=37 71543 2] A 168 (A4F), 523~532, 2007
Journal of the Environmental Sciences

dEHUSH YEE -HESY
HUistm AR I, ESTE, “HACka it

(20074 28 6Y T 20073 48 9 FE)

Study of Rainfall-Runoff Variation by
Grid Size and Critical Area

Seung-Seop Ahn, ‘Jeung-Seok Lee, “Do-Joon Jung and “Ho-Chul Han
Department of Construction and Geoinformatics Engineering, Kyungil University, Daegu 712-701, Korea
’Departmen{ of Civil Engineering, Kyungil University, Daegu 712-701, Korea
“Graduate School Kyungil University, Daegu, 712-701, Korea
(Manuscript received 6 February, 2007; accepted 9 April, 2007)

This study utilized the 1/25,000 topographic map of the upper area from the Geum-ho watermark located at
the middle of Geum-ho river from the National Geographic Information Institute. For the analysis, first, the in-
fluence of the size of critical area to the hydro topographic factors was examined changing grid size to
10mx10m, 30mx30m and 50mx50m, and the critical area for the formation of a river to 0.01knf~0.50k.

It is known from the examination result of watershed morphology according to the grid size that the smaller
grid size, the better resolution and accuracy. And it is found, from the analysis result of the degree of the river
according to the minimum critical area for each grid size, that the grid size does not affect on the degree of the
river, and the number of rivers with 2nd and higher degree does not show remarkable difference while there is
big difference in the number of lIst degree rivers. From the results above, it is thought that the critical area of
0.15knt~0.20kw¢ is appropriate for formation of a river beingyirrelevant to the grid size in extraction of hydro
topographic parameters that are used in the runoff analysis model using topographic maps. Therefore, the GIUH
model applied analysis results by use of the river level difference law proposed in this study for the explanation
on the outflow response-changing characters according to the decision of a critical value of a minimum level
difference river, showed that, since an ogival occurrence time and an ogival flow volume are very significant in
a flood occurrence in case of not undertow facilities, the researcher could obtain a good result for the forecast
of river outflow when considering a convenient application of the model and an easy acquisition of data, so it's
judged that this model is proper as an algorism for the decision of a critical value of a river basin.
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Fig. 5. Data DEM and a 3D modelling implementation (50mx50m).
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Table 1. Extraction result of a basin area characteristic data according to a DEM grid size

(Critical area : 0.2 ki)

Grid size Arealkm) Length(km) Slope(m/m) Stream order
10mx10m 944.855 64.232 0.0131 6
30mx30m 934.145 68.266 0.0120 6
50m=50m 944,341 63.607 0.0123 6

Table 2. Result of the stream order distribution according to a DEM grid size

(Critical area : 0.2 ki)

Crid size - - 3 Stream order y - -
10m=10m 1178 267 62 13 3 1
30m=30m 1206 266 54 11 3 1
50mx=50m 1198 255 60 13 3 1
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Table 3. Comparison of DEM grid size according to Ra, Rs, Ri, N, K

Aol

o\

Area 10m % 10m 30m x 30m 50m x 50m Relative error
0.01 4.353 4.556 4.150 0.098
0.05 4598 4516 4680 0.036
0.10 4.745 4.689 4.79% 0.023
0.15 4.945 4921 4.964 0.008
Ra 0.20 4645 4.663 4.627 0.008
0.25 4452 4.459 4.445 0,003
0.30 4.369 4.304 4434 0.030
035 4.388 4336 4.440 0.024
040 4.326 4.323 4.329 0.001
045 4.206 4216 4.1% 0.005
0.50 4217 4216 4218 0
Relative error - 0.176 0.169 0.196 -
Area 10m x 10m 30m x 30m 50m x 50m Relative error
0.01 4.322 4.331 4.381 0.014
0.05 4.120 4.202 4353 0.057
0.10 4.231 4.302 4.389 0.037
0.15 4.423 443 4482 0.013
Rs 0.20 4.164 4.207 4.179 0.010
0.25 4.061 4.054 4.062 0.002
0.30 3876 3.904 4.025 0.038
0.35 3.790 3.821 3.910 0.032
0.40 3.828 3.779 3.79% 0.013
045 3751 3.686 3.698 0.018
050 6.664 3.654 3.665 0.003
Relative error - 0.207 0.214 0.223 -
Area 10m x 10m 30m x 30m 50m_x 50m Relative error
0.01 1.990 2.008 1.995 0.009
0.05 2.000 2.013 2.036 0.018
0.10 1914 2.019 1.953 0.055
0.15 1.880 2.153 2.154 0.146
R 0.20 2.020 2072 2.046 0.026
L 0.25 1.945 2.012 2.006 0.034
0.30 1.893 1.948 1.941 0.029
035 1.984 2.086 2.011 0.051
0.40 2.072 2.010 2,012 0.031
0.45 2.0 1.995 1973 0.041
0.50 1.999 2.049 2.021 0.025
Relative_error - 0.095 0.105 0.110 -
Area 10m x 10m 30m x 30m 50m X 50m Relative error
0.01 3.13% 3.107 3.162 0.018
0.05 3.098 3.099 3.097 0.001
0.10 3.094 3.090 3.098 0.003
0.15 3.076 3.075 3.076 0.000
N 0.20 3.084 3.082 3.085 0.001
0.25 3.092 3.090 3.093 0.001
0.30 3.096 3.095 3.096 0.000
035 3075 3072 3.078 0.002
0.40 3.076 3.075 3.076 0.000
0.45 3.079 3.076 3.081 0.002
050 3.070 3.068 3.072 0.001
Relative_error - 0.021 0.013 0.029 -
Area 10m x 10m 30m_x 30m 50m x 50m Relative error
0.01 4.170 4.301 4.039 0.065
0.05 4.249 4.307 4.190 0.028
0.10 4.159 4.199 4.098 0.025
0.15 4.184 4,138 4.229 0.022
K 0.20 4279 4.307 4.250 0.013
0.25 4,243 4.274 4.212 0.015
0.30 4054 4.125 3.982 0.036
035 3548 3.7%6 3.340 0.125
040 3.395 3.449 3.340 0.033
045 3.398 3.451 3.344 0.032
0.50 3.337 3.371 3.302 0.021
Relative error - 0.282 0.278 0.287 =
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Table 4. Comparison of R4, s, Ri, N, K according to a DEM grid size
Area 10mx10m 30mx30m 50mx50m
0.01 4.353 4.556 4150
0.05 4.598 4,516 4.680
0.10 4.745 4.689 4.79%
0.15 4.946 4.927 4.964
Ra 0.20 464 4.663 4.627
0.25 4.452 4.459 4.445
0.30 4.369 4.304 4.434
0.35 4.383 4.336 4.440
0.40 4.32%6 4.323 4.329
0.45 4.206 4.216 4.19%
0.50 4.217 4.216 4.218
Area 10mx10m 30mx30m 50mx50m
0.01 4.322 4331 4.381
0.05 4.120 4.202 4.353
0.10 4.231 4.302 4.389
0.15 4.423 4435 4482
R 0.20 4.164 4.207 4.179
B 025 4061 4054 4062
0.30 3.876 3.904 4.025
0.35 3790 3.827 3910
0.40 3.828 3.779 3795
0.45 3.751 3.686 3.698
0.50 3.664 3.664 3.665
Area 10mx10m 30mx=30m 50mx50m
0.01 1.990 2.008 1.995
0.05 2.000 2.013 2.036
0.10 1.914 2.019 1.953
0.15 1.880 2.153 2.154
R, 0.20 2.020 2072 2.046
- 0.25 1.945 2.012 2.006
0.30 1.893 1,948 1.941
0.35 1.984 2.086 2.011
0.40 2.072 2.010 2.012
045 2.054 1.995 1.973
0.50 1.999 2.049 2.021
Area 10m*10m 30mx30m 50mx50m
0.01 31345 3.107 3.162
0.05 3.0980 3.099 3.097
0.10 3.0940 3.090 3.098
0.15 3.0755 3.075 3.076
N 0.20 3.0835 3.082 3.085
0.25 3.0915 3.090 3.093
0.30 30955 3.095 3.096
0.35 3.0750 3.072 3.078
0.40 3.0755 3.075 3.076
0.45 3.0785 3.076 3.081
0.50 3.0700 3.068 3.072
Area 10mx10m 30mx=30m 50mx50m
0.01 4.1700 4.301 4.039
0.05 4,2485 4.307 4.190
0.10 4.1590 4,199 4.098
0.15 4,1835 4.138 4.229
K 0.20 4.2785 4.307 4.250
0.25 4.2430 4.274 4.212
0.30 4,0535 4125 3.982
0.35 3.5480 3.7%6 3.340
0.40 3.3945 3.449 3.340
045 3.3975 3451 334
0.50 3.3365 3.371 3.302
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Table 5. Comparison review of the outflow interpreting result according to critical area and grid size

Storm | Aliad)| Grid Size | MEE) |BMPE| R | Quu  Storm |Ak)| Grid Size VEE | BBE] R | Qo
10mx10m | -5643 | 36.636] 0.972] 100303 Tomx10m | 5177 | 21.990] 0.9%] 98897

001 [30mx30m | -5.638] 36563] 0.969] 109.295 001 [30m=30m | 5153 | 21.840] 0.989] 98463
50m*50m | -5.630 | 36.459] 0.657] 109.206 50m=50m | 5122 | 21.234] 0977] 98121
10mx10m | -6.131 | 33611] 0976] 107.340 10mx10m | 7454 | 22.922] 0.995] 98.609

0.05 [30m=30m | -6.124] 33523] 0.974] 107.263 0.05 [30mx30m | 7438 | 22.846] 0.989] 93.368
50m=50m | -6.116 | 33.483 0.968] 107.211 50m~50m | 7427 | 22.463] 0.986] 98123
10m=10m | -6.448] 32.110] 0.979] 107.464 10mx10m | 3.452 | 23223 0.995] 101.307

0.10 [30m=30m | -6.328] 32.038] 0.975] 107.268 0.10 [30m=30m | 3435] 23216] 0.989] 101.289
50m=50m | -6.299 | 32.012] 0959 107.117 50m<50m | 3.432 | 23.213] 0.987] 101.284
10m*10m | 8203 28.890] 0.983]108.765 10m=10m | 3430 | 21593] 0.995] 100.599

0.15 [30m=30m | 8.178] 28.756] 0.975] 108,682 0.15 [30m*30m | 3427 | 21546] 0991] 100653
50mx50m | 8.166 | 28,681 0.964] 108513 50mx50m | 3422 | 21345] 0.984] 100698
10mx10m | 4.899 28815] 0.983] 105563 10m<10m | 3.281 | 20.043[ 0.996] 100.075

020 [30m=30m | 4.833] 28.689] 0.977] 105.468 020 [30m=30m | 3289 | 20.156] 0.994] 100.086
50m*50m | 4.819] 28.489] 0.968] 105.399 50m*50m | 3.293 | 20.163] 0.992] 100.098
10mx10m | -6.051 | 30.582] 0.981] 105474 10mx10m | 4454 | 25234] 0.994] 98601
97.07.15| 0.25 [30mx30m | -6.012] 30.111] 0.972] 105423 04.0819| 0.25 [30m=30m | 4466 | 25.286] 0.991] 98563
50m=50m | -5.984 | 30.005] 0.949] 105410 50m*50m | 4480 | 25312] 0.988] 98023
10mx10m | 5.444 | 29.688] 0.982] 106305 10mx10m | 2.854 | 22.733] 0995 98.769

030 [30mx30m | 5432 29579] 0976] 106278 030 [30mx30m | 2846 | 22711] 0.987| 93536
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Fig. 11. Comparison of an outflow curve of grid size  Fig. 13. Comparison of an outflow curve of grid size
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