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Abstract Using daily station data and Japanese 55-year Reanalysis Project (JRA-55) data from 1959 to 2013, a three-
dimensional background circulation structure of summer heavy rainfall in the middle—lower reaches of the Yangtze River
(MLYR) was analyzed. Composite analyses of circulation in advance of 373 heavy rainfall days revealed that a prominent

warm anomaly with a center at 300 hPa emerged in the upper troposphere over the MLYR. Because of hydrostatic and
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quasi-geostrophic equilibriums, an anticyclonic (cyclonic) anomaly formed above (below) the warm center. On the one

hand, the warm anomaly strengthened the westerly winds to the north of the warm center by a high-level anticyclonic

circulation anomaly, which resulted in the jet stream in the upper-level over East Asia shifting southward and eastward to
the north side of the MLYR. This enhanced the upper-level divergent anomaly field over the MLYR. On the other hand,

the cyclonic anomaly below the warm anomaly reinforced the low-level southwesterly winds to the MLYR, which

transported more water vapor to it and strengthened convergence. The favorable configuration of high and low altitude

circulation anomalies caused by warm anomalies played an important role in the formation of strong precipitation in the
MLYR. The 300 hPa warm anomaly existed at 400-300 hPa in the eastern part of the Qinghai-Tibet Plateau 48 hours
before the precipitation in the MLYR. The 700 hPa cyclonic circulation appeared in the middle and lower layers over the

Sichuan Basin 24 hours ahead of schedule. The high and low circulation elements cooperated with each other and moved

eastward with time. The warm anomaly first reached the MLYR, and cooperated with the low-level cyclonic circulation

and water vapor convergence area, resulting in strong precipitation over the MLYR.

Keywords Heavy rainfall, Three-dimensional circulation structure, middle—lower reaches of the Yangtze River
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Fig. 1 Spatial distribution of average precipitation (units: mm d")yon373 heavy rainfall days from 1959 to 2013 and the locations of 1438 stations
(black dots) in eastern China. The middle—lower reaches of the Yangtze River (MLYR) (28°-33°N, 112°-122°E) is depicted by black dashed lines
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Fig. 2 Frequency (units: d) distribution of 373 heavy rainfall days from 1959 to 2013 in (a) daily mean and (b) pentad mean for June (blue bars), July

(yellow bars), August (purple bars)
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Fig. 3 (a) 300 hPa temperature anomaly (units: °C), the blue dashed box indicates the MLYR. (b) Meridional-vertical section (averaged between
112°-122°E) of temperature anomaly (shading, units: °C), geopotential height anomaly (contours, units: gpm), composite vector from horizontal wind
fields component anomaly (units: m sfl), and vertical velocity anomaly (units: 107 Pa sfl). (c) Same as (b), but for zonal-vertical section averaged

between 28°-33°N. Anomalies are derived from 373 heavy rainfall cases from 1959 to 2013 and climatology. Gray shadings show topography
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Fig. 6 Evolution of 300 hPa temperature anomaly (shading in the horizontal color bar, units: °C), zonal wind anomaly (brown contours, units: m s_')

and 30 m s ' zonal wind contour (gray contours: climatology, green contours: mean for 240 rainy days) at 200 hPa, 6-h accumulated precipitation
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Fig. 7 Evolution of 700 hPa geopotential height anomaly (purple contours, units: gpm), 6-h accumulated precipitation (brown contours, units: mm),
850 hPa water vapor fluxtransport anomaly (vectors, units: kg m ' s ' hPa ') and its divergence anomaly (shading, units: 107 kg m > s~ hPa ).
Anomalies are derived from 240 typical heavy rainfall cases from 1959 to 2013 and climatology. The black shadings show the topography. The green
box indicates the MLYR



4 TIREE: R it [X 2 20 B K ) = ER L A5 AR R 0
No.4 FANG Huan et al. Three-Dimensional Circulation Structure in Advance of Summer Heavy Rainfall in the ... 771
100 } ) 100
5
> > > —
150 b > > > 150
i/ > = >[> >
200 A 200
250 > 250
© e
o 300 > & 300
g 15
400 PR 400
t 4
500 7 ) 500
7
N
700 > > > 700
850 > (a)-48h L 850
1000 — 1000
E 130°E 140°E 150°E
100 100
150 150
200 200
6_0 250 ,5_“ 250
< 300 < 300
Q Q
400 400
500 500
700 700
850 850
1000 1000
9
100 - 100 -
150 150
200 200
o 250 o 250
= 300 = 300
s =
Q Q
400 400
500 500
700 700
850 850
1000 1000 —

90°E

100°E

110°E

120°E  130°E

140°E  150°E

90°E

120°E

130°E  140°E

150°E

L AN EEEEEEEN

-12 -06 O 06 1.2 °C

B8 240 M ULALR PR /K REAR IR IR B 30 1 0 0 o B — 0 R T (X 28°~33°N “F#5) & 12 /MRS . ORI RIBERE R °C); 18
OEAELRARROAR TR (AR gpm); SESMEAIORERT (NAH=0.5 ME, B gkg D RERRAMRNAT B msD
FEELEEFH RO 107 Pas D) HIEM. FHH 1959~2013 4 240 ML BRBOK MR RS S, KOBEOZRMTE, BEESIE
FORKAT R NI X R A E
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Fig. 9 Evolution of different circulation elements and 6-h accumulated precipitation [green contours in (a, b, ¢) and shading in (d)] averaged between
28°~33°N: (a) 300 hPa temperature anomaly (shading, units: °C), (b) 700 hPa geopotential height anomaly (shading, units: gpm) and wind anomaly
(vectors, units: m s ]), (c) 850 hPa water vapor flux transport anomaly (vectors, units: kg m 's' hPa l) and its divergence anomaly (shading, units:
10°° kg m’s’ hPafl). (d) surface 6-h accumulated precipitation (shading, units: mm). Horizontal axis stands for time, —18 h (+18 h) for 18 hours
before (after) heavy rainfall. Anomalies are derived from 240 typical heavy rainfall cases from 1959 to 2013 and climatology. The black shadings show
topography. Blue dashed lines indicate 0 h. The purple box indicates the MLYR
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