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Estimation of Synthetic Unit Hydrograph Using Geospatial Shape Factors
and Nash Model in Mid-size Watershed
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Abstract

Improved methodology of Synthetic Unit Hydrograph (SUH) utilized generally in hydrologic design work
was suggested. In this study, regression analysis between peak hydrological data and geospatial data was
applied to estimate specific peak flow and peak time for determining shape of SUH. Regression formulas
for specific peak flow with respect to shape factors show higher coefficient of determination (0.73~0.81)
than the ones with geospatial components only (0.52~0.69). The areal limitation of unit hydrograph application
is regarded as 500~700 km®. The validation through rainfall-runoff simulation shows encouraging results
that relative error is 1.7~29.0% (Avg. 11.6%) for the case of using SUH developed in this study and 35.0~
64.9% (Avg. 46.7%) for the SUH in the previous study except for the extraordinary cases.

Keywords : synthetic unit hydrograph, nash model, representative unit hydrograph, shape factor
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Table 1. Discharge Estimating Method by Watershed Scale

Subject Small size Mid size Large size
Watershed area Less than 25 km® 20 ~250 km® Above 250 km®
Rainfall intensity Constant Variety Variety

Rainfall distribution Uniform Uniform Non uniform
Discharge type Ground discharge Grounq and channel _Ground and channel
discharge discharge, Storage effect
Discharge estimating Rational formula, . Unit hydrograph
method Unit hydrograph Unit hydrograph (Routing and synthetic)
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Table 2. Comparison of Methodologies for Developing Synthetic Unit Hydrograph
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Fig. 1. Plane of Target Watershed
Table 3. Watershed Characteristics
Area Stream Stream length of Stream bed Watershed
River Watershed (km®) length (km) | watershed centroid (km) | slope (m/m) | perimeter (km)
A L LCA S P
Gagsi Br. 287.6 42.80 17.09 0.021 1445
Han Heukcheon Br. 306.7 39.56 17.06 0.018 122.7
Pyeongchang 695.9 79.57 44.83 0.016 178.9
G Cheoncheon 291.3 32.95 13.38 0.024 122.3
eum
Tanbu Br. 78.58 22.93 12.78 0.028 71.82
Hyoryrong 152.6 25.37 15.29 0.037 77.04
Nakdong -
Misung 1715 34.51 23.17 0.016 87.96
Youngsan Gosan 288.5 25.19 5.22 0.018 116.1
Table 4. Watershed Shape Characteristics
Horton’s Snyder’s Circularity Area Ratio,
River Watershed Shape Factor, Fy Shape Factor, Fs Fca
% (LLca)O'3 Ain
Gagsi Br. 0.157 7.23 0.173
Han Heukcheon Br. 0.196 7.06 0.256
Pyeongchang 0.110 11.63 0.273
Cheoncheon 0.268 6.21 0.245
Geum
Tanbu Br. 0.149 5.50 0.191
Hyoryrong 0.237 5.98 0.323
Nakdong -
Misung 0.144 7.43 0.279
Youngsan Gosan 0.455 432 0.269

Ayt The area of a circle having a perimeter equal to the perimeter of watershed.
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Table 5. Rainfall-discharge Events for Deriving Unit Hydrograph
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Table 7. Characterisrics of Representative Unit Hydrograph
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Specific Discharge vs Basin Area
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Fig. 3. Correlation Analysis of Specific Peak Discharge and Watershed Characteristics
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Table 9. Comparison of Peak Hydrological Data

Peak flow(cms) Peak time(hr)
River Watershed Obs. Thi§ study Previogs study* Obs. This | Previous
(Relative error) | (Relative error) study study*
Gagsi Br. 30.72 21.80 (-29.0%) 42.53 (-38.4%) 15 20 13
Han Heukcheon Br. | 72.75 67.96 (-6.6%) 120.0 (-64.9%) 18 17 13
Pyeongchang 15.89 7.44 (-53..2%) 22.28 (-40.2%) 18 29 15
Goumn Cheoncheon 10.42 10.23 (-1.8%) 21.03 (-101.8%) 13 11 8
Tanbu Br. 39.61 35.03 (-11.6%) 61.83 (-56.1%) 7 15 12
Hyoryrong 7.48 7.35(-1.7%) 14.65 (-95.9%) 16 17 13
Nakdong -
Misung 39.21 31.76 (-19.0%) 57.02 (-45.4%) 14 14 12
Youngsan Gosan 337.8 161.5 (-52.2%) 219.5 (-35.0%) 7 10 11
*KICT (2000)
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