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Analysis on Spatio-Temporal Pattern and Regionalization of
Extreme Rainfall Data

OlZF* - HBIBH*

Lee, Jeong-Ju - Kwon, Hyun-Han

Abstract

The spatio-temporal pattern in precipitation is a significant element in defining characteristics of precipitation. In this study, a
new scheme on regionalization utilizing temporal information was introduced on the basis of existing approaches that is mainly
based on simple moments of data and geographical information. Given the identified spatio-temporal pattern, this study was
extended to characterize regional pattern of annual maximum rainfall over Korea. We have used circular statistics to char-
acterize the temporal distribution on the precipitation, and the circular statistics allow us to effectively assess changes in timing
of the extreme rainfall in detail. In this study, a modified K-means method was incorporated with derived temporal charac-
teristics of extreme rainfall in order to better characterize hydrologic pattern for regional frequency analysis. The extreme rain-
fall was reasonably separated into five categories that considered most attributes in both quantitative and temporal changes in
extremes. The results showed that the proposed approach is a promising approach for regionalization in term of physical under-

standing of extreme rainfall.
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(a) Angular data & mean vector

(b) Histogram

Fig. 1 An example showing angular histograms for the timing
of the maximum monthly precipitation on the unit circle
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Experiment Fig. 3 Synthetic Test Result of Case 1
Table 1. Mean Value for Synthetic Data
Synthetic Group A Group B Group C Group D STD of R

Data R T R T R T R T
Case 1 120 9 102 6 90 8 113 7 5
Case 2 120 7 102 6 90 7 113 7 5
Case 3 104 9 102 6 100 8 103 7 5
Case 4 118 6 116 8 105 6 107 9 5
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Fig. 7 A map showing the stations for this study
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Table 2. Heterogeneity Measure (Amounts)

Cluster Standardized Standardized Standardized
test value H(1) | test value H(2) | test value H(3)
Cluster 1 -0.0673 -0.7421 -1.1206
Cluster 2 -0.0428 -0.8407 -0.679
Cluster 3 -0.7237 -0.6315 -1.0308
Cluster 4 -0.2694 0.2077 0.999
Cluster 5 -1.6455 -0.9874 -0.8402

Table 3. Heterogeneity Measure (Amounts & Timing)

Cluster Standardized Standardized Standardized
test value H(1) | test value H(2) | test value H(3)
Cluster 1 -0.2341 -0.3945 -0.2357
Cluster 2 -0.1647 -0.7431 -1.2322
Cluster 3 -0.1578 -1.0511 -1.3078
Cluster 4 -1.1207 -0.1936 0.9584
Cluster 5 -1.1153 -0.0418 -0.2415
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Fig. 10 Mean distribution of extreme rainfall(upper panel) and mean angle distribution of peak rainfall according to each
category. The regionalization was based on first-order moment and circular statistics
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Fig. 11 Regionalization Result by spatio-temporal analysis
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Table 4. Comparison of Regional Frequency Analysis Results

SI\It;io(;lfs 2year | Syear | 1Oyear | 20year | 25year | 30year | 40year | SOyear | 8Oyear |100year|150year|200year
Cluster 1 | 11 | 97.1 | 1355 | 163.5 | 192.4 | 202.1 | 2102 | 223.1 | 2333 | 255.7 | 266.7 | 287.1 | 302.5
Cluster2 | 12 | 108.5 | 153.2 | 186.8 | 222.6 | 234.8 | 245 | 261.4 | 274.7 | 303.8 | 318.3 | 345.5 | 366.3
Amounts | Cluster 3 | 17 | 121.1 | 167.1 | 200.1 | 233.8 | 244.9 | 254.2 | 269 | 280.7 | 306 | 3183 | 341.1 | 3582
Cluster 4 | 10 | 140.3 | 198.3 | 239.7 | 281.9 | 295.7 | 307.3 | 325.6 | 340.1 | 371.5 | 386.7 | 414.8 | 4359
Cluster 5 | 3 | 1592 | 224.9 | 274.6 | 327.5 | 345.5 | 360.6 | 385 | 404.6 | 4479 | 469.4 | 509.8 | 540.7
Cluster 1 | 4 [953 [1372 | 171 |209 | 2224 |233.8 | 2525 | 267.8 | 302.5 | 3202 | 354.1 | 3808
Cluster2 | 16 | 102.8 | 1432 | 172.8 | 203.6 | 213.9 | 222.5 | 236.2 | 2472 | 271.1 | 282.9 | 304.7 | 3212
Q“%?n‘i?fg Cluster 3 | 21 | 121.3 | 168.8 [ 203 | 237.9 | 249.5 | 2592 | 274.5 | 286.7 | 313.1 | 326 | 349.7 | 3676
Cluster 4 | 10 | 1409 | 198.1 | 238.8 | 280.2 | 293.8 | 305.1 | 323.1 | 337.3 | 368 | 382.9 | 410.3 | 430.8
Cluster 5 | 2 | 164 |231.7 | 283 |337.7 | 3563 | 372 |397.3 | 417.6 | 462.5 | 484.9 | 526.9 | 559.1
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