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Abstract

To analyze hydrologic processes in a watershed requires both various geographical data and
hydrological time series data. Recently, not only geographical data such as DEM(Digital Elevation
Model) and hydrologic thematic map but also hydrological time series from numerical weather
prediction and rainfall radar have been provided as grid data, and there are studies on hydrologic
analysis using these grid data. In this study, GRM(Grid based Rainfall-runoff Model) which is
physically-based distributed rainfall-runoff model has been developed to simulate short term
rainfall-runoff process effectively using these grid data. Kinematic wave equation is used to simulate
overland flow and channel flow, and Green-Ampt model is used to simulate infiltration process.
Governing equation is discretized by finite volume method. TDMA (TriDiagonal Matrix Algorithm) is
applied to solve systems of linear equations, and Newton—Raphson iteration method is applied to solve
non-linear term. Developed model was applied to simplified hypothetical watersheds to examine model

reasonability with the results from VﬂoTM. It was applied to Wicheon watershed for verification, and
the applicability to real site was examined, and simulation results showed good agreement with

measured hydrographs.

keywords : distributed model, rainfall-runoff, finite volume method, kinematic wave equation, GRM
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Table 1. Applied Hypothetical Watersheds and Rainfall Events

Watershed Grid size Watershed size ) Cross section fp g1 qypel  Slope | Roushness
(row x column) type coefficient
Type 1 100m>100m 201 — | | 0001 0.015
Type 2 100mx100m 2011 | T~ | o001 0.015
Type 3 100m>100m 20%21 o T~ | o001 0.015
Rainfall intensity 10 mm/h, 30 mm/h, 50 mm/h
Rainfall duration 1 hour, 3 hours
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Fig. 3. Comparison of Simulation Results from This Study(GRM) with Vo™
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Table 2. Soil Depth

Soil depthlcm]
Depth class (National Institute of Agricultural Science and GRM suggested valuelcm]
Technology, 1992)
Very shallow 0-20 10
Shallow 20-50 25
Moderately deep or _

Moderately shallow 50-100 »
Deep 100-150 125
Very deep more than 150 150

Table 3. Roughness Coefficient and Impervious Ratio for Land Cover

Land cover class Roughpess coefficient Impervious ratio
(Vieux, 2004) Sakong(2003) GRM suggested value
Forest 0.1 0.001-0.050 0.05
Agricultural area 0.035 0.107-0.842 0.391
Grass 0.15 0.141-0.860 0.44
Urban area 0.015 0.641-0.947 0.853
Bare 0.035 0.115-0.808 0.442
Water 0.045(Chow, 1959) 1
Wetland 0.07 1

Table 4. Rainfall Events

Event number Rainfall period Total rainfalllmm)] Time interval[min]
Event 1 2007/06/23/18:00 - 06/25/00:00 42 60
Event 2 2007/08/31/20:00 - 09/02/21:00 100 60
Event 3 2007/09/04/10:00 - 09/08/03:00 112 60
Event 4 2007/09/15/05:00 - 09/18/02:00 143 60
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Table 5. Simulation Results(Event 1)
Parameters Total discharge Peak discharge Time to peak discharge
Comp. time| Running
Event ; . Channel . Relative . Relative ] Relative
omper | S0 | time g | DY Obs | Sm Obs. | Sim Obs. | Sim
fand | foin] | o | SE | FOURR0CSS | | ]| ) | s | D | ou] | fhow] | S
Event 1 2 94 0.30 1 0.045 | 1574 | 1546 18 | 676 | 682 0.9 18 18 0.0
Table 6. Simulation Results(Event 2 ~ Event 4)
. : Parameters Total discharge Peak discharge Time to peak discharge
Event (COM: time| Ruming 7 | G Rekive Rekaive Relaitve
number SIED ; Initial Obs. Sim. Obs. Si Obs. Sim.
min) | bmin] | i | Seam | rouhness |- T e | ©q | thowl | [how] | TE
Event 2 2 9.3 0.82 0 0.045 | 10270 | 10345 | 0.7 | 906.3 | 836.4 | 2.2 27 27 0.0
Event 3 2 13.0 0.78 0 0.045 (12714 | 11218 | 11.8 | 6925 | 6856 | 1.0 26 26 0.0
Event 4 2 10.8 0.40 0 0.045 | 16153 | 12861 | 20.4 [1050.5|1098.8 | 4.6 45 45 0.0
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