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Abstract The tropical cyclone (TC) power dissipation

index (PDI) in May over the western North Pacific (WNP)

region shows a remarkable increase from the pre-1999

years (1979–1999) to the post-1999 years (2000–2011).

Both increased TC numbers and enhanced TC intensity

contributed to the change in the PDI. The averaged TC

number in May increased from 1.05 per year in the pre-

1999 years to 1.75 per year in the post-1999 years. In

particular, the number of intense typhoon goes up from

0.14 per year to 0.83 per year, implying a sharp increase of

TC intensity. Examination of the large scale background

circulation in May shows that the epochal increase of TC

number is caused by a significant increase of the genesis

potential index (GPI), which has increased by about 33 %

from the first (1979–1998) to the second (1999–2011)

epoch over the TC genesis region (110�E–160�E, 5�N–

20�N). The higher TC intensity is related to the increased

maximum potential intensity and reduced TC ambient

vertical wind shear in the second epoch. These decadal

changes in background conditions over the WNP are the

results of the enhanced summer monsoon in May over the

both South Asia and South China Sea.

Keywords Summer monsoon � Tropical cyclone �
Decadal change

1 Introduction

The western North Pacific (WNP) has the most tropical

cyclones (TC) all over the world, about one-third of all TCs

over the globe occur in this region and cause serious

property damage and loss of life. Therefore the variability

of the TC activity over the WNP has received much

attention. To a great extent, TC activities are affected by

the large scale circulation (Harr and Elsberry 1995; Tren-

berth 2007) over the WNP, for instance, the low-level

relative vorticity, the vertical wind shear (VWS), and the

relative humidity (RH) in the lower and middle troposphere

are very important factors for TC activity (Gray 1968). The

monsoon system, which is an important weather system

over this region, can regulate the large-scale environment

in which TCs are embedded and thus effects on the TC

activities. On one hand, the summer monsoon system

supplies low-level vorticity, mid-troposphere moisture that

favors TC activity; on the other hand,the monsoon system

may create a strong VWS that can depress TC activity in

the monsoon regions (Lee et al. 1989; Evan and Camargo

2011).

The recently researches show that, as a result of the

decadal shift of the summer monsoon onset (Kajikawa

et al. 2012; Kajikawa and Wang 2012), the atmospheric

circulation significantly changed in May and intensified TC

activities in the recent decade have been found over the

Arabian Sea (Evan et al. 2011; Wang et al. 2012). The TC

activity over the WNP are expected to change significantly

in May too. Tu et al. (2011) described an abrupt increase in

intense typhoons over the WNP in May after the year 2000.
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They compared the sea surface temperature, upper-ocean

heat content, tropospheric water vapor mid-troposphere

RH, the depth of 26 �C isotherm and VWS and they sug-

gest the mid-troposphere RH is the most important reason

to the increased intense typhoon number. However, they

didn’t explain why the RH change in the recent years and

how does it effect on TC activities. More details about the

changes in TC activities need to be illustrated and the

reasons of large-scale environmental indicators also need

to be investigated to understand the TC activities.

In this paper, we try to describe more details of the

increased TC number and enhanced TC intensity in May

over the WNP in the recent years. The reason of the TC

number change can be explained by the increased genesis

potential index (GPI) and enhanced TC intensity is caused

by larger maximum potential intensity (MPI) and weaker

VWS. And finally, the effect of Asia summer monsoon

system on the decadal changes in the large-scale thermal

and dynamic conditions are investigated.

The data used are described in Sect. 2. The TC number

and TC intensity changes in May are described in Sect. 3.

The relationships between the enhanced TC activity and

environmental factors are analyzed in Sect. 4. The impacts

of decadal changes in the South China Sea (SCS) monsoon

and South Asian (SA) monsoon on WNP TC activity are

compared in Sect. 5. A summary of the results and some

discussion are presented in Sect. 6.

2 Data and methodology

To investigate the features of TC activities, the TC power

dissipation index (PDI; Emanuel 2005) for the period of

1979–2011 was calculated based on the best track TC data

from the Joint Typhoon Warning Center (JTWC). The TC

intensity are interpolated by 6-h records and only the TC

with maximum surface wind greater than 34 knots (tropical

storm) are considered.

The multi-level daily atmospheric data including winds,

air temperature, relative and specific humidity, and the

surface pressure with a 1.5� 9 1.5� spatial resolution

derived from ERA interim (Dee et al. 2011) were used to

calculate the TC genesis potential index (GPI; Emanuel

and Nolan 2004) and investigate the large-scale environ-

ment factors for TC activity for the period of 1979–2011.

The monthly precipitation data derived from the National

Center for Environmental Prediction (NCEP) Climate

Prediction Center Merged Analysis of Precipitation

(CMAP; Xie and Arkin 1997) with 2.5� 9 2.5� spatial

resolution are also used in this paper. The GPI index is

defined as GPI ¼ 105g
�
�

�
�

3
2 H
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70
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where g is the absolute vorticity at 850 hPa, H is the RH at

700 hPa, Vpot is the maximum potential intensity (MPI),

and Vshear is the VWS between 200 and 850 hPa. The VWS

is defined as VWS ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
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q

.

The MPI is based on the theory of Emanuel (1988) and the

calculation code is from Emanuel’s website: ftp://texmex.

mit.edu/pub/emanuel/TCMAX/.

3 The enhanced tropical cyclone activity

The PDI of TCs, the sum of the cubes of the maximum

wind speed for the duration of the cyclone, reflects the

combined information about the storm intensity and life-

span. Figure 1 shows that the PDI in May over the WNP

has a significant increasing trend during the last 33 years.

From the pre-1999 years to the post-1999 years, the mean

PDI increased more than 120 %, from 0.9 9 107 m3/s3 to

2.2 9 107 m3/s3. The significance of the linear trend is

over the 95 % level by the Mann–Kendall test (Kendall

1975). However, this linear trend is largely due to the

sudden change in 2000, which is statistically significant at

the 95 % confidence level by the Lepage test (Lepage

1973). The increasing trend of storm number and PDI can

also be found in the TC datasets from the Tokyo-Typhoon

Center and Shanghai Typhoon Institute (not shown). This

means that the TC activity in May was significantly

enhanced during the past three decades. Because the PDI

increase reflects changes in TC numbers, mean lifespan,

and maximum wind speed, examination of each aspect is

warranted.

Figure 2a shows the yearly averaged number of TCs,

including tropical storms, typhoons, and intense typhoons

in May for 1979–2011 based on the JTWC datasets. A

tropical storm has a maximum surface wind greater than 34

knots (17.5 m/s) and less than 63 knots (32.4 m/s); a weak

typhoon has a maximum surface wind greater than 64 knots

(32.9 m/s) and less than 113 knots (58.1 m/s), which is

Fig. 1 PDI of May over WNP (including SCS) as a function of

calendar year derived from JTWC best track data. The thin black line

is the linear trend of PDI and the horizontal lines are the mean PDI of

the two epochs. The significance of the linear trend is over the 95 %

level by the Mann–Kendall test. The sudden change in 2000 is

statistically significant at the 95 % confidence level by the Le Page

test
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similar to category 1–3 hurricanes; and an intense typhoon

has a maximum surface wind over 114 knots (58.6 m/s),

which is similar to category 4–5 hurricanes. The mean TC

number in May for the pre-1999 years is about 1.05 per

year, including 0.45 tropical storms, 0.5 typhoons, and 0.15

intense typhoons. In contrast, the TC number in May for

the post-1999 years goes up to 1.75 per year including 0.67

tropical storms, 0.25 typhoons, and 0.83 intense typhoons.

The total numbers of TCs increased by 59 %. The differ-

ence between the TC numbers for the pre-1999 years and

post-1999 years is statistically significant at the 90 %

confidence level by t test. Notably, the number of intense

typhoons has increased remarkably, meaning that the TC

intensity has dramatically increased along with the total TS

number in May. The difference between the intense

typhoon numbers for the pre-1999 years and the post-1999

years is over the 99 % significance level by t test. How-

ever, the averaged TC lifespan in the pre-1999 years

(8.6 days) is slightly longer than that in the post-1999 years

(7.6 days), without a significant change (Fig. 2b).

The TCs’ tracks in May for the pre-1999 years and the

post-1999 years are shown in Fig. 3. Most TCs that formed

in the WNP move to the north-west at the beginning of

their lifespan and turn to the north-east around 15�N. The

TCs that formed in the SCS move to north-east during their

entire lifespan. Although some TCs crossed Taiwan and the

Philippine islands, few TCs made landfall on the Asian

mainland in May. These tracks are consistent with the

climatological mean steering flow in May (figure not

shown).

More than 95 % TCs genesis occurs in the region of

(110�E–160�E, 5�N–20�N), thus we define this region as

the WNP TC genesis region. Most TCs got their lifetime

maximum intensity (LMI) in the region of (110�E–160�E,

10�N–25�N), thus we defined this region as the TC

intensification region. The averaged genesis longitudes of

TCs for the pre-1999 years and the post-1999 years are

140.2�E and 132.1�E, respectively. The difference in the

TC genesis longitude is statistically significant at the 90 %

confidence level by t test. The westward shift of genesis
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Fig. 2 Averaged TC numbers (a) and lifespan (b) in the pre-1999

years and the post 1999 years. A tropical storm has a maximum

surface wind range from 35 knots to 63 knots; a weak typhoon has a

maximum surface wind range from 64 knots to 112 knots; and an

intense typhoon has a maximum surface wind greater than 113 knots.

The difference of the TC numbers between the pre-1999 years and the

post 1999 years is statistically significant at the 85 % confidence level

by t test. The difference of the intense typhoon number is over the

99 % significance level by t test

a 

b 

Fig. 3 a May TC over WNP of the pre-1999 years. The intensities of

the TCs are indicated by colors. The gray dots are the genesis location

of TCs and the open circles are the Life Maximum Intensity (LMI)

location of TCs. The blue rectangle (110�E–160�E, 5�N–20�N) is the

TC genesis region. The red rectangle (110�E–160�E, 10�N–25�N) is

the TC intensification region. b May TC over WNP of the post-1999

years. The intensities of TCs are indicated by colors. The gray dots

are the genesis location of TCs and the open circles are LMI location

of TCs. The blue rectangle (110�E–160�E, 5�N–20�N) is the TC

genesis region. The red rectangle (110�E–160�E, 10�N–25�N) is the

TC intensification region
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locations may reduce the TC lifespans. The mean LMI

location of TCs are 131.4�E, 17.1�N in the pre-1999 years

and 128.2�E, 16.9�N in the post-1999 years and the stan-

dard deviation of LMI locations on longitudes are 16.0�
and 9.7�, indicating that the TCs’ LMI locations had an

insignificant westward shift and were more concentrated in

the post-1999 years.

4 The environmental factors affecting TC activity

4.1 The GPI

To explain why there are more TCs over the WNP in May

during the recent years, we examined the Genesis Potential

Index (GPI), which can estimate the likelihood of TC

genesis, over the WNP in May for the period 1979–2011.

As shown in Fig. 4, the averaged GPI over the TC genesis

region reveals a significant decadal shift in 1999. The

averaged GPI before 1999 is 4.0 and its counterpart of the

recent years is 5.3, the averaged GPI over the TC genesis

region increased more than 32 %. The upward trend is over

the 95 % significance level by the Mann–Kendall test. The

sudden change around 1999 is statistically significant at the

95 % confidence level by the Le Page test. Such a decadal

shift in GPI is generally consistent with the decadal change

in TC activity. Because of the GPI is depend on the large-

scale circulations, which is more stable than TC activity,

the epoch 1 (1979–1998) and epoch 2 (1999–2011) are

defined based on the decadal change in GPI to analysis the

large-scale indicators in the following parts.

Figure 5 shows the climatology GPI from 1979 to 2011

and the epochal difference of GPI (1999–2011 minus

1979–1998). The climatology GPI has a maximum center

on the west side of Luzon Island and a secondary maxi-

mum center on the east side of Mindanao Island. From the

first to the second epoch, the GPI has increased signifi-

cantly over the subtropical (WNP) and slightly decreased

east of 155�E (Fig. 5). This east–west dipole pattern

implies that the maximum center of GPI shifted westward,

which explains why the TC genesis location shifted west-

ward from the first to the second epoch. The increasing GPI

in the SCS is mainly located between 10�N and 15�N on

the south side of the climatology maximum center,

implying a southward shift of TC activity in the SCS.

To investigate the importance of each of the four vari-

ables in the decadal shift of GPI, we calculated the GPI* by

fixing three factors at their long-term climatology and

allowing only one factor to vary. In this way, the contri-

bution of each factor can be identified. Although the GPI is

nonlinear product of the four factors, the relative impor-

tance of them can be evaluated by this method.

Figure 6 shows the epochal difference of GPI* induced

by each parameter. Obviously, the GPI* of RH at 700 hPa

has the largest change among the four GPI*, indicating that

the increase of GPI in the TC genesis region is mainly due

to the change in 700 hPa RH. The low-level vorticity is the

second important variable for the GPI increase in the TC

genesis region and it is the most important factor for the

decreased GPI in the central tropical Pacific. The VWS

reduced the GPI over the southern part of the SCS. The

MPI also made a contribution to increasing GPI over the

WNP.

Because the RH at 700 hPa is the most important factor

for the decadal change of the GPI, we examined its time

series in May averaged over the TC genesis region (Fig. 7).

The RH at 700 hPa also has a decadal change from 1999

and its interannual variation is also similar to that of GPI

(Fig. 4). The correlation between the time series of aver-

aged GPI and RH is 0.9, which is over the 99.9 % signif-

icance level.

4.2 The MPI and VWS

The increased PDI was also due to the TC intensification.

As mentioned previously, there are more intense typhoon

occurrences in the WNP during the second epoch (Fig. 2),

Fig. 4 GPI over the WNP TC genesis region (110�E–160�E, 5�N–

20�N) in May as a function of calendar year. The significance of the

linear trend is over the 95 % significance level by the Mann–Kendall

test. The sudden change around 1999 is statistically significant at the

95 % confidence level by the Le Page test

Fig. 5 The climatology (contour) and epochal difference (shading)

(1999–2010 minus 1979–1998) of the GPI in May. The blue rectangle

(110�E–160�E, 5�N–20�N) is the TC genesis region. Stippled regions

are for values significant at or above 95 % confidence level
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thus the averaged TC intensity dramatically increases

during the recent decade. Many studies suggest that both

the internal dynamics and external forcing from environ-

mental flow have the largest impact on TC intensification

(Wang and Wu 2004; Zeng et al. 2007), thus TC intensity

can be mainly explained by the MPI and the TC-ambient

VWS. To find out why the TC intensity has an upward

trend, we examined the MPI and TC ambient VWS over

the TC intensification region.

On one hand, the decadal shift of VWS and MPI became

more favorable for TC intensification from the first to the

second epoch. As shown in Fig. 8a, the positive epochal

difference (1999–2011 minus 1979–1998) of MPI domi-

nates the TC intensification region while the epochal

b 

c 

a 

d 

Fig. 6 The epochal difference of GPI* induced by a MPI, b VWS,

c RH, and d Low-level Vorticity. When calculating the GPI* induced

by a determined parameter, the other three parameters are replaced by

their climatology (1979–2011). The dashed lines are the 95 %

confidence level by t test

Fig. 7 RH at 700 hPa over the WNP TC genesis region (110�E–

160�E, 5�N–20�N) in May as a function of calendar year. The

significance of the linear trend is over the 90 % significance level by

the Mann–Kendall test. The sudden change around 1999 is statisti-

cally significant at the 95 % confidence level by the Le Page test

a 

b 

Fig. 8 The epochal difference (1999–2010 minus 1979–1998) of

MPI (shading) and VWS (200–850 hPa) (contour) in May. The red

rectangle (110�E–160�E, 10�N–25�N) is the TC intensification

region. The dashed lines are the 95 % confidence level by t test

Enhanced western North Pacific tropical cyclone 2559
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difference of the VWS is negative over the same region

(Fig. 8b), especially over the eastern part of the TC

intensification region.

We calculated the averaged MPI and VWS over the TC

intensification region. The MPI has an upward linear trend

in the past 33 years and shifts upward in 1999 (Fig. 9a).

The VWS has a downward linear trend and has a down-

ward decadal shift around 1999 (Fig. 9b). The significance

of the linear trend is over the 95 and 90 % significance

level, respectively, by the Mann–Kendall test for the MPI

and VWS. The sudden change around 1999 is statistically

significant at the 98 % confidence level for MPI and 90 %

confidence level for VWS by the Le Page test.

On the other hand, the shift in TC genesis locations

tends to make the TCs occur in a region that has a larger

MPI and smaller VWS. The climatological distribution of

MPI and VWS are shown in Fig. 10. It is clear that the

climatology MPI has two maximum centers. One is on the

equator and the other is around the Philippine islands.

There is no TC activity in the former one because of the

lack of Coriolis effect, thus we focused on the latter one.

The MPI decreases sharply on the north side of the maxi-

mum center and decreases more smoothly on the east side.

Because the mean longitude of the TCs’ LMI locations

shifted from 131.4�E to 128.2�E and became more con-

centrated near the mean longitude from the first to the

second epoch (Fig. 3), the TCs tend to have a larger

ambient MPI. Especially in the SCS, the mean TC LMI

location shifted from 18.1�N to 15.2�N, thus the MPI of the

TCs may have increased during their intensification in the

second epoch. Because the VWS has its minimum center

around Philippine islands, the TCs tended to enjoy the

weaker VWS at the same time.

As the result of decadal changes in MPI and VWS and

the shift of TC tracks, WNP TCs experienced larger

ambient MPI and smaller ambient VWS in the second

epoch than in the first epoch. We calculated the TC

ambient VWS and MPI in May over the WNP for the two

epochs. The TC-ambient MPI and VWS are defined as the

MPI and VWS at the location of each individual storm

during its intensity increase from 34 knots (17.5 m/s) to its

LMI. To minimize the influence of the storm circulation on

ambient flows, the MPI and VWS values for each TC are

calculated during the period 48 h before its arrival. As

shown in Fig. 11, the TC ambient VWS decreased about

1.6 m/s and TC ambient MPI increased by about 7.5 m/s

from the first epoch to the second. The difference in VWS

(MPI) between the two epochs is over the 95 % (99.9 %)

significance level by t test. Thus, the TC intensity is larger

in the second epoch and more intense TCs occurred during

this time.

5 The impacts of decadal changes in SCS monsoon

and SA monsoon

As mentioned above, the decadal shift in TC activities in

May over the WNP depends on the changes in large-scale

background conditions, such as RH at 700 hPa, VWS, and

MPI. What causes the favorable environmental background

in the second epoch? Those changes may be related to the

decadal change of the summer monsoon system. However,

previous studies show that the SCS summer monsoon has a

decadal shift in the mid-1990s. The summer monsoon onset

dates have been advanced and the mean westerly wind on

850 hPa has been enhanced since 1994 (Kajikawa et al.

2012; Xiang and Wang 2013). There is a 5-year time lag

between the decadal shift of the SCS monsoon and the

decadal shift of the large scale environmental factors,

a

b

Fig. 9 a MPI and b VWS (200–850 hPa) over the WNP TC

intensification region (110�E–160�E, 10�N–25�N) in May. The

significance of the linear trend is over the 90 % (95 %) significance

level by the Mann–Kendall test. The sudden change around 1999 is

statistically significant at the 90 % (98 %) confidence level by the Le

Page test

Fig. 10 The climatology of MPI (shading) and VWS (contour) in

May (1979–2011)
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indicating that the SCS summer monsoon is not the only

decisive reason for the background change.

Figure 12a shows the epoch difference of the 850 hPa

wind and 700 hPa RH between 1979–1998 and

1999–2011. The westerly wind in May is enhanced

between 5�N and 15�N, through the North Indian Ocean

(NIO) to the WNP from the first to the second epoch. This

pattern suggests that the Asian summer monsoon circu-

lation has been enhanced in May. The RH at 700 hPa also

increased through the NIO to the WNP, which is the main

contributor of the GPI increase from the first epoch to the

second.

In contrast, the difference of the 850 hPa wind between

1979–1993 and 1994–1998 has another pattern. The wes-

terly wind on 850 hPa only enhanced the southern part of

the SCS from 1979–1993 to 1994–1998, suggesting that

the SCS monsoon changes in 1994–1998 are just local

phenomena. There is no significant change in the 850 hPa

wind over the NIO and most areas of the NIO are dryer

than the previous epoch. This implies that the local wes-

terly wind change in SCS cannot supply enough water

vapor to the WNP without the help of upstream moisture

transport. Thus, from 1979–1993 to 1994–1998 the RH at

700 hPa did not have a significant increase over the WNP

(Fig. 12b). As a result, the GPI over the WNP TC genesis

region did not change significantly during 1994–1998

(Fig. 13a). At the same time, neither MPI nor VWS

changed significantly over the TC intensification region

(Fig. 13b).

As a result, although the SCS monsoon provided an

enhancing effect in May of 1994–1998, TC activity did not

increase. This is in contrast to after 1999 when both SA and

SCS summer monsoons provided enhancement. The

Fig. 11 The TC ambient a MPI and b VWS over the WNP in May of

the two epochs. The TC-ambient MPI and VWS are defined as the

MPI and VWS at the location of the storm during the TC intensity

increase from 34 knots (17 m/s) to its LMI. To decrease the influence

of the storm itself, MPI and VWS values for every TC are taken 48 h

before the TC arrival. The difference of VWS (MPI) between the two

epochs is over the 95 % (99.9 %) significance level by t test

a 

b

Fig. 12 a Epochal difference of 850 hPa wind (vector) and 700 hPa

relative humidity (shading) in May from 1979–1998 to 1999–2011.

b Epoch difference of 850 hPa wind (vector) and 700 hPa relative

humidity (shading) in May from 1979–1993 to 1994–1998

a 

b 

Fig. 13 The epochal differences of a GPI and b VWS (contour) and

MPI (shading) from 1979–1993 to 1994–1998. The blue rectangle

(110�E–160�E, 5�N–20�N) is the TC genesis region and the red

rectangle (110�E–160�E, 10�N–25�N) is the TC intensification region

Enhanced western North Pacific tropical cyclone 2561
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enhancing effect of a large scale monsoon westerly can

provide circulation conditions that are favorable enough to

enhance TC activity through their cooperation. Thus both

the SA and SCS monsoons are important for WNP TC

activity in May.

6 Summary and discussion

Our results demonstrate that the TC PDI in May over the

WNP region has remarkably increased after the year 2000.

The PDI went up from 0.9 9 107 m3/s3 per year to

2.2 9 107 m3/s3 per year with a significant decadal shift in

2000. Both the increased TC number and TC intensity

contributed to the change in the PDI. The averaged TC

number in May is 1.05 per year in the pre-1999 years

(1979*1999) and 1.75 per year in the post-1999

years (2000*2011). The number of intense typhoons goes

up from 0.14 per year to 0.83 per year, implying an abrupt

increase in TC intensity. The decadal change in TC number

is caused by the significant change in the ambient GPI,

which have a decadal shift in 1999 and increased about one

third from the first to the second epoch over the TC genesis

region (110�E–160�E, 5�N–20�N). The increase in TC

intensity tends to be caused by increased ambient MPI and

decreased ambient VWS in the second epoch. The decadal

changes in background conditions over WNP seem to be

the result of the enhanced summer monsoon in May during

the second epoch. Both the SA summer monsoon and CSC

summer monsoon are important in this process.

It should be noted that the decadal shift in GPI and

large-scale environmental factors occur in 1999 while PDI

changed since 2000. Although the GPI in May 1999 is

higher than other years, there was no tropical cyclone

genesis in that month. The most possible reason may be the

lack of perturbations which trigger storm formations during

that month due to the easterly (dry) phase of the Madden-

Julian Oscillation (MJO). MJO can modulate the TC

activity on the intraseasonal time scale obviously through

change the perturbations (eddy kinetic energy, EKE)

(Liebmann et al. 1994; Maloney and Hartmann 2001),

especially in May and June the intraseasonal oscillation can

synchronously influence most TC genesis over the WNP

(Huang et al. 2011). In May 1999, the WNP is controlled

by a typical easterly phase of MJO, and this phase acci-

dently persists the whole May (Fig. 14a, b). The easterly

wind reduce disturbance over the WNP (Maloney and

Dickinson 2003). Thus, the absence of TC may due to the

lack of disturbances. In short, this problem is mainly due to

the fact that we are looking for only 1 month in each year,

a b

c d

Fig. 14 a The 850 hPa horizontal wind and eddy kinetic energy

(EKE) in May of 1999 after 30–90 days band pass filter and b. The

850 hPa zonal wind (solid line) averaged over the region [110�E–

150�E, 5�S–10�N] and the EKE (dashed line) averaged over the

region [110�E–160�E, 5�S–20�N]. c and d are the same as a and b but

an ensemble of the year 1981, 1984, 1999 and 2001
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and the 30 days period can be affected by MJO cycle, that

is why the decadal shift in PDI did not occur in 1999. We

also find other 3 years (1981, 1984, and 2001) are similar

to 1999, which have relative higher GPI and extremely low

PDI. All of them show easterly wind in tropical western

Pacific and negative EKE over the WNP (Fig. 14c, d).

Xiang and Wang (2013) suggested that the root cause of

this recent decadal shift in the Asian summer monsoon may

be attributed to the mean state change in the Pacific basin.

While Zhu et al. (2011) mentioned that the Pacific Decadal

Oscillation (PDO), which shift from warm phase to cold

phase in 1999, induce a decadal change in East China rain

belt shift. At the same time, the WNP local SST tend to be

warmer in the cold PDO phase, and the warmer SST may

contribute to increase in MPI. That is one of the important

reasons of the enhanced TC activity. Although the causes

and mechanisms of the PDO change is not clear until now,

the effect of PDO on the environment circulation change

cannot be ruled out.

For further, we speculate that the changes in the Asian

summer monsoon provide a favorable environment for

enhanced TC activity, however, some other possible rela-

tionship may exist between TC activity and the monsoon

circulation. Kajikawa and Wang (2012) argued that the TC

activity might affect large scale circulation and trigger the

summer monsoon onset during the transitional phase from

spring to summer. The interaction between the large scale

circulation and synoptic processes need further investigation.
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