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Abstract The Hunan, Jiangxi, Zhejiang and Fujian regions (hereafter referred to as XGZM)
correspond to one of the areas where precipitation begins earliest in China. They have experienced
the pre-flood period in South China, the Meiyu period in the Yangtze and Huai River valley, and
the post-flood period in South China. The precipitation is highly concentrated, but the
precipitation and circulation characteristics are different from the other counterparts. In order to
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study the basic characteristics of precipitation during the flood season in XGZM, this paper uses
the ground meteorological observation stations and ERAS reanalysis data to first compare the
characteristics of precipitation over XGZM in different monsoon rain periods, and then analyze its
evolution characteristics by each pentad. Finally, a new way of classifying the flood season based
was proposed based on the daily precipitation and the number of heavy precipitation stations on
rainy days. The flood season and the different stages of the flood season were defined according to
the new method. The precipitation characteristics before and after the flood season and at different
stages of the flood season, as well as the evolution characteristics of background circulation, were
explored. The study shows that: (1) Compared with other segmentation methods, the new
definition method can better describe the evolution characteristics of the north-south displacement
of the heavy rain belt and the east-west change of the rainy center during the flood season in
XGZM. (2) The flood season in XGZM has its own unique precipitation characteristics that are
different from the pre-flood season in South China and the Meiyu period in Yangtze and Huai
River Valley. On average, the flood season in XGZM starts at the 22nd pentad and ends at the 50th
pentad. It can be divided into three stages: the spring rainy season, the main flood season, and the
post-flood season, among which the main flood season can be divided into the early stage of the
main flood season and the peak stage of the main flood season. The onset of the spring rainy
season (i.e., the first stage) is latter than the pre-flood season in South China. The overall
distribution of precipitation in the spring rainy season is relatively even, with two heavy rain
bands in the southern part of Nanling Mountain area and northern part of Jiangxi and Hunan. The
main flood season (i.e., the second stage) begins and ends earlier than the Meiyu period in Yangtze
and Huai River valley. The precipitation in the main flood season is enhanced comprehensively,
with the center of heavy precipitation located from the plain of Poyang Lake to Wuyi Mountain
area. The post-flood season (i.e., the third stage) starts later than the post-flood season in South
China. The precipitation in the post-flood season is mainly located in the coastal areas of
southeastern Fujian. (3) After entering the flood season, the atmospheric circulation in XGZM has
changed significantly. The atmospheric circulation characteristics associated with the beginning of
the flood season are mainly as follows: (a) the South Asian high pressure moves northward over
the plateau, (b) the westerly airflow over XGZM area weakens, (c) the subtropical high pressure
rises northward, (d) the ridge is located at 18-21°N, (e) the low-altitude southwest jet stream and
the ultra-low altitude southerly jet stream are both established and strengthened, and (f) the
moisture transport is greatly increased. These characteristics are different from those of the
pre-flood period in South China and the Meiyu period in Yangtze and Huai River valley. The
evolution of the circulation at different stages of the flood season is mainly reflected in the
positions of the trough and the subtropical high, the strength of the low-level wind speed and the
displacement of the low-level wind speed convergence zone, etc. These results help us better
understand the spatiotemporal distribution characteristics and generation mechanism of the flood

season precipitation over XGZM.
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Fig.1 Spatial distribution of the 314 national-level automatic weather stations (AWSs) over
the Hunan, Jiangxi, Zhejiang, and Fujian regions (red solid dots). Topography is shown in shading

(unit: m). The black solid lines represent provincial boundaries.
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Fig.2 The onset of the monsoon (blue solid line with blue dots), the onset of the pre-flood
season in South China (black solid line with black squares), the end of the pre-flood season in
South China (black solid line with black dots), the onset of the Meiyu period in the south of the
Yangtze River (red solid line with red squares), the end of the Meiyu period in the Yangtze and
Huai River valley (red solid line with red dots) from 1980 to 2020. The x axis represents the time
series in year, and the y axis represents the pentad in each corresponding year.
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Fig. 3 Spatial distribution map of average annual precipitation (unit: mm-a') in XGZM from April
to September during 1980-2020. Gray fill is height in m. Dots of different colors are rainfall.

3.2 HAFEANFHBREK I

BE—2D o b B R IR M X H H P R R 2 A (B 4a) 7T LA
i, Ho A ST EKED AL, B 7T AR RS- A v AR AR R
FAVE R IX K 22 A, IR AL AR T H H T 2B K S 2 o R IRt 19 3 [X
BRI [ 7K 03 2 R R AT AN 2 AR K i PN B, AT B HH P B P 7K 25 1]
DA RENZESR . FEXBEEAT (B 4b) , B KA XA T8/ BH W~ (S 1
A—R L X, Wb B L AR AL X fK B b . =R A (B 400,



MR X 27°N DAL g5, HIL =2 R, 23 A -0 BH T
JR—ASTLIAT A« A A 2R v vt XA g o b i X

W B A0 R AR AT A R R AN R S = AN B, A9
B Koy A B 4d—F. AERERTGIRT (B 4d) FIAERaTRMIN (& 4e) [FEK
23 ) A3 ATARAR AL, 082 FEV VG b0 280 O A 1 o e /K e i, IR AN 3 7 R 8 1 i
B K B T R [ AR R AL X, AR JE T (B 4D BRK A KA T 80K
ARk, SEBE K AWK, — 200 F 28-30°N Z (B IR AR, 5H—%KMT
MREEVRIE X o BRI L, ) AR R A R EEAT R4, BRI S AR R
TSR PR R 7 10 23 A0 L AN ], RT LK 6 IRURN o R4 R VR £ oy I R X
Gy s M T PRSUA R A T T RSUR 1D F) BaeK ai BE 23 A7 22 AN K, AN e KB 2
VA T PR S L DX M 8 i 0 L DX B i P AR A, 1 6 R v S PR T B R A5
T2 1 X AE AR AT TT 46 A K B C 489

W B A0 ST M IS T L R A R S 0 RV e g A S =
B, BRI AE 4g-i. NHERT (] 4g) , VLFGHE EE 2 K0 40 Hi X (1
KOGWERE T, AEE (B 4h) HE60E X K AT, A PR
Sr AL T 27-30°N I8 LA AR SR VR LI, S (] 40D SR PRK 32 BEAL T4E 2
R SR L IX o VLR AR R IR 4, B 2 R R AR T ) K A F AL
NP BIRE, Jok R MR A T O B O AR TEALE /AT, R, VLR
M SV A, A8 VR & KU AT IR 28 A AE, X Pl 2> BT AT et &
JRBEIK 5 HE R KR TE — 2, AT AN Sk i 4 By K

10



2000
1500
1000
500
200
50
30

Height/m

-10

6 9 12 15 18 21 24
Amount/mm-d~1

& 4 1980—2020 4 w5l 2 3 DX AP/ H H K& (A2 mmed!) -
() 49 H. (b)) FERRERHT. (o) FRBERIE. (D ERITHAUIET. (e HREHT
IR, (O AR, (o) ILMAMEET. () LEER R, O L iEE
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Fig. 7 Mean precipitation on rainy days at different stages of the flood season over XGZM during
1980-2020 (unit: mm-d-): (a) spring rainy season, (b) main flood season, (c) post-flood season
FEFRAGHIARE], BT LA AP B . 1350 25 1T ah, 1ESE 2 {5 fi N 5 fF
KGO H S8 K B3, FEEEIR T, AR Pt PR AR
s, KA EINTE R, BRI R, (22 DUE SRk 3, e
FEA DX 3 K A INKEL R R, AN SR THRE KGR, AR 6 /MR 12
ZINHSF DAY PR R T AR oty 2 T R, 7 A S b P L R 9 T B 2 B R . G
SR BEE 7K EH T DX PN 8 RUBE 2R G BRI R PR AR BT 77 A, 5 T 1) T 2
PIAHOG, SRpEAKRTREIE S AR (B 8a) , B RO TP AL
RIS DA AR B YLV 28 it sk DA R G A Ll X, AT e b5 78 p AR AE AL A e 4R 7 A
FRGEAR G A EVIRER, BT P 28 % 31 I, FRKRR RS, TMix B A ik
A R TR 4 7K e R B H e 5 9 B ) B o X — i B ] AR R TR AT HI(S H 38
LRE 6 HEE 115 o ¥ 324K (6 A% 2%) JFia% 38 % (7 JEH 2 1%) 45
A, SRBE K H AERE AL A BRI R X, BROK AT THINSE, RERE RS E £ 5,
BEIKHFERIN TG . FEMAYE R, RSN b T B R, L R EE K
A, FRAR IS 28 X I B AR, MK E R AR TEVL AL AR g

6 9 12 15 18 21 24
Amount/mm-d~1

K 8 1980-2020 ikl [ b X E A FIF B s H H P REK & (R AL: mmed!) -
16



(a) BRI, (b) iRy

Fig. 8 Mean precipitation on rainy days at different stages of the main flood season over XGZM
during 1980-2020 (unit: mm-d-!): (a) the early stage of the main flood season, (b) the peak stage of
the main flood season
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Fig. 9 Circulation characteristics in XGZM before the flood season (a, d, g, j), during the flood
season (b, e, h, k), and after the flood season (c, f, i, 1): the average wind at 200 hPa (a-c, black
solid line, unit: m-s™"), wind field (unit: m-s™!, green solid lines represent the wind speed contours),
the geopotential height field at 500 hPa (d-f, black solid line, bold lines represent subtropical high,
unit: agpm), wind field at 850 hPa (g-i, unit: m-s™!, green solid lines represent wind speed contours)
with specific humidity (shaded area, unit: g-Kg™'), wind field at 925 hPa (j-1, unit: m-s™', green

solid lines represent wind speed contours) with specific humidity (shaded area, unit: g-Kg™')
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Fig. 10 Same as Fig. 9, but for the spring rainy season (a, d, g, j), the main flood season (b, e, h, k),
and the post-flood season (c, f, 1, 1).
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