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Analysis of Precipitation Distribution in the region of Gangwon with
Spatial Analysis (II): Analysis of Quantiles with Interested Durations and Return Periods

HEA - AT - SiTY

Jeong, Chang-Sam - Um, Myoung-Jin - Heo, Jun-Haeng

Abstract

In this study, often the spatial distribution of precipitation was analyzed using the quantile with regional frequency analysis and
spatial analysis to find out the detail distribution of extreme precipitation for preventing the disaster in the region of Gangwon.
The hourly precipitation data of 66 stations in Gangwon were used. As the results of regional frequency analysis, it shows that the
generalized logistic (GLO) distribution is the best for the region of Gangwon. As the results of spatial analysis, the quaniles have
high vaules nearby Seolakdong, Daegwallyeong and Cheongil as the duration of precipitation increase, and the change of spatial
distribution occurs severely according to the duration of precipitation. The spatial characteristics of precipitation appears clearly as
the return period of quantile increases. As the results of the spatial distribution of precipitation in Gangwon heavy quantiles usu-
ally are appeared in Yongdong, and the spatial distributions of quantile in Yongseo are various according to the duration and the
return period of quantile. Therefore, to estimate more accurate quantiles in Gangwon, various geographical and weather condi-
tions are considered additionally for the regional precipitation frequency analysis.
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Orographic effects, etc.

Fig 1. The procedure of study.
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Table 1. Mean of annual maximum series for interested durations (1-, 6-, 12- and 24-hour)

Region Station Elev. Duration (br) Region Station Elev. Duration (hw)
(m)| 6 12 24 (m) 1 6 12 24

Hyeonnae 6 33.39 | 108.72 | 152.28 | 190.78 Seoseok 327 | 40.83 | 87.42 | 12292 | 160.88
Kyeongpodae 9 34.75 | 10254 | 147.29 | 199.08 - Sillim 331 | 3529 | 8438 | 12896 | 166.29
Wondeok 120 37.50 | 104.64 | 142.77 | 208.55 Chiaksan 370 | 37.29 | 98.83 | 13938 | 175.83
Geundeok 13 3738 | 107.21 | 141.17 | 192.54 Anheung 430 | 33.25 | 84.96 | 12458 | 165.17

Okgye 14 31.83 | 90.17 | 123.21 | 180.42 Yeongwol | 240 | 33.74 | 80.50 | 116.81 | 153.26

Sokcho 18 32.71 | 101.15 | 141.08 | 186.04 Jucheon 262 | 3527 | 96.00 | 139.05 | 174.86
Ganghyeon 19 3025 | 94.50 | 132.58 | 189.00 Pyeongchang | 302 | 33.58 | 88.33 | 119.71 | 148.63
Gangneung 26 3691 | 11037 | 156.53 | 210.78 Jeongseonbuk | 386 | 34.58 | 80.88 | 111.08 | 159.21

1 Dagjin 29 29.96 | 95.08 | 126.88 | 159.88 Jeongseon | 389 | 32.14 | 87.68 | 120.73 | 163.91
Jumunjin 34 2650 | 7733 | 112.71 | 154.71 Nam-myeon | 435 | 38.75 | 89.88 | 126.75 | 171.88
Kansung 38 3571 | 109.21 | 14829 | 185.63 Daehwa 445 33.63 | 9238 | 12533 | 167.08
Donghae 400 31.21 | 90.51 | 129.32 | 189.39 v Imgye 507 | 34.50 | 82.88 | 114.83 | 161.88

Seorim 159 33.04 | 104.71 | 142.21 | 189.63 Sangdong | 509 | 3236 | 84.82 | 115.32 | 154.23
Seorakdong | 188 37.17 | 116.54 | 174.54 | 241.50 Jinbu 563 | 36.79 | 88.17 | 120.46 | 162.46
Yeongok 226 4092 | 123.13 | 167.21 | 215.13 Bongpyeong | 564 | 37.25 | 95.46 | 130.38 | 178.71

Osaek 3370 34.17 | 9033 | 126.96 | 166.83 Myeonon | 567 | 3522 | 96.56 | 132.50 | 177.67
Hyangnobong| 1267 32.21 | 102.07 | 147.21 | 185.50 Hajang 656 | 33.96 | 96.96 | 126.71 | 170.00
Chuncheon 77 3534 | 9275 | 127.05 | 164.69 Taeback 713 | 33.69 | 89.15 | 125.03 | 163.97
Hwacheon | 121 36.42 | 11521 | 151.88 | 191.63 Yongpyeong | 760 | 38.14 | 100.86 | 142.07 | 191.86
Cheolwon | 154 3831 | 106.52 | 141.22 | 181.38 IDaegwanryeong| 772 | 30.39 | 107.66 | 167.48 | 232.60
Jeongyeon | 200 43.30 | 124.45 | 164.80 | 206.60 Inje 199 | 33.46 | 88.36 | 123.34 | 160.74

I Daema 2020 42.50 | 110.55 | 14730 | 176.55 Yanggu 208 | 33.08 | 108.17 | 146.13 | 181.25
Gimhwa 213 39.50 | 106.33 | 136.54 | 170.33 Duchon 223 | 40.75 | 108.54 | 137.33 | 180.33
Sangseo 265 36.57 | 98.64 | 13421 | 188.07 Sinnam 235 | 3525 | 9333 | 12525 | 163.58
Mahyeon | 269 35.79 | 90.86 | 127.57 | 169.93 Buksan 240 | 36.17 | 101.04 | 133.67 | 164.88

Sanae 288 37.88 | 123.08 | 157.96 | 204.42 Wontong 253 | 30.79 | 94.14 | 140.21 | 167.21

Buron 64 3883 | 95.71 | 12850 | 154.21 \Y Bangsan 261 | 33.96 | 105.63 | 145.63 | 187.79

Namsan 93 40.83 | 9292 | 120.38 | 169.25 Seohwa 311 | 34.54 | 107.00 | 141.79 | 177.96

Bangok o4 3446 | 94.13 | 123.50 | 166.46 Girin 323 | 36.21 | 89.13 | 115.46 | 142.77

111 Hoengseong | 128 41.00 | 110.88 | 159.42 | 206.21 Haean 448 | 38.73 | 11891 | 16391 | 212.59
Hongcheon | 141 39.16 | 9523 | 131.21 | 171.71 Naemyeon | 598 | 32.58 | 85.96 | 119.46 | 156.63

Wonju 1500 38.86 | 91.39 | 126.37 | 160.52 Jinburyung | 601 | 24.21 | 83.88 | 117.75 | 155.13
Cheongil 235 4542 | 128.00 | 169.92 | 219.04 Mishiryung | 770 | 32.68 | 114.77 | 167.27 | 221.45
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Table 2. Summary of discordancy measure

Duration Total Region 1 Region 11 Region III Region IV Region V
H D H D H D H D H D H D
Total 635 15 166 4 88 2 109 1 154 6 128 2
1hr 63 3 17 - 9 - 10 1 15 1 12 1
2hr 64 2 16 1 9 - 1 - 15 1 13 -
3hr 65 - 17 - 9 - 1 - 15 1 13 -
4hr 65 1 17 - 9 - 1 - 15 1 13 -
6hr 64 2 17 - 8 1 1 - 16 - 12 1
Yhr 66 - 17 - 9 - 11 - 16 - 13 -
12hr 65 1 17 - 9 - 1 - 15 1 13 -
15hr 65 1 16 1 9 - 11 - 16 - 13 -
18hr 64 2 16 1 8 1 1 - 16 - 13 -
24hr 64 2 16 1 9 - 1 - 15 1 13 -
H: Harmonious, D: Discordant
Table 3. Summary of heterogeneity measure
Duration lhr 2hr 3hr 4hr 6hr 9hr 12hr 15hr 18hr 24hr
H, -147 | -0.05 0.23 -0.06 0.24 044 | -069 | -090 | -130 | -1.65
Re%i"“ H, 2.16 -0.99 -1.03 -0.94 -0.47 -0.38 027 -0.38 -0.41 -0.92
H, 257 | 226 | 212 | 201 -1.45 136 | -1.18 | -1.25 -1.03 -1.43
H, -1.85 -1.38 10 | -1.23 -2.01 232 | 201 162 | -1.05 | -0.38
Reﬁi"“ H, 055 | -152 | -1.00 | -1.19 | -1.31 207 | -1.88 | -124 | -087 | -0.03
H; -120 | -218 -1.80 | 204 | 214 | 237 | 229 | -1.78 146 | -0.66
H, 092 | -0.63 -0.75 079 | -1.01 069 | -087 | -08 | -073 -0.61
Reﬁi‘m H, -1.69 -1.88 -1.99 2.10 -1.70 -2.43 2.12 -1.60 -0.96 -1.43
Hs -1.75 -2.05 2.25 223 -1.90 | -2.51 -180 | -150 | -112 | -1.29
H, -0.93 -0.43 024 | -0.53 054 | -066 | -090 | -140 | -147 | -154
Rel%"“ H, 2,51 -2.31 -2.29 228 -1.91 2.11 244 2236 -2.01 -2.53
H; -2.33 234 | 254 | 258 | 224 | 274 | -3.15 2.93 -2.43 -2.58
H, -0.35 -1.01 119 | -1.04 | -08 | -068 | -068 | -0.62 | -087 | -1.30
Re%i‘m H, -1.45 -1.02 -1.38 -1.42 -1.31 -1.31 -1.73 -1.41 -1.65 2,69
Hs 220 | -1.21 169 | -173 -1.80 | -154 | -159 | -1.38 175 | -2.89
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Table 4. PDF of five distributions in this study

Probability Models PDF
r 1
-1 _
. . 1 X% (ﬂ ) x—xp\(IA) ’
Generalized logistic fx)=—1- ﬂ( ) 1+41- ﬂ( )
Q] a a
- 17 x=xo\ 7' A! x—xq\ !
Generalized extreme value fix)y=—|1- M exp[f(l - d ) }
al a a
1 1(In(x—x0)—p,)?
Generalized normal fx) = —eXp[f'(—Z) }
m(x—xo)ay 2 g,
1 (x—xp\F1 (x—xq)
Pearson type f(x)= —(—) exp(f )
o 7TAN « a
1/8-1
Generalized Pareto fix)= { _B (x xo)}

x0 and z, , and S are location, scale, and shape parameters, respectively, and /{f)is gamma function.

Table 5. Summary of goodness-fit-measure

Duration Thr 2hr 3hr 4hr 6hr 9hr 12hr 15hr 18hr 24hr
GLO 013 | -025 | -040 | -052 | -009 | -034 | -064 | -1.21 | -121 | -057
, GEV .06 | -122 | -124 | -1.26 | -0.86 | -123 | -159 | -222 | 231 | -1.71
Re%“’“ GNO 145 | -1.57 | -168 | 177 | -137 | -1.64 | -1.93 251 253 -1.90
PT 215 | 222 | 245 | 265 | 227 | 237 | 257 | 3.09 | -3.03 | -236
GPA 333 | -353 | 335 | 322 | 287 | -3.41 386 | -457 | 479 | -425
GLO 118 | 064 | 002 | 019 | 027 | -017 | o010 | 051 | 089 | 128
_ GEV 237 | -162 | -092 | -0.70 | -0.63 | -1.05 | -0.79 | -0.44 | -0.05 | 0.25
Reﬁ"’" GNO 220 | -1.62 | -097 | -081 | -074 | -114 | -089 | -0.52 | -016 | 019
PT 226 | -1.81 | -122 | -LII | -1.03 | -1.42 | -L19 | -0.79 | -047 | -0.08
GPA 467 | 367 | 29 | 264 | 260 | 295 | 272 | 250 | 211 | -1.95
GLO .30 | -097 | -051 | -007 | -003 | -073 | -132 | -1.25 | -1.26 | -113
_ GEV 227 | 209 | -146 | -099 | -099 | -6z | 223 | 212 | 209 | -1.97
Reﬁ}"" GNO 246 | 217 | -166 | -124 | -1.22 | -1.87 | 246 | -238 | 237 | -225
PT 288 | 247 | 210 | 175 | <170 | 235 | 293 | 28 | 2091 2.79
GPA 444 | -448 | 360 | 312 | 318 | -3.68 | 433 | -416 | -407 | -3.94
GLO 195 | 284 | -173 | -Lol | -1.18 | -1.98 | -131 | -106 | -0.96 | -0.48
, GEV 286 | -3.77 | 263 | -190 | 207 | 296 | 237 | 208 | -195 | -145
Relf;on GNO 318 | -407 | 295 | 224 | 240 | -3.23 258 | 232 | 221 173
PT 378 | -466 | 356 | 286 | -3.03 | -3.77 | 3.04 | 28 | 274 | 228
GPA 502 | -5.96 | 479 | -405 | -420 | -522 | -476 | -441 | -425 | -3.70
GLO .64 | 215 | -138 | -148 | -086 | -044 | -064 | 000 | 048 | 021
_ GEV 240 | 28 | -198 | 212 | -1.54 | -1.25 | -151 | -1.04 | -0.62 | -0.84
Ref/"’" GNO 272 | 320 | 242 | 252 | -192 | -1.54 | -175 | -L18 | -0.74 | -0.99
PT 330 | -387 | 317 | 323 | 259 | 207 | 223 | -1.55 | -1.09 | -136
GPA 425 | -455 | 358 | 378 | -325 | -3.19 | 352 | 333 | -3.03 | -3.16
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Table 6. Estimated GLO distribution parameters and regional growth curve estimates for interested durations (1-, 6-, 12- and 24-

hour) and return period (10-, 100- and 1000-year)

) ) GLO distribution parameters Regional growth curve estimates for the T-year event
Region Duration
Shape Scale Location 10yr 100yr 1000yr
1h -0.2402 0.1993 09157 1.492 2.588 4.444
6h -0.2402 0.1993 09157 1.511 2.801 5.221
! 12h -0.2287 0.2078 0.9168 1.510 2.607 4418
24h -0.1852 0.2183 0.9308 1.523 2513 3.988
1h -0.0723 0.1694 0.9797 1.383 1.903 2.497
6h -0.1703 0.2007 0.9418 1.477 2.341 3.584
i 12h -0.1708 0.1972 0.9427 1.469 2319 3.545
24h -0.1525 0.2081 0.9464 1.490 2332 3.494
1h -0.1925 0.1722 0.9430 1.414 2215 3.430
6h -0.2029 0.1722 0.9397 1.416 2247 3.537
H 12h -0.2054 0.1772 0.9371 1.429 2292 3.639
24h -0.2257 0.1917 0.9244 1.470 2471 4112
1h -0.2278 0.1750 0.9303 1.429 2.351 3.868
6h -0.2331 0.1867 0.9237 1.459 2.460 4.130
v 12h -0.1922 0.1866 0.9384 1.448 2315 3.628
24h -0.2144 0.2108 0.9215 1.513 2572 4.261
1h -0.2407 0.1948 09174 1.482 2.554 4376
6h -0.2672 0.2034 0.9027 1.511 2.740 4.961
v 12h -0.2124 0.2015 0.9258 1.490 2.494 4.090
24h -0.1752 0.2125 0.9365 1.506 2437 3.791
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Fig 2. Spatial distribution analysis for return period 10yr.
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Fig 3. Spatial distribution analysis for return period 100yr.
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Fig 4. Spatial distribution analysis for return period 1000yr.
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Table 7. The summary of multiple linear regression for return period 100yr

A eport GAAeE 34 2 AL A § o
AR B B5T Nk ASTRE 244138 A
¥, 4% 2 2
397 A % /1A

ERARITE

o
2
>
kS
=
I

Region
Duration Parameter AL l " i v v
Const. 603.6024 -1384.1407 32.6120 164.0426 1901.3682 3724.1280
™ x -0.0008 0.0023 - 0.0003 -0.0028 -0.0063
™ y -0.0005 0.0013 0.0001 -0.0002 -0.0016 -0.0030
Thr Z -0.0092 -0.0185 0.0004 -0.0954 -0.0100 0.0359
D1 -0.0003 -0.0001 0.0018 0.0014 -0.0002 -0.0024
D2 -0.0007 0.0041 -0.0016 -0.0019 -0.0031 -0.0044
Zone 7.1797 - - - - -
R-Square 0.2006 0.4379 0.8278 0.7061 0.2559 0.5914
Const. -1282.3539 -5485.8813 260.7311 33740.9358 -1447.5922 2470.5713
™ x 0.0020 0.0087 - -0.0459 0.0024 -0.0052
™ y 0.0016 0.0054 -0.0001 -0.0332 0.0014 -0.0010
. Z -0.0251 -0.0621 0.0659 -0.3009 0.2093 0.1258
D1 -0.0010 -0.0009 0.0016 0.0176 0.0035 -0.0016
D2 0.0030 0.0146 -0.0008 -0.0766 0.0009 -0.0024
Zone 36.0196 - - - - -
R-Square 0.4671 0.3242 0.1626 0.5632 0.8441 0.4599
Const. -1301.5361 -5839.4046 349.2667 32861.7647 -3238.0109 -571.9202
™ x 0.0021 0.0093 - -0.0443 0.0051 -0.0002
™ y 0.0017 0.0058 0.0000 -0.0326 0.0031 0.0017
Z -0.0012 -0.0594 0.0641 -0.3091 0.3407 0.1309
12hr D1 -0.0009 -0.0019 0.0036 0.0152 0.0061 0.0015
D2 0.0033 0.0151 -0.0029 -0.0726 0.0026 0.0004
Zone 63.4224 - - - - -
R-Square 0.4138 0.2351 0.1552 0.4386 0.6986 0.5026
Const. -838.7971 -4919.0800 379.5750 410799127 -2192.5755 3674.6750
™ x 0.0019 0.0085 - -0.0552 0.0036 -0.0079
™ y 0.0012 0.0049 -0.0001 -0.0403 0.0024 -0.0014
Sdhr Z 0.0311 -0.0675 0.1670 -0.3991 0.4504 0.2624
D1 -0.0004 -0.0040 -0.0022 0.0250 0.0087 0.0000
D2 0.0024 0.0118 0.0024 -0.0970 -0.0015 -0.0059
Zone 549174 - - - - -
R-Square 0.1991 0.1758 0.1143 0.3860 0.6683 0.5491
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