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Abstract

Gradually or radically change how the characteristics of the climate characteristic using change point analysis for the
precipitation indicators were investigated. Significantly the amount, extreme and frequency were separated by precipitation
indicators, each indicator RIA(Rainfall Index for Amount), RIE(Rainfall Index for Extremes) and RIF(Rainfall Index for
Frequency) was defined. Bayesian Change Point was applied to investigate changing over time of precipitation indicators
calculated. As the result of analysis, precipitation indicators in South Korea was found to recently increase all indicators
except for the annual precipitation days and 200-yr precipitation. RIA revealed that there was a very clear point of
significance for the change in Ulleungdo, Relatively significant results for RIE were identified in Gumi, Jecheon and
Seogwipo. Also, since the 1990s, an increase in the number of variation points, and the horizontal width of the fluctuation
point was being relatively wider. Based on these results, rethink the precipitation on the assumption of stationarity was

judged necessary.
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Fig. 1. Location of precipitation observatory




Table 1. Precipitation indicators

Han, Bong-Koo + Chung, Eun-Sung - Lee, Bo-Ram - Sung, Jang Hyun

Precipitation . .. .
L. Indicator Definition Unit
Characteristics
SDII Annual mean daily rainfall over wet-days = sum of daily rainfalls in
mm
year divided by the number of wet-days in year
Amount TotalDR Annual total rainfall amount mm
Prcp80 Annual number wet days over 80 mm/day days
Prcp50 Annual number wet days over 50 mm/day days
Annual maximum number of consecutive
CWD days
wet days
Extreme . .
R3day Annual maximum 3-day total rainfall mm
AMDR Annual maximum daily rainfall mm
NWD Annual number of wet days (threshold of 1 mm) days
Frequency
Freq200 200-yr frequency rainfall mm
(Consecutive Wet Days)9} <1 34 F Al 7] o]He| B 7} W& ZE p(B) & wlsta AL
R3day(Rainfall 3-day max)¢} & ZHdl o <l S (posterior probability)& M2 HHI} Foj7 o]F
AMDR(Annual Maximum Daily Rainfal)Z -3} o A B 7 2 &5 P(Bl4) & 9Vt
RIFE Y92 1 mm oA 71 71838 d5=2l B Aqtoq g% BCP E3-2 Barry and Hartigan

NWDMNumber of Wet Days)”} AH&-%| 31t}

2.2 Bayesian Change Point
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Table 2. RIA value in precipitation observatory according to period

RIA

Province Station SDII (mm/day) TotalDR (mm/year) Prep50 (days) Prcp80 (days)
S1 S2 S1 S2 S1 S2 S1 S2
Seoul Seoul 17.5 20.7 1379.9 1548.4 1.8 2.1 0.8 1.0
Incheon 16.3 19.4 1176.6 1306.1 1.3 1.8 0.6 0.9
Suwon 16.6 18.7 1309.8 1350.1 1.6 1.8 0.7 0.8
GG Ganghwa 19.4 20.1 1316.7 1345.2 1.8 1.9 0.9 0.8
Yangpyeong 17.5 20.5 1300.7 1524.8 1.7 2.1 0.7 1.0
Icheon 17.4 18.7 1329.2 1335.7 1.9 1.6 0.7 0.7
Cheorwon 17.1 19.4 1335.7 1463.6 1.6 2.1 0.7 1.0
Chuncheon 16.9 18.5 1286.5 1439.6 1.6 2.1 0.7 0.8
Wonju 15.8 17.3 1290.9 1396.0 1.5 1.7 0.6 0.7
ow Inje 14.9 17.1 1114.2 1317.8 1.3 1.4 0.5 0.8
Hongcheon 16.3 15.9 1229.0 1230.5 1.5 1.5 0.7 0.5
Gangneung 17.0 19.4 1381.4 1545.7 1.5 1.9 0.6 0.8
Sokcho 17.1 18.6 1342.0 1454.3 1.6 1.9 0.6 0.9
Taebaek 16.5 15.9 1260.2 1349.3 1.5 1.6 0.5 0.4
Chungju 15.6 15.8 1187.8 1241.6 1.4 1.4 0.5 0.5
Cheongju 15.0 16.3 1225.8 1253.0 1.4 1.5 0.5 0.4
CB Chupungryeong 14.1 14.8 1149.4 1224.4 1.1 1.3 0.3 0.4
Jecheon 16.3 18.4 1295.0 1487.8 1.6 2.1 0.6 0.8
Boeun 15.5 15.9 1260.2 1316.6 1.5 1.6 0.5 0.3
Seosan 15.9 17.4 1236.4 1322.1 1.5 1.7 0.6 0.9
Daejeon 16.3 17.4 1373.2 1360.3 1.6 1.6 0.6 0.6
Cheonan 17.1 20.6 1291.3 1526.6 1.6 2.1 0.7 0.9
N Boryeong 16.0 15.0 1237.0 1170.7 1.5 1.1 0.6 0.4
Buyeo 17.2 16.4 1334.2 1292.8 1.7 1.5 0.7 0.5
Geumsan 15.6 15.9 1258.8 1328.6 1.5 1.7 0.6 0.6
Gunsan 15.2 16.0 1199.5 1251.4 1.5 1.7 0.5 0.5
Jeonju 14.7 15.5 1294.3 1314.3 1.3 1.5 0.4 0.6
Buan 15.5 16.4 1219.4 1335.0 1.4 1.6 0.6 0.5
JB Imsil 14.6 16.4 1315.6 1408.9 1.5 1.9 0.4 0.6
Jeongeup 15.1 15.7 1286.2 1398.6 1.5 1.8 0.4 0.6
Namwon 15.7 17.0 1313.7 1454.8 1.6 1.8 0.6 0.7
Jangsu 16.3 16.9 1422.1 1507.8 1.7 2.0 0.6 0.8
Gwangju 10.7 17.2 1339.6 1482.4 1.6 2.1 0.5 0.8
Mokpo 14.0 15.7 1114.2 1230.5 1.1 1.5 0.5 0.5
Wando 18.9 20.6 1456.8 1648.2 1.9 2.6 0.8 1.0
Yeosu 18.9 20.0 1407.9 1447.8 1.8 2.0 1.3 1.4
N Suncheon 19.7 17.7 1487.6 1603.0 1.9 2.4 0.7 0.9
Jangheung 18.4 20.1 1458.8 1591.2 1.9 2.0 0.9 0.9
Haenam 16.3 17.1 1305.8 1369.0 1.7 1.5 0.7 0.7
Goheung 19.7 20.8 1452.4 1478.3 1.9 1.9 0.9 0.7
Uljin 14.8 16.7 1102.4 1209.8 1.8 2.1 0.8 1.0
Ulleungdo 11.9 15.2 1245.4 1665.1 0.9 1.9 0.2 0.7
Andong 12.5 15.8 843.8 1096.1 0.8 1.2 0.2 0.3
Pohang 15.1 16.9 1107.6 1226.1 1.1 1.3 0.3 0.5
Daegu 14.9 16.3 1029.2 1088.0 0.9 1.3 0.3 0.4
GB Bonghwa 16.3 16.9 1178.7 1280.2 1.5 1.5 0.4 0.6
Yeongju 17.7 18.1 1237.0 1355.2 1.5 1.7 0.5 0.8
Mungyeong 16.4 17.8 1208.4 1342.6 1.5 2.0 0.4 0.7
Yeongdeok 15.6 17.8 1035.3 1153.9 1.1 1.4 0.3 0.4
Uiseong 14.4 17.2 972.2 1140.8 1.0 1.5 0.3 0.4
Gumi 14.9 17.0 1013.9 1155.3 1.0 1.3 0.2 0.5
Yeongcheon 15.4 15.7 1005.3 1088.6 1.0 1.1 0.3 0.3
Busan 19.7 21.3 1487.2 1554.4 2.0 2.3 0.7 0.9
Ulsan 17.4 17.9 1280.8 1263.1 1.5 1.6 0.5 0.6
Changwon 213 22.8 1489.7 1614.1 2.3 23 1.0 1.1
Tongyeong 18.6 20.6 1427.8 1461.3 1.8 2.0 0.6 0.7
GN Jinju 19.8 21.8 1508.9 1563.9 22 2.0 0.7 1.0
Hapcheon 17.7 18.4 1238.6 1320.5 1.6 1.8 0.5 0.8
Miryang 17.8 17.3 1234.0 1226.6 1.6 1.5 0.6 0.6
Sancheong 19.8 21.6 1479.1 1606.8 1.9 22 0.8 1.0
Geoje 22.9 24.0 1797.1 1869.4 2.6 3.0 1.2 1.4
Nambhae 23.8 24.6 1789.5 1854.1 2.8 2.9 1.3 1.2
Seowipo 19.4 21.1 1815.0 1933.4 2.6 2.7 1.1 1.0
JJ Jeju 14.8 17.1 1436.5 1516.2 1.4 1.6 0.7 0.7
Gosan 13.8 15.3 1094.7 1205.4 1.0 1.2 0.4 0.3
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Fig. 3. RIA variation according to precipitation observatory

Table 3. Minimum, maximum and mean value of RIA according to precipitation observatory
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0.122050 - 3.645039
3.645040 - 7,091821
7.091822 - 12.211030
12.211031 - 18.273201
18.273202 - 33.700016
-5.359741
-5.359740 - -3.102983
-3.102982 - -1.381949
-1.381048 - -0.939412
-0.939411 - -0.599676
‘A
-40,000000
+39.999999 - -28.571429
-28.571428 - -20.000000

-19.999999 - -16.666667
-16.666666 - -7.692308
0.000000 - 7.692308
7.692309 - 20.000000
20.000001 - 33.333333
33.333334 - 75.000000
75.000001 - 250.000000

RIA [%)]
Min Max Mean
SDIL Suncheon (-10.2) Gwangju (60.7) 8.8
TotalDR Boryeong (-5.4) Ulleungdo (33.7) 7.9
Prcp50 Boryeong (-26.7) Ulleungdo (111.1) 16.1
Prcp80 Boeun (-40.0) Ulleungdo (250.0) 25.7
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Table 4. RIE value in precipitation observatory according to period

RIE
Province Station CWD (days) R3day (mm/3days) AMDR (mm/day)
S1 S2 S1 S2 S1 S2
Seoul Seoul 6.2 5.8 218.2 249.5 151.6 174.6
Incheon 5.3 5.5 195.2 211.9 131.4 149.0
Suwon 6.0 5.4 219.1 226.7 147.1 136.1
GG Ganghwa 5.3 5.0 262.0 2242 174.6 152.0
Yangpyeong 5.7 6.0 215.7 282.8 136.4 197.0
Icheon 5.4 5.3 215.5 216.4 136.9 161.2
Cheorwon 6.5 5.4 247.9 248.1 145.9 149.9
Chuncheon 6.1 5.8 217.4 249.2 138.4 159.1
Wonju 5.5 5.8 208.4 237.3 128.8 160.7
oW Inje 5.4 5.9 182.2 245.1 122.6 148.2
Hongcheon 5.3 6.0 182.3 196.9 122.5 132.7
Gangneung 6.1 6.3 212.8 296.7 142.9 2323
Sokcho 6.1 5.6 227.5 218.6 149.3 157.1
Taebaek 5.8 7.2 212.2 209.3 140.0 132.8
Chungju 5.3 6.5 182.7 187.4 118.3 120.4
Cheongju 5.2 6.2 163.4 202.3 115.5 123.2
CB Chupungryeong 5.8 7.0 155.3 163.0 104.5 115.4
Jecheon 5.2 5.9 185.5 253.1 123.7 160.2
Boeun 5.7 7.0 190.1 170.5 131.8 106.3
Seosan 5.4 5.5 191.8 185.1 127.1 131.0
Daejeon 5.7 6.7 189.6 189.4 130.0 118.4
Cheonan 5.4 5.4 196.5 267.8 128.3 163.4
N Boryeong 5.3 4.9 180.1 162.4 131.9 1253
Buyeo 5.4 7.1 181.4 173.4 141.5 112.9
Geumsan 6.0 8.4 177.2 191.7 120.7 117.9
Gunsan 5.6 5.8 161.7 168.1 118.4 111.5
Jeonju 6.0 5.9 162.1 177.9 1113 125.1
Buan 5.2 5.5 174.8 184.2 119.7 118.4
JB Imsil 5.9 7.1 154.1 211.4 105.8 133.2
Jeongeup 5.4 6.0 163.5 164.8 108.4 111.3
Namwon 5.2 7.1 175.3 178.3 108.9 133.6
Jangsu 6.1 8.2 165.7 222.8 113.9 123.4
Gwangju 5.6 7.1 179.9 193.1 1233 148.0
Mokpo 5.1 4.6 161.5 149.7 115.8 114.8
‘Wando 5.1 7.2 220.5 221.8 162.3 161.6
N Yeosu 5.6 6.4 192.6 201.3 135.7 155.3
Suncheon 5.8 7.2 214.5 221.1 149.1 166.9
Jangheung 5.2 7.1 213.2 235.5 162.0 165.6
Haenam 5.3 6.2 194.3 207.2 142.4 152.2
Goheung 4.9 6.3 217.9 232.2 107.9 180.8
Uljin 5.3 5.9 153.9 182.4 102.8 129.0
Ulleungdo 6.8 8.1 122.7 176.4 93.8 112.4
Andong 4.6 6.0 108.1 160.0 78.8 100.4
Pohang 5.1 5.6 162.2 166.7 115.6 123.2
Daegu 5.1 5.7 146.6 179.5 97.8 118.4
GB Bonghwa 5.4 6.6 184.6 211.5 128.9 141.6
Yeongju 5.2 7.3 172.0 190.7 120.1 119.3
Mungyeong 5.4 6.3 145.7 187.1 101.3 114.5
Yeongdeok 4.6 5.2 137.8 174.4 101.0 131.3
Uiseong 5.1 5.2 132.8 164.0 92.8 111.9
Gumi 5.5 5.8 137.4 170.4 95.0 121.2
Yeongcheon 5.0 5.1 136.7 1393 101.9 99.7
Busan 5.5 7.1 202.6 214.3 149.9 146.1
Ulsan 5.0 5.1 188.2 193.2 132.2 139.9
Changwon 5.8 6.1 200.4 219.6 147.0 159.3
Tongyeong 52 6.3 195.7 167.2 142.8 127.7
GN Jinju 5.6 6.8 201.5 216.6 138.8 172.8
Hapcheon 5.9 6.4 173.0 196.3 119.8 150.2
Miryang 5.2 5.6 173.0 171.0 127.4 117.5
Sancheong 5.9 7.0 225.7 243.5 154.1 193.7
Geoje 6.5 7.9 255.5 221.1 184.6 178.3
Namhae 5.8 7.0 248.1 274.9 176.1 218.5
Jeju 6.2 6.2 200.2 219.8 143.6 172.0
JJ Gosan 5.3 5.8 170.6 152.1 132.4 102.8
Seowipo 6.4 6.8 206.7 210.6 154.0 147.0
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Fig. 4. RIE variation according to precipitation observatory

Table 5. Minimum, maximum and mean value of RIE according to precipitation observatory

RIE [%]
Min Max Mean
CWD Cheorwon (-16.4) Geumsan (40.9) 13.3
R3day Tongyeong (-14.6) Andong (48.0) 10.1
AMDR Buyeo (-20.0) Goheung (67.5) 10.8
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Table 6. RIF value in precipitation observatory according to period

Province Station NWD (days) Freq200yr (mmvday)
S1 S2 Sl S2
Seoul Seoul 78.6 74.9 459.6 444.8
Incheon 72.0 67.7 479.5 4272
Suwon 78.8 73.2 435.2 440.7
GG Ganghwa 67.8 67.0 580.6 496.3
Yangpyeong 74.4 75.4 446.3 457.4
Icheon 76.5 72.3 374.3 437.7
Cheorwon 78.5 75.8 512.5 414.3
Chuncheon 75.8 78.6 412.0 334.9
Wonju 81.6 80.8 342.1 4074
GW Inje 74.4 71.5 391.3 338.3
Hongcheon 76.1 77.1 276.4 290.1
Gangneung 81.6 80.2 471.6 801.0
Sokcho 78.6 79.0 353.3 399.5
Taeback 78.1 83.7 401.5 394.2
Chungju 76.6 78.8 331.9 330.5
Cheongju 81.6 76.1 397.8 366.0
CB Chupungryeong 81.6 82.1 267.7 302.7
Jecheon 79.6 80.2 354.0 367.1
Boeun 81.1 81.9 615.4 541.6
Seosan 78.6 752 310.1 282.5
Daejeon 84.4 77.8 396.9 366.2
N Cheonan 75.5 75.6 382.4 353.4
Boryeong 779 779 459.5 440.6
Buyeo 77.8 78.0 669.0 542.6
Geumsan 80.9 83.1 251.8 239.9
Gunsan 80.2 77.8 386.3 359.0
Jeonju 87.7 84.5 257.3 282.2
Buan 78.6 81.0 239.2 280.0
JB Imsil 89.4 85.4 270.8 315.7
Jeongeup 85.6 88.6 326.2 286.7
Namwon 82.9 84.8 210.7 248.7
Jangsu 86.5 88.4 251.2 241.0
Gwangju 88.0 86.2 364.0 405.8
Mokpo 78.8 78.9 390.0 369.2
‘Wando 76.7 80.2 563.9 599.1
Yeosu 75.3 71.9 287.3 317.6
N Suncheon 84.1 81.7 3459 331.6
Jangheung 79.2 79.5 684.7 630.7
Haenam 80.0 80.3 655.6 596.1
Goheung 73.7 71.0 551.2 640.2
Uljin 78.6 74.9 459.6 444.8
Ulleungdo 104.4 109.4 322.4 307.9
Andong 69.3 69.1 194.7 185.0
Pohang 732 72.0 540.2 515.2
Daegu 69.0 66.2 282.8 276.3
GB Bonghwa 732 75.9 401.5 403.6
Yeongju 70.6 74.3 378.6 342.8
Mungyeong 73.6 74.9 184.3 207.3
Yeongdeok 66.8 64.3 330.6 361.4
Uiseong 67.8 65.5 187.1 236.8
Gumi 67.9 67.2 261.7 280.8
Yeongcheon 65.8 68.8 205.5 205.3
Busan 75.0 72.7 430.5 442.9
Ulsan 732 70.6 496.6 488.6
Changwon 69.1 70.9 453.8 412.6
Tongyeong 76.1 71.1 443.6 404.3
GN Jinju 753 713 348.0 333.0
Hapcheon 69.6 71.0 348.8 367.0
Miryang 68.9 70.7 370.0 343.5
Sancheong 74.0 73.4 484.7 473.7
Geoje 78.1 77.2 676.9 603.4
Namhae 74.8 74.6 399.1 482.7
Jeju 973 88.5 336.2 389.1
1 Gosan 78.7 78.7 322.6 310.2
Seowipo 93.9 92.2 515.6 489.5
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Fig. 5. RIF variation according to precipitation observatory
Table 7. Minimum, maximum and mean value of RIF according to precipitation observatory
RIF [%]
Min Max Mean
NWD Daejeon (-7.8) Taebaek (7.1) -0.7
Freq200 Cheorwon (-19.2) Gangneung (69.9) 0.7
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(c) 165: Mokpo (1960 ~ 2010)
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Fig. 10. Estimated posterior means and posterior probabilities (CWD)

246 Journal of Wetlands Research, Vol. 15, No. 2, pp. 233-250 (2013)



2Tl 20003018 7o R she] HANE dAqoR

W=7l S7lels 25S Holal vt 627 giaa=
2:9] FSAIAE] 2010897041¢] AMDR Hyt gkl BCP
Ag3tdal, 1ol digk d¥ F fojd s T W
A HolE XS AeslSithFig 11). Fig 1%

Ll

L

(a) 105: Gangneung (1960 ~ 2010)

Posterior Mean
200 400 600 80
1 1 1 1

2 24
-
8
w
g °
5
a4 o
@
o
o5 e S S oy
. T T T T T T
1960 1970 1960 1990 2000 2010
Year
(c) 138: Pohang (1960 ~ 2010)
(=3
2
w
c g |
5 =
z (=3
5 &7
:‘:__J, [=]
w L=
o o
o (=]
2
z o
=
8
g8
5
L .
[iF] o |
@
[]
o o e e g B g
L T T T T T T
1960 1970 1980 1990 2000 2010
Year
(e) 221: Jecheon (1973 ~ 2010)
(=]
34
o™
&
s 2| .
5 v
o
wr
z 3
=]
m
8 o
o
5
= M
L a7
w
[]
o o
c T T
1980 1990 2000 2010
Year

Han, Bong-Koo + Chung, Eun-Sung - Lee, Bo-Ram - Sung, Jang Hyun

B e &85, ¥ 1% 52 2 A & Z9
WA Ho] B oY o gigk A&EH2 A &
ol=]#] Ztrh AHE 1980t =wF Z7} WskA| " o)
A H A AEEHA JATH

(b) 115: Uleungdo (1960 ~ 2010)

N

Posterior Mean
150 200 250

100
I

06 09 50

Posterior Probability
0.3

T T T T T T
1960 1970 1960 1900 2000 2010

Year

(d) 156: Gwangju (1960 ~ 2010)

250
I

50

1

Posterior Mean

06 09 50

Posterior Probability
0.3

T T T T T T
1960 1970 1980 1990 2000 2010

0.0

Year

(f) 262: Goheung (1973 ~ 2010)

Posterior Mean

100 200 300 400 500
1

09
1

06

Posterior Probability
0.3
|

0.0
I

T
1980 1990 2000 2010

Year

Fig. 11. Estimated posterior means and posterior probabilities (AMDR)
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Fig. 12. Estimated posterior means and posterior probabilities (R3day)
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