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tive GPI anomalies are significantly reduced by the 
impact of VWS. During Phases 1 and 2, the influence 
of the four factors to the negative GPI anomalies is 
not negligible, where the 850 hPa absolute vorticity 
and 600 hPa RH contribute to the total negative GPI 
anomalies, while contributions of PI and VWS reduce 
the GPI anomalies. Note that the nonlinear contribu-
tion to the observed GPI anomalies associated with 
the QBWO is more important than that with the MJO, 
especially during the QBWO Phases 2–5. 

3. The above results further suggested that the 
impacts of the ISV on TC genesis over the WNP basin 

are largely due to the changes in large-scale factors. 
Further examinations found that during the active 
phase of the MJO mode over the western Pacific 
(e.g., Phases 4–6), cyclonic low-level circulation 
as a result of Rossby wave responses and enhanced 
mid-level RH is evidently associated with enhanced 
ISV convection. These two factors contribute to the 
positive GPI anomalies and play positive roles for 
TC genesis. On the other hand, the enhanced anom-
alous southwesterly winds in the lower troposphere 
corresponding to the enhanced ISV convection tend 
to increase the total wind speed considering the 

Fig. 8. Composite GPI anomalies (shaded, see color scale on the right) at different MJO phases along with the TC 
genesis events based on observation during the period of 1998–2012.
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low-level southwesterly mean monsoonal circula-
tion. Therefore, it increases VWS during the active 
ISV phase, i.e., positive anomalies, and disfavors TC 
genesis. As for PI, which is mainly linked to SST, 
becomes largely negative during the enhanced phase 
of the MJO mode as results of increased surface evap-
oration and the reduction of solar radiation because of 
cloudiness; thus, it also plays a negative role for TC 
genesis during the active ISV phases. Similar results 
are also found for the QBWO mode.

5.  Summary

In this study, the impacts of the two leading intra-

seasonal variability modes, i.e., the MJO and QBWO, 
on TC genesis over the WNP during the active TC 
season from 1998 to 2012 are re-examined with a 
particular emphasis on the joint impact of these two 
ISV modes. In agreement with previous studies (Lieb-
mann et al. 1994; Wang and Zhou 2008; Camargo 
et al. 2009; Wang et al. 2009; Huang et al. 2011; Li 
et al. 2013a), it is illustrated that while both the MJO 
and QBWO can modulate TC genesis over the WNP, 
a majority of the TC genesis events occur when both 
of the ISV modes are active. 

Following Jiang et al. (2012), the key environ-
mental factors associated with the two dominant 

Fig. 9. Same as Fig. 8, but for the QBWO.
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ISV modes in modulating TC genesis over the WNP 
basin are further explored by the GPI analysis, which 
is proposed by Emanuel and Nolan (2004). Consis-
tent with a previous study by Camargo et al. (2009), 
it is found that anomalous GPI patterns associated 
with the WNP MJO and QBWO can well depict the 
modulations of TC genesis by these two ISV modes. 
We further examine the relative roles of four GPI 
environmental variables associated with the MJO and 
QBWO. Their contributions to the total GPI anom-
alies during the MJO and QBWO life cycles are 
analyzed.

Camargo et al. (2009) suggested that mid-level 
humidity and low-level vorticity tend to be the two 
most important contributors to the MJO composite 

GPI anomalies based on similar analyses for the 
global oceans. With a focus on the WNP basin, the 
present study reveals that the impacts of these factors 
are different and depend on the MJO and QBWO 
phases, which are similar to those over the ENP 
basin (Jiang et al. 2012). Both the 850 hPa absolute 
vorticity and 600 hPa RH make major contributions 
to the observed active WNP TC genesis during all 
MJO and QBWO phases. Meanwhile, VWS and the 
850-hPa absolute vorticity also contribute to the total 
GPI anomalies during the specific QBWO and MJO 
phases. Nonlinear terms for the total GPI anom-
alies associated with the QBWO tend to be more 
important than those with the MJO. While details 
on these nonlinear processes warrant further investi-

Fig. 10. Contributions of the four terms to the total observed GPI anomalies over the WNP basin as a function of 
the MJO (a) or QBWO (b) phase.
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gation, this result is largely consistent with previous 
studies that synoptic-scale activity also feedbacks 
to the ISV (Zhou and Li 2010; Hsu and Li 2011a, 
b; Rong et al. 2011). In particular, the ISV–TC rela-
tionship as suggested by the composite results for the 
entire TC season as shown in this study can be gener-
ally observed in composites for the early (May–June) 
and later (July–August) summer season. However, it 
is worth mentioning that the ISV modulation of TC 
in early summer is stronger than that in late summer. 
About 69 % of total TCs are formed during the active 
ISV phases (e.g., Phases 4–7) in early summer, while 
about 45 % of total TCs are generated when the ISV is 
active during late summer. 

Although the impacts of environmental factors 
modulated by ISV on WNP TC genesis is similar to 
that over the ENP basin in Jiang et al. (2012). The 
observed modulations of TC genesis over the ENP 
basin by the large-scale ISV are represented better 
than those over the WNP basin. For example, some 
WNP TCs occur over regions with negative rainfall 
anomalies during phase 2 of the MJO (Fig. 3). This 
suggests that the physical mechanism controlling TC 
genesis over the WNP basin could be more complex 
than that over the ENP basin. In addition to the impact 
of the MJO and QBWO modes, previous studies 
suggested that the monsoon trough and subtropical 
high also play significant roles in affecting WNP TC 
genesis (Wu et al. 2012; Molinari and Vollaro 2013; 
Wang et al. 2013a; Wang et al. 2013b); these need 
further investigations.
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