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Abstract: 85-station daily precipitation data from 1961—2010 provided by the National Meteorological
Information Center and the NCEP/NCAR 2010 daily reanalysis data are used to investigate the
low-frequency variability on the precipitation of the first rain season and its relationships with moisture
transport in South China, and channels of low-frequency water vapor transport and sources of
low-frequency precipitation are revealed. The annually first raining season precipitation in 2010 is mainly
controlled by 10-20 d and 30-60 d oscillation. The rainfall is more (interrupted) when the two
low-frequency components are in the same peak (valley) phase, and the rainfall is less when they are
superposed in the inverse phase. The 10-20 d low-frequency component of the moisture transport is more
active than the 30-60 d. The 10-20 d water vapor sources lie in the South India Ocean near 30° S, the area
between Sumatra and Kalimantan Island (the southwest source), and the equatorial middle Pacific region
(the southeast source), and there are corresponding southwest and southeast moisture transport channels. By
using the characteristics of 10-20 d water vapor transport anomalous circulation, the corresponding
low-frequency precipitation can be predicted 6 d ahead.
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1 INTRODUCTION

Low-frequency variation of the atmosphere
includes intraseasonal oscillation (1ISO) (30-60 d) and
quasi-biweekly oscillation (QBW) (10-20 d) (Lif).
Large-scale atmospheric circulation anomalies are the
direct cause of precipitation anomalies (Dao and
Hsu!?). Low frequency oscillation is closely related to
precipitation anomalies, which are an important aspect
of large-scale atmospheric circulation anomalies.
Jones® and Bond and Vecchil® showed that the phase
variation of 1SO was closely related to precipitation
intensity in North America. Barlow et al.®! indicated
that the ISO activities in the Eastern Indian Ocean
could regulate the winter precipitation in southwest
Asia and had significant inter-annual variation
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characteristics. The analysis performed by Pohl et al.[!
showed that there was significant ISO in outgoing
long-wave radiation (OLR) in South Africa. When
large-scale convective cloud clusters propagated
eastwardly and northwardly toward that region, there
was significant dry-wet phase alternation in the
corresponding precipitation field. A study conducted
by Wheeler et al.ll also showed that in southern
Australia, tropical convective anomalies were the
most direct factor that affected precipitation, except in
winter. In addition, different propagation phases with
ISO indices had different effects on precipitation in
Australia. Zhang et al.®®! noted that the rain belt in
southeast China had a significant variation on the
intraseasonal time scale, from strengthening to
weakening, which was related to the migration of the
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convective center of ISO from the Indian Ocean to the
West Pacific. The aforementioned studies indicated
that globally, low-frequency oscillations of the
atmosphere in different regions were closely related to
precipitation. Many researchers have studied
precipitation process forecasting over an extended
range (Lo and Hendon:; Wheeler and Hendon!%:
Jones et al.t: Galin®: Sun et al.'®)). Sun et al. ¥
used low-frequency weather charts to analyze the
characteristics of low-frequency weather system
activity in key regions, based on which they
forecasted the precipitation processes in Shanghai and
obtained good results.

South China is also a region where heavy
precipitation frequently occurs. The pluvial period
includes a annually first rainy season (RS) from April
to June and a second rainy season from July to
September. Polar front precipitation is prominent
during the RS, and tropical weather and climate
system precipitation is prominent during the second
rainy season (Wu and Liang™). Low-frequency
oscillations in the atmosphere are an important factor
that affects low-frequency precipitation anomalies
during the rainy season in South China. A study
conducted by He and Wen**! showed that the 850 hPa,
10-20 d low-frequency wind field had an important
effect on 10-20 d low-frequency precipitation. In
addition, 6 d before and after the 10-20 d
precipitation peak, the movement of the wave train in
the 200 hPa, 10-20 d low-frequency wind field was
closely related to spring precipitation in southeast
China. The study conducted by Luo et al.l*®! showed
that the flash-flood producing rainstorms during the
RS in the Xijiang River Basin were the result of the
convergence of low-frequency warm-wet flows from
the low-latitude ocean and low-frequency dry-cold
flows from high latitudes. A study conducted by Ji et
al.l!l showed there was prominent QBW and a
relatively weak ISO in the precipitation of the RS in
Guangdong and the key area of the 500 hPa height
field during most years. In addition, two elements
were most closely related to one another on the 10-20
d scale: the time for oscillation advance or delay was
within 2 d. A study conducted by Zheng et al.l*®!
showed that rainy season precipitation in South China
had a 30-60 d low-frequency cycle. The strong
(weak)-to-weak (strong) evolution processes of the
Mascrene High and Australian High systems in the
Southern Hemisphere corresponded to the migration
of the rainy belt in South China from southwest
(northeast) to northeast (southwest). A study
conducted by Zhang et al.*® showed that the
migration of the active center of 1SO from the Indian
Ocean to the West Pacific generated less precipitation
in South China. In addition, studies about individual
years conducted by other researchers showed that the
locations and propagation of low-frequency systems

were closely related to the precipitation volume in
South China (Xin et al.’% ; Tong et al.?: Sun et
al.?2: Lin et al.1?®)).

During the 50-year period from 1961 to 2010,
except 1973, the precipitation in the RS in South
China in 2010 was abnormally more than average
(figure omitted). Precipitation in 2010 showed such
characteristics as less precipitation during the early
rainy season and more precipitation later in the year.
Twelve heavy rainfalls occurred from April to June,
and the total rainfall in some regions reached a level
that only occurs once every 500 years. These rainfalls
significantly affected agriculture and traffic in South
China; however, there are few studies on the
low-frequency characteristics and genesis of this
heavy rainfall process. Because water vapor transport
anomalies are an important physical factor that affects
winter and spring precipitation anomalies in South
China (Wu et al.?*}), we focused on analyzing the
low-frequency characteristics of precipitation during
the RS in South China in 2010. We further studied the
relationship between the low-frequency precipitation
and low-frequency water vapor transport, investigated
the source region of low-frequency water vapor
transport, and provided clues for the extended range
precipitation forecast during the RS in South China.

2 DATA AND METHODS

The data used in this study include (1) the 2010
global National Centers for Atmospheric Prediction
(NCEP)/National Center for Atmospheric Research
(NCAR) daily reanalysis data (including zonal wind
(u), meridional wind (v), and specific humidity data)
(resolution: 2.5°x2.5°) and (2) the daily precipitation
data recorded at 753 stations from 1961 to 2010
provided by the National Meteorological Information
Center (China). The 106-120°E, 20-27.5°N region
was selected as the South China region for this study.
Stations with less than 50 years of precipitation data
were eliminated. A total of 85 stations were selected
to represent South China (Fig. 1).
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Figure 1. Locations of 85 stations in South China.

The Morlet wavelet analysis method (Wu and
Wul®l) was used to analyze the prominent period of
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precipitation and water vapor flux during the RS in
South China. In addition, a Butterworth Band-pass
Filter (Wu and Wul?!) was used to filter the prominent
period.

3 ANALYSIS OF THE LOW-FREQUENCY
PRECIPITATION CHARACTERISTICS OF
THE ANNUALLY FIRST RAINY SEASON IN
SOUTH CHINA

3.1 Selection of representative stations

For the spatial distribution of the total
precipitation (Fig. 2a) and its of anomalies (Fig. 2b)
during the RS in 2010, precipitation was primarily
concentrated in a large region of Fujian, central and
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southern Jiangxi, a large region of Guangdong, central
and eastern Guangxi, and central and southern Hunan.
The precipitation at the junction of Jiangxi and Fujian,
Guangdong, and northern Guangxi was over 300 mm
higher than the precipitation during the identical
period in a normal year. Comprehensively considering
the large value areas of total precipitation, areas of
significantly increased precipitation (areas where the
precipitation anomaly was more than 200 mm), and
the relative homogeneity of station distribution, 22
representative stations were selected from the 85
stations as the key study objects, and the
low-frequency precipitation characteristics at these 22
stations were studied.
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Figure 2. Accumulated rainfall totals (a, shaded area=900 mm ) and rainfall anomaly (b, shaded area=200 mm) in the annually RS
in South China, “+”denotes the 22 representative stations. Units: mm.

3.2 Low-frequency precipitation characteristics

To determine whether precipitation during the
annually RS in South China had a significantly
low-frequency cycle, a Morlet wavelet analysis was
performed on the 2010 daily precipitation series from

the 22 representative stations. Table 1 lists the
statistical results of the prominent periods.
Low-frequency periods of more than 10 d were
prominent. Overall, 10-20 and 30-60 d were the two
prominent precipitation oscillation periods during the
RS in South China in 2010.

Table 1. Main oscillation periods of precipitation on the 22 representative stations from April to June of 2010 in South China.

station period/d station period/d station period /d
Fuzhou 10-20; 30-60 Jian 10-50 Daoxian 10-15; 30-60
Pingnan 30-50 Nanxiong 10-25; 30-50 Guilin 10-15; 30-70
Jianou 10-20; 30-50 Saoguan 10-20; 30-50 Wuzhou 10-30
Nanping 10-15; 25-60 Lianping 10-30; 30-55 Guiping 10-20; 25-40

Jiuxianshan 10-20; 30-50; 60-80 Fugang 10-20; 30-50 Menshan 10-30
Yongan 10-20; 30-50; 60-70 Lianxian 10-20; 30-50 Douan 10-30; 45-70
Taining 15-70 Guangzhou 10-20 stations 10-20; 30-50

Average
Guangchang 10-70 Shuangfeng 10-30; 40-50

Figure 3 shows the wavelet analysis results of the
regional mean daily precipitation series of the 22
representative stations during the RS in South China.
The 10-20 d cycle was more prominent from May to
June, whereas the 30-60 d cycle was prominent from
April to June (Fig. 3a). Based on calculations, the
10-20 d and 30-60 d low-frequency precipitation
cycles represented 27.7 and 34% (total variance
percentage), respectively, of the 10-90 d total
low-frequency  precipitation. The 30-60 d
low-frequency component corresponded to the
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precipitation process. The 10-20 d low-frequency
component reflected the precipitation intensity
variation during each precipitation process (Fig. 3b).
Additionally, when the 10-20 d and 30-60 d
low-frequency components superposed one another in
the positive phase, there was relatively more
precipitation, and when the 10-20 d and 30-60 d
low-frequency components superposed one another in
the negative phase, precipitation ceased. When the
10-20 d and 30-60 d low-frequency components
superposed one another out of phase, the precipitation
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was relatively weak.

4 LOW-FREQUENCY CHARACTERISTICS
OF WATER VAPOR FLUX DURING THE
ANNUALLY FIRST RAINY SEASON IN
SOUTH CHINA

Water vapor fluxes can reflect circulation
characteristics and the water vapor source of
precipitation. Therefore, it is important to understand
the relationship between low-frequency water vapor
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fluxes and low-frequency precipitation during the RS.

The distribution of the correlation coefficients
between the regional mean precipitation series during
the RS in South China and the 850 hPa zonal (QU) ,
meridional (QV) water vapor fluxes respectively (Fig.
4) showed that when larger northeasterly (20-30°N)
and northwesterly (35—-40°N) cold water vapor fluxes
from northern South China occurred with larger
southwest warm water vapor fluxes from the Arabian
Sea-Bay of Bengal-South China coast, more
precipitation occurred in South China.
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Figure 3. Wavelet analysis of the daily rainfall time series area-averaged over the South China from April to June in 2010 ( a,
shaded area is significant at the o = 0.05 level ) and the daily rainfall time series (b, histogram, units: mm) and their 10-20 d
(solid line, units: mm) and 30-60 d (dashed line, units: mm) filtered components.
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Figure 4. The correlation coefficients between the unfiltered daily rainfall time series averaged over the South China and unfiltered
daily 850hPa zonal (a) and meridional (b) vapor flux (shaded area is significant atthe « = 0.05 level) respectively.

Regional water vapor fluxes (black boxes in Figs.
4a and 4b) that were positively and negatively
correlated to precipitation during the RS in South
China were selected. The water vapor fluxes in the
positively and negatively correlated areas were
averaged regionally. The differences were defined as
the zonal (QUI) and meridional (QVI) water vapor
flux indices, i.e.:

QUI=QU(112.5-122.5°E, 20-25°N)-
QU(115-122.5°E, 30-35°N)
QVI=QV(117.5-130°E, 22.5-27.5°N)-
QV(100-107.5°E, 20-25°N)

From the Morlet wavelet analysis performed on
the daily time series of QUI and QVI (Figs. 5a and 5b),
there was a significant 10-20 d low-frequency cycle
in the QUI in May and mid- and late June and in the
QVI in mid- and late April and mid- and late May and
June. The 30-60 d low-frequency cycle of the

meridional water vapor flux was significant at
a =0.1 (figure omitted), thus indicating that
compared to the 30-60 d low-frequency component,
the 10-20 d low-frequency component of the water
vapor flux contributed more significantly to
precipitation in the identical frequency domain.
Therefore, the relationship between the 10-20 d
low-frequency water vapor flux and low-frequency
precipitation was subsequently analyzed. When the
10-20 d band-pass-filtered QUI and QVI and
low-frequency precipitation series (Fig. 5c) were
compared and an amplitude greater than 0.5 standard
deviations was used as the critical value, 5 full cycles
of 10-20 d low-frequency precipitation occurred since
April 19. In addition, during these 5 cycles, the peaks
and valleys of the low-frequency precipitation
corresponded to those of QUI and QVI.

5 EFFECT OF LOW-FREQUENCY WATER
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VAPOR FLUXES ON LOW-FREQUENCY
PRECIPITATION

To understand the effect of low-frequency water
vapor transport on low-frequency precipitation, each
cycle was divided into 8 phases according to previous
studies (Chan et al.”®l; Mao and Wul®™). Phase 1 (5)
represents the oscillation transition from the
interruption (active) period to the active (interruption)
period, phase 3 represents the peak of the active
period, and phase 7 represents the valley of the
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interruption period. After each cycle is completed, it
returns to phase 1. In Fig. 5¢, phases 1, 3, 5, and 7 are
marked in the first cycle. Phases 2, 4, 6, and 8
represent half of the time required for the oscillation
amplitude to reach the maximum or minimum value of
the cycle. The phase definitions in the other cycles
were identical. Thus, the effect of the low-frequency
water vapor transport variation on low-frequency
precipitation was analyzed through the evolution of 8
phases.
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Figure 5. Wavelet analysis of 850hPa zonal (a) and meridional (

oscillation phase respectively (c).

5.1 Synthesized phase fields of the 850 hPa 10-20 d
low-frequency water vapor flux

Figure 6 shows the low-frequency water vapor
flux fields of the 8 phases synthesized from 10-20 d
low-frequency precipitation. Prior to heavy rainfalls
(Fig. 6a, phase 1), the low-frequency anticyclonic
water vapor circulation was strong in the Mascarene
region, which significantly strengthened the
cross-equatorial water vapor flow from Somalia. The
cross-equatorial water vapor flow from Somalia
converged with the westerly water vapor flow from
the south of the cyclonic water vapor circulation of
the Arabian Sea and Bay of Bengal at the southern
end of the Indian peninsula. The flow was then
transported east and converged with the easterly water
vapor flow from the south of the South China
Sea-West Pacific anticyclonic water vapor circulation
to the west of the Indo-China Peninsula. The flow was
then transported northeast along the southeastern
coast of China. There was weak cyclonic water vapor
circulation east of Baikal Lake and strong

50

M AY

O

+ — O
MAY 1T4a4JdUN SOJUN

3O
b) vapor flux index daily time series from January to December in
2010 ( shaded areas are significant atthe « = 0.05 level ) and the daily 10-20 d filtered rainfall time series from April to June in
2010 (histogram, units: mm, left coordinate) and the filted QUI (solid line), QVI (dashed line) series (units: kg:-(m-:s)?, right
coordinate), dotted line is 0.5 times standard deviation of filtered precipitation time series, 1, 3, 5 and 7 denotes low frequency

anticyclonic water vapor circulation on the ocean east
of the Japan Sea. The east- and westward cold water
vapor flows of these two cyclonic and anticyclonic
water vapor circulations converged with the warm
water vapor flow in the Jianghuai region, which
caused more precipitation in this region. Subsequently
(Fig. 6b, phase 2), the northward movement of the
anticyclonic water vapor circulation from the
Mascarene region was continuously intensified. The
cross-equatorial water vapor flow from Somalia
passed the Indochina Peninsula and converged with
the warm-wet flow on the northwestern side of the
southward moving South China Sea-West Pacific
anticyclonic water vapor circulation, whose westward
extension was intensified. The warm-wet flow
converged with the intensified and southward-moving
northward flow on the western side of the cyclonic
circulation from eastern Baikal Lake and the eastward
cold flow on the southern side of the anticyclonic
circulation from east of the Japan Sea at the Yangtze
River Basin, which increased the low-frequency
precipitation in the region. In the extremely active
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phase (Fig. 6c, phase 3), the cross-equatorial water
vapor flow from Somalia continued to transport water
vapor to South China via the Arabian Sea and Bay of
Bengal. The anticyclonic water vapor circulation of
the South China Sea-West Pacific and the anticyclonic
water vapor circulation east of the Japan Sea were
connected, and the southward warm water flow on its
northwestern side converged with the southwest warm
water vapor from Somalia. Together, the connected
flow converged with the northward cold flow on the
western side of the southward-moving cyclonic
circulation from eastern Baikal Lake that propagated
over South China, which enabled low-frequency
precipitation to easily form in South China. In phase 4
(Fig. 6d), the low-frequency anti-cyclonic water vapor
circulation from the Mascarene region significantly
weakened. The cross-equatorial water vapor flow
from Somalia was terminated at the Indochina
Peninsula. The South China Sea-West Pacific

anticyclonic water circulation weakened and moved
out of South China, and the cyclonic water vapor
Lake continued to

circulation from eastern Baikal
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move east- and southward. The entire South China
region was controlled by a northward flow, and
low-frequency precipitation weakened in South China.
When transitioning from the active to the interruption
period (phase 5, Fig. 6e), the form of the water vapor
circulation was nearly opposite to that in phase 1, and
the subsequent evolution was also similar to phase 2
through phase 4, but the direction of water vapor
transport was opposite. In particular, during the
interruption period (phase 7, Fig. 6g), South China
was at the center of an anticyclonic water vapor
transport circulation and was the water vapor transport
divergence area. Thus, low-frequency precipitation
was interrupted. The intraseasonal and seasonal
variations of the Mascarene High significantly
affected East Asian summer monsoon precipitation
(Xue et al.?®; Xue et al. ). The low-level jet over
Somalia was most important for the water vapor
transport between the two hemispheres and
significance for East Asian summer climate
predictions (Wang and Xuel*°).
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Figure 6. Synthesis of the 10-20 d low-frequency water vapor flux fields of phases 1-8 at 850 hPa (see Fig. 5¢) (a-h). Unit: kg/(m-s).

The shaded areas indicate an a=0.05 significance.

The aforementioned studies further confirmed the
key roles of the Mascarene High and low-level jet
over Somalia in the formation of 10-20 d
low-frequency precipitation. Next, we further discuss
the prediction significance of the water vapor
transport accompanied by these two circulation
systems in the formation of low-frequency
precipitation during the RS in South China.

5.2 Source region of the 10-20 d low-frequency
water vapor transport

Through an analysis of the delay-dependent
relationship between low-frequency water vapor
transport flux and low-frequency precipitation, we can
understand the propagation characteristics of the
low-frequency water vapor flux that affects
low-frequency  precipitation and show the
low-frequency water vapor source region that caused
low-frequency precipitation.

For the 10-20 d low-frequency oscillation, the
time interval of the low-frequency water vapor
transport field was 8 d (-8 d) ahead of the
low-frequency precipitation field, and an 8-d (+d)
delay was approximately one full 10-20 d
low-frequency oscillation cycle (quasi-15 d). In terms
of the spatial distribution characteristics of the
time-delay correlation coefficients (Fig. 7), the
distribution of the left column (advance) was basically
the opposite of the distribution of the right column
(delay) in Fig. 7.

The simultaneous correlation distribution of the
low-frequency zonal water vapor flux and
low-frequency precipitation (shadows in Fig. 7) shows
that the Somalia-south of the Arabian Sea-north of the
Indochina Peninsula-South China coast and the South
China Sea-West Pacific-southwest Baikal Lake
regions were positively correlated. The South Indian
Ocean east of Madagascar and the subtropical region
in East China were negatively correlated regions. The
correlation  coefficients of the low-frequency
meridional water vapor flux and low-frequency
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precipitation (contours in Fig. 7), and background
water transport circulation field (0 d) showed that the
stronger the low-frequency anticyclonic water vapor
transport circulation in the Mascarene region was, the
stronger the cross-equatorial water vapor flow that
passed Somalia from the South Indian Ocean was, and
the more the low-frequency warm water vapor was
transported via the Arabian Sea-Bay of Bengal-South
China region. The stronger the anticyclonic water
vapor transport circulation over the South China
Sea-West Pacific was, the more southwest warm
water vapor that was transported to South China, and
the more beneficial it was to increased precipitation in
South China. Convergence of the south and north
warm-cold water vapor transport circulations in South
China was benefitted by a stronger northwest cold
flow from the west, southeast of Baikal Lake, and a
northeast cold flow from the subtropical region in
East China, which caused more low-frequency
precipitation in South China.

From the propagation of a significant correlation
region of zonal water vapor flux (Fig. 7), Madagascar,
the ocean southeast of Madagascar and north of the
Bay of Bengal, and the region between Sumatra and
Kalimantan were significant, positively correlated
regions of zonal water vapor flux at -8 d. From -6 to
-4 d, the positive correlation region from southern
Africa to Madagascar moved northeastwardly to the
southern Arabian Sea, and the positive correlation
region west of Sumatra moved to the southern Bay of
Bengal. Thus, a Madagascar-Arabian Sea-Bay of
Bengal positive correlation belt was formed, which
strengthened eastward water vapor transport. In
addition, the significant negative correlation belt
south of the Philippine archipelago was enlarged,
which indicated that the South China Sea-West
Pacific anticyclonic water vapor transport circulation
was strengthened. At -2 d, the positive correlation
region north of Madagascar moved northeastwardly to
the east of Somalia, connected with the positive
correlation region of the Arabian Sea, and then
continued to move northeastwardly to South China
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and the coastal region. The significant, negatively
correlated region near the Philippine archipelago
propagated northwardly to the South China Sea, thus
indicating that the South China Sea-West Pacific
anticyclonic water vapor transport circulation
transported more water vapor to South China. At 0 d,
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Figure 7. The time-delay correlation coefficients of the 10-20-d filtered time-series of low-frequency precipitation in the RS in
South China and the 10-20-d filtered 850 hPa low-frequency water vapor transport flux. The shadows and contour zones correspond
to regions where the correlation coefficients of low-frequency precipitation and low-frequency zonal fluxes and of low-frequency
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precipitation and meridional fluxes were significant at a=0.05 level. The negative (positive) time-delay days at the top left corner
of each figure represent that the water vapor transport flux is ahead of (behind) the low-frequency precipitation. The vector field is

the mean water vapor flux from April to June.

During the aforementioned processes, there was
an association between the gradual transport of a
cold-water flow from mid-high latitudes and the
subtropical region in East China to South China. The
distribution of significantly correlated regions of
low-frequency precipitation and low-frequency
meridional water vapor flux (Fig. 7) indicated that
warm water flowed from southwest (the Indian Ocean
direction) and southeast (the South China Sea-West
Pacific direction) converged with the northwest cold
water flow from mid-high latitudes (mainly cold air)
and the northeast cold water flow from the subtropical
region in South China, which caused more
low-frequency precipitation in South China. From +2
to +6 d, negatively correlated regions propagated in
South China along low, southwestern latitudes and
mid-high, northern latitudes, which generated
low-frequency water vapor transport channels. A
positive correlation belt propagated in the South
China Sea via the equatorial Central Pacific. South
China was in a water vapor divergence zone, and
low-frequency precipitation gradually decreased, thus
completing a full cycle.

6 CONCLUSIONS

In this study, we studied the simultaneous and
time-delay correlations between the 10-20 d
low-frequency water vapor flux and low-frequency
precipitation in the RS in South China and showed the
low-frequency water vapor source regions and
transport channels that affected the low-frequency
precipitation in the RS in South China.

(1) There were significant 10-20 d and 30-60 d
low-frequency cycles for precipitation in the RS in
South China. The 30-60-d low-frequency component
corresponded to the precipitation process, whereas the
10-20 d low-frequency component reflected the
variation in precipitation intensity during the
precipitation process. The superposition of the peak
phases of the two low-frequency components
corresponded to the precipitation peak, and the
superposition of the valley phases corresponded to the
precipitation interruption. The superposition of
opposite phases corresponded to weak precipitation.
The 10-20 d low-frequency components of zonal and
meridional water vapor fluxes in the RS in South
China were significantly stronger than the 30-60-d
low-frequency components.

(2) The low-frequency water vapor transport
circulation systems that affected the 10-20 d
low-frequency precipitation included the anticyclonic
(cyclonic) water vapor circulation from the Mascarene
region, the cross-equatorial water vapor flow from
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Somalia (together known as the southwest water
vapor circulation system), and the anticyclonic
(cyclonic) water vapor circulation from the South
China Sea-West Pacific (together known as the
southeast water vapor circulation system). These
water vapor circulation systems generated water vapor
environments that were beneficial (detrimental) to
low-frequency precipitation in South China through
variations in location and intensity.

(3) There were two major source regions of
low-frequency water vapor transport that affected the
10-20 d low-frequency precipitation in South China:
the southwest source region in the South Indian Ocean
(near 30°S) and between Sumatra and Kalimantan
near the equator and the southeast source region in the
equatorial Central Pacific, from which two
low-frequency water vapor transport channels were
formed, i.e., the southwest low-frequency warm water
vapor transport channel (South Indian
Ocean-Somalia-Arabian Sea-Bay of Bengal-South
China) and the southeast water vapor channel
(equatorial Central Pacific-Philippine
archipelago-South China Sea-South China) formed
from the east-west extension and southwest
displacement of the anticyclonic circulation from the
South  China  Sea-West  Pacific. ~ Abnormal
low-frequency water vapor transport occurred in the
southwest source region 8 d before low-frequency
precipitation. The abnormal characteristics were more
prominent in these two water vapor source regions 6 d
before low-frequency precipitation. Therefore, it is
possible to predict low-frequency precipitation 6 d
before the occurrence of low-frequency precipitation
by observing and analyzing the low-frequency
characteristics of water vapor transport circulations in
these two source regions.
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