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AbSTRACT

This study investigated the tropical cyclone (TC) rainfall (PTC) contribution to the interdecadal change in summer (June, 
July and August) rainfall (PTotal) over South China between 1981 - 1992 (ID1) and 1993 - 2002 (ID2). In an area-averaged 
sense, the interdecadal change in PTotal was largely attributed to non-TC rainfall for the summer total and months of June and 
July, while PTC became comparable in August. When the month-to-month spatial variability was considered, noticeable nega-
tive PTC contributions showed up over the southeastern coast, Hainan Island, and Taiwan in June and over the southern coastal 
regions in July. In contrast, a positive PTC contribution spread over South China with its maxima over the southern coastal re-
gions in August, a pattern which appeared to be diametrically opposed to that of the negative PTC contribution in July, though 
the latter was less significant. The negative PTC contribution over the coastal and insular regions in June and July corresponded 
to less TC activity there. In June, it was attributed to reduced basin-wide TC activity due to prevailing unfavorable large-scale 
environments in ID2, whereas, in July, to less TC approaches from the Philippine Sea due to an enhanced cyclonic circulation 
centered on Taiwan in ID2. Conversely, in August, the overall enhanced positive PTC contribution was mainly by the direct 
influences of increased TC formations over the South China Sea in ID2.
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1. InTRoduCTIon

Summer rainfall over China has shown salient inter-
decadal climate variability on top of interannual variability 
(Huang et al. 2004). A wetter middle and lower Yangtze 
River Valley and drier northern China characterized the in-
terdecadal change in the Chinese summer rainfall from the 
late 1970s until the end of 1990s (Ho et al. 2005; Zhu et al. 
2011). The interdecadal changes in the ocean and land low-
er boundary conditions, such as the Indo-Pacific sea surface 
temperatures (SSTs) (Chang et al. 2000; Gong and Ho 2002; 
Wu et al. 2010) and Tibetan Plateau snow cover (Chen and 
Wu 2000; Ding et al. 2009; Wu et al. 2010), have been sug-
gested to be contributing factors for the interdecadal change 
in summer rainfall, by which the atmospheric large-scale 
environments (e.g., subtropical high) over East Asia and the 
western North Pacific (WNP) are modulated.

On the other hand, a strong decadal change of summer 
rainfall with a moderate increasing trend has been observed 
over South China (Qian and Qin 2008). An abrupt increase 
after the early 1990s (until the early 2000s) is considered to 
be a recent part of long-term climate variability. Wu et al. 
(2010) proposed an enhanced low-level convergence over 
South China sandwiched by two anomalous anticyclones 
to north (the North China-Mongolia anticyclone) and south 
[the South China Sea (SCS)-subtropical WNP anticyclone] 
as a plausible mechanism for a recently wetter South China. 
This large-scale mechanism involves the changes in ocean 
and land lower boundary conditions. The northern China-
Mongolia anticyclone is possibly related to increased Tibet-
an Plateau snow cover from the preceding winter to spring 
(e.g., Ding et al. 2009), while the SCS-subtropical WNP 
anticyclone is likely to be related to the increased SSTs in 
the equatorial Indian Ocean (e.g., Xie et al. 2009; Zhou et 
al. 2009).
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Kwon et al. (2007) also showed the increase in summer 
rainfall over South China in the early 1990s and attributed 
the significant decrease in the upper-tropospheric westerly 
jet over northern China (along 40°N) to the upper-tropo-
spheric divergent forcing arising from enhanced convection 
over South China. They found a noticeable increase in the 
number of tropical cyclones (TCs) passing around South 
China after the early 1990s and suggested that more fre-
quent TC approaches are partly responsible for the increase 
in summer rainfall therein. Here two questions arise with 
respect to the quantitative contribution of TCs to the inter-
decadal change in the summer rainfall over South China. 1) 
Is the contribution of TCs to rainfall significant compared 
to the change due to the large-scale convergence? 2) While 
the contribution is expected to vary in time and space, what 
are the factors involved in month-to-month and regional 
variations? This study primarily aims to answer these two 
questions by separating TC-induced rainfall from total rain-
fall. The paper is organized as follows. Section 2 briefly de-
scribes the datasets used and the methodology. Results are 
presented in section 3 and finally summary and discussion 
are given in section 4.

2. dATA And mEThod

The daily rainfall records from weather stations across 
China and Taiwan are used to depict the interdecadal change 
in summer (June-July-August, JJA) rainfall during the early 
1990s. The analysis period is confined to 1981 - 2005 to 
highlight the recent interdecadal change. Following Wu et 
al. (2010), 1992/93 is selected as the division years between 
the early decade (ID1, 1981 - 1992) and the later decade 
(ID2, 1993 - 2002). The last three years (i.e., 2003, 2004, 
and 2005) are not included in ID2 because the rainfall over 
South China dropped significantly during those years (see 
Fig. 1a of Wu et al. 2010).

To demonstrate large-scale environments, we adopt the 
National Centers for Environmental Prediction (NCEP)/De-
partment of Energy (DOE) Reanalysis 2 (R-2) (Kanamitsu 
et al. 2002). The NCEP/DOE R-2 is horizontally gridded in 
a 2.5° × 2.5° resolution and is available from 1979 to the 
present. The 850- and 200-hPa horizontal winds, 600-hPa 
relative humidity, and 500-hPa geopotential height fields 
are retrieved from the NCEP/DOE R-2 source dataset. From 
the horizontal wind fields, the magnitude of vertical wind 
shear is driven by the formula U U V V200 850

2
200 850

2- + -^ ^h h ,  
where U, V and subscript denote zonal wind, meridional 
wind, and pressure level, respectively. Also, the monthly 
field of 850-hPa eddy kinetic energy is derived by the for-
mula 850850U V 22 2+l l_ i , where the prime and bar denote the 
synoptic component by subtracting a basic state defined 
(i.e., an 11-day running mean) from the daily data (Seiki and 
Takayabu 2007) and the monthly average, respectively.

The best-track records retrieved from the Regional 
Specialized Meteorological Centers Tokyo-Typhoon Cen-
ter are used to locate the TC centers. An acceptable sepa-
ration of TC-induced rainfall (PTC) from rainfall induced 
by factors other than TCs (i.e., non-TC rainfall; PNOTC) is 
required for quantifying the contribution of TCs to the sum-
mer total rainfall. Thus far PTC has been commonly defined 
by observed rainfall within the effective radius of a TC (e.g., 
Rodgers et al. 2000; Englehart and Douglas 2001; Ren et al. 
2006; Kubota and Wang 2009; Chen et al. 2010; Jiang and 
Zipser 2010; Lee et al. 2010), so this study follows a simple 
approach to define PTC based on the daily rainfall records 
and 6-hourly best track information. However, no consen-
sus has been reached for the optimal value of the effective 
radius; rather, various values have been assumed to define 
PTC in previous studies. Here, the distance is determined 
to be 550-km from the TC center, which is the same as in 
the definition offered by Englehart and Douglas (2001), in 
which daily rainfall observed at a station is classified as PTC 
when a TC is located within a 550-km distance from the 
station. The monthly or seasonal PTC is then produced by 
summing the daily PTC. The remaining amount of rainfall 
from the total rainfall (PTotal) is classified as PNOTC. It should 
be noted that general conclusions are insensitive to moder-
ate changes in the effective radius of TC.

3. RESulTS
3.1 Contributions of PTC vs. PnoTC to PTotal

Before quantifying the TC contribution, the interdec-
adal changes (i.e., ID2 minus ID1) in PTotal are displayed 
in Fig. 1 with respect to JJA and individual months (June, 
July, and August). Many weather stations (101 among 151 
in the box) within the domains of South China exhibit a sig-
nificant increase in seasonal PTotal (Fig. 1a). This feature has 
been well recognized by some previous studies (Kwon et al. 
2007; Yao et al. 2008; Wu et al. 2010). Monthly changes 
also show an overall increase over South China, indicat-
ing that all months contribute constructively to the seasonal 
mean pattern of the interdecadal change over South China 
(Figs. 1b - d), though a close examination may emphasize 
month-to-month variability in locations where the interdec-
adal change is significant. 

Figures 2 and 3 present the analysis results that quan-
tify the TC contribution (PTC) and non-TC contribution 
(PNOTC) to the interdecadal change around 1992/93 and 
show that the TC generally contributes positively to the 
seasonal mean PTotal over the large domain of South China 
(Fig. 2a). Compared to the seasonal mean interdecadal 
change in PTotal (Fig. 1a), however, its magnitudes in terms 
of PTC are much smaller and mostly insignificant with val-
ues less than 25 mm mon-1. The minor TC contribution 
to the interdecadal change leads a pattern of the interdec-
adal change in PNOTC to nearly congruent with that in PTotal 
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Fig. 1. The difference of total rainfall (PTotal, unit: mm mon-1) in JJA (a), June (b), July (c), and August (d) between the period ID2 and ID1. The 
lined circles denote the stations over South China (box; 18 - 30°N, 105 - 123°E) where the decadal change is statistically significant at the 90% 
confidence level using the two-sided t-test.

Fig. 2. Same as Fig. 1 except that it is for TC-induced rainfall (PTC). The gray circles denote the stations where PTC is not available.

(a) (b)

(c) (d)

(a) (b)

(c) (d)
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(Fig. 3a). This result favors the conclusion that enhanced 
large-scale convergence in ID2 is a dominant cause of the 
interdecadal change in the seasonal mean rainfall (Wu et al. 
2010).

Although the TC contribution is found to be minor in 
the seasonal mean sense, its discernible substantial month-
to-month variability is noteworthy (Figs. 2b - d). Taking the 
seasonal variation of TC activity into account, naturally we 
could expect month-to-month variability to occur. However, 
the factors involved in the monthly TC contribution to the 
interdecadal change in PTotal remain unknown. In June, the 
PTC change is generally weak within the mainland, but com-
parable to the PTotal change in some stations at Hainan Island 
and Taiwan. Thus, the PTotal change in June is more or less 
similar to the PTC change in those regions (Fig. 2b vs. 1b), 
while it is dominated by the PNOTC on the mainland (Fig. 3b 
vs. 1b). Here the presence of the domain of weakly positive 
PTC changes inland except in the southeastern coastal region 
seems to be questionable in the sense that the negative PTC 
changes appeared over the coastal stations where the TC in-
fluence is more rigorous (Fig. 3b). To unveil this equivocal 
change in June, we analyzed the time series of PTC at some 
stations showing significant negative and positive changes 
(figure not shown). As expected, the amount of PTC had de-
creased in ID2 over the stations in Hainan Island. Interest-
ingly, however, much larger PTC over the inland stations to 

the north of Hainan Island is found in the month of June for 
1993, 1994, and 1999 in ID2, during which four TCs (e.g., 
KORYN in 1993, RUSS and SHARON in 1994, and MAG-
GIE in 1999) made landfall over Guangdong Province. The 
weakly positive PTC changes inland were attributed to much 
heavier PTC by the only four TCs, even though the remaining 
years showed almost zero PTC in June therein. Therefore, the 
weakly positive PTC change inland is probable, even though 
the strongly negative change appeared in the coastal regions 
(Fig. 3b).

The interdecadal changes in PTC in July and August are 
in striking contrast to each other: i.e., in July, a large PTC 
reduction is observed in some stations in Guangdong Prov-
ince and Hainan Island (Fig. 2c) while a change in the oppo-
site direction is observed in August (Fig. 2d). It is conceiv-
able that the reversed trend in the southern coastal regions 
between July and August leads to the trivial TC contribution 
to the interdecadal change in JJA. Meanwhile, in August, 
quite a few inland stations show statistically significant in-
creases in ID2. All of these results not only indicate that the 
interdecadal change in TC activity over South China is dis-
tinct between July and August, which will be demonstrated 
later, but also suggest that the contribution of PTC to the in-
terdecadal change in PTotal is comparable to or even larger 
than that of PNOTC at least in the southern coastal regions of 
South China on a sub-seasonal time scale. Naturally, some 

(a) (b)

(c) (d)

Fig. 3. Same as Fig. 1 except that it is for non-TC-induced rainfall (PNOTC).
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notable differences in the pattern of the interdecadal change 
between PTotal and PNOTC can be expected around the regions 
where considerable TC contribution is found. In July, in 
compensation for the large decrease in PTC, the interdecadal 
change in PNOTC becomes significant at southern coastal sta-
tions in Guangdong Province and Hainan Island (Fig. 3c), 
where PTotal is not significant (Fig. 1c). The number of sta-
tions with a significant change increases from 55 for PTotal to 
74 for PNOTC in July. In August, on the contrary, the number 
of significant stations decreases from 61 for PTotal to 42 for 
PNOTC (Fig. 3d vs. 1d), which is attributed to the substantial 
positive contribution of PTC to the interdecadal change in 
PTotal (Fig. 2d).

In addition to the interdecadal difference, the mean 
quantities of rainfall are listed in Table 1. To homogenize 
the effects of each rainfall-type (i.e., PTotal, PTC, and PNOTC) 
on the South China domain regardless of the month-to-
month variability, the area-average is performed for the 
151 stations over South China (the box in Fig. 1). The cli-
matological seasonal mean PTotal over South China is 219.7 
mm mon-1 for the entire period (1981 - 2005), about 85% 
of which (187.7 mm mon-1) comes from PNOTC, indicat-
ing the PTC contribution is minor. In case of dividing the 
seasons into individual months, the PTC contribution con-
tinuously increases from 14.8 mm mon-1 (5.8%) in June to  
45.8 mm mon-1 (23.4%) in August. Clearly, the PNOTC con-
tribution dominates PTotal over South China during the sum-
mer season (as in Fig. 3a). This statement is not only valid 
for the mean rainfall with respect to the two sub-periods 

(i.e., ID1 and ID2), but also for the interdecadal changes in 
JJA, June, and July. However, the PTC contribution to the in-
terdecadal change in August becomes comparable to that of 
PNOTC (28.5 vs. 28.3 mm mon-1). Moreover, the interdecadal 
change in PTC becomes statistically significant, while that in 
PNOTC is not. This indicates that in August, TC activity be-
comes an important contributor to the interdecadal change 
in PTotal around 1992/93.

3.2 monthly TC Activity and large-Scale Environments 

Figure 4 demonstrates the monthly TC tracks in ID1 
and ID2 separately. In the plot, the TCs that induced rain-
fall at any South China stations are displayed with colored 
tracks. It is noted that some TCs that formed in the previ-
ous month are included in the number count of the target 
month if they induced rainfall over South China in the tar-
get month. The frequency of TC formations was reduced in 
June of ID2 (from 2.3 to 1.3 yr-1), resulting in a weaker TC 
influence (from 1.8 to 0.9 yr-1) on South China, provided 
that the percentage of TCs affecting South China is almost 
conserved (75% vs. 69%). Its influence on the rainfall de-
crease is especially noticeable over Hainan Island and Tai-
wan (Fig. 2b). In July, the yearly number of TC formations 
somewhat increased in ID2, while that of TCs affecting 
South China slightly dropped at the same time, resulting in 
the decrease in percentage (from 71% to 53%). While the 
frequency of TC formations over the SCS went up slight-
ly to 1.2 yr-1 from 0.83 yr-1, the TC approaches from the 
Philippine Sea largely decreased from 24 (2.0 yr-1) to 12  
(1.2 yr-1). The latter is the primary cause of the slightly 
reduced PTC over South China in ID2 (Table 1), by which 
Guangdong Province and Hainan Island were most affected 
(Fig. 2c). In contrast, the frequency of TCs affecting South 
China has increased from 2.9 to 4.0 yr-1 in August, though 
the total frequency of formations did not change much (6.3 
vs. 6.6 yr-1). A remarkable change is observed over the SCS, 
where the formation frequency has risen to 16 (1.6 yr-1) 
from 9 (0.8 yr-1). Therefore, the substantial increase in PTC 
in August (Fig. 2d and Table 1) is mostly attributed to this 
enhanced TC formation in ID2 over the SCS.

To physically interpret the month-to-month difference 
in TC activity, the interdecadal changes in relevant large-
scale environments are presented in Fig. 5 with respect 
to each month. The large-scale environments include the  
500-hPa geopotential height and the magnitude of vertical 
wind shear (Fig. 5a), the horizontal wind and eddy kinetic 
energy at 850 hPa (Fig. 5b), and the 600-hPa relative hu-
midity (Fig. 5c). All of these fields are typically regarded to 
be pertinent to the interpretation of climate variability of TC 
activity (e.g., Ho et al. 2004; Camargo et al. 2007; Kim et al. 
2010; Zhan et al. 2011; and many others).

The overall diminished TC activity in June of ID2 
(Fig. 4a vs. b) can be expected in that there prevail a large 

Table 1. The area-averaged PTotal, PTC, and PNOTC in JJA, June, July and 
August for period ID1 (third column), ID2 (fourth column), and 1981 
- 2005 (fifth column). A total of 151 stations over South China is used 
for the area-average.

mm mon-1 1981 - 1992  
(Id1)

1993 - 2002  
(Id2) 1981 - 2005

JJA

PTotal 196.7 253.5*** 219.7

PTC 29.8 034.2 32.0

PNOTC 166.9 219.3*** 187.7

JUN

PTotal 231.2 290.3** 256.5

PTC 18.5 014.3 14.8

PNOTC 212.7 276.0** 241.7

JUL

PTotal 185.6 240.3** 206.5

PTC 39.8 028.6 35.5

PNOTC 145.8 211.7*** 171.0

AUG

PTotal 173.1 229.9** 196.1

PTC 31.0 059.5* 45.8

PNOTC 142.1 170.4 150.3

Note: *95%, **99%, ***99.9%
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anomalous anticyclone in the low and middle troposphere, 
low-level negative eddy kinetic energy anomalies, and re-
duced mid-tropospheric humidity in the subtropics (top 
panels of Fig. 5). Compared to June of ID1, both dynamic 
and thermodynamic conditions were less favorable for the 
TC development in June of ID2. In July, on the other hand, 
fewer westward moving TCs were observed in ID2 than in 
ID1 (Fig. 4c vs. d). This is found to be ascribed to the nega-
tive anomalies of the 500-hPa geopotential height and the 

anomalous cyclone centered on Taiwan (Figs. 5a and b). 
The weaker easterly steering flows in July of ID2 west of 
140°E between 15 and 20°N, which are represented by the 
anomalous westerlies therein (Fig. 5b), guided the TCs de-
veloped over the Philippine Sea toward the mid-latitude. At 
the same time, the low-level eddy kinetic energy poleward 
of 20°N between 120 and 150°E increased in July of ID2. 
This enhanced synoptic activity toward the mid-latitude is 
likely to be partly attributed to the more recurving TCs in 

Fig. 4. The TC tracks in June (a) - (b), July (c) - (d), and August (e) - (f) for period ID1 (left) and ID2 (right). The TCs which induced rainfall over 
South China are plotted with red (tropical storm stage) and green (tropical depression stage) colors and their starting locations are shown (blue storm 
symbols). Black dots indicate the stations with a significant interdecadal change in PTC for each month (from Fig. 2). The numerator in the fraction 
is the number of TCs that induced rainfall over South China, while the denominator is the total number formed over the western North Pacific.

(a) (b)

(c) (d)

(e) (f)
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July of ID2 as observed in Fig. 4d. Meanwhile, the inter-
decadal change in mid-tropospheric humidity in July shows 
an increase over a large area of the WNP (Fig. 5c), while 
the magnitude of vertical wind shear also shows a positive 
change from the SCS toward the subtropical Philippine Sea 
(Fig. 5a). The latter may act to offset the favorable effect of 
the former, resulting in similar frequency of TC genesis in 
July of the both decades.

In August (bottom panels), the overall patterns of the 
interdecadal change look opposite to those in July to some 
extent. In contrast to July, a favorable dynamic condition 
for the TC development formed in the tropical WNP in the 
context of the weaker magnitude of vertical wind shear  
(Fig. 5a), whereas the mid-tropospheric humidity has de-
creased disfavoring the TC development (Fig. 5c). This 
possible offsetting effect seemed to operate to maintain the 
monthly number of TCs per year from ID1 through ID2 in 

Fig. 5. The difference of 500-hPa geopotential height (thick contour, unit: gpm) and magnitude of vertical wind shear (thin contour, unit: m s-1) (a), 
850-hPa horizontal wind (vector, unit: m s-1) and eddy kinetic energy (thick contour, unit: m2 s-2) (b), and 600-hPa relative humidity (unit: %) (c) 
between period ID2 and ID1 for June (top), July (middle), and August (bottom). The dots indicate the grids where the decadal changes in 500-hPa 
geopotential height, 850-hPa eddy kinetic energy, and 600-hPa relative humidity are statistically significant at the 90% confidence level using the 
two-sided t-test, while the shadings and the black vectors denote the grids where the magnitude of vertical wind shear and 850-hPa horizontal wind 
are significant, respectively. Zero contours are omitted for simplicity.

August similar to July. In fact, the characteristic feature in 
August was the increased formation over the SCS from 9 
in ID1 to 16 in ID2. However, it is difficult to find any rel-
evant large-scale environmental changes favoring the TC 
development over the SCS. Although the low-level eddy 
kinetic energy field shows a positive change along the coast 
of South China (Fig. 5b), it does not look to be a favorable 
condition for the TC development, but to be the result of 
enhanced TC activity over the SCS.

In addition to the interpretations relevant to TC activ-
ity, the persistent positive interdecadal changes in mid-tro-
pospheric humidity (Fig. 5c) may be a clue of why PNOTC 
over South China had increased in ID2 for the entire sum-
mer months (Fig. 3). To demonstrate it more clearly, we 
checked the low-level moisture flux and its divergence 
around South China (figure not shown). Clearly found is 
the prevalence of the moisture convergence toward South 

(a) (b) (c)
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China spanning for the whole summer months, despite of 
the significant month-to-month variability in large-scale 
circulation changes (Figs. 5a and b). This is consistent with 
the previous results (Qian and Qin 2008; Wu et al. 2010).

4. SummARy And dISCuSSIon

Thus far we have examined the TC contribution to 
summer rainfall over South China to seek the answers to 
the two questions raised above. The climatological contri-
bution of PTC to the area-averaged PTotal was relatively small 
compared to that of PNOTC. In consequence, the contribution 
of PTC to the interdecadal change in PTotal over South Chi-
na around 1992/93 was also found to be minor in general, 
which led to the conclusion that the large-scale convergence 
into the South China region is the dominant factor leading to 
enhanced summer rainfall in ID2 as discussed by Wu et al. 
(2010). However, an exceptional case was found in August, 
which agreed with both our expectations for substantial 
month-to-month variability and that derived from Kwon et 
al. (2007). The TC contribution to the August interdecadal 
change in area-averaged PTotal was revealed to be about 50%, 
even though the total area-averaged amount of PTC was still 
less by a factor of 3 than that of PNOTC even in ID2 when PTC 
increased significantly.

Furthermore, the sub-regional heterogeneities among 
the individual months were revealed in the PTC contribution 
to the interdecadal change in PTotal if the spatial variability 
were concerned, which originated from the distinct month-
to-month contrast of the interdecadal change in TC activ-
ity. In June, basin-wide TC activity was much quiescent in 
ID2, resulting in less TC activity over South China, but the 
signals in rainfall relevant to such reduced TC activity were 
only found over island regions. The contrast between July 
and August was noticeable in both PTC and TC activity. In 
July, a regional decrease in PTC around Guangdong Prov-
ince and Hainan Island was observed corresponding to less 
frequent approaches of TCs from the east of the Philippines 
due to fewer formations there in ID2. In August, however, 
a PTC increase in ID2 became an important factor for the 
interdecadal change in PTotal corresponding to more frequent 
formations over the SCS. 

The characteristic interdecadal changes in TC activ-
ity for the individual months are partly reflected in some 
monthly mean large-scale fields with clear month-to-month 
differences. In June, the tropical WNP became much less 
convective (i.e., in drier and anticyclonic conditions) in ID2, 
which well matches with the suppressed TC activity. On 
the other hand, the weakened subtropical high north of the 
main development region was the characteristic large-scale 
feature in July of ID2 compared to ID1, which indicates 
weaker steering easterlies along the southern periphery of 
the subtropical high and, in turn, fewer straight-moving TCs 
over the Philippine Sea in ID2. The characteristic feature 

in August is the offsetting effect between the magnitude 
of vertical wind shear and the mid-tropospheric humidity, 
which seemed to maintain the monthly number of TCs per 
year from ID1 through ID2. In addition, the low-level syn-
optic activity was enhanced along the coast of South China, 
which seemed to result from the enhanced TC activity over 
the SCS.

Although the possible factors for the interdecadal 
changes in TC activity are listed separately for individual 
months, the causes of month-to-month variability in the in-
terdecadal change in TC activity were not thoroughly inves-
tigated because this issue is not within the primary scope 
of this study. As a further step, the sub-seasonal variation 
needs to be investigated to understand why the interdec-
adal changes in TC activity for the individual months were 
manifested by different large-scale factors. Of course, this 
requires improved understanding of the sub-seasonal varia-
tion of the prevailing large-scale mechanisms of TC forma-
tion over the WNP.

Meanwhile, if the less frequent formation over the Phil-
ippine Sea in July of ID2 and the more frequent formation 
over the SCS in August of ID2 were combined, the timing 
of the interdecadal change would agree well with that of the 
dipolar redistribution of TC genesis in July-August-Septem-
ber between the SCS and the Philippine Sea, even though 
such a combination leaves out data in September (Kim et al. 
2010). In other words, the interdecadal variability of the di-
polar redistribution of seasonal TC genesis between the two 
seas can be interpreted, at least during the analysis period 
of this study, with a combination of the different variations 
among the individual months. This naturally demands fur-
ther study on the combined characteristics of the interdec-
adal variability in regional TC activity and rainfall on both 
seasonal and sub-seasonal time scales. 
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