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Abstract Based on the National Climate Center Meiyu monitoring data and NCEP reanalysis dataset, the characteristics
of abnormal Meiyu and associated large scale circulation during the Meiyu period of 2016 in China are analyzed. The
results are as follows: (1) There were obvious regional characteristics of Meiyu in 2016 in China. The Meiyu onset date
over regions to the south of the Yangtze River was 14 days earlier than normal and was the earliest as that in 1995 since
1951. The Meiyu outset date in 2016 was 11 days later than normal with a longer duration and more Meiyu precipitation,
whereas daily average precipitation was weaker. The Meiyu onset (outset) date over the Yangtze River valley was later
than normal, while the Meiyu duration was close to normal with more than double of normal Meiyu precipitation. The
amount of total Meiyu precipitation and average daily precipitation are ranked as the third and the second highest values

since 1951, respectively. The Meiyu onset, outset, and duration over the Yangtze—Huaihe valley were close to normal, but
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the amount of total Meiyu precipitation was more than normal. (2) The significantly early Meiyu onset over regions to the

south of the Yangtze River was induced by abnormally early transition of East Asian circulation from winter pattern to

summer pattern. The southward shift of East Asian subtropical upper-level westerly jet and the western Pacific subtropical

high (WPSH) were combined with the southward displacement of the East Asian summer monsoon surge in middle July,

leading to late than normal Meiyu outset. (3) The decay of the extremely strong El Nifio event in the previous winter and

the persistent warming of the Indian Ocean Basin-Wide mode (IOBW) in spring and summer were the main

reasons that caused the WPSH to be extremely strong during the Meiyu period in 2016. The abnormally strong moisture

flux from the southwest of the WPSH and weak cold air from the north converged over the Yangtze-Huaihe valley,

resulting in higher than normal Meiyu precipitation over this region.

Keywords Meiyu onset (outset), Meiyu precipitation, El Niflo, Indian Ocean Basin-Wide mode (IOBW), Abnormal
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Table 1 The characteristics of Meiyu in China in 2016
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Fig. 1 Schematic diagram of the division of the monitoring area and

spatial distribution of monitoring stations. | indicates regions to the south
of the Yangtze River, Ilindicates regions of the Yangtze River valley, 111

indicates the region of Yangtze—Huaihe River basin
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(a) 200 hPa uwnd along 110°—140°E (b) 200 hPa uwnd along 110°—140°E of 2016
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Fig. 4 Time-latitude cross sections of zonal wind (units: m s ') at 200 hPa averaged over 110°~140°E in (a) early Meiyu onset years over regions to the South

of the Yangtze River and (b) 2016. The gray dotted line represents the climatological mean of 35 m's™' contour, and the black line represents the average of 35

ms ' contour in anomalous years

(a) 500 hPa hgt along 110°—140°E

(b) 500 hPa hgt along 110°— 140°E of 2016
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Fig. 5 Time-latitude cross sections of geopotential height at 500 hPa (units: gpm) averaged over 110°-140°E in (a) early Meiyu onset years in regions to the
South of the Yangtze River and (b) 2016. The gray dotted line represents the climatological mean subtropical high ridge line, and the black line represents the

mean subtropical high ridge line in anomalous years

(a) 850 hPa vwnd along 110°—122.5°E
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Fig. 6 Time-latitude cross sections of meridional wind at 850 hPa (units: m s ') averaged over 110°~122.5°E in (a) early Meiyu onset years in regions to the

South of the Yangtze River and (b) 2016. Shaded areas represent meridional wind anomalies, and contours represent the meridional winds
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Fig. 7 Time-latitude cross sections of (a) zonal wind (units: m s ') at 200 hPa averaged over 110°~140°E, (b) geopotential height anomalies at 500 hPa (units:

gpm) averaged over 110°~140°E, and (c) meridional wind at 850 hPa (units: m s ') averaged over 110°~122.5°E in late Meiyu outset years in regions to the

South of the Yangtze River and the Yangtze River valley. The gray dotted line in (b) represents the climatological mean subtropical high ridge line, and the

black line represents the mean subtropical high ridge line in anomalous years. Shaded areas in (c) represent meridional wind anomalies, and the black lines

represent the meridional winds
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Fig. 8 Averaged atmospheric circulation anomalies during Meiyu period of 2016: (a) 500 hPa geopotential height (contours, units: gpm) and its anomalies

(shading), red contours stand for the climatological 5860 and 5880 gpm contours; (b) 850 hPa wind anomalies (units: ms ')
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