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Summary

Geographic data which are difficult to handle by the characteristics of spatial variation
and variety turned into a possibility to analyze with the computer-aided digital map and
the use of Geographic Information System(GIS). The purpose of this study is to develop
and apply a GIS application model (GISCELWAB) for the spatial simulation of surface
runoff from a small watershed. This paper discribes the modeling procedure and the
applicability of the cell water balance model (CELWAB) which calculates the water bal-
ance of a cell and simulates surface runoff of watershed simultaneously by the interac-
tion of cells.

The cell water balance model was developed to simulate the temporal and spatial stor-
age depth and surface runoff of a watershed. The CELWAB model was constituted by
Inflow-Outflow Calculator (I10C) which was developed to connect cell-to-cell transport
mechanism automatically in this study.

The CELWAB model requests detail data for each component of a cell hydrologic proc-
ess. In this study, therefore, BANWOL watershed which have available field data was se-
lected, and sensitivity for several model parameters was analyzed. The simulated results
of surface runoff agreed well with the observed data for the rising phase of hydrograph
except the recession phase. Each mean of relative errors for peak discharge and peak
time was 0.21% and 2.11% respectively. In sensitivity analysis of CELWAB, antecedent
soil moisture condition(AMC) affected most largely the model.
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Table-1. The coefficents of each land cover

condition

land cover coefficient of cover condition

PIT | PER | RC HU | RN
corn 0.75 | 0.60 | 0.47 | 15.0 | 0.070
grass 1.0 1.00 | 0.44 | 3.0 |0.150
pasture 04 | 1.00 | 055 | 3.5 |0.040
beans 1.0 0.90 | 0.47 | 10.0 | 0.60
paddy ricel 0.04 | 0.90 | 0.55 | 20.8 | 1.120
woods 1.7 | 080 | 0.55 | 85 |0.200
homesite | 0.02 | 0.50 | 0.40 | 9.0 |0.090
fallow 0.00 | 0.00 | 0.47 | 7.0 |0.100

note) PIT:maximum potential interception(mm)
PER : percent cover(%)
RC : roughness coefficient
HU . roughness height(cm)
RN : Manning’s n
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Table-2. O ptimal parameters for simulation of CELWAB model

Infiltration Parameters Surface Manning’s
Water- stpr Coefficient
sjed evemt model FC A DF ASM | roughness Overland | Overland

m/hr | om/hr mmn (%) | HU, mm flow flow
7/11/86 ANSWERS 3.04 1317 120 50 9.6 0.070 0.070
CELWAB 3.52 127.0 120 50 9.6 0.070 0.070
7/16/86 ANSWERS 3.08 130.0 125 52 9.7 0.099 0.070
CELWAB 4.81 158.5 104 52 9.6 0.099 0.070
7/24/86 ANSWERS 4.38 131.7 110 77 9.6 0.104 0.050
WS CELWAB 3.81 158.5 107 77 9.6 0.104 0.050
#1 | /13/86 ANSWERS 1.93 33.3 72 93 9.6 0.104 | 0.075
CELWAB 2.56 52.3 84 93 9.6 0.104 0.075
8/20/86 ANSWERS 3.60 116.7 70 59 9.6 0.104 0.110
CELWAB 4.42 145.1 61 59. 9.6 0.104 0.110
Mean ANSWERS 3.21 108.7 99 66 9.6 0.096 0.075
CELWAB 4.02 128.3 95 66 9.6 | 0.096 0.075
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Table-3. Summary of hydrologic simulation with CELWAB model

Storm event rainfall(mm) Model Peak discharge Peak time(min)
(mm/hr)

observed 0.431 920

7/11/86 43.83 ANSWERS 0.427 924
CELWAB 0.429 910

observed 0.706 413

7/16/86 43.24 ANSWERS 0.712 432
CELWAB 0.706 411

observed 0.758 319

7/24/86 24.13 ANSWERS 0.746 309
CELWAB 0.759 325

observed 2.377 935

8/13/89 27.90 ANSWERS 2.362 944
CELWAB 2.384 947

observed 1.315 120

8/20/86 22.48 ANSWERS 1.317 120
CELWAB 1.314 127

Mean error observed - -

(%) — ANSWERS 0.84 1.97
CELWAB 0.21 2.11
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Table-4. Reference values for sensitivity
analysis of the CELWAB model

parameters FC| A |DF|ASM]| n |1e siep] cell size
(second)! (m)

opuimum 447145.1/61| 59 01| 30 30

values

reference |\ '1e0 01110 90 010 30 30

values

Table-5. Hydrograph characteristics with
different paramerter values of the
CELWAB model

Peak Peak time

Parameter discharge .
o {mm/hr) (min)

3.0 4470 125

FC 3.5 4.053 127
(mm/Hr) 4.0 3.687 127
45 3.340 127

80 3.654 124

A 90 3.458 126
(mm/hr) 120 3.375 127
150 | 3.340 127

4257 | 122

DF 3.954 124
(mm) 3.658 124
3.340 127

0.000 —

ASM | 0.000 —
(%) 0.910 153
3.340 127

0.06 4.216 112

n 0.07 3.895 118
0.08 3.602 123

0.09 3.340 127

10 3.379 125

time step 15 3.370 125
(second) 20 3.360 126
30 3.340 127

cell size 30 3.360 130
(m) 50 3.379 125
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