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Characteristic Change Analysis of Rainfall Events using Daily Rainfall Data

AR Y Y

Oh, Tae Suk / Moon, Young-Il

Abstract

Climate change of global warming may affect the water circulation in Korea. Rainfall is occurred
with complex of multiple climatic indices. Therefore, the rainfall is one of the most significant index
due to climate change in the process of water circulation. In this research, multiple time series data of
rainfall events were extracted to represent the rainfall characteristics. In addition, the occurrence of
rainfall time series analyzed by annual, seasonal and monthly data. Analysis method used change
analysis of mean and standard deviation and trend analysis. Also, changes in rainfall characteristics
and the relative error was calculated during the last 10 years for comparison with past data. At the
results, significant statistical results weren’'t showed by randomness of rainfall data. However, amount
of rainfall generally increased last 10 years, and number of raining days had trend of decrease. In
addition, seasonal and monthly changes in the rainfall characteristics can be found to appear
differently.

keywords : rainfall events, maximum precipitation, rainfall occurrence frequency, change analysis,
trend analysis
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Year for
1912
1908
1905
1939
1949
1949
1909
1919
1946
1940
1905
1906
1943
1924

The First
Observation

Height above
Ground (m)
0.5
05
0.5
0.5
0.5
2.3
0.6
0.6
0.6
0.6
0.6
0.6
0.6
0.5

Altitude (m)
259
86.0
68.9

220.9
242.5
1.9
57.6
9535
34.7
70.5
69.2
379
66.1
20.0

The East
Longitude
128°54’
126°58'
126°38’
130°54'
128°00'
129°23’
128°37’
127°09’
129°19'
126°54'
129°02’
126°23’
127°45'
126°32'

The North
Latitude
37°45’
37°34'
37°28'
37°29’
36°13’
36°02'
35°53'
35°49’
35°33'
35°10’
35°06’
34°49'
34°44'
33°31’

B

Station Name
Gangneung
Seoul
Incheon
Ullung Island
Chupungryung
Pohang
Daegu
Jeonju
Ulsan
Gwangju
Busan
Mokpo
Yeosu
Jeju Island

Station
Number
105
108
112
115
135
138
143
146
152
156
159
165
168
184

Table 1. Location of Analysis Stations
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Table 2. Extraction Standard Data of Rainfalls

Clessific Al Seasonal Rainfall Monthly Rainfall
ation Rainfall Spring Summer Fall Winter | January February March
O 18262 4600 4600 4550 4422 1550 1412 1550
@ 5476 1189 2036 1255 969 340 297 353
©) 69811.2 11635.9 41716.8 13068.3 3314.6 1056.2 1237.5 2363.4
& 3.8 2.5 9.1 29 0.7 0.7 0.9 1.5
©10) 12.7 9.8 20.5 10.4 3.4 3.1 4.2 6.7
@D % 30.0 25.8 44.3 27.6 219 21.9 21.0 22.8
10 % 0.3 0.3 0.4 0.3 0.2 0.2 0.1 0.3
30 % 1.2 1.1 2.0 1.3 0.5 0.5 05 0.8
50 % 3.7 35 7.7 35 14 1.3 1.6 24
70 % 10.4 95 20.5 8.6 3.5 3.0 4.3 6.3
80 % 17.9 16.3 33.7 134 5.1 4.3 59 10.5
90 % 35.7 275 56.3 27.0 9.1 9.0 11.3 18.5
95 % 55.6 38.8 83.2 46.5 14.5 12.8 20.4 30.8
99 % 116.6 84.5 163.5 103.1 23.7 - - -
Clessifie Monthly Rainfall
ation April May June July August | September | October | November | December
) 1500 1550 1500 1550 1550 1500 1550 1500 1550
@ 415 421 518 812 706 474 323 458 359
® 43205 | 4952.0 | 6654.7 | 18777.1 | 16285.0 7978.4 2544.3 2545.6 1096.3
& 29 3.2 44 12.1 10.5 5.3 1.6 1.7 0.7
©710) 10.4 11.8 12.8 23.1 23.1 16.8 79 5.6 3.1
@D % 217 271.2 345 52.4 455 31.6 20.8 30.5 23.2
10 % 0.3 0.2 0.3 0.4 0.4 0.3 0.4 0.3 0.2
30 % 1.3 1.5 1.3 2.3 2.8 1.6 1.2 1.1 0.6
50 % 3.9 4.4 4.8 10.3 8.9 5.7 3.5 2.8 1.4
70 % 115 12.3 115 24.6 24.1 155 7.6 59 3.3
80 % 19.1 19.0 19.7 39.0 36.8 255 12.0 9.0 4.7
90 % 29.9 33.2 37.3 59.8 68.0 46.6 20.5 13.3 8.8
95 % 379 474 54.2 88.2 88.5 70.3 30.4 20.9 134
Fig. 12 &4 ¥ A% Tl AAe B4 WS Zhs Aew yehdth =3 A ool
AR EAY sl WEA W A BAe A ekt dlel 95 % 9 % olake] Zeuaise
FES B UARE olgdle] RAslglon Fig  Addem 2 Ands wglow 0 %olstel e
12 1670 AAE #A=e] B FF=UAE ALk AR Eeh= 2 AddES Holx] &dth 50 % o3k
A5E FEststo] =AM B3 273E T FEAE 2t Aol 50~80 % Atolo] A
ARE 7re] AUASE WAeo] Table 3o UERNYL  BEAVE Sl Aoz veht
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Fig. 1. The Analysis Time Series Data of Seoul Station based on the Annual Rainfall Event
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Table 3. The Coefficient of Correlation of the based on the Annual Rainfall Events of the Seoul Station

=21 O | @ | @ | ® | 6| 6|0 ®©@ | © | O ® | ®| ®| G| ®
@ | 100|065 | 064|069 | 065|070 | 068 | 050 | 054 | 062 | 0.69 | 0.81 | 0.84 | 0.81 | 0.86 | 0.71
@ 1.00 | 091 | 0.88 | 0.83 | 0.84 | 0.80 | 0.01 | 0.04 | 0.12 | 0.17 | 0.29 | 0.33 | 043 | 0.57 | 0.70
® 1.00 | 0.96 | 093 | 0.89 | 0.84 | 0.08 | 0.10 | 0.18 | 0.23 | 0.32 | 0.30 | 0.36 | 0.61 | 0.72
@ 1.00 | 098 | 093 | 0.90 | 0.10 | 0.14 | 0.20 | 0.29 | 0.37 | 0.36 | 0.42 | 0.67 | 0.72
® 1.00 | 0.95 | 092 | 0.07 | 0.11 | 0.14 | 0.22 | 0.31 | 0.32 | 0.39 | 0.65 | 0.74
® 1.00 | 098 | 0.10 | 0.13 | 0.16 | 0.19 | 0.34 | 0.36 | 0.42 | 0.66 | 0.77
@ 1.00 | 0.06 | 0.10 | 0.13 | 0.15 | 0.35 | 0.33 | 0.43 | 0.66 | 0.73
1.00 | 097 | 0.85 | 0.71 | 0.56 | 0.57 | 0.33 | 0.34 | 0.21
©) 1.00 | 0.90 | 0.76 | 0.61 | 0.59 | 0.39 | 0.39 | 0.21
) 1.00 | 0.87 | 067 | 062 | 0.45 | 0.44 | 0.31
() 1.00 | 0.75 | 0.68 | 0.50 | 0.52 | 0.34
@ 1.00 | 0.84 | 0.68 | 0.60 | 0.34
® 1.00 | 0.76 | 0.59 | 0.42
@ 1.00 | 0.74 | 0.37
® 1.00 | 0.60
® 1.00
) ) I Aol e Aew vehd AFdd st ot
3. fﬁ AAISHROl Tt S8 X 38y pr gl dsi dehlz, A 10909 W
== ol diate] A ow Hrhsiaitt. o= IPCC 42 B
2 Aol 140 BAWEAR A FE3 Al Al AAE Aol A HEe] 7t I o] Bl
Axtgol uigh By FEPAte] WEA A 4 of FASH F7kstar 7] widel H 101 9] Wk
4 A TSkt AR FE23 Aaes A, 7 of tiste] Hl&= AAlSFATH
a9l eldw 170e] BRI dloH, EAREEE weba] 2 dTte] A A Ao 5A4S vE
747ke] A A AE Afsel gk 16712 AlAIE A=t W= o2l AAD ARl tiete] Ftat FEHAke] W
T A ek whebA gk 2)3el] 272719 AAlE AR AN AFgE AT A FrelaE el &
of gk Wsda Fadol tig £AE ATk omgt Ang yephf=Ae diste] HEs HE 10
AL o] gk WS HAshE 7He W7H1998~2007) 744 W skeh vl&-8 HESA
2 Mann-Whitney U A& (Mann and Whitney, 1947),
. 3.1 2 §EM 24
Sign 7 A (Hollander and Wolfe, 1973), T #H#A,
Modified T A& (Kite, 1977)& o] &3t} wake] W 1470 A A HellA Am=E F53 gzt o
4 AAHE 98 F @43 Modified F 7% (Haan, 3 B8 FYsth Fig 28 MeAdS ddew
20025 ol&staial, Amel A3 HAES flEA BEAQAARES #=7|7hde Rt At
Hotelling—Pabst 714 (Conover, 1971), Mann-Kendall Ao Higgw g 7R Ao $£2(%)el
A7 (Haan, 2002), Sen 77 (Haan, 2002)& =243} sgshs Ae-Fs FEsto] BAIGE Aotk A &
A Fatel] gk MiEA A1 47HA] 7S ol & Aof| A - HT 109 Eetel] e T Kol
stom, FFEEAke] digh WEA B4 27k 7Y Aes &+ Atk
S Agsta AP AL A e o] gskth ket - AAE Apmel uigh WsAds A
T3 Folaae BE WA 5 %7 FHgsdrh u TAS Fstlon® B4 A vt o] aof
A BAAIE EAHo R o3 Aow Axkd 2 sko] AAISEAT) ol gk 47H4] WsAd 4 A
I} FHow 7)<t oA FAHCE felgk A AT 14 olEk] A5
TAA N AR Fo4w 5 % oA W e WEdol jle Aow ddsigion 2710 A9
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Fig. 2. The Secular Graphic Analysis of Annual Rainfall Characteristic Data of the Seoul Station
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Table 4. Change Analysis Results of Average about Annual Rainfall Events

A Annual Maximum Rainfall Raining Days
Ranfall| 1day | 2day | 3day | 4day | 5day | 7day | 0% | 10% | 30% | 50% | 70% | 80% | 90% | 95% | 99%
Gangnang [ 21.22 | 687 | 54.6 |53.02|58.24(57.63(5653| 7.3 | 80 | 59 | 63 | 20 | 0.3 | 181 | 47.8 | 895
Seoul | 17.1 | 31.3 |47.73|45.33|55.73|69.23 | 59.43 [ -0.43| -0.7 | -3.9 |-4.53| 9.1 | 14.1 | 14.8 | 27.5 | 83.83
Incheon | 12.6 | 14.0 |28.82|28.92|34.7240.73|36.82| 1.8 |-2.02|-6.33|-3.23| 3.92 | 10.1 | 14.1 |34.73| 88.2
Ullung [33.22 275 [49.03|53.83|64.03|71.23|69.53| 4.03 | 3.13 | 5.02 | 7.5 | 145 | 20.7 |36.02|78.53 |278.43
Chprgyug | 161 [29.64[20.31 [16.74 (22732053 [17.03| 7.1 | 50 | 32 | 45 | 61 | 61 | 200 |31.53|52.44
Pohang |29.32 | 61.83|54.42|55.83|56.73|55.32|54.13| 7.7 | 50 | 48 | 35 | 11.1 | 13.0 |40.82[106.04/189.73
Daegu | 16.9 |39.03|37.38(38.43(34.33| 37.7 |38.13| 63 | 55 | 1.4 | 40 | 46 | 53 | 22.3 | 52.1 |14833
Jeonju | 9.3 |2552| 99 | 104100 | 91 | 152 | 48 | 43 | 12 | -19| 1.0 | 46 | 151 | 235 |58.13
Ulsan | 95 |02 25 | 32 |50 | 65|97 |61 |52 | 55| 25|63 |83]|23]194[-100
Gwangju|18.62|14.93|11.23[13.33] 9.33 | 14.3 | 201 | 2.8 | 1.72 | 2.3 | 2.2 | 86 | 163 |27.73|41.43|72.73
Busan | 161 | -76| 58 | 89 [ 100 | 89 | 178 | 90 | 84 | 65 | 03 | 124 | 162 | 25.7 [4953]| 26.3
Mokpo | 206 | 86 | 672 ] 59 | 672 (892|166 | 7.2 | 47 | 32 | 39 | 125 | 20.1 | 266 |50.03| 36.4
Yeosu |11.7 | 57 | 26 | 45 | 71 | 66 | 103 | 1.6 | 02| 05 | 24 | 130 | 17.8 [2693| 17.8 |-14.3
Jeju | 155 [44.93(34.13]33.52(29.93(31.34(23.84| 0.83 | -1.03|-7.83| 0.0 | 7.3 | 7.4 | 12.4 | 20.0 |61.72
Mean | 17.7 | 26.0 | 26.1 | 265 | 289 | 31.3 | 31.8 | 47 | 34 | 15 | 20 | 80 | 115|233 | 428 | 829

Station

Table 5. Change Analysis Results of Standard Deviation about Annual Rainfall Events

Annuel Annual Maximum Rainfall Raining Days
Rainfall| 1day | 2day | 3day | 4day | 5day | 7day | 0% | 10% | 30% | 50% | 70% | 80% | 90% | 95% | 99%
Gangneung | 56.82 |266.52(154.32|131.42|118.32(118.02|127.52| 30.92 | 39.72 | 35.42 | 38.52| -1.4 | -15.0|-1091| 17.9 | 40.4
Seoul |[18.41|54.12|38.12|45.92|71.02(110.92|11252| 136 | 23.6 | 812 |-1061| 25.7 | 10.8 | 5.7 | 45 |61.42
Incheon | -8.6 |-6.82|19.42|42.02|45.5243.32|58.02| 6.8 | 29.3 | 23.7 | 3.2 |4852|49.62| 57 | 4.1 |50.72
Ullung |48.81 [-1802| 39.0 |52.11{104.52(102.22| 91.72 | -40.7 | -40.5|-22.61|-36.12|-2041| 9.71 | 28.2 | 37.02 |206.02
(hprgyug | 28.8 |72.12(50.22 | 42.21 | 53.92 |42.41| 189 |-3651{-36.1| -9.8 | 139 | -7.0 | -83 | 219 | 36 |19.12
Pohang |62.72(190.22|144.42|131.72|115.12| 93.02 | 82.22 |-15.21| -3.2 | -6.7 | -18.1|12.01 | 47.02 | 64.52 | 84.62 | 67.32
Daegu [26.71|25.12| 152 | -95[-0.71]10.11| 98 | -76| 98 | 209 | -65| 1.1 |-16.0|-2.31|43.62 |-1791
Jeonju [-961| 191 | 190 | 64 | 1.2 | 2.0 |-3.61|-4381|-2501| 6.7 | 11.6 | 17.8 |-21.1| -5.7 | 28.3 |-21.4
Ulsan | 11.9 | 6.52 |-13.72|-13.81|-17.11|-17.81|-17.01| -27.8 |-23.41|-28.71|-2751| 16.6 | 47.6 |39.11 |20.62 |-27.11
Gwangju|-17.2|31.32|-4.42|-9.92| -9.22 | 26.82 | 13.6 |-4591|-4242|-4382|-16.4| -6.4 | -5.41 |-21.31| 691 | 40.3
Busan | 24.9 |-5042|-32.12|-24.01| -16.8 | -16.3| 14.8 |-1691|-9.22|-1761| -6.2 | 65 | 149 | 223 | 9.9 | 23.6
Mokpo [-15.01|-34.22|-41.62|-54.22|-60.22|-46.62|-50.92|-46.51|-4361|-2511| -2.3 | 103 | 176 | -2.9 | 142 | -0.1
Yeosu | 14.1 |-7.12|-24.32|-23.71|-2091|-35.22| -16.5|-3961|-42.01| -23.5| -3.6 | 19.7 | 21.1 | 241 | 0.2 |-2552
Jeju |52.52|76.22|37.82(56.32|35.72|26.92|20.12| -9.0 | -45 |-14.0| -3.3 | 29 | 21.8 |19.61 |69.32| 18.9
Mean | 21.1 | 446 | 287 | 26.6 | 30.0 | 32.8 | 329 |-19.8|-12.0| -6.9 | -45 | 9.0 | 124 | 134 | 246 | 31.1

Station
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Table 6. Trend Analysis Results about Annual Rainfall Events
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Fig. 3. The Secular Graphic Analysis of Summer Rainfall Characteristic Data of the Seoul Station
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Aok ey AFHES FAEFN HAWEel S Skal Sl o] FAASRE Fofdhs Btk A&E
Table 7. Change Analysis Results of Average about Seasonal Rainfall Events

S gﬂrﬂ Seasonal Maximum Rainfall Raining Days

Rainfal lday | 2day | 3day | 4day | 5day | 7day | 0% | 10% | 30% | 50% | 70% | 80% | 90% | 95% | 99%
Sig. | 2 2 2 2 2 2 2 0 2 1 1 2 5 3 4 1
S|Max.| 390 | 486 | 46.7 | 442 | 391 | 524 | 502 | 7.0 | 60 | 6.1 | 64 | 146|243 | 225 | 87.8 [300.0
E Min. |-10.8|-12.0{-20.9|-19.1|-20.9|-19.0|-19.5| -4.9 | -8.7 |-10.9|-12.4|-15.1|-189|-23.5|-14.3|-33.3
Mean| 28 [11.0| 40 | 08 | -16| 24 | 22 | 14 | -02|-30 | -57|-29 | -1.7| -04 | 14.0 | 52.7
Sig. | 11 4 6 6 7 7 4 7 5 4 4 8 12 7 7 3

S|Max.| 57.8 | 689 | 61.0 | 60.3 | 70.5 | 805 | 68.4 | 189 | 182 | 184 | 36.0 | 446 | 50.4 | 87.2 | 161.2|388.9

nli. Min. | 10.0 |-11.4| -56 | 54 | 64 | -42 | -32| 43 | 41 | 57 | 100 | -46 | -1.7 | =35 | 21.2 |-14.3
Mean| 284 | 159 | 188 | 20.1 | 22.2 | 23.8 | 27.0 | 135 | 131 | 133 | 17.2 | 22.7 | 27.8 | 389 | 58.7 | 91.2

P Sig. | 2 1 1 2 3 2 3 9 12 12 12 5 2 1 2 2

a|Max.| 47.5 |160.1 136.2|134.8138.2|135.2|126.0| 11.3 | 11.2 | 12.7 | 23.8 | 24.5 | 36.0 | 61.7 | 110.0 | 833.3

I Min. | 61| -90| 00 [-1.1]-03| 08 | -28 | -34 | -5.1 [-132|-12.8| -6.2 |-10.3| 2.0 | -9.4 |-20.0

1 Mean| 186 | 40.7 | 42.1 | 43.1 | 445 | 459 | 452 | 26 | 06 | 34| 22| 29 | 92 | 21.8 | 50.3 [1834

Sig. | 0 0 1 0 1 1 0 5 6 6 2 0 0 0 0 1
VIVMax. -68 | 134|176 | 160 | 90 | 63 | 7.2 |-11.0|-125| -93 | -32 | -53 | 03 | 9.7 | 20.0 |200.0
n.| Min. | -41.8|-29.2|-29.1| -28.8| -30.9| -31.1| -35.7| -22.8| -25.8| -30.1| -31.5| -51.3| -50.3| -53.3| -59.0|-100.0

Mean|-21.5| -7.3 | -6.1 | -8.1 |-125|-12.4|-12.4|-16.7|-18.6|-19.0| -20.6 | -24.7| -21.8| -22.5| -20.4| 2.4
942 HEKRRBEAXE



Table 8. Change Analysis Results of Standard Deviation about Seasonal Rainfall Events

Serrd Seasonal Maximum Rainfall

Raining Days

Station |_ .
Ranfall lday | 2day | 3day | 4day | 5day | 7day

0% | 10% | 30% | 50% | 70% | 80% | 90% | 95% | 99%

Sig. | 13 10 9 9 9 12 12

8 4 3 7 7 7 5 11 11

S|Max.|163.9]255.0 | 150.4 | 165.2 | 157.2 | 2455 | 232.6

164 | 154 | 239 | 35.2 | 56.9 | 71.5 | 381 | 87.6 |307.2

Min. | -23.5|-31.4|-42.1|-49.0 | -47.9|-36.6| -32.0

-30.3|-34.3|-29.7|-23.7| 7.0 | -3.3 |-31.5|-44.3|-25.2

Mean| 43.0 | 58.9 | 324 | 274 | 229 | 39.0 | 54.7

-14.7| -86 | -4.0 | 86 | 256 | 248 | 86 | 198 | 45.0

Sig. | 9 12 13 13 11 10 9

S|Max.|142.3(275.3190.7 | 170.2 | 198.3 | 205.4 | 224.3

244 | 275 | 257 | 35.5 | 73.9 | 54.7 |127.7]114.7|155.0

Min. | -24.9|-50.8|-34.8 | -46.4 | -51.9| -31.6| -34.5

8 =

-49.8|-37.1|-36.5|-26.6 | -22.6 | -22.1| -24.1|-15.7| -34.3

Mean| 23.7 | 26.2 | 23.3 | 280 | 37.1 | 46.7 | 51.7

-14.6| -47| -4.0 | 42 | 100 | 157 | 253 | 284 | 37.1

Sig. | 7 12 13 13 13 13 13

10 3 5 5 3 3 6 5 13

Max.| 50.2 | 355.0 | 245.2 | 221.8 | 204.5|194.3 | 176.8

85 | 46 | 59 | 64| 319 | 50.7 | 53.1 | 97.4 | 255.7

Min. | -37.8 | -47.8 | -36.2| -37.8| -40.4 | -42.3 | -46.7

— — o 7

-55.1|-61.5|-49.2|-43.2|-23.3|-22.3|-33.6| -12.3| -33.1

Mean| 6.2 | 585 | 39.2 | 31.1 | 33.1 | 36.2 | 34.7

-285|-27.2|-198|-21.5| 5.1 | 0.7 | 2.3 | 243 | 46.0

3 5 6 9 10 10 7 10 12

1255|988 | 896 | 22.7 | 17.8 | 214 | 3.2 | 198 | 59.0

-8.6 |-14.7|-35.1|-32.8|-41.8|-49.7| -50.0 | -61.2 |-100.0

40.0 | 32.7 | 174 | 29 |-12.8|-16.8|-20.8|-24.8|-204
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Fig. 4. The Secular Graphic Analysis of August Rainfall Characteristic Data of the Seoul Station
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Tables 9~112 1470 EA A A D= 5 6, 7, 8 9¥°] Asdre FUtsATh w9 Ay
Gk 73 AAE Apsol thste] Wt Aol gk - F9FS 1, 5,6, 7, 8 9¥L UG,
s A A3 A 2aE a0k Yotk & 3,10, 11, 129 ZAastich whebs 29542 9
A Aol o WS AEAS-F SYsHA ke 2 B HEE Holu YIS & Utk T, FE
), A A A= BAXCE folg F4 Anpt Al 9719 7|2 FHEEE Ae5A0E Welsha
27HA] o4 we] AyE x= Akl YeERISITH Ues A 5 Uk

iR FE59 A AAE ARl gk P W FaAztel] e WEd 4 A3E Table 1000
A A Al 147 BS54 FollA] ARk ool ERHRATE Table 10004 SA1A 7190l &gk 4 A3
BAdoR fol3t M SPor AL A8 7} fold AWAFY Ao 1040 xFEAe] Ao
AR 29 AHo|X= FAHLR Folgk HsAo]l A A YERITE B - AAIE ARCA E
e glow ehon 49 A9EAARIA B A AReR foH AnE wolw vk $A9E] wE
oA WeAdS BTk H 10d7ke] 54 Hzk= 1, 2, 3, 6, 10, 11, 12004 gasidien, €y
<2, 3 4, 11 % 12949 A5dae #asdon 5 HoF-2 3, 6, 10, 11, 12€9] A3 Th 4~9¢
Table 9. Change Analysis Results of Average about Monthly Rainfall Events

Station Mmthly Monthly Maximum Rainfall Raining Days

Rainfall lday | 2day | 3day | 4day | bday | 7day | 0% | 10% | 30% | 50% | 70% | 80% | 90% | 95%
Sig. 2 2 1 2 2 2 2 6 4 3 2 2 4 3 0
1Mean 32 | 109 | 114 | 98 90 | 115 | 148 | 83 6.8 72 54 | -19 | 23| -27 | 98
Sig. 0 1 1 1 2 1 1 3 4 3 2 0 0 0 1

’ Mean| 69 | 6.9 5.6 18 | 30| 24| -33 | 81| -99 |-121|-125|-126| 53 | -16 | 6.8
Sig. 1 5 4 2 2 2 2 4 4 3 2 1 1 1 4

’ Mean| -14.8 | -13.3 | -186 | -17.8 | -195| -19.1 | -154 | -277 | -36 | -43 | -9.3 | -175| -156 | -16.5 | -23.2
Sig. 8 3 3 3 4 3 3 10 11 10 11 7 10 7 2

! Mean| -2.0 | 04 | -18 | -09 | -0.7 | 4.0 10 | 50| 78 | 84 | =72 | 34 | -64 | -6.7 | 165
Sig. 2 1 3 2 2 3 3 5 5 5 1 1 1 0 2

° Mean| 21.1 | 296 | 27.7 | 243 | 225 | 264 | 280 | 121 | 11.2 | 7.2 5.7 6.6 | 12.0 | 20.0 | 77.7
Sig. 1 3 4 3 3 3 2 1 0 1 0 1 3 3 3

0 Mean| 11.6 | 94 | 120 | 148 | 139 | 141 | 164 | 4.2 3.4 4.1 95 | 123 | 152 | 25.3 | 155
Sig. 5 5 9 5 2 1 5 0 1 1 1 3 8 8 5

! Mean| 29.1 | 163 | 157 | 129 | 144 | 13.7 | 102 | 13.1 | 11.8 | 10.1 | 13,6 | 21.2 | 30.1 | 496 | 84.6
Sig. 5 5 4 6 6 6 5 8 9 7 6 6 4 4 4

i Mean| 40.5 | 23.6 | 280 | 350 | 376 | 41.1 | 423 | 223 | 23.1 | 246 | 288 | 354 | 39.7 | 52.1 | 794
Sig. 2 1 2 2 2 2 2 3 5 3 4 1 2 0 2

! Mean| 49.4 | 569 | 59.9 | 609 | 626 | 656 | 64.7 | 162 | 142 | 11.2 | 151 | 31.2 | 445 | 78.1 | 102.7
Sig. 2 2 1 1 2 2 2 2 2 5 4 1 0 0 0
10Mean -49 | -02 | 28| -08 | -1.3 | -39 | -46 | 50 32 | -19]1-31] 16 | -19|-122| 08
Sig. 1 1 4 5 6 2 4 6 9 5 2 4 3 1 1

H Mean| -33.4 | -28.6 | -34.1 | -36.8 | -35.9| -33.6 | -34.1 | -15.9 | -185| -19.9 | -22.5| -28.1 | -34.7 | -40.6 | -45.5
Sig. 0 1 2 0 0 0 0 2 2 1 3 1 0 1 0

12Mean -182|-149|-11.8|-151|-172|-180| -187 | =77 | -96 | -11.3|-16.1|-16.6|-17.2 | -286 | -17.3
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Table 10.

Change Analysis Results of Standard Deviation about Seasonal Rainfall Events

Moty Monthly Maximum Rainfall Raining days
Station Rainfall| 1day | 2day | 3day | 4day | 5day | 7day | 0% | 10% | 30% | 50% | 70% | 80% | 90% | 95%
Sig. | 9 7 12 10 10 9 9 6 7 7 11 9 12 11 12
! Mean| -119| 183 | 192 | 116 | 96 | 81 | 73 | -84 |-128|-11.9|-181|-216|-176| -33 | -4.0
Sig. | 8 9 7 11 12 11 5 5 4 2 5 10 8 8 11
’ Mean| -22.0| 56 | 24 | -41 |-131| -95 |-10.5| -5.0 | -3.7 | =95 |-15.2| -28.0|-23.3|-17.9 | -15.0
Sig. | 11 13 13 12 12 12 9 4 8 7 3 5 10 11 7
’ Mean| -85 | =73 | -178 | -17.7|-172| -99 | =22 | =37 | 22 | 90 | 53| 15 | 36 | 88 | -255
Sig. | 8 12 11 12 12 11 9 9 8 8 4 10 10 7 10
! Mean| 21.6 | 247 | 20.1 | 255 | 185 | 315 | 393 | -85 | -92 | =21 | 100 | 223 | 56 | 35 | 36
Sig. | 12 10 10 10 11 11 11 8 9 7 8 8 6 9 11
° Mean| 22.8 | 535 | 30.1 | 244 | 194 | 234 | 348 | =75 | -53 |-15.0|-19.0| -98 | -11.0| 55 | 24.1
Sig. | 10 8 10 9 11 10 12 6 9 6 5 7 8 10 13
0 Mean| -179| 02 | -85 | 44 | 58 | -74 | -59 | -187|-192|-189|-122| -22 |-133| 14 | -55
Sig. | 11 11 12 12 9 10 8 10 9 9 8 9 10 10 11
! Mean| 495 | 65 | 21.0 | 178 | 187 | 21.8 | 202 | 159 | 21.8 | 22.2 | 27.3 | 21.0 | 288 | 49.1 | 586
Sig. | 10 11 11 11 11 11 11 6 6 5 8 7 10 9 11
i Mean| 47.5 | 47.3 | 41.2 | 425 | 483 | 622 | 661 | 54 | 26 | 10.7 | 172 | 347 | 405 | 342 | 38.0
Sig. | 10 11 13 13 13 13 13 7 5 5 4 7 5 8 11
! Mean| 19.0 | 438 | 30.9 | 25.2 | 262 | 283 | 27.7 | -106| -7.7 | <72 | -46 | 6.7 | 99 | 346 | 432
Sig. | 10 10 11 10 11 11 11 5 4 0 4 5 11 9 11
10 Mean| -17.3 | -15 | -96 | =76 | 9.0 | -13.0| -18.0 | -183 | -13.1| =54 | 9.2 | -124| -76 | -11.8 | -11.9
1 Sig. | 8 7 13 13 13 10 12 4 2 4 5 7 8 7 7
Mean| -32.4 | -32.1 | -41.4 | -44.4| -42.9 | -388 | -389 | -8.2 | -10.7 | -12.2 | -17.8| -13.0 | -17.8 | -25.0 | -35.7
1 Sig. | 9 9 11 11 9 9 10 5 3 5 4 7 10 9 7
Mean| -15.5 | -13.0 | -12.8 | -17.5| 196 | -21.5| -23.8 | 13.0 | 129 | 124 | 43 | -1.7 | -6.0 | -23.3 | -17.9
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Table 11. Coefficient of Variation about Rainfall Time Series

Moty Monthly Maximum Rainfall Raining Days

Station Rainfall| 1day | 2day | 3day | 4day | 5day | 7day | 0% | 10% | 30% | 50% | 70% | 80% | 90% | 95%

F. 5.1 081 | 068 | 0.72 | 0.74 | 0.74 | 0.75 | 0.78 | 0.46 | 048 | 0.56 | 0.66 | 0.80 | 0.97 | 1.28 | 1.94

! S.51068 072077076 | 075 | 073|073 | 0338|039 | 045 | 050 | 065 | 0.82 | 1.32 | 1.68

F. 5107 (073|074 073|076 | 076 | 0.78 | 043 | 044 | 050 | 0.61 | 0.79 | 0.93 | 1.30 | 1.74

’ S.51064 |07 | 071|069 | 068 | 0.71 | 0.73 | 044 | 0.47 | 053 | 061 | 0.67 | 0.78 | 1.13 | 1.71

F. 5.1 061 | 061 | 065 | 0.65 | 066 | 065 | 0.63 | 0.31 | 0.32 | 041 | 0.49 | 0.65 | 0.78 | 1.15 | 1.60

’ S.5| 068|064 | 066|066 | 068 (073074031 | 0331|039 | 053|083 | 102|131 | 1.73

A F. 5.1 059 | 057 | 056 | 056 | 0.56 | 0.56 | 0.54 | 0.33 | 0.35 | 0.39 | 048 | 0.59 | 0.73 | 1.06 | 1.59

S.5| 069 | 065|064 | 065|061 | 064|069 | 032 | 034 | 041 | 056 | 0.73 | 0.81 | 1.18 | 1.57

F. 5.1 057 | 059 | 063 | 063 | 063 | 063 | 065 | 0.32 | 0.32 | 0.37 | 044 | 0.60 | 0.76 | 1.10 | 1.65

° S. 510585066 | 060 | 059 | 057 | 058 | 063 | 0.26 | 0.28 | 0.29 | 0.33 | 0.52 | 0.60 | 0.98 | 1.23

6 F. 50071 | 065|072 074|074 |07 | 076 | 033 | 0.36 | 041 | 0.50 | 0.63 | 0.78 | 1.11 | 1.63

S.S5]1 051 | 058 | 058|059 059|059 |05 | 026 | 027 | 0.32 | 040 | 055 | 0.59 | 091 | 1.34

F. 5052|054 | 056 | 055 | 055 | 055|053 | 028|028 ]033|039 | 054|065 ]| 092|131

! S.5| 059|049 | 056 | 056 | 055 | 0.57 | 0.57 | 0.28 | 0.31 | 0.36 | 0.43 | 0.54 | 0.64 | 0.93 | 1.23

q F. 5.1 057 | 065 | 065 | 065 | 063 | 0.62 | 061 | 0.31 | 0.32 | 0.35 | 040 | 0.54 | 0.70 | 0.98 | 1.43

S.5| 059 | 068|066 | 064 | 064 | 067 | 068 | 0.24 | 0.26 | 0.31 | 0.36 | 0.53 | 0.69 | 0.86 | 1.13

9 F. 5.1 07 | 081 | 0.86 | 0.87 | 0.85 | 0.84 | 0.81 | 040 | 042 | 048 | 057 | 0.72 | 0.85 | 1.13 | 1.57

S.51 089 | 067|067 | 064|063 062|060 | 031 | 034 | 041 | 048 | 0.57 | 0.65 | 0.86 | 1.17

10 F. 51088 | 08 | 090 | 090 | 0.90 | 091 | 093 | 0.46 | 047 | 053 | 0.63 | 0.84 | 1.02 | 1.34 | 1.86

S.S51075 1078|078 079 078 | 077 | 076 | 0.35 | 0.39 | 0.51 | 0.59 | 0.72 | 0.96 | 1.41 | 1.95

1 F. 5071|070 | 074 | 074 | 0.74 | 0.72 | 0.73 | 0.38 | 0.41 | 047 | 0.56 | 0.70 | 0.83 | 1.12 | 1.53

S.5| 072|066 | 066 | 067 | 067 | 068 | 0.68 | 043 | 0.46 | 052 | 0.60 | 0.87 | 1.12 | 1.62 | 2.27

12 F. 5.1 07 078|077 ] 079|078 | 079|079 | 041 | 042 | 048 | 0.56 | 0.76 | 0.93 | 1.28 | 1.74

S.51 079|081 |07 |07 | 078 | 079 | 0.77 | 051 | 054 | 0.63 | 0.74 | 093 | 1.12 | 1.57 | 1.97
Ao Sl des iEls AL oy wikelA, gare] WEAo] FAXeRE Fold ARo] v
A o ARl mebA 22 10d ek 54l dHAstATh ek HE 109 Fetell A3 3
Aehs tEA WEkstal Sles el = 4 Sl A OR 177 % S7Fe] wiato] A &AIRHE
WEFFE BT 25 % o] S7HE Hela 3l
4.2 2 = Qo vehith e 2995 0-80 %
2 AFelAE fEivEte] 144 AN d5d o o sigsls Aol 12 % oo T715 Eolu)
A ARE gede] FEI oY AAGARS] 5 W0 % oVs 7leom WA oA vig
e A B AR A, A 2 dde o] Z715198-S BHole 4 ) mFEEale ¥
FeAAE AmE FES Wtk gkl dig Sl 2| ZA|7h Hoj S 90 % o]Ake] 79
RS B4 A3 2e Fdsle 24 A Q= =7k ot 80 % o|ue] ZHoelg= 7}
o # el mepA Adoldt 545 Holal gl Zlom 2EA ok Z7beta gtk whebd AZF-SARY
uebth b o] daks ol Ak 24 A S Jzom gk B4 Ao 2LA|7hE
e shiststel Ak, WP FagAbel Paret BEAAE 271
L 9APEE 7o 5T AAD AR stal 52 ST Sdrk AR 24 daks
A Al A&AIZE T, 2,3, 4,5, 799 A 2 o] AndA FAHeR frold Ais

T B % ol siFehs Aol R EfiAlE Hskoith
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Table 12. Trend Analysis Results about Monthly Rainfall Events

Month Station Rain Events Slope Month Station Rain Events Slope
Ullun 10 % -0.08 7day Max. -0.87

1 & 30 % -0.09 Raining Day -0.08
Busan Raining Day 0.04 10 % -0.09
Jeju 30 % -0.10 Mokpo 30 % -0.07
lday Max. -0.41 50 % -0.06

Gangneung 2day Max. -0.57 70 % -0.05
3day Max. -0.58 80 % -0.03

Chupungryung lday Max. -0.22 Monthly Rainfall -1.42
3 Jeonju lday Max. -0.28 bday Max. -0.62
! Raining Day 0.05 4 7day Max. -0.93
Gwangju 30 % 0.04 Yeosu Raining Day -0.08
Mokpo Raining Day 0.05 10 % -0.08
Jeju 90 % 0.03 30 % -0.06
Seoul 90 % -0.02 50 % -0.05
Incheon 80 % -0.03 Monthly Rainfall -0.86
Ullung 50 % 0.05 Raining Day -0.10
Chupuneryun Raining Day -0.06 Jeju 10 % -0.09
PHHSTYHIS 10 % ~0.06 30 % ~0.07
Raining Day -0.07 90 % -0.02

Poh 10 9% -0.09 e ou Raining Day 0.08
ang 30 % ~0.06 . angneung 10 % 0.07

50 % -0.05 Dacgt Raining Day 0.05

10 % ~0.07 & 9% % 0.01

Daegu 30 % -0.05 lday Max. 0.32

50 % -0.04 6 Busan 2day Max. 0.59

Jeonju 30 % -0.05 95 % 0.001

! 80 % ~0.03 Yeosu 80 % 0.02
Monthly Rainfall -1.19 Gangneung 2day Max. 0.42

Raining Day -0.08 Seoul lday Max. 0.49

10 % -0.06 Monthly Rainfall 1.44

Ulsan 30 % -0.07 2day Max. 0.13

50 % -0.06 3day Max. 0.16

4 70 % -0.04 4day Max. 0.27
Monthly Rainfall -1.21 Ullung 5day Max. 0.17

2day Max. -0.34 7day Max. 0.32

7day Max. -0.65 70 % 0.03

Gwangju Raining Day -0.67 80 % 0.02
10 % -0.74 7 90 % 0.03

70 % -0.05 80 % 0.01

Chupungryung
80 % -0.04 90 % 0.01
30 % -0.05 2day Max. -0.26
Busan
50 % -0.05 3day Max. -0.32
; Pohang

Monthly Rainfall -1.37 4day Max. -0.24

lday Max. -0.32 7day Max. -0.35
2day Max. -0.51 Jeonju 90 % -0.003

Mokpo

3day Max. -0.60 2day Max. 0.10

4day Max. -0.61 Ulsan 3day Max. -0.01

Sday Max. -0.68 4day Max. -0.07
948 BEKEREEH




Table 12. Trend Analysis Results about Monthly Rainfall Events (Continued)

Month Station Rain Events Slope Month Station Rain Events Slope
7 Mokpo Monthly Rainfall 1.66 10 % 0.08
7day Max. 1.72 Mokpo 30 % 0.06
Raining Day 0.07 8 50 % 0.07
Ullung
10 % 0.07 ) 10 % 0.08
Jeju
30 % 0.06 50 % 0.05
3day Max. 1.07 Busan 50 % -0.06
Chupungryung 9 5
4day Max. 1.30 Jeju 95 % 0.02
Monthly Rainfall 2.86 Ullung 10 % -0.05
2day Max. 1.22 Chupungryung | Monthly Rainfall -0.43
3day Max. 1.39 2day Max. -0.33
4day Max. 1.47 3day Max. -0.41
Pohang
Sday Max. 1.55 4day Max. -0.41
Chupungryung
7day Max. 2.12 5day Max. -0.37
50 % 0.05 7day Max. -0.43
90 % 0.03 10 % -0.06
8 Daegu Raining Day 0.08 2day Max. -0.51
) Raining Day 0.07 3day Max. -0.55
Jeonju Pohang
10 % 0.08 1 4day Max. -0.56
Monthly Rainfall 3.97 5day Max. -0.52
lday Max. 1.09 3day Max. -0.56
3day Max. 1.80 Ulsan Raining Day -0.07
4day Max. 1.81 10 % -0.07
Sday Max. 1.94 lday Max. -0.41
) 7day Max. 2.54 2day Max. -0.67
Gwangju —
Raining Day 0.09 3day Max. -0.72
Busan
10 % 0.10 4day Max. -0.71
30 % 0.09 5day Max. -0.67
50 % 0.06 7day Max. -0.73
70 % 0.05 Jeju 50 % -0.05
9% % 0.03 2 Gangneung lday Max. -0.42
Mokpo Raining Day 0.09 Jeju Raining Day -0.07
2. AVl g ARE SAe Bitah EEAA ANE we A¥ AzolN BAHoR Feold
7} Ha wale e molm k. g el A3E molxi ohisiglon), dFHae v A
AT B W B4 AR A 117 Aol vla) AP 2 AR JHOR we
A9 F7F9-Fo] FH 10\ Fotol 284 %7t 5 oz BAEr}
hsrglom 4, 599 Hrdgape] Bt F7ks) 3. A o 9 BAe HEd BEAAh
Atk S 10~9% % AEERY F AT 24 Helsle Ao2 velygtt Aol st fsd
S A FdTE HT 1091 Bl ke s & A ATy BAFoR Fod AHS 18 @BX
g 4 YAy mEARe] HES FA-F F o} H 10 Bt w70l S)s
WNA-Fe ALEHE AYsta 257 F7lskal 3 1 A7)E AAasteE EAS Btk EEdsieE
o Aedre BEY d5Ee e As 0o goA EAZOR Fo3 WIS HolF
de ek o ® Yehdth A3 24 A At AdTY FEdAe g FAsse
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