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Abstract The decadal change in rainfall for Changma period over the South Korea in early-
2000s is detected in this study. The Changma rainfall in P1 (1992~2002) decade is remarkably
less than in P2 (2003~2013) decade. The much rainfall in P2 decade is associated with the
increase of rainy day frequency during Changma period, including the frequent occurrences of
rainy day with a intensity of 30 mm/day or more in P2 decade. This decadal change in the
Changma rainfall is due to the decadal change of atmospheric circulation around the Korean
Peninsula which affects the intensity and location of Changma rainfall. During P2 decade, the
anomalous anti-cyclone over the south of the Korean Peninsula, which represents the expansion
of the North Pacific high with warm and wet air mass toward East Asia, is stronger than in P1
decade. In addition, the upper level zonal wind and meridional gradient of low-level equivalent
potential temperature in P2 decade is relatively strengthened over the northern part of the
Korean Peninsula than in P1 decade, which corresponds with the intensification of meridional
gradient between air mass related to the East Asian summer monsoon nearby the Korean Penin-
sula in P2 decade. The enhanced meridional gradient of atir mass during P2 decade is favorable
condition for the intensification of Changma rainfall band and more Changma rainfall. The
atmospheric conditions related to enhanced Changma rainfall during P2 decade is likely to be
influenced by the teleconnection linked to the suppressed convection anomaly over the southern
part of China and South China Sea in P2 decade.
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Fig. 1. Time-series of (a) Changma rainfall and (b) Changma
rainfall ratio during 1973~2016. Statistical significance of
decadal change of Changma rainfall by (c¢) Lepage-Test and
(d) moving T-Test. Brown (Green)-dashed line in (a) denotes
the mean value in P1 (P2) decade. Gray line in (b) represents
11-running mean of rainfall ratio.
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Fig. 2. Difference between mean Changma rainfall in P1 and
P2 decade. White grids denote the missing value. Black dots
represent the grid point satisfied the 95% confidence level.
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Fig. 3. Time-series of (a) period of Changma, (b) Changma
rainfall days and (c) ratio of Changma rainfall day during

1973~2016. Brown (Green)-dashed line in denotes the mean
value in P1 (P2) decade.
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Fig. 4. Time-series of ratio of Changma rainfall day with the
strength of (a) 30 mm day ', (b) 50 mm day ' and (c) 80 mm
day™". (d) Time-series of mean strength of rainfall. Brown
(Green)-dashed line in denotes the mean value in P1 (P2)
decade.
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Fig. 5. Time-series of (a) rainfall and (b) ratio of rainfall day
which removed the direct impact of typhoon during
Changma period. Brown (Green)-dashed line in denotes the
mean value in P1 (P2) decade.
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Fig. 6. Mean omega at 500 hPa (shading) and zonal wind at
300 hPa (contour) during (a) P1 decade and (b) P2 decade.
Mean difference in (c) omega at 500 hPa, zonal wind at
300 hPa and (d) meridional gradient of equivalent potential
temtperuature at 850 hPa between P1 decade and P2 decade.
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Fig. 7. Mean difference in (a) geopotential height at 500 hPa, (b) equivalent potential temperature at 850 hPa and (c) stream
function (multiplied by 10°) at 850 hPa between P1 decade and P2 decade. Composite difference in (d) geopotential height at
500 hPa (e) equivalent potential temperature at 850 hPa and (f) stream function at 850 hPa between P1 decade and P2 decade.
Gray (black) dots represent the grid point satisfied the 90% (95%) confidence level.
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Fig. 9. Mean difference in (a) OLR and (b) precipitation rate between P1 decade and P2 decade. Red box in (a) indicates the
region over southern part of China and northern part of South China Sea. Composite difference in (c) OLR and (d) precipitation
between P1 decade and P2 decade. Gray (black) dots represent the grid point satisfied the 90% (95%) confidence level.
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a) On_Changma, Z500(+1std) regr. on S.China OLR
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Fig. 10. (a) Geopotential height anomaly at 500 hPa, omega (shading) at 500 hPa and zonal wind (contour) at 300 hPa
regressed on Schina OLR index. Gray (black) dots represent the grid point satisfied the 90% (95%) confidence level.
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