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Abstract: In this study, the key area of upstream southwest wind speed was established, which is
closely associated with Spring Persistent Rains in Hunan (SPRH). The monitoring indicators of SPRH
were defined from 1980 to 2014. The temporal and spatial patterns of SPRH rainfall were analyzed.
The anomaly of the atmospheric circulations during the strong/weak SPRH period and sea surface
temperature (SST) during the early period were discussed. Results showed that: The climate average of
SPRH occurred from the 13 pentads to the 27 pentads, whereas the starting date and ending date of
SPRH varied in different years. The rainfall of SPRH was exceeded normal conditions during the
periods of before the mid-1980s and after 2014, whereas it was lower than normal conditions during
the periods of the mid-1980s to 2013, the rainfall of SPRH decreased from south to north as well as
from east to west in spatial distribution The spatial pattern of more(less) precipitation in the whole
province could show the main spatial distribution of SPRH. In the strong SPRH years in whole
province, the western pacific subtropical high (WPSH) remarkably became stronger and westward; the
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Indo-Burmese trough tended to become weaker; and an anomalous anticyclone existed in the southern
Yangtze River regions in low-level wind field. Hunan was located in the center of anomalous
anticyclone, which led to strong SPRH. However, in the weak SPRH years, WPSH evidently became
weaker; the Indo-Burmese trough tended to become stronger; and an anomalous cyclone was found in
southern China. Additionally, Hunan was located in the center of anomalous water vapor divergence,
resulting in weaker SPRH in whole province. In the following year of the occurrence of El Nifp events,
SPRH started earlier, longer rainy period, more intensive rainfall amount compared with the normal
years. On the contrary, during the following year of the occurrence of La Nifa, SPRH started later,
shorted rainy periods, lower rainfall amount and weaker rainfall intensity compared with the normal
years.
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Fig.1 The spring precipitation accounted for the annual precipitation percentage in Hunan from 1980 to 2019
(a) spatial distribution of multiple-year mean, (b) temporal variations
(Blue and orange circles denote the years spring precipitation may account for more than 45% , less than 30% of annual

precipitation)
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Fig.2 Correlation coefficient of the 13~27pentad rainfall of Hunan to 850 hPa southwest wind speed (colored), 850 hPa
wind (vector arrows) from 1980-2019
(Blue dotted box denotes upstream southwest area of SPRH, the thick black arrow denotes the area of 850 hPa wind
speed passed the significance tests, gray area denotes the Qinghai-Tibet Plateau)
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Fig.3 The start, end data and length (a), rainfall (b) and intensity index (c) time series of SPRH from 1980 to 2019
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Fig.4 The rainfall (a), length of rainy season (b) and intensity index (c) of Morlet wavelet analysis of SPRH from 1980 to
2019 in Hunan.
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Fig.5 The rainfall (a), length of rainy season (b) and intensity index (c) of Morlet wavelet power spectrum analysis of
SPR from 1980 to 2019 in Hunan.
(Solid lines denote power spectrum at 0.05 significance level and regions below the dashed line denote the period scale

after the boundary effect removal)
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Fig.6 Spatial distribution of multiple-year mean of SPR rainfall in Hunan from 1980 to 2019.
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Fig.7 The spatial distribution (a,c) and corresponding time coefficients (b,d) of the first (a,b) and second (c,d) modes of
EOF of SPRH rainfall during 1980-2019.
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Fig.7 The strong (a) and weak (b) SPRH years of composition of 500 hPa geopotential height anomalies and 850 hPa
wind anomalies.
(Red solid line indicated the average climate state of 586, 588 dagpm. The black solid indicate composition of 586, 588
dagpm, the green dots indicate the 500 hPa geopotential height are at 95% confidence level)
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Fig.10 Distribution of correlation coefficient between the SPRH monitoring index and sea surface temperature (SST) in
previous winter from 1961 to 2013.
(a)starting date, (b) length of rainy season, (c) rainfall and (d) intensity index of SPR in Hunan.
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K 11 1980-2019 R4 Nifp3.4 [X i 15 % 5 45 i 1 500 hPa =i 537 & 850 hPa Xz (R AH ¢
B F7 Sk 7R 850 hPa X7 if i 35 PEAG B0 1K) X3, K (0 [X 3 5 i v J50)
Fig.11 Correlation between Nifp3.4 index in early Winter and the atmospheric variables in SPRH.
(Thick black arrow denotes the area of 850 hPa wind speed passed the significance tests, and gray area denotes the
Qinghai-Tibet Plateau)
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