Joumal of the Korean Society of Civil Engineers ISSN 1015-6348 (Print)
Vol. 36, No. 3: 439-449/ June, 2016 ISSN 2287-934X (Online)
DOI: http://dx.doi.org/10.12652/Ksce.2016.36.3.0439 www.kscejournal.or.kr

Water Engineering 23t

KIESHH 20Xl et 2&RkE SAE RS2 SIS E HAl

* ZO[¥* . FEEAPRR*
IEENRETE LT TT IY

oy

[=]
Kim, Jin Gyeom*, Kim, Jong min**, Kang, Boosik***

Estimation of Synthetic Unit Hydrograph by Cluster Analysis Using
Geomorphic Characteristics of Mid-size Watershed

ABSTRACT

The methodology of synthetic unit hydrograph using geomorphic characteristics was suggested. Six geomorphic components over 19
watersheds were used to estimate synthetic unit hydrograph and the test watersheds were classified into two groups on the basis of the
area of 200km”. The regression formulas between standardized geomorphic characteristics for each group and peak quantities of
specific streamflow and time of representative unit hydrograph were suggested and the Nash and the Clark unit hydrographs were
derived. For verifying the derived unit hydrographs, the resulting hydrographs were compared with the ones using the existing Clark
unit hydrographs based on the empirical parameter estimation for the 145 storm events during 2010 to 2011 for the additional six
watersheds. The results showed the relatively higher performance over the existing synthetic unit hydrograph methods, which could
be a contribution to the hydrologic estimation in ungauged watersheds.
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Table 1. Comparison of Geomorphological Parameters by Various
Methods

Method Parameters

R, : Area ratio for stream order

R, : Bifurcation ration for stream order
GIUH

(1979) R, : Stream length ratio for stream order

Ly, : Stream length for the highest stream order
V' : Peak velocity (m/s)

i, : Averaged effective rainfall intensity (mm/hr)
L, : Stream length (km)
A, : Watershed area (km)

GelUH :
© R, : Stream length ratio for stream order

(1982) . .
n : Manning's roughness coefficient

S, : Stream slope for highest stream order (m/m)
b, : Stream width for highest stream order (m)

A : Watershed area (kn’)
L : Stream length (km)
P : Watershed perimeter (km)

This Study S : Stream slope (m/m)

7 : Modified watershed eccentricity
F; - Horton's shape factor
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Various single storm events

Geomorphic Characteristics
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Estimation for
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Validation for
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Fig. 1. Procedure of Derivation of Geomorphic Synthetic unit
Hydrograph
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Table 2. Geomorphic Characteristic Components of Test Watersheds

Basin Watershed A (km) L (km) P (km) Ss (km/km) | T* (km/km) | Fy(km’km?)
Imokjung 53.9 15.1 46.6 0.0184 0.98 0.24
Wonju 92.3 19.0 58.0 0.0191 0.50 0.26
Baekokpo 140.7 24.8 76.7 0.0132 0.22 0.23
Dopyeong 152.5 28.7 87.3 0.0073 0.24 0.19
Imgye 157.1 17.5 97.9 0.0078 0.07 0.52
Maeil 160.3 183 88.7 0.0084 0.14 0.48
Han Toegyewon 201.1 273 107.0 0.0071 0.85 0.27
River Jungnang Br. 204.6 273 126.6 0.0121 241 0.27
Gyeongan 266.3 34.6 120.3 0.0166 0.88 0.22
Heukcheon Br. 306.7 39.6 122.7 0.0060 0.76 0.20
Hoengseong 440.7 474 152.5 0.0085 0.31 0.20
Hwachon 516.8 55.6 183.4 0.0061 0.30 0.17
Chungmi 520.5 52.8 220.7 0.0021 0.29 0.19
Pyeong Chang 695.9 79.6 178.9 0.0071 1.09 0.11
Nakdong River Misung 171.5 34.5 88.00 0.0064 0.72 0.14
Hyoryeong 152.6 254 77.0 0.0130 0.65 0.24
Geumn River Tanbu Br. 78.6 229 71.8 0.0064 0.74 0.15
Cheoncheon 291.3 33.0 122.3 0.0196 0.26 0.27
Mankyoung River Gosan 288.5 25.2 116.1 0.0144 0.04 0.45
3% A @ Area, L : Stream length, P : Perimeter, Sg : Stream slope,
T* : Modified-watershed eccentricity, Fi; : Horton‘s Shape Factor(A/L?)
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Watershed Rainfall-discharge events q,,, (mm/hr) t,., (hr)
Imokjung Jun. 18,2008 and 3 events 0.060 49
Wonju Jul. 11, 2005 and 4 events 0.058 6.6
Baekokpo May, 24, 2007 and 4 events 0.051 6.1
Dopyeong May, 16,2007 and 5 events 0.058 7.5
Imgye Sep. 18, 2005 and 5 events 0.026 12.3
Maeil May, 6, 2006 and 7 events 0.049 12.1
Toegyewon Sep. 30, 2005 and 6 evetns 0.052 4.6
Jungnang Br. Jul. 19, 2002 and 6 events 0.084 4.6
Gyeongan May, 8, 2003 and 5 events 0.064 59
Heukcheon Br. Jun. 27,2003 and 9 events 0.035 7.8
Hoengseong May, 7, 2003 and 6 events 0.046 12.3
Hwachon May, 24,2007 and 5 events 0.033 15.9
Chungmi Jul. 28, 2005 and 6 events 0.043 10.5
Pyeongchang May, 6, 2006 and 5 events 0.025 14.6
Misung May, 19, 2006 and 8 events 0.054 6.1
Hyoryeong May, 19, 2006 and 8 events 0.058 7.0
Tanbu Br. Jul. 7,2004 and 9 events 0.059 7.0
Cheoncheon May, 18,2008 and 5 events 0.040 54
Gosan Jul. 17, 2004 and 7 events 0.058 39

* g, : Representative Specific Peak Flow, ¢, |

: Representative Peak Time
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Table 4. Performance Evaluation of the Derived Regression Equation of Each Cluster

Cluster Area Size Watershed Averaged R” with geomorphic components
, i i tor 0.31
| A = 200k’ Imokjung, Tanbu Br., Wonju, Bae.:kokp.)o, Hyoryeong, Dopyeong, P.
Imgye, Maeil, Misung Qor 0.40
5 A > 200km? Jungnang Br., Gyeongan, Toegyewon, Gosan, Cheoncheon, tpr 0.35
Heukcheon Br., Hoengseong, Hwachon, Chungmi, Pyeongchang Qor 0.53
Table 5. Statistics of Geomorphic Components for Each Cluster
Cluster Statistics A (km®) L (km) P (km) Ss (kmv/km) * (kmv/km) Fy (km*/km®)
. Average 128.82 22.89 76.87 0.0111 0.47 0.27
Standard Deviation 42.35 6.18 16.25 0.0050 0.32 0.14
5 Average 373.23 42.23 145.05 0.0100 0.72 0.23
Standard Deviation 162.90 16.99 37.48 0.0055 0.69 0.09

Table 6. Regression Equations of Peak Time and Specific Flow for Each Cluster

Cluster Regression equation
0.00084 — 0.0147L+ 0.0025P— 24.6 55— 0.15317% + 0.9857F),
t, t =8.35¢ ’ s H
1 p
4, q,= 0.174¢,~ %"
tp t = 328.6360.0150‘47 0.1360L— 0.0122P— 16.555+ 0.14207* — 8.80Fy
P
2
0,503
q, q,= 0.126t, 0.503
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Cluster 1 Cluster 2
Watershed Nash model Parameter Clark model Parameter Watershed Nash model Parameter | Clark model Parameter
n K (hr) t. (hr) K (hr) n K (hr) te (hr) K (hr)
Imokjung 1.85 6.36 4.70 13.11 Jungnang Br. 1.58 7.74 3.60 12.77
Tanbu Br. 2.00 6.68 6.30 14.31 Gyeongan 1.68 8.15 4.70 14.27
Wonju 1.88 6.56 5.20 13.64 Toegyewon 1.61 8.02 4.10 14.72
Baekokpo 2.02 6.75 6.70 14.50 Gosan 1.51 7.52 2.90 9.79
Hyoryeong 1.96 6.80 6.00 14.46 Cheoncheon 1.73 8.03 5.20 15.93
Dopyeong 2.05 7.08 7.30 15.29 Heukcheon Br. 1.86 8.69 7.10 17.93
Imgye 2.56 8.18 13.00 19.76 Hoengseong 2.40 9.35 13.30 21.89
Maeil 2.44 8.08 11.80 18.98 Hwachon 2.44 8.97 13.00 21.09
Misung 1.93 6.80 5.80 14.25 Chungmi 229 8.91 11.60 20.48
Pyeongchang 1.99 14.74 16.00 22.30
Table 8. Performances Evaluation of the Derived UH
Peak flow Averaged Absolute Error (%) | Peak time Averaged Absolute Error (hr) R’ NSE
Nash Clark Nash Clark Nash Clark Nash Clark
16.52 16.92 7.16 4.85 0.74 0.76 0.61 0.68
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Fig. 2. Location Map of the Watersheds for Verification

Table 9. Geomorphic Components of the Watersheds for Verification

Cluster Basin Watershed A (km?) L (km) P (km) Ss (km/km) T (km/km) | Fy (km*/km?)
Nakdong River| Hamyang 123.07 21.11 76.38 0.0285 0.52 0.28
1 Geum River Woogon 131.55 19.17 85.50 0.0013 0.74 0.36
Geum River Yugu 144.23 22.25 100.74 0.0084 0.23 0.29
Sumjin River Kwanchon 314.44 33.65 152.40 0.0072 0.20 0.28
2 Nakdong River Machun 322.88 29.90 136.80 0.0206 0.10 0.36
Geum River Muju 388.43 49.48 121.32 0.0155 0.22 0.16

3% A @ Area, L : Stream length, P : Perimeter, Ss : Stream slope,
T* : Modified-watershed eccentricity, Fi; : Horton‘s Shape Factor (A/L’)

Table 10. Synthetic UH Parameters of the Watersheds for Verification

P ty Nash model Parameter Clark model Parameter
Cluster Watershed

(mm/hr) (hr) n K (hr) t (hr) K (hr)

Hamyang 0.066 49 1.80 6.11 11.98 42

1 Woogon 0.041 10.6 2.34 7.92 18.36 10.7

Yugu 0.045 9.1 2.23 7.50 16.30 9.0

Kwanchon 0.051 6.0 2.44 8.05 18.98 11.8

2 Machun 0.054 5.3 1.66 8.03 14.79 53

Muju 0.045 7.8 1.47 7.52 11.20 2.5

% qp : Specific peak flow, t, : peak time, n : Number of linear reservoirs, K : Storage coeffiecient, t. : Concentration time
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Table 11. Performance (Average Absolute Error) Comparison of the Peak Flow and Time for the Three Different UH

Watershed Number Peak flow Averaged Absolute Error (%) Peak time Averaged Absolute Error (hr)
of Events Nash Clark Clarkgn Nash Clark Clarkg,

Hamyang 9 15.76 16.36 81.27 1.78 1.78 4.89
Woogon 5 16.80 20.36 129.98 2.80 3.00 10.20
Yugu 5 17.59 17.47 219.03 4.40 4.40 2.60
Kwanchon 6 20.95 19.33 117.34 14.50 14.33 2433
Machun 7 11.85 6.16 2226 4.14 429 5.00
Muju 7 27.11 17.37 117.06 15.57 15.71 16.86
Average 39 18.34 16.17 114.49 7.20 7.25 10.65

3% Clarken : Clark method using empirical equation

Table 12. Performance (R, NSE) Comparison of the Three Different UH

Watershed Number R NSE
of Events Nash Clark Clarken Nash Clark Clarkgm

Hamyang 9 0.62 0.66 0.23 0.45 0.58 -1.82
Woogon 5 0.91 0.92 0.12 0.90 0.89 -1.32
Yugu 5 0.83 0.81 0.29 0.73 0.75 276
Kwanchon 6 0.63 0.65 0.14 0.41 0.49 333
Machun 7 0.77 0.85 0.71 0.72 0.85 0.65
Muju 7 0.18 0.17 0.04 -0.84 -0.51 373
Average 39 0.66 0.68 0.25 0.40 0.51 22.05

3% Clarken, : Clark method using empirical equation

Hamyang ‘Woogon Yugu
0 2010-05-18 ~ 05-21 0 2010-05-22 ~ 05-28 2010-05-22 ~ 05-31
5 - P - 1 - .
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2% © Obs. 0 E w0 o 0 E  Zis ; ! o om 2 E
- —Nash = % " . T 0 . £
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= 1 -=-Clark g = 0 s - g z [EAVA] . =
= 1 Y, = Z h [y Clark = g 100 R H ——-Clark =
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sy, 33
——————————— 100 0 100 40
1 21 1 61 1 21 41 61 81 101
Time(hr) Time(hr) Time(hr)

Fig. 3. Hydrograph Comparison of Real Events for Each Watershed

Aol A Nash 2 Clark BI0l] 217F 1834%, 16.17% 319k Leli B&55340) @4k molws vl R9h NSE
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