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Changes in Means and Extreme Events of Changma-Period Precipitation
Since mid-Joseon Dynasty in Seoul, Korea

Gwangyong Choi*
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Abstract : In this study, long-term changes in means and extreme events of precipitation during summer
rainy period called Changma (late June-early September) are examined based on rainfall data observed by
Chukwooki during Joseon Dynasty (1777-1907) and by modern rain-gauge onward (1908-2015) in Seoul,
Korea. Also, characterizations of the relevant changes in synoptic climate fields in East Asia are made by
the examination of the NCEP-NCAR reanalysis I data. Analyses of 239-year time series of precipitation
data demonstrate that the total precipitation as well as their inter-annual variability during the entire
Changma period (late June-early September) has increased in the late 20th century and onward. Notably,
since the early 1990s the means and extreme events during the summer Changma period (late June-mid-
July) and Changma break period (late July~-early August) has significantly increased, resulting in less clear
demarcations of sub-Changma periods. In this regard, comparisons of synoptic climate fields before and after
the early 1990s reveal that in recent decades the subtropical high pressure has expanded in the warmer Pacific
as the advection of high-latitude air masses toward East Asia was enhanced due to more active northerly
wind vector around the high pressure departure core over Mongolia. Consequently, it is suggested that

the enhancement of rising motions due to more active confluence of the two different air masses along the
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northwestern borders of the Pacific might lead to the increases of the means and extreme events of Changma

precipitation in Seoul in recent decades.

Key Words : Seoul, Chukwooki, Changma, extreme precipitation events, synoptic climate field
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Figure 1. Chukwooki installed at Gongju Provincial Office during Joseon Dynasty (a) and the first record of

the revived Chukwooki rainfall observation on June 6, 1770 (May 13 of King Yeongjo 46th year) appeared

in Seungjungwon dairy since King Yeongjo (b). Original photos were provided by the Korea Meteorological
Administration and by Gyujangkak at Seoul National University, respectively
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Figure 2. Inter-annual variations of Changma-period precipitation totals exceeding 2mm in Seoul, Korea
for the last 239-year (1777~2015) period: (a) the entire Changma period (late June~early September), (b)
summer Changma period (late June~mid-July), (c) Changma break period (late July~early August), and (d) late
Changma period (mid-August~early September)
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Figure 3. Same as in Figure 2, but for Changma-period precipitation days exceeding 2mm
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Figure 4. Same as in Figure 2, but for the average intensity of Changma-period precipitation exceeding 2mm
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Figure 5. Same as in Figure 2, but for Changma-period extreme precipitation exceeding the 95th percentile value
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Figure 7. Differences (P2 minus P1) of 500 hPa geopotential height (the solid line with labels) and Omega (w,
grid cell in colors), and 850 hPa wind vector (proportionally fitted to the cell size; 2m/s=100% of a given grid
cell) in East Asia between the former (1958~1989) (P1) and the latter (1990~2015) (P2) periods based on the
most distinct changing point year (1990) and changes in the locations of 300 hPa Jet stream(the thick line
indicating 9360 m of geopotential height; blue line for P1 and red line for P2): (a) the entire Changma period (late
June~early September), (b) summer Changma period (late June~ mid-July), (c) Changma break period (late
July~early August), and (d) late Changma period (mid-August~early September)
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