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ABSTRACT

In this study, we performed a non-stationary frequency analysis using a power model and the model was applied for Seoul, Daegu,
Dacejeon, Mokpo sites in Korea to estimate the probable precipitation amount at the target years (2020, 2050, 2080). We used the annual
maximum precipitation of 24 hours duration of precipitation using data from 1973 to 2009. We compared results to that of non-
stationary analyses using the linear and logistic regression. The probable precipitation amounts using linear regression showed very
large increase in the long term projection, while the logistic regression resulted in similar amounts for different target years because
the logistic function converges before 2020. But the probable precipitation amount for the target years using a power model showed
reasonable results suggesting that power model be able to reflect the increase of hydrologic extremes reasonably well.
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Fig. 1 Locations of the 55 weather stations used for statistical
analysis
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2. ASke 9l HAM AX Table 1 Summary of test methods and null hypothesis
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27} AAAYL 718 Ao AT HAL 43sk= Ao| Wald-Wolfowitz | Data are random (No trend)
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9} PP test+= p-value %] 0.052c} 2 w, KPSS test= 0.05X ool | 0069 X 0024 0 0030 o
o 2hE o HPAEE 7 AeR gt Daegu | 0374 | X | 0172 | X | 0030 | O
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Aol e AR AEE BEsH Bao] ol Rl
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AE) S A7t me SESTEE APt A2 Tl 2 A HAR 2Rgks APFsEGITh 3 244]
2 A4S 8l Y AREY 197395E 200997H4]9] Al Zholl izt A 2 RS S5k Gumbel +329] w7
g ARE o8l AEATE 24417l iRt A 2o AT ol A viAiRet S4 wiHeE SEVERHERS ol§
MRS FESIon, 27] 208S 71EoR st 194 A4 oo ARFsigle, Table 4= AR 199 FHBEA =A%
RS LAAA S0 HERoRA, 7 AR wARE e ax 90 @ 3 uphuss dehd gl
A ARE S ESE 2 {99l ok A i
59 LARF P4 ARS BE U F Faslel, 4 5 4 SHUTE HBEGFT UL
o] tiat AW RS ARE on ATl AA Zxdn 20204, 20504, 2080912 AF 717 SE 4k
A, FE A, SR AR, AR < AP fleto], HRdEdE FHET S gS AP
oolul mx|H] 7k A7t i3t FAWAE ZH7kseke] H FHEA, Logistic )4, Power Model o|-&3to] A3}
Table 4 Accumulative average extreme precipitation and parameters
Han River and Seoul Nakdong River and Daegu
Period Precipitation(mm) Parameters Precipitation(mm) Parameter
Han Seoul Dev. Location Scale Nakdong Daegu Dev. Location Scale
1973-1992 157.3 160.1 2.8 128.8 54.3 142.5 118.2 -24.3 97.1 36.6
1973-1993 156.8 157.0 0.1 125.9 53.9 142.8 118.7 -24.0 98.0 36.0
1973-1994 156.6 154.1 -2.5 123.4 53.3 141.5 115.4 -26.1 93.9 374
1973-1995 157.7 156.8 -0.9 125.6 54.1 140.5 1134 -27.1 91.9 37.2
1973-1996 157.2 157.3 0.1 126.6 53.1 140.4 113.4 -27.0 92.4 36.3
1973-1997 157.6 156.1 -1.6 126.3 51.7 140.4 113.1 -27.3 92.7 35.4
1973-1998 160.6 164.0 3.4 129.9 59.1 144.3 117.5 -26.8 95.0 38.9
1973-1999 163.2 167.6 4.4 132.5 60.9 145.7 118.7 -27.0 96.3 38.9
1973-2000 162.9 166.0 3.2 131.7 59.5 145.2 119.0 -26.2 96.9 38.2
1973-2001 162.6 171.0 8.4 134.7 62.8 145.6 119.9 -25.7 98.0 38.0
1973-2002 168.4 174.8 6.4 137.5 64.7 147.2 1214 -25.8 99.4 38.1
1973-2003 168.9 175.1 6.2 138.2 63.8 148.5 123.5 -25.0 101.0 39.0
1973-2004 168.8 173.8 5.0 137.6 62.6 149.6 125.6 -24.0 102.6 39.8
1973-2005 168.3 172.5 4.2 137.0 61.4 149.9 124.2 -25.8 101.3 39.6
1973-2006 170.5 175.9 5.4 139.5 63.1 150.3 124.5 -25.8 101.9 39.1
1973-2007 169.0 173.3 4.3 136.7 63.3 149.3 123.8 -25.5 101.5 38.6
1973-2008 169.3 172.9 3.6 136.9 62.3 148.7 125.0 -23.7 102.7 38.7
1973-2009 170.3 173.3 3.0 137.7 61.7 148.1 123.8 -24.3 101.6 38.5
Guem River and Daejeon Youngsan/Sumyjin River and Mokpo
Period Precipitation(mm) Parameters Precipitation(mm) Parameter
Guem Daejeon Dev. Location Scale Y/S Mokpo Dev. Location Scale
1973-1992 135.4 142.8 7.4 115.6 47.1 163.6 140.7 -22.9 111.4 50.7
1973-1993 135.4 141.9 6.6 115.6 45.6 162.4 139.5 -22.9 111.2 49.1
1973-1994 134.1 139.1 49 112.7 45.6 161.8 139.1 -22.8 111.6 47.7
1973-1995 137.9 1415 3.6 114.8 46.3 159.6 138.8 -20.8 112.1 46.3
1973-1996 137.8 142.8 4.9 116.3 45.8 157.3 137.6 -19.7 111.6 45.0
1973-1997 140.0 151.8 11.8 120.0 55.2 157.2 137.2 -20.0 111.9 43.8
1973-1998 142.3 154.4 12.0 122.1 56.0 160.5 139.2 -21.3 1135 44.5
1973-1999 142.8 154.4 11.7 122.8 54.7 160.7 138.9 -21.7 113.9 434
1973-2000 144.4 157.0 12.6 124.9 55.6 160.6 138.5 -22.0 114.1 42.3
1973-2001 143.0 154.9 11.9 123.1 55.1 160.8 139.0 -21.8 114.9 41.7
1973-2002 144.1 156.4 12.3 124.7 54.9 163.4 138.0 -25.4 114.5 40.8
1973-2003 143.9 156.8 12.9 125.6 53.9 163.6 137.0 -26.6 113.8 40.1
1973-2004 144.1 157.3 13.2 126.6 53.1 166.7 139.3 -27.4 115.3 41.6
1973-2005 144.6 157.9 13.3 127.7 52.3 165.6 137.2 -28.4 112.9 42.1
1973-2006 144.2 156.6 12.4 126.7 51.7 164.7 136.1 -28.6 112.1 415
1973-2007 144.1 156.1 12.0 126.8 50.8 164.3 135.4 -28.9 111.9 40.7
1973-2008 143.2 155.4 12.2 126.5 50.0 162.6 134.6 -28.0 1115 40.0
1973-2009 142.3 153.6 11.3 124.8 49.9 162.6 134.5 -28.1 111.8 39.3
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Table 6 Location parameter and scale parameter of target year
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LR,

69.2, 208090l 70.60& e
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dolle

, Power Model ©]-85159-& o ==}
= 2020909 141.7, 205040l 144.8, 20809 146.6&

20204°] 66.7, 20504

Seoul Daegu
Methods Location Parameter Scale Parameter Location Parameter Scale Parameter
2020 2050 2080 2020 2050 2080 2020 2050 2080 2020 2050 2080
Linear 149.9 176.5 203.1 73.3 95.0 116.7 109.2 126.5 143.8 41.0 45.6 50.3
Logistic 140.5 140.5 140.5 65.7 65.7 65.7 103.1 103.1 103.1 39.4 39.4 39.4
Power 141.7 144.8 146.6 66.7 69.2 70.6 103.8 106.0 107.3 39.6 40.2 40.5
Daejeon Mokpo
Methods Location Parameter Scale Parameter Location Parameter Scale Parameter
2020 2050 2080 2020 2050 2080 2020 2050 2080 2020 2050 2080
Linear 136.1 157.6 179.1 60.7 75.1 89.4 111.6 109.9 108.2 36.2 25.2 14.2
Logistic 126.1 126.1 126.1 54.0 54.0 54.0 114.2 114.2 114.2 52.6 52.6 52.6
Power 128.2 130.4 131.6 55.4 56.9 57.7 114.0 114.2 114.3 51.4 52.3 52.9
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AP ARAE o83t FEATT A2 @I ASol= o thgt Logistic FHARAS ol&st] LE7trwhs 4Pget 2
HA QPRHQl F7HE GehiKE, A BEATe 0 B3 AN HAst] AAE Bl w)s) o
AP Aol AL AYPE7tol odf wie =2 FAE ARl 7Fe Helou, Hath B Baded FAuEd
T ASFOR Qddte] BRAR X D A RS o] IAYSTe] BEAES] ELSP] o] SEsHA Hol BEa
gd7gol wlell 2 Apol7h vehds Bt webA NS = FAEG SRS AR o] BE 5YE ghol
7Hget SEAeEl Blel Mg w2 FEASES 7 g et ST U YRS B3t Power Model
AE Hol= Aoz Yelyth Power Model& FEA4 & o] A%, Logistic 37243} o] 7shA] FomA g2l
HHE 208097H] B&F A 7HYste] AME S8 BT vasele o, 20504 2 2080H0lME SERSES
ool wish QPYHQl Z7ke) FekE UehiuE AFeARAel  AsRe] SlolAl ebgHel 3718 Roll Ao Uehgth
02 SRAE FEASF AP Al BRAET ARSE 7 Table 7 Yl A-olA 2+ 3JHEA ‘%*B*EE AP S
o] YR AX= Hfi54e AR QI3 A7t eitA89] g a9 QNS 7HEste APgE SE(2009' = #
A Bk & qlofal ey {99 RHH9 ST 7]) vl SES Yehd otk A3 Qﬂ%ﬁ% ol-g-sto] At
Table 7 Probable precipitation amounts(mm) and percentage changes
Seoul
Year Linear Regression Logistic Regression Power Model
10 30 50 100 200 10 30 50 100 200 10 30 50 100 200
2009 2765 | 346.5 | 3785 | 4215 | 4645 | 2765 | 3465 | 3785 | 4215 | 4645 | 2765 | 3465 | 3785 | 4215 | 464.5
2020 314.8 | 3979 | 4359 | 487.1 | 5380 | 2883 | 362.8 | 396.8 | 442.7 | 4884 | 2917 | 367.3 | 401.8 | 4484 | 494.7
% 13.9 14.8 15.2 15.6 15.8 4.3 4.7 4.8 5.0 5.1 5.5 6.0 6.2 6.4 6.5
2050 390.2 | 4979 | 547.1 | 6134 | 6795 | 2883 | 362.8 | 396.8 | 442.7 | 4884 | 3004 | 378.8 | 4146 | 4629 | 511.0
% 41.1 43.7 44.6 45.5 46.3 4.3 4.7 4.8 5.0 5.1 8.7 9.3 9.5 9.8 10.0
2080 465.7 | 598.0 | 658.3 | 739.8 | 821.0 | 2883 | 362.8 | 396.8 | 442.7 | 4884 | 305.6 | 385.6 | 4222 | 4715 | 520.6
% 68.4 72.6 73.9 75.5 76.7 4.3 4.7 4.8 5.0 5.1 10.5 11.3 11.5 11.9 12.1
Daegu
Year Linear Regression Logistic Regression Power Model
10 30 50 100 200 10 30 50 100 200 10 30 50 100 200
2009 1882 | 231.9 | 251.8 | 2787 | 3055 | 1882 | 231.9 | 251.8 | 2787 | 3055 | 188.2 | 2319 | 251.8 | 2787 | 305.5
2020 2015 | 2480 | 269.3 | 2979 | 3264 | 191.6 | 2363 | 256.7 | 284.1 | 3115 | 192.8 | 237.7 | 2582 | 2858 | 313.3
% 7.1 7.0 6.9 6.9 6.9 1.8 1.9 1.9 2.0 2.0 2.5 2.5 2.5 2.5 2.6
2050 229.2 | 2809 | 304.6 | 3364 | 3682 | 191.6 | 2363 | 256.7 | 284.1 | 3115 | 1964 | 2419 | 262.7 | 290.7 | 3187
% 21.8 21.1 21.0 20.7 20.5 1.8 1.9 1.9 2.0 2.0 44 4.3 4.3 4.3 4.3
2080 256.8 | 3138 | 339.8 | 3749 | 409.9 | 191.6 | 236.3 | 256.7 | 284.1 | 3115 | 1985 | 2444 | 2654 | 293.7 | 3218
% 36.5 35.3 35.0 34.5 34.2 1.8 1.9 1.9 2.0 2.0 5.5 5.4 5.4 5.4 5.4
Daejeon
Year Linear Regression Logistic Regression Power Model
10 30 50 100 200 10 30 50 100 200 10 30 50 100 200
2009 237.1 | 2938 | 319.6 | 3545 | 389.2 | 237.1 | 2938 | 319.6 | 354.5 | 389.2 | 237.1 | 293.8 | 319.6 | 3545 | 389.2
2020 2726 | 3414 | 3728 | 4151 | 457.3 | 2475 | 3087 | 336.6 | 374.3 | 411.8 | 252.8 | 315.7 | 344.3 | 383.0 | 4215
% 15.0 16.2 16.6 17.1 175 4.4 5.1 5.3 5.6 5.8 6.6 7.4 7.7 8.0 8.3
2050 3265 | 4116 | 4504 | 502.9 | 555.1 | 247.5 | 308.7 | 336.6 | 374.3 | 411.8 | 2583 | 322.8 | 3522 | 3919 | 4314
% 37.7 40.1 40.9 41.9 42.6 4.4 5.1 5.3 5.6 5.8 8.9 9.9 10.2 10.5 10.9
2080 3804 | 4818 | 528.1 | 590.6 | 652.8 | 247.5 | 308.7 | 336.6 | 374.3 | 411.8 | 2615 | 3269 | 356.8 | 397.1 | 437.2
% 60.4 64.0 65.2 66.6 67.7 4.4 5.1 5.3 5.6 5.8 10.3 11.3 11.6 12.0 12.3
Mokpo
Year Linear Regression Logistic Regression Power Model
10 30 50 100 200 10 30 50 100 200 10 30 50 100 200
2009 200.1 | 2447 | 265.0 | 2924 | 319.7 | 200.1 | 2447 | 2650 | 2924 | 319.7 | 200.1 | 2447 | 2650 | 2924 | 319.7
2020 1931 | 2342 | 2529 | 2782 | 3034 | 2326 | 2922 | 3195 | 3562 | 392.8 | 229.7 | 2879 | 3145 | 3504 | 386.1
% -3.5 -4.3 -4.6 -4.9 -5.1 16.2 19.4 20.6 21.8 22.9 14.8 17.7 18.7 19.8 20.8
2050 166.6 | 1952 | 208.2 | 2258 | 2433 | 2326 | 2922 | 3195 | 356.2 | 392.8 | 2320 | 291.3 | 3184 | 3550 | 391.4
% -16.8 | -203 | -21.4 | -228 | -239 16.2 19.4 20.6 21.8 22.9 15.9 19.1 20.2 214 22.4
2080 140.1 | 156.2 | 1635 | 1734 | 1833 | 2326 | 2922 | 3195 | 356.2 | 392.8 | 2334 | 2934 | 320.7 | 357.7 | 394.5
% =300 | -36.2 | -38.3 | -40.7 | -42.7 16.2 19.4 20.6 21.8 22.9 16.6 19.9 21.0 22.3 23.4
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