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ABSTRACT

This study discusses the boreal summer intraseasonal oscillation (BSISO) impact on the western North Pacific (WNP)
typhoons and the summer rainfall in Taiwan. The real time BSISO1 and BISISO2 indices are created using the first two
and the third and fourth principal components of the multivariate empirical orthogonal function analysis, based on outgoing
long-wave radiation and zonal wind at 850 hPa from Lee et al. (2013). The results show that heavy rainfall in Taiwan and the
associated WNP typhoon frequency patterns are closely related to the 10 - 30 days BSISO2 phases during the typhoon season
(July - October). Taiwan has larger rainfall during BSISO2 phases 3, 4, and 5 when the major BSISO2 convection moves
northwestward from the Philippine Sea to the Taiwan area. During phases 3 and 4 the anomalous low-level cyclonic flow and
the increased typhoon frequency directly result in larger rainfall in Taiwan. Phase 5 exhibits enhanced low-level southwesterly

flow which transports the moisture to Taiwan responsible for more summer rainfall on the island.
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1. INTRODUCTION

The Madden-Julian Oscillation (MJO; Madden and
Julian 1971, 1972, 1994) is an eastward moving intrasea-
sonal phenomenon that has broad impacts on weather and
climate including precipitation, surface temperature, tropi-
cal cyclones, and monsoons (Jones et al. 2004; Zhang 2005;
Donald et al. 2006). The typical MJO deep convection usu-
ally propagates eastward along the equator during the bo-
real winter. In contrast, the intraseasonal signal moves away
from the equator in the Northern Hemisphere during the
boreal summer and has northward/northwestward propagat-
ing variability with the intraseasonal time scale period to
the Asian summer monsoon region (Yasunari 1979, 1980,
1981). This northward/northwestward propagating mode
is usually named the intraseasonal oscillation (ISO) or,
more specifically, boreal summer intraseasonal oscillation
(BSISO) which has interactions with synoptic-scale distur-
bances (Murakami et al. 1986; Hsu and Li 2011; Hsu et al.
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2011) and typhoon activities (Kim et al. 2008; Li and Zhou
2013; Chen and Chou 2014) over the western North Pacific
(WNP). Therefore, the ISO has broad impacts on the Asian
monsoon region and influences the local rainfall anomaly
which could cause floods and droughts over South China
and Taiwan (Yang and Li 2003; Hung and Hsu 2008; Mao
et al. 2010; Hsu et al. 2015).

The interactions between the ISO, first transition of the
Asian summer monsoon and the onset of Taiwan Meiyu in
May and June were discussed in Hung and Hsu (2008). The
MJO impact on Taiwan rainfall in the winter-half season
was also investigated in Hung et al. (2014). In contrast, not
many studies focused on the local ISO impact on the sum-
mer typhoon season in Taiwan. As shown in Fig. 1 (more
detail about the data is described in the next section), Taiwan
is located on the major typhoon tracks over the WNP. The
main typhoon season in this area is July - October (JASO).
In addition, typhoons contribute a large portion of the an-
nual rainfall in Taiwan (Fig. 1b), causing floods that can fre-
quently result in severe damage. On average, about 43.2%
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of the JASO rainfall in Taiwan is related to typhoons (Hung
and Hsu 2010). Typhoons are considered the largest weath-
er-related disaster in Taiwan (e.g., Wu and Kuo 1999).

Chen and Shih (2012) and Chen et al. (2013) studied
the interaction between the ISO and some specific types of
typhoon cases affecting Taiwan. There is still a gap in under-
standing the ISO influence on WNP typhoons and the sum-
mer rainfall in Taiwan. The MJO index derived by Wheeler
and Hendon (2004) can represent the boreal winter eastward
moving intraseasonal signal well, but cannot fully depict the
northward/northwestward propagating intraseasonal mode
during the boreal summer. This study therefore uses the
BSISO index provided by Lee et al. (2013). The closely re-
lated BSISO, WNP typhoon activities, and the summer rain-
fall in Taiwan are discussed. The rest of this study is orga-
nized as follows. The data used in this work are provided in
section 2. Comparisons of MJO/BSISO indices and Taiwan
rainfall are discussed in section 3. The connection between
the BSISO2 and the WNP typhoons is presented in section 4.
The BSISO2 impacts on the summer rainfall in Taiwan are
discussed in section 5. The BSISO, WNP typhoon activity,
and heavy rainfall cases in Taiwan in JASO are presented in
section 6. Conclusions are presented in section 7.

2.DATA

Several 1981 - 2010 global gridded variables includ-
ing 850 hPa horizontal velocity and specific humidity in the
WNP typhoon season (July - October) are obtained from
the 40-year European Centre for Medium-Range Weather
Forecasts (ECMWF) Re-Analysis (ERA-40) and the ERA-
Interim analysis (Uppala et al. 2005; Dee et al. 2011). The
daily outgoing long-wave radiation (OLR) measurements
(Liebmann and Smith 1996) since 1974 are also used. As
already shown in Fig. 1, the historical typhoon tracks during
1981 - 2010 provided by the JTWC (Joint Typhoon Warn-
ing Center) are collected to calculate the typhoon frequency
on the 5° x 5° grid box. In addition, the daily rainfall data
from Precipitation Estimation from Remotely Sensed In-
formation using Artificial Neural Networks-Climate Data
Record (PERSIANN) were obtained from Tropical Rainfall
Measuring Mission (TRMM) Multi-Satellite Precipitation
Analysis (TMPA) product (Ashouri et al. 2015). It provides
0.25° grid data for the latitudes within 60°S - 60°N from
January 1983 to December 2012. Finally, in order to analyze
the summer rainfall in Taiwan associated with the BSISO,
the Taiwan Rainfall Index (hereafter TRI) since 1900, the
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Fig. 1. (a) JTWC typhoon tracks over the WNP for 1981 - 2010. The gray lines represent the typhoon tracks and the red lines indicate the tracks for
typhoons which move through the Taiwan area (19 - 28°N, 117 - 125°E, shown as the box). (b) The mean annual cycle of rainfall in Taiwan repre-
sented by the TRI for 1981 - 2010. The red shading shows the typhoon season (July - October) in Taiwan. (c) The monthly counts for the typhoon
numbers over the WNP in 1981 - 2010. The green bars show the typhoon numbers in the Taiwan area, and the dark gray bars indicate the typhoon

season of the WNP. (Color online only)
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longest rainfall index in the Taiwan meteorological history,
was obtained (Hung 2012). The TRI is based on the richest
data from observational stations in Taiwan (1176 stations are
used). The daily TRI are the mean for the rainfall averages
of each station divided by its own annual sum climatology.
Therefore, the daily TRI sum for any specific year is near
1 (i.e., 100%), and the TRI value in any time step means
its proportion to the yearly climatology mean. Although the
TRI can well represent the rainfall variations in Taiwan, the
traditional rainfall observation data from the conventional
weather stations operated by the Central Weather Bureau
(CWB) in Taiwan are also used for comparison. Fifteen sta-
tions with elevation less than 100 m are selected. They are
Tamsui (46690), Taipei (46692), Keelung (46694), Hualien
(46699), Ilan (46708), Tainan (46741), Kaohsiung (46744),
Chiayi (46748), Taichung (46749), Dawu (46754), Hsinchu
(46757), Hengchun (46759), Chengkung (46761), Taitung
(46766), and Wuqi (46777).

Three ISO indices are acquired to catch the BSISO sig-
nal and compared in this study. The widely used ISO index
is the daily real-time multivariate MJO (RMM) index from
Wheeler and Hendon (2004). In their definition, the full MJO
cycle is divided into 8 phases using a combined empirical
orthogonal function (EOF) analysis of OLR and upper/lower
level zonal wind. The first two principle components (PCs)
from the EOF analysis are used to derive the RMM index
(hereafter, the MJO index). Although this index can represent
the boreal winter MJO well, the northward/northwestward
propagating variability with the period of intraseasonal time
scale during the boreal summer in the Asian summer mon-
soon region is not fully captured. Therefore, Lee et al. (2013)
created two real-time indices: BSISO1 and BSISO2 based on
a similar method, but focused on the 10°S - 40°N, 40 - 160°E
area, for May - October in 1981 - 2010 to detect the BSISO
variability. The BSISO1 and BSISO2 indices are defined by a
combination of the first two PCs and the third and fourth PCs
from the EOF analysis, respectively. A similar 8-phase life
cycle is then defined for the BSISO1 and BSISO2. According
to Lee et al. (2013), the BSISO1 has a canonical northward
propagating feature with a period of about 30 - 60 days, while
the BSISO2 has northward/northwestward propagating vari-
ability with a period of 10 - 30 days.

3. COMPARISONS OF MJO/BSISO INDICES WITH
TAIWAN RAINFALL

In the present study, all three indices (MJO, BSISO1,
and BSISO2) are used to verify the possible connection
with the summer rainfall in Taiwan. The JASO Taiwan
rainfall represented by the TRI for each MJO, BSISO1, and
BSISO2 phase are shown in Figs. 2a, b, and c, respectively.
The accumulated JASO values of TRI represent the annual
total amount for each phase (unit: %) in the boreal summer.
Therefore, the sum of TRI values for all 8 phases can be

considered as the mean annual proportion for the JASO sea-
son. As seen in Figs. 2a and b, the rainfall in Taiwan is not
well correlated with the MJO and BSISOI1 phases. For the
MJO modes, large rainfall in Taiwan appears in phases 1 - 2
and 5 - 8. For the BSISO1 modes, large rainfall in Taiwan
can be seen in phases 1,2,5,7, and 8. No distinct peak phas-
es are associated with the distribution of these modes. In
contrast, the BSISO2 index exhibits large rainfall in phases
3 - 5 (shown in dark shading bars) and a clear rainfall maxi-
mum in phase 4 in Fig. 2¢. Similar analysis for the typhoon
frequency and the rainfall during typhoon-influenced days
for each phase are shown in Figs. 2d - i, but this will be dis-
cussed in the next section.

In order to verify the accuracy of the Taiwan rain-
fall variation represented by the TRI data, the conven-
tional weather station data from 15 CWB stations are av-
eraged to compare with the results shown by the TRI in
Figs. 3a and b. The typhoon-related rainfall in Taiwan
represented by the TRI and CWB averaged rainfall is also
shown in Figs. 3¢ and d, which will be discussed in the next
section. The results from TRI and CWB rainfall are clearly
similar. Therefore, the TRI data will be used in the follow-
ing discussions in this paper.

According to Lee et al. (2013), the BSISO1 and BSISO2
represent the BSISO modes with periods of 30 - 60 and 10
- 30 days, respectively. For the rainfall variations of Taiwan
and WNP area, the PERSIANN rainfall data and the band-
pass filtered values are used to show the total variance, and
the variances for the BSISO2 (10 - 30 days) and BSISO1 (30
- 60 days) modes in Fig. 4. The rainfall in Taiwan is associat-
ed with complex processes. Many factors, such as typhoons,
terrain-effect, monsoon system, BSISO, and the multi-scale
interaction, contribute to it. Although the BSISO1 (Fig. 4c)
do not contribute large variations in the daily rainfall in these
regions, its influence cannot be ignored. However, the re-
sults shown here indicate that the major variances in rainfall
in the Taiwan area and the Pacific Ocean west of it (Fig. 4a)
come from the BSISO2 mode (Fig. 4b). Therefore, the fol-
lowing discussion will focus on the BSISO2.

Because the TRI data is a rainfall index for the whole
of Taiwan, the spatial rainfall pattern in Taiwan cannot be
realized through the index. The horizontal pattern of the
anomalous Taiwan rainfall (red/blue shading; mm day™') for
BSISO2 phases 1 - 8 in JASO is shown in Fig. 5. The data
used in Fig. 5 is the same as the original records used to
construct the TRI. The results in Fig. 5 confirm that large
rainfall occurs in BSISO2 phases 3 - 5, especially the larg-
est in phase 4. Therefore, the contribution from the BSISO2
will be discussed in the following sections.

4. BSISO2 AND THE WNP TYPHOONS

As defined in Hung and Hsu (2010) and Hung (2013),
the area (19 - 28°N, 117 - 125°E) shown in Fig. la can be
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Fig. 2. The mean TRI values (unit: %) for (a) MJO, (b) BSISO1, and (c)BSISO2 phases 1 - 8 during JASO from 1981 to 2010. The dark gray bars
indicate the phases 3, 4, and 5 for BSISO2 (details in the text). (d), (e), and (f) are similar to (a), (b), and (c), but for the numbers of days with ty-
phoons in the Taiwan area. (g), (h), and (i) are similar to (a), (b), and (c), but for the TRI values during the typhoon days in Taiwan. In (a), (b), (c),
(g), (h), and (i), the standard errors are plotted for references.

1981 - 2010 JASO BSISO2
TRI% (c) TYPHOON TRI%

@,

-8
12
o -6
R i ' &
3 F2
0l—5 ﬁﬁf ﬁm %%ﬁo
12345678
(b) cws

(d) TYPHOON CWB

250 H150
200 L120
< 1501 90 %
£ £
£ 100 L60 E

i B Rl

12345678 12345€678

Fig. 3. The JASO (a) mean TRI values (unit: %) and (b) averaged CWB rainfall values (unit: mm) from 15 conventional weather stations in 1981 -
2010 for each BSISO2 phase. The standard errors are plotted for references. (c) and (d) are similar to (a) and (b), but for the values during typhoon
days in Taiwan.
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Fig. 4. The variances of the JASO daily rainfall from the PERSIANN data in 1983 - 2010 for (a) the original rainfall data, (b) the 30 - 60 days
BSISO1 mode, and (c) the 10 - 30 days BSISO2 mode.
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Fig. 5. The anomalous Taiwan rainfall (red/blue shading; mm day') for BSISO2 phases 1 - 8 [(a) to (h), respectively] in JASO. (Color online only)
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used to count the number of typhoons affecting Taiwan. In
Figs. 2d, e, and f, the numbers of total days with typhoons in
the box are calculated for each phase of MJO, BSISO1, and
BSISO2 indices in 1981 - 2010 JASO, respectively. As with
the TRI result, the total typhoon-affected days in Taiwan are
not correlated well with the MJO and BSISO1 phase indices
(Figs. 2d and e). However, the BSISO2 index displays large
peaks in phases 3 - 5 and the maximum occurs in phase 4
(Fig. 2f).

Because the typhoon rainfall contribution on the total
JASO rainfall in Taiwan is about 43.2% on average (Hung
and Hsu 2010), the connection between the ISO phases and
the typhoon-related rainfall in Taiwan needs to be verified.
The “typhoon-related rainfall” is defined as the rainfall val-
ue in Taiwan when a typhoon is located in the box centered
on Taiwan, 19 - 28°N, 117 - 125°E, according to Hung and
Hsu (2010). The typhoon-related rainfall in Taiwan repre-

sented by the TRI is calculated in Figs. 2g, h, and i for each
phase of MJO, BSISO1, and BSISO?2 indices, respectively.
Only the BSISO2 index has a good connection with the ty-
phoon-related rainfall in Taiwan. The peak phases 3 - 5 have
the maximum value in phase 4, which is the same as the
total rainfall and number of typhoon days counted in Tai-
wan. The rainfall in Taiwan is represented by the TRI here.
The result is similar to the averaged values from the CWB
station data (Fig. 3d). Therefore, based on the analysis in
Fig. 2, the most important ISO mode affecting summer
rainfall in Taiwan associated with typhoon activity is the
BSISO2.

The composited anomalous OLR and 850 hPa stream-
lines for each BSISO2 phase in 1981 - 2010 are shown in
Fig. 6. As mentioned in Lee et al. (2013), the BSISO2 mode
is a northward/northwestward propagating ISO with periods
of 10 - 30 days. During phase 1, a major cyclonic anomaly
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Fig. 6. The anomalous OLR (red/blue shading; W m) and 850-hPa streamline for BSISO2 phases 1 - 8 [(a) to (h), respectively] in JASO. The black
box indicates the Taiwan area (19 - 28°N, 117 - 125°E). Only OLR anomalies exceed 95% confidence level are shown here. (Color online only)
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located at the Philippine Sea gradually moves northwest-
ward in phases 2, 3, and 4. During phases 3 and 4, the anom-
alous low-level cyclonic flow moves into the Taiwan area.
In phase 5, this low-level cyclonic flow starts to dissipate
while another center located to the east of Japan takes on the
northeast-southwest tilting structure. The patterns of phases
5 - 8 are almost opposite to those of phases 1 - 4. An anti-
cyclonic anomalous flow is developed over the Philippine
Sea in phase 5 and gradually moves northwestward into the
Taiwan area in phases 6 - 8. The cyclonic and anticyclonic
flows accompanied with OLR anomalies indicate the active
and inactive convection which refers to the rainfall pattern
in the region as well.

In order to analyze the connection between the ty-
phoon activity and the BSISO, the JASO historical typhoon
tracks provided by the JTWC are collected to calculate the
typhoon frequency on the 5° x 5° grid box for each BSISO2

phase in 1981 - 2010 (Fig. 7). The anomalous typhoon fre-
quency patterns are similar to the OLR and 850 hPa flow
shown in Fig. 6. This result implies that the typhoon activi-
ties over the WNP are related to the BSISO2 mode of ISO
very much. During phases 8 and 1 - 2, more typhoon activi-
ties occur in the Philippine Sea. However, the positive ty-
phoon frequency anomalies gradually move northwestward
and the typhoon active region shifts into the Taiwan area
during phases 3 - 5. These results show that the typhoon
activity over the WNP is related to the BSISO2 mode and
also linked with the local rainfall patterns in the Philippines,
Taiwan, and Okinawa areas.

5.BSISO2 AND THE SUMMER RAINFALL IN
TAIWAN

Through the 850 hPa flow composites, OLR and
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typhoon frequency for each BSISO2 phase (Figs. 6 and 7),
the connection between the local rainfall, typhoon activity,
and the BSISO was suggested in the previous section. During
phases 3 and 4 the anomalous low-level cyclonic flow and
the increased typhoon frequency directly result in larger rain-
fall in Taiwan. However, during phase 5, although the posi-
tive typhoon frequency anomaly is still located in the Taiwan
area, the major cyclonic flow has moved to the east of Japan.
There must be some other mechanism that contributes the lo-
cal rainfall in Taiwan as showed in Figs. 2c, f, and i.
According to several previous studies regarding the
MJO and the monsoon, the moisture supply can be a very
important mechanism that results in increasing local rainfall
(Jia et al. 2011; Hung et al. 2014). Therefore, the low-level
850 hPa moisture convergence/divergence is calculated us-
ing the velocities multiplying the specific humidity (ugi and
vgj; where ¢ is the specific humidity), and the composites
are made based on each phase of BSISO2 to verify the mois-
ture supply associated with the BSISO (Fig. 8). The 850-hPa

moisture transport represented by the vectors is very simi-
lar to the low-level anomalous flow as seen in Fig. 6. The
moisture divergence shown in the red/blue shading (red =
divergence; blue = convergence) also indicates the north-
westward propagation. In addition to the direct effect of the
cyclonic flow located in the Taiwan area, the enhanced low-
level southwesterly flow transporting moisture to Taiwan is
responsible for greater rainfall in Taiwan during phase 5 as
seen in Fig. 2¢. The stronger southwesterly flow, as observed
in Fig. 6e, along with the moisture convergence (Fig. 8e) is
the main reason for greater rainfall in Taiwan during phase
5. In contrast, during phases 6 and 7, the southwesterly flow
and the moisture convergence area move northward and less
rainfall is observed in Taiwan.

Although the moisture convergence can be seen in
northern China in phases 6 and 7, the major cyclonic circu-
lation has already moved to the oceanic area east of Japan
(Fig. 6f). There is no increased typhoon activity to exhibit
positive typhoon frequency anomalies in northern China or
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the oceanic area east of Japan in phases 6 and 7. Therefore,
no increased deep convection represented by OLR is ob-
served in these two areas. There is no increased rainfall in
Taiwan, either.

6. HEAVY RAINFALL CASES IN TAIWAN
ASSOCIATED WITH BSISO AND WNP
TYPHOONS

In order to verify the connection among the heavy
Taiwan rainfall, the BSISO and WNP typhoons, a detailed
analysis is provided in the following. According to Lee et
al. (2013), the BSISO can be considered as two modes, the
BSISO1 (with the periods of 30 - 60 days) and the BSISO2
(with the periods of 10 - 30 days). The real-time indices are
used here to apply this study to practical operations. The
day-to-day BSISO1 and BSISO2 phase numbers in 1981 -
2010 are plotted in Figs. 9a and b, respectively. The rainfall
condition in Taiwan represented by the filtered TRI values
(> 10 day) are greater than or equal to one standard devia-
tion (in dark gray) and less than or equal to minus one stan-
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dard deviation (in light gray), as shown in Fig. 10a. The
typhoon days in Taiwan are shown in Fig. 10b.

With the above information, the total days for the
heavy rainfall (= one standard deviation) and typhoons in
Taiwan separated by the BSISO1 and BSISO2 phases can
be seen in Figs. 11a and b, respectively. The results show
that, for the BSISO1, the heavy rainfall days occur mostly
in phases 1, 2,7, and 8. Using a similar calculation for the
typhoon days in Taiwan (same definition as in Fig. 2), the
peak phases are in 5, 7, and 8. Apparently, the BSISO1 is
not suitable for use for explaining the heavy rainfall cases
in Taiwan associated with the influence of WNP typhoons.
In contrast, the BSISO2 clearly shows that the heavy rain-
fall days and the typhoon days in Taiwan occur mainly in
phases 3, 4, and 5 with the peak in phase 4. To catch the
signals of BSISO to apply on the forecast of heavy rainfall
cases in Taiwan associated with typhoons, the BSISO?2 is
better than the BSISO1.

To clearly see the impact of BSISO2 mode on the heavy
rainfall in Taiwan and the typhoon activity in the vicinity of
Taiwan, the day-to-day phase condition for the heavy rainfall
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Fig. 9. The JASO day-to-day phase numbers in 1981 - 2010 for (a) BSISO1 and (b) BSISO2. (Color online only)
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o (a) BSISOT1; TRI > = 1 SD; TY days (b) BSISO2; TRI > = 1 SD; TY days 120

Fig. 11. (a) The total counts for the days with filtered (> 10 days) TRI values > one standard deviation in 1981 - 2010 (in gray bars) and the typhoon
days in Taiwan (in slash bars) for each BSISO1 phase. (b) is similar to (a) but for BSISO2.
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days and typhoon days in Taiwan in 1981 - 2010 are shown
in Figs. 12a and b, respectively. The days with phases 3, 4,
and 5 of the BSISO?2 are filled in red. Otherwise, the color is
in blue. As the same results shown in Fig. 2, most heavy rain-
fall cases and typhoon days in Taiwan are in red (the phases
3,4, and 5). These three phases in the total eight BSISO2
phases occupy 59 and 58% of the total heavy rainfall and
typhoon day cases, respectively. This result shows that, for
the area as Taiwan with many typhoons over the WNP in the
boreal summer, the BSISO2 mode is a very good indicator in
real-time operations to watch for predicting possible heavy
rainfall events associated with typhoons.

7. CONCLUSION

Previous studies have indicated that the ISO or the MJO
have significant impacts on the Asian-Australian monsoon
weather and climate (e.g., Wheeler et al. 2009; Goswami
2012; Hsu 2012). During the boreal summer, the northward/
northwestward propagating signals are important features
of the ISO. This study discussed the BSISO impact on the
WNP typhoons and the summer rainfall in Taiwan. The real
time BSISO2 index created by the third and fourth princi-

pal components of the multivariate EOF analysis based on
OLR and zonal wind at 850 hPa from Lee et al. (2013) was
used. The results indicated that the active/inactive periods
and the associated horizontal patterns of the WNP typhoon
frequency are closely related to the BSISO2 phases during
the typhoon season (July - October). The conceptual model
is provided in Fig. 13.

Based on the 1981 - 2010 data in the typhoon season,
Taiwan has larger rainfall in BSISO2 phases 3, 4, and 5
when the major BSISO2 convection moves northwestward
from the Philippine Sea into the Taiwan area. During phases
3 and 4, the anomalous low-level cyclonic flow and the in-
creased typhoon frequency directly result in larger rainfall
in Taiwan. For phase 5 the enhanced low-level southwest-
erly flow that transports moisture into Taiwan is responsible
for greater summer rainfall in Taiwan. Based on several in-
dependent observational datasets, the connection between
local rainfall in Taiwan, WNP typhoon activities, and the
BSISO2 is suggested. Real-time BSISO data and a forecast
service were recently provided by the APEC Climate Cen-
ter (APCC) (Kim 2015). The BSISO indices are predicable
from 7-day to over 20-day forecast lead time. The better
predictability of BSISO2 from APCC and the results in this

(a) TRI > = 1 SD with BSISO2 phases
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[ [
1 T i ] { :“:_‘:”
S

Il

2010

’"m: RAARRRARN
T T
TTTT T T

1T 1T
TTTTTT TTTTTT

T
TTTT
July August

September October
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Fig. 12. Similar to Fig. 10, but the color in red indicates that the phases of BSISO2 are 3, 4, and 5. Otherwise, the color is in blue. (Color online

only)
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phase 3-5

phase 1-2

)g; y g
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- g
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Fig. 13. The conceptual model for explaining the BSISO2 mechanism impacts on JASO rainfalls in Taiwan and the WNP typhoons. The gray shaded
circles represent the major BSISO2 convection with the phases indicated. The big arrow and the small green arrow refer to the movement direction
of the BSISO2 mode and moisture supply, respectively. In addition, the small typhoon symbols indicate the major typhoons occurring in the area.

(Color online only)

work are informative for weather forecasters in Taiwan and
the Philippines to project possible active/inactive typhoon
periods and the associated rainfall conditions during the
summer season. With this knowledge, the mechanism can
be also used for intraseasonal weather prediction as a con-
ceptual model.
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