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Abstract Based on the daily precipitation data of the 753 Chinese stations provided by the National Meteorological
Information Center, the drought-flood abrupt alternation phenomenon during the 1960-2015 flood seasons (April to
September) was investigated, an evaluation index of drought-flood abrupt alternation was defined, and the atmospheric
circulation characteristics of the drought-flood abrupt alternation events were studied. The results show that the drought-
flood abrupt alternation events happened 17 times in southern China during the flood seasons of 1960 to 2015, and the

frequency of their occurrences declined from three times in the 1960s to once in the 1970s and the 1980s, and then
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increased rapidly to four times in the 1990s and eight times in the early 21st century. According to the abrupt alternation
time, the events are divided into two groups: Drought-to-flood events in late spring and early summer and flood-to-
drought events in midsummer. During the drought period of drought-to-flood events in late spring and early summer, the
location of the western Pacific subtropical high was more southerly; the eastern part of China was mainly affected by a
dry and cold ridge, and the negative vorticity development in the lower-level southern China was accompanied by the
strengthening of divergence and descending movement and the weakening of the water vapor transport, which caused less
rainfall in southern China. During the flood period of drought-to-flood events in late spring and early summer, the
western Pacific subtropical high stretched toward the north; the southern branch trough of the Bay of Bengal was
abnormally stronger; southern China was located in the west side of the subtropical high and southeast side of the South
Asia high; and the positive vorticity development in the lower-level southern China was accompanied by the
strengthening of convergence, ascending movement, and water vapor transport, which caused more rainfall in southern
China. During the flood period of drought-to-flood events in midsummer, the location of the western Pacific subtropical
high was more westerly; southern China was located in the northwest side of the subtropical high and the southeast side
of the South Asia high; and the positive vorticity developed in the lower-level southern China with the strengthening of
convergence, ascending movement, and water vapor transport, which caused the precipitation in southern China to
increase. During the drought period of drought-to-flood events in midsummer, the western Pacific subtropical high
jumped significantly to the north; the South Asia high extended eastward and northward to the middle and lower reaches
of the Yangtze River; southern China was controlled by the subtropical high and the upper east wind jets; negative

vorticity developed in the lower-level southern China with the strengthening of divergence and descending movement

and the weakening of the water vapor transport, which caused the precipitation in southern China to decrease.
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Fig. 1 (a) Flood season (April to September) precipitation standard deviation (mm) of 412 stations; (b) correlation between the representative

station” s and 412 stations’ precipitation during the flood season (the areas that are significant at the 95% confidence level are shaded) in eastern

China 1960-2015; (c¢) the 35 sites distribution in southern China
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Table 2 The drought and flood periods of drought-to-flood events, percentages of precipitation anomalies, and SPI in

southern China during the flood season
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1967 4% 6 3 a7 Hi 40 -63.8% -0.93 SHI 1ERES HEE 5% 76.1% 1.34
19714 A2 RS AR -62.3% -1.19 SHE3ER6 2% 45.9% 0.94
19914 AR IR 6 HH 1 -59.7% -0.65 6 HHi2Ea6 Hi 61k 41.2% 1.29
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2006 4 SHE 2R 5 Hi a0k -69.3% -0.83 SHE SR 6 HEE 2% 56.1% 1.15
2009 4 AR s HH3 0 -83.1% -1.60 SHEE4mER 6 HER3 % 40.0% 0.96
20144F 4 HH3 R4 RS -81.4% -1.92 4 HH 6T S HHA 40 44.4% 0.59

x3 LHEAPSFEEEHNER. SRR EMEKEFRESZEMSPIEE

Table 3 The drought and flood periods of flood-to-drought events, percentages of precipitation anomalies, and SPI in

southern China during the flood season
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1988 4F THE R A 16 37.2% 0.90 9HM2EE I A 6 1% ~71.0% -1.10
1998 4F SHEEART 25 53.5% 0.88 THH AR HA 11 ~66.5% -0.94
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2009 4 THE 6 EARS A3 6 41.5% 0.90 8HMAtER I A 21 ~70.6% -1.04
20104 SHEetER 6 Hi 61 31.4% 0.72 THEIGERTHE 45 -88.6% -1.82
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Fig. 2 Average pentad precipitation (solid line) and its standard Fig. 3 Decadal distribution of the drought-flood abrupt alternation

deviation (dotted line) in southern China during 1960-2015 events in the flood season of southern China
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Fig. 4 Spatial distribution of the percentages of precipitation anomalies (shaded) and SPI (black contour line) during the different periods of the
drought—flood abrupt alternation events spatial distribution in the flood season of southern China (the purple triangle represents the maximum or
minimum percentages of precipitation anomalies of the sites, and the black circle represents the site with the maximum or minimum SPI). (a) Drought
period of drought-to-flood events in late spring and early summer; (b) flood period of drought-to-flood events in late spring and early summer; (c)

flood period of flood-to-drought events in midsummer; (d) drought period of flood-to-drought events in midsummer
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