.34 895.90 61.72 5.99
Y4 | 23,262 32,385 83,736 110,298 11,799 25,129
Percentage Error 39.22 259.97 374.16 49.28 8.03

N11 | 3,317 28,900 75,210 99,152 1,129 3,309

D Percentage Error 771.17 2,167.16 2,888.88 65.97 0.24
G4 | 2,958 23,144 54,593 71,039 8,054 3,192

Percentage Error 682.49 1,745.77 2,301.81 172.29 7.93
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Fig. 8. Comparative analysis of empirical formulas and PA-
SDR equation.
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