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Identification of Factors Affecting the Occurrence of Temporal Patterns
of Rainfall in Gamcheon Watershed

Ol |&* + Z@ES|** - 5FZ{0F sk

Ahn, Ki Hong - Cho, Wan Hee - Han, Kun Yeun

Abstract

In South Korea, seasonal, local and temporal climatic characteristics are variable in rainfall patterns. To design or assess the reli-
ability of hydrosystem, information about the rainfall event under consideration is important. In this process, the complete description
of a design storm involves the specification of rainfall duration, depth, and its temporal pattern. Generally, to use an appropriate tem-
poral pattern for a design storm is of great importance in the design and evaluation of hydrological safety for hydrosystem. For pur-
pose of selecting of factors affecting the occurrence of rainfall patterns, Huff's dimensionless method was executed and examined by
statistical contingency tables analysis through which the inter-dependence of the occurrence frequency of rainfall patterns with respect
to geographical location, rainfall duration and depth, and seasonality is investigated. This analysis result can be used to establish flood

policies and to design or assess the reliability of hydrosystem.

Key words : Rainfall pattern, Cluster analysis, Contingency table, Gamcheon Watershed
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Fig. 2. Example of temporal rainfall pattern
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Table 1. List of raingage stations

Station location - - Elevation Area(kmz) Area ratio
Address Longitude Latitude (EL. m)
Chupungnyeong|Chungbuk Yeongdong Chupungnyeong 205 120°00' 36°13' 242.5 541.517 0.539
Gumi Gyeongbuk Gumi Namtong 363-73 128°19' 36°08' 47.9 381.361 0.380
Geochang Gyeongnam Geochang Gimcheon 169-2 127°55' 35°40' 220.9 81.233 0.081
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Table 2. Number of rainfall event

Time period Number of Rainfall event
January 28
February 32
March 60
April 86
May 89
Month June 114
July 176
August 151
September 93
October 51
November 38
December 20
Spring(March-May) 744
Summer(June-August) 1,479
Season

Autumn(September-November) 570
Winter(December-February) 193
Monsoon(June, July) 990
Typhoon(August, September) 790
Wet period(April-September) 2,356
Dry period(October-May) 630
Total 2,986
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Table 3. Contingency tables showing occurrence frequency of rainfall type by duration

. Rainfall Type
Duration(h) Column total
Type I Type I Type 111 Type IV
Frequency count 64 81 56 28 229
Expected count 56.21 75.08 66.03 31.67 228.99
6> contribution rate 1.078 0.467 1.524 0.426 3.495
Row percent 27.95 35.37 24.45 12.23 100.00
Column percent 8.73 8.27 6.50 6.78 7.67
Frequency count 154 252 233 103 742
Expected count 182.15 243.27 213.95 102.63 742
6~12 contribution rate 4.349 0.313 1.696 0.001 6.359
Row percent 20.75 33.96 31.40 13.88 100.00
Column percent 21.01 25.74 27.06 24.94 24.85
Frequency count 156 259 219 98 732
Expected count 179.69 240 211.07 101.24 732
12 ~18 contribution rate 3.123 1.505 0.298 0.104 5.03
Row percent 21.31 35.38 29.92 13.39 100.00
Column percent 21.28 26.46 25.44 23.73 24.51
Frequency count 137 174 153 63 527
Expected count 129.37 172.78 151.96 72.89 527
18 ~24 contribution rate 0.45 0.009 0.007 1.342 1.808
Row percent 29.37 28.17 26.46 16.01 100.00
Column percent 18.69 17.77 17.77 15.25 17.65
Frequency count 222 213 200 121 756
Expected count 185.58 247.86 217.99 104.56 755.99
24 < contribution rate 7.147 4.904 1.485 2.584 16.12
Row percent 24.55 32.79 28.83 13.83 100.00
Column percent 30.29 21.76 23.23 29.30 25.32
Frequency count 733 979 861 413 2986
Row total Row percent 24.55 32.79 28.83 13.83 100.00
Column percent 100.00 100.00 100.00 100.00 100.00
x> =32.811 DF =12 \ »=0.001
Table 4. Contingency tables showing occurrence frequency of rainfall type by depth
Depth(mm) Rainfall Type Column total
Type 1 Type 11 Type 111 Type IV
Frequency count 518 689 590 272 2,069
Expected count 507.90 678.35 596.59 286.17 2,069.01
20 > contribution rate 0.201 0.167 0.073 0.701 1.142
Row percent 25.04 33.30 28.52 13.15 100.00
Column percent 70.67 70.38 68.52 65.86 69.29
Frequency count 144 201 170 77 592
Expected count 145.32 194.10 170.70 81.88 592
20 ~ 40 contribution rate 0.012 0.246 0.003 0.291 0.552
Row percent 2432 33.95 28.72 13.01 100.00
Column percent 19.65 20.53 19.74 18.64 19.83
Frequency count 65 76 83 49 273
Expected count 67.02 89.51 78.72 37.76 273.01
40 ~ 80 contribution rate 0.061 2.038 0.233 3.346 5.678
Row percent 23.81 27.84 30.40 17.95 100.00
Column percent 8.87 7.76 9.64 11.86 9.14
Frequency count 5 10 16 9 40
Expected count 9.82 13.11 11.53 5.53 39.99
80 ~ 120 contribution rate 2.365 0.0740 1.729 2.173 6.341
Row percent 12.50 25.00 40.00 22.50 100.00
Column percent 0.68 1.02 1.86 2.18 1.34
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Table 4. Contingency tables showing occurrence frequency of rainfall type by depth (Continued...)

Rainfall Type
Depth(mm) Column total
Type I Type 11 Type 111 Type IV
Frequency count 1 3 2 6 12
Expected count 2.95 3.93 3.46 1.66 12
120 < contribution rate 1.285 0.222 0.616 11.350 13.473
Row percent 8.33 25.00 16.67 50.00 100.00
Column percent 0.14 0.31 0.23 1.45 0.40
Frequency count 733 979 861 413 2,986
Row total Row percent 24.55 32.79 28.83 13.83 100.00
Column percent 100.00 100.00 100.00 100.00 100.00
x* =27.853 DF =12 | »=0.006
The cells have expected counts less than t = 4(20%)
Table 5. Contingency tables showing occurrence frequency of rainfall type by Season
Season Rainfall Type Column total
Type 1 Type 11 Type 111 Type IV
Frequency count 181 276 221 66 744
Expected count 182.64 243.93 214.53 102.9 744
Spring contribution rate 0.015 4216 0.195 13.235 17.661
Row percent 24.33 37.10 29.70 8.87 100.00
Column percent 24.69 28.19 25.67 15.98 24.55
Frequency count 386 457 409 227 1,479
Expected count 363.06 48491 426.46 204.56 1,478.99
Summer contribution rate 1.449 1.606 0.715 2.461 6.231
Row percent 26.10 30.90 27.65 15.35 100.00
Column percent 52.66 46.68 47.50 54.96 32.79
Frequency count 118 171 185 96 570
Expected count 139.92 186.88 164.36 78.84 570
Autumn contribution rate 3.435 1.350 2.593 3.736 11.114
Row percent 20.70 30.00 32.46 16.84 100.00
Column percent 16.10 17.47 21.49 23.24 28.83
Frequency count 48 75 46 24 193
Expected count 47.38 63.28 55.65 26.69 193
Winter contribution rate 0.008 2.172 1.674 0.272 4.126
Row percent 24.87 38.86 23.83 12.44 100.00
Column percent 6.55 7.66 5.34 5.81 13.83
Frequency count 733 979 861 413 1,712
Row total Row percent 24.55 32.79 28.83 13.83 100.00
Column percent 100.00 100.00 100.00 100.00 100.00
X~ =39.131 DF=9 p=0.000
Frequency count 283 322 257 128 990
Expected count 245.28 305.34 279.76 159.62 990
Monsoon contribution rate 5.802 0.909 1.851 6.265 14.827
Row percent 28.59 32.53 25.96 12.93 100.00
Column percent 55.62 55.62 55.62 55.62 55.62
Frequency count 158 227 246 159 790
Expected count 195.72 243.66 223.24 127.38 790
Typhoon contribution rate 7.271 1.139 232 7.851 18.581
Row percent 20.00 28.73 31.14 20.13 100.00
Column percent 44.38 44.38 44.38 44.38 44.38
x” = 33409 | DF =3 | p=0.000
Frequency count 571 769 683 333 2,356
Expected count 578.35 772.45 679.34 325.86 2,356
Wet contribution rate 0.093 0.015 0.02 0.156 0.284
Row percent 24.24 32.64 28.99 14.13 100.00
Column percent 78.90 78.90 78.90 78.90 78.90
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Table 5. Contingency tables showing occurrence frequency of rainfall type by Season (Continued...)

Rainfall Type
Season Type 1 Type 11 Type Il Type IV Column total

Frequency count 162 210 178 80 630

Expected count 154.65 206.55 181.66 87.14 630

Dry contribution rate 0.349 0.057 0.074 0.585 1.065
Row percent 25.71 33.33 28.25 12.70 100.00
Column percent 21.10 21.10 21.10 21.10 21.10
Frequency count 733 979 861 413 2,986
Row total Row percent 24.55 32.79 28.83 13.83 100.00
Column percent 100.00 100.00 100.00 100.00 100.00

x* = 1350 DF =3 | p=0.717

Table 6. Contingency tables showing occurrence frequency of rainfall type by Region

Rainfall Type
Region Column total
Type 1 Typell Type 111 Type IV
Frequency count 308 390 358 156 1,212
Expected count 297.52 397.37 349.47 167.63 1,211.99
Chu-pung-nyeong | contribution rate 0.369 0.137 0.208 0.807 1.521
Row percent 25.41 32.18 29.54 12.87 100.00
Column percent 42.02 39.84 41.58 37.77 40.59
Frequency count 193 279 246 118 836
Expected count 205.22 274.09 241.06 115.63 836
Gumi contribution rate 0.728 0.088 0.101 0.049 0.966
Row percent 23.09 33.37 29.43 14.11 100.00
Column percent 26.33 28.50 28.57 28.57 28.00
Frequency count 232 310 257 139 938
Expected count 230.26 307.54 270.47 129.74 938.01
Geo-chang contribution rate 0.013 0.02 0.671 0.661 1.365
Row percent 24.73 33.05 27.40 14.82 100.00
Column percent 31.65 31.66 29.85 33.66 31.41
Frequency count 733 979 861 413 2,986
Row total Row percent 24.55 32.79 28.83 13.83 100.00
Column percent 100.00 100.00 100.00 100.00 100.00
72 =3.852 | DF = 6 | p=10.697
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