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In addition to tropical cyclones (TCs) locally formed in the South China Sea (SCS), there are also TCs that initially form over the Northwest Pacific (NWP) and move westward to enter the SCS (often called nonlocal TCs). It is unclear how those nonlocal TCs are modulated by the intraseasonal climate variability. In this study, the impacts of two types of intraseasonal oscillations, namely the Madden–Julian Oscillation (MJO) and the quasi-biweekly oscillation (QBWO), on nonlocally formed TCs over the SCS in summer (May–September) are analyzed based on best-track TC data and global reanalysis during 1979–2018. Results show that in the convective phases of both MJO and QBWO, the western Pacific subtropical high shifted more eastward, and more TCs entered the SCS. This is mainly because more TCs formed in the NWP in the convective phases of intraseasonal oscillations and the genesis locations of the NWP TCs shifted westward and closer to the SCS. In addition to TC count, intraseasonal oscillations also affected the intensity of nonlocal TCs entered the SCS, with the influence of QBWO being more significant than MJO. In the convectively active phases of QBWO (phases 2–5), 34 nonlocal TCs reached typhoon intensity, while only two nonlocal TCs reached typhoon intensity in the convectively inactive phases (phases 1, 6, 7, 8). Further analysis indicates that nonlocal TCs often moved with the northwestward propagating convective signals of QBWO, resulting in more and stronger TCs that entered the SCS in the convective phases of QBWO. The mean location that the nonlocal TC entered the SCS also shifted northward with the northward propagation of intraseasonal oscillations.
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INTRODUCTION
The South China Sea (SCS) is affected by two types of tropical cyclones (TCs) based on their genesis locations, namely, TCs locally formed over the SCS (local TCs) and TCs formed over the Northwest Pacific (NWP) and moved westward to enter the SCS (nonlocal TCs). The impacts of intraseasonal oscillations, namely the Madden–Julian oscillation (MJO, Madden and Julian, 1971, Madden and Julian, 1972) and the quasi-biweekly oscillation (QBWO, Jia and Yang, 2013), on local TCs in summer over the SCS were investigated by Ling et al. (2016). The results show that more (less) TCs formed in the convectively active (inactive) phases of intraseasonal oscillations, and the genesis locations shifted northward with the northward propagation of the convective signals of intraseasonal oscillations. Both MJO and QBWO also played an important role in modulating the tracks of the eastward moving TCs. Compared with local TCs, nonlocal TCs are more frequent and often stronger and vary out-of-phase with local TCs in summer over the SCS (Ling et al., 2015). Both local and nonlocal TCs can affect the ocean stratification, circulation, and primary production in the SCS (Chu et al., 2000; Lin et al., 2003; Wang et al., 2009; Ling et al., 2011; Wang et al., 2014) while the activity of nonlocal TCs has not been extensively investigated, in particular their modulations by intraseasonal variability.
The impacts of MJO on NWP TCs have been extensively studied. The results show that the TC genesis is enhanced (suppressed) in the convective (non-convective) phases of MJO (Liebmann et al., 1994; Kim et al., 2008; Li and Zhou 2013a; Zhao et al., 2015a; Zhao et al., 2015b). In addition to the genesis frequency, MJO can also modulate the genesis location of TCs over the NWP (Kim et al., 2008; Li and Zhou 2013a). Li et al. (2012) found that the modulation of MJO on TCs over the NWP is enhanced during El Nino events. Li and Zhou (2013a, b) studied the impact of both MJO and QBWO on NWP TCs. Their results show that TC genesis is enhanced (suppressed) in the convective (non-convective) phases of QBWO, the TC genesis location shifts northwestward with the northwestward propagation of the convective signals of QBWO, and the impact of QBWO on NWP TCs is often modulated by MJO. They also showed that both MJO and QBWO can modulate the motion of NWP TCs and significantly affect TC landfall locations. Zhao et al. (2015a) also investigated the influence of the MJO and QBWO on the genesis of NWP TCs and found that the low-level absolute vorticity and the mid-level relative humidity are two key factors by which intraseasonal oscillations modulate tropical cyclone genesis. Shi et al. (2019) found that the QBWO can modulate the supper typhoon tracks over the NWP by changing the steering flow. In the decline (mature) stage of QBWO, an anticyclonic circulation covers the entire WNP and SCS (mid-eastern NWP), which is favorable for typhoons move westward (eastward).
Nonlocal TCs formed in the NWP, moved westward and entered the SCS. Most previous studies considered NWP TCs as a whole, including those over the SCS. It is unclear how the nonlocal TCs are affected by the intraseasonal climate variability. In this study, we focus on the impacts of MJO and QBWO on nonlocal TCs in summer over the SCS. We will show that both MJO and QBWO can significantly affect the genesis frequency and location, intensity and motion of nonlocal TCs over the SCS. The rest of the paper is organized as follows. “Data and Methodology” section briefly introduces the data and method used in this study. The impacts of MJO and QBWO on the activity of nonlocal TCs over the SCS are discussed in “Results” section. The major results are summarized in the last section.
DATA AND METHODOLOGY
The best track TC data during 1979–2018 were obtained from the Japan Meteorological Agency, which includes six hourly TC location (longitude and latitude of each TC center), minimum central sea level pressure, and 10-min mean maximum surface wind speed (available for TCs with maximum surface wind speed equal to or greater than 35 knots). The European Centre for Medium-range Weather Forecasting Interim reanalysis data (ERA-Interim, Dee et al., 2011), including geopotential height at 500 hPa and winds from 300 to 850 hPa during the period 1979–2018 were used to calculate the steering flow and intraseasonal variability. The steering flow used in this study is defined as the mass-weighted mean flow between 300 and 850 hPa (Holland 1983). The ERA-Interim has a spatial resolution of 0.75° longitude × 0.75° latitude on 37 pressure levels in the vertical. The interpolated outgoing longwave radiation (OLR) dataset for the period 1979–2018 was obtained from the NOAA/OAR/ESRL/PSD, Boulder, Colorado, USA (Liebmann and Smith 1996), whose temporal and spatial resolutions are daily and 2.5° latitude × 2.5° longitude, respectively.
As done in previous studies (Kim et al., 2008; Huang et al., 2011; Jia and Yang 2013; Li and Zhou, 2013a; Li and Zhou, 2013b, Ling et al., 2016), the empirical orthogonal function (EOF) analysis was employed to get the dominant modes of MJO and QBWO in the domain of (0–30°N, 100–170°E) using the 30–60 and 10–20 days filtered OLR. Based on their respective first two principal components, the MJO and the QBWO modes are then divided into 8 phases as done in Jia and Yang (2013). In this study, the domain of SCS is referred to as 98°–121°E and 0–23°N, and the phase to which a nonlocal TC belongs is determined based on the day the TC passed 121°E and entered the SCS since this study focused on TC activity in the SCS.
RESULTS
Frequency of Nonlocal Tropical Cyclones in Different Madden-Julian Oscillation and Quasi-Biweekly Oscillation Phases
As listed in Table 1, among 591 NWP TCs (the local TCs formed over the SCS were excluded), 145 (nonlocal TCs) entered the SCS in summer during 1979–2018. Among those nonlocal TCs, 97 entered the SCS in phases 1, 6, 7, and 8 of MJO, while only 48 entered the SCS in the other four phases of MJO. In total, 110 entered the SCS in phases 2, 3, 4 and 5 of QBWO, while only 35 entered the SCS in the other four QBWO phases. Note that the phase of the nonlocal TCs is based on the day that the nonlocal TCs entered the SCS as mentioned above. As shown in Ling et al., 2016, most local TCs also formed in phases 1, 6, 7, and 8 of MJO and phases 2, 3, 4, and 5 of QBWO, indicating that both local and nonlocal TCs are active when the convective signals of MJO and QBWO are located over the SCS. The daily entering rate, defined as the daily nonlocal TC number in each phase (namely the number of nonlocal TCs divided by the days of each phase), shows a significantly enhanced activity of nonlocal TCs over the SCS in phases 7 and 8 of MJO and phases 3 and 4 of QBWO, while a significantly suppressed activity in phases 4 and 5 of MJO and phases 6, 7, and 8 of QBWO.
TABLE 1 | The number and daily entering rate (DER) of nonlocal TCs in each phase of MJO and QBWO phase.
[image: Table 1]Previous studies have shown that the motion of NWP TCs is strongly controlled by the western Pacific subtropical high (Chan and Gray 1982; Holland 1983; Harr and Elsberry 1991; Ren et al., 2008; Wang and Wang 2013). Ling et al. (2015) found that when the western Pacific subtropical high shifts eastward (westward) in summer, fewer (more) NWP TCs entered the SCS because most TCs over the NWP recurved northward (moved westward). As we can see from Figures 1 and 2, the mass-weighted steering flow between 300 and 850 hPa is favorable (unfavorable) for NWP TCs to enter the SCS when the western Pacific subtropical high shifts westward (eastward) with its associated easterlies to the south extending westward (retreating eastward). Although the western Pacific subtropical high shifts more eastward in phases 1, two and eight of MJO and phases 3, 4, and 5 of QBWO, many nonlocal TCs entered the SCS in these phases (Table 1). This is mainly due to the fact that more TCs over the NWP formed in the previous or present phases when the convective signals of MJO and QBWO were located over the NWP (Li and Zhou 2013a; Zhao et al., 2015a, Zhao et al., 2015b). As shown in Table 2, among 591 NWP TCs, 380 and 318 NWP TCs formed in phases 1, 2, 7, and 8 of MJO and in phases 2, 3, 4, and 5 of QBWO, respectively.
[image: Figure 1]FIGURE 1 | The composite OLR anomalies (color, W m−2), tracks of nonlocal TCs (white lines), the location of the western Pacific subtropical high and 300–850 hPa mass-weighted steering flow (vectors, m s−1) in each phase of MJO. Black curves denote the climatological 5,870 geopotential height at 500 hPa, the red curves denote the 5,870 geopotential height over 500 hPa in each phase of MJO. The phase of the TC is based on the day that the nonlocal TCs enter the SCS.
[image: Figure 2]FIGURE 2 | The same as in Figure 1 but for each phase of QBWO.
TABLE 2 | The number and mean genesis location of NWP TCs (excluding local TCs that formed over the SCS) in each phase of MJO and QBWO.
[image: Table 2]Comparing the percentage of the nonlocal TCs among the total NWP TCs in Figure 3, we can see that the percentages are higher in phases 5, 6, 7, and 8 of MJO and phases 1, 2, 3, and 8 of QBWO. Among those phases, the western Pacific subtropical high shifted westward relative to the climatological mean position in phases 5, 6, and 7 of MJO and phases 1 and 8 of QBWO (Figures 1 and 2), which is favorable for NWP TCs to move westward and enter the SCS (Li and Zhou 2013b; Ling et al., 2015). However, high proportion of NWP TCs entered the SCS when the western Pacific subtropical high shifted eastward in phase 8 of MJO (28.4%) and phase 3 of QBWO (27.8%), and the percentage of the nonlocal TCs among the total NWP TCs is the highest (36.7%) in phase 2 of QBWO when the western Pacific subtropical high is nearly in its climatological position. This is mainly due to the westward shift in TC genesis locations over the NWP. The TC genesis locations in phase 8 of MJO and phases 2 and 3 of QBWO significantly shift westward (above 95% confidence level), with their mean longitudes being the most westward, 139.4°E in phase 8 of MJO and 139.3, 139.6°E in phases 2 and 3 of QBWO, respectively (Table 2). Since most NWP TCs move westward or northwestward after their formation, the genesis location close to the SCS implies more TCs to enter the SCS. As shown in Figure 4, the mean genesis longitude of nonlocal TCs is more westward than that of the total NWP TCs in each phase of intraseasonal oscillations, indicating that TCs formed over the NWP close to the SCS have higher potential to enter the SCS.
[image: Figure 3]FIGURE 3 | The number of total NWP TCs (blue) and the ratio (red) of the nonlocal TCs and the total NWP TCs in each phase of (A) MJO, and (B) QBWO.
[image: Figure 4]FIGURE 4 | The mean genesis longitude for total NWP TCs (red line) and nonlocal TCs (blue lines) in each phase of MJO (A), and QBWO (B). The nonlocal TCs-G and nonlocal TCs-E denote the phases composited based on the genesis day and the day that the nonlocal TCs entered the SCS, respectively.
For nonlocal TCs in the phases composited based on the genesis day of nonlocal TCs (TCs-G), the variation of the genesis longitude of nonlocal TCs is consistent with that of total NWP TCs in different phases of intraseasonal oscillations. For MJO (Figure 4A), the genesis locations of the TCs shift eastward from phase 1 to phase 3, and then shift gradually westward from phase 3 to phase 8. Note that the genesis location of nonlocal TCs-G slightly shifts eastward in phases 6 and 7. For QBWO (Figure 4B), the genesis locations of the NWP TCs shift eastward from phase 2 to phase 7 and then shift westward from phase 7 to phase 2. The variation of the genesis location of nonlocal TCs-G is similar to that of the NWP TCs except that the genesis location of nonlocal TCs shifts westward from phase 2 to phase 4. For nonlocal TCs in the phases composited based on the day that the nonlocal TCs entered the SCS (nonlocal TCs-E), the genesis location exhibits different variation from that of the NWP TCs. Generally, the genesis location of nonlocal TCs-E shifts eastward and westward in inactive phases (phases 2, 3, 4 and 5) and active phases (phases 6, 7, eight and 1) of MJO, respectively. The genesis location of nonlocal TCs-E shifts eastward from phase 1 to phase 6 and then shift westward from phase 6 to phase 8 of QBWO. It is interesting to note that the location of the western Pacific subtropical high is most westward in phase 8 of QBWO and the genesis location of nonlocal TCs-E is also most westward, but only 4 TCs entered the SCS in phase 8 of QBWO and thus this may not be representative and no statistically meaningful.
To examine the combined effect of MJO and QBWO on the activity of nonlocal TCs over the SCS, we define phases 1 6, 7, and 8 of MJO and phases 2, 3, 4, and 5 of QBWO as active phases and the other phases as inactive phases based on the location of the ISO convective and non-convective centers and the number of the nonlocal TCs. Among 145 nonlocal TCs, 80 TCs entered the SCS in the active phases of both MJO and QBWO and 30 (17) TCs entered the SCS in the inactive (active) phases of MJO along with the active (inactive) phases of QBWO, while 18 TCs entered the SCS in the inactive phases of both MJO and QBWO, confirming that both MJO and QBWO have significant impacts on the activity of nonlocal TCs over the SCS (Figure 5). The number of nonlocal TCs in the active phases of MJO and the inactive phases of QBWO is nearly the same as that in the inactive phases of both MJO and QBWO, indicating that the activity of nonlocal TCs over the SCS is significantly suppressed in the inactive phases of QBWO.
[image: Figure 5]FIGURE 5 | Tracks of nonlocal TCs in the combined phases of QBWO and MJO. Red triangles represent the genesis locations of non-local TCs. (A) is for the active phases of both MJO and QBWO, (B) is for the active phases of MJO along with the inactive phases of QBWO, (C) is for the inactive phases of MJO along with the active phases of QBWO, and (D) is for the inactive phases of both MJO and QBWO.
Entry Location and Intensity in Different Madden-Julian Oscillation and Quasi-Biweekly Oscillation Phases
Most nonlocal TCs made landfall in the Philippines before they entered the SCS. The entry location and intensity of nonlocal TCs are two interesting parameters. As we can see from Figure 6, the mean latitude where the nonlocal TC entered the SCS (note that 121°E is defined as the eastern boundary of the SCS) ranged from 16.7 to 20.8°N in different MJO phases and ranged from 16.3 to 19.4°N in different QBWO phases. The mean latitude where the nonlocal TCs entered the SCS shifted more southward (northward) in phases 3, 4, 5, 6, and 7 of MJO and phases 1, 2, 3, and 8 of QBWO (in phases 1, 2, and 8 of MJO and phases 4, 5, 6, and 7 of QBWO). Overall, the entry location significantly shifts northward in phases 2 and 8 of MJO and phase 4 of QBWO, and southward in phase 7 of MJO, all statistically significant above 95% confidence level. The entry location varies irregularly with the MJO phase, with more northward (southward) shift when the western Pacific subtropical high shifts eastward (westward) in phases 1, 2, and 8 (phases 3, 4, 5, 6, and 7) of MJO. The entry location varies quite regularly with the QBWO phase, with the entry location shifting northward from phase 2 to phase 4, then gradually shifting southward from phase 4 to phase 8. This variation is consistent with the movement of the western Pacific subtropical high, which shifts eastward (westward) from the phase 2 to phase 4 (from phase 4 to phase 8), along with the northward propagation of convective (non-convective) signals (Figure 2). In addition, the genesis locations of NWP TCs also shifted northward with the northward shift of convective signals of QBWO (Table 2), which may also contribute to the northward shift of the entry location in the active phases of QBWO.
[image: Figure 6]FIGURE 6 | The mean latitude and its standard deviation of nonlocal TCs entering the SCS in each phase of MJO (blue) and QBWO (red). The black line indicates the mean entry location. The black dots indicate the values exceeding 95% confidence level basing on the Student’s t test.
The best-track dataset from Japan Meteorological Agency only provides the maximum wind speed equal to or greater than 35 knots, so we used the minimum sea level pressure to represent the intensity of a TC. Figure 7 shows the mean minimum sea level pressure of nonlocal TCs when they entered the SCS in each phase of MJO and QBWO, respectively. Overall, nonlocal TCs were stronger (weaker) in the active (inactive) phases of MJO and QBWO when they entered the SCS. This can be attributed to the fact that in the active (inactive) phases, the area east of the Luzon Island was dominated by large negative (positive) OLR and cyclonic (anticyclonic) circulation (Figures 1 and 2), which were favorable (unfavorable) for the development/intensification of nonlocal TCs prior to they crossed the Luzon Island. The entry intensity of nonlocal TCs is significantly enhanced in phases 4 of QBWO, while it is significantly suppressed in phases 7 and 8 of QBWO and phase 4 of MJO. The nonlocal TCs were the strongest in phases 7 and 8 of MJO and phases 3 and 4 of QBWO. As shown in Table 1, the number of nonlocal TCs is also the largest in these phases, indicating that the nonlocal TCs were active and stronger in the active phases of MJO and QBWO. However, it should be noticed that the large variability in TC intensity exists in all phases except in phases 7 and 8 of QBWO.
[image: Figure 7]FIGURE 7 | The average minimum sea level pressure (MSLP, hPa) and its standard deviation of the nonlocal TCs when they entered the SCS in each phase of MJO (red) and QBWO (blue). The black line indicates the mean entry intensity. The black dots denote the values exceeding 95% confidence level basing on the Student’s t test.
Figure 8 shows the number and ratio of nonlocal TCs for different entry intensities. For MJO (Figures 8A,C), the number of tropical depressions increased from phase 2 to phase 7, while the number of tropical storms decreased from phase 1 to phase 7. More (less) severe tropical storms and typhoons entered the SCS in the active (inactive) phases, especially the number of typhoons significantly increased in phases 7 and 8 MJO, respectively. The percentage of nonlocal TCs with typhoon intensity among the total nonlocal TCs in phases 7 and 8 of MJO are also high (38.7 and 28.6%, respectively). It should be noted that the ratio of TCs with typhoon intensity in phase 2 is the second highest (33.3%), but few nonlocal TCs (15) entered the SCS in phase 2 of MJO.
[image: Figure 8]FIGURE 8 | The number (A, B) and ratio (C, D) of nonlocal TCs of each intensity category in each phase of MJO (A, C) and QBWO (B, D).
For QBWO (Figures 8B,D), the number of nonlocal TCs peaks in phase 3 for tropical depressions and severe tropical storms, and in phase 4 for tropical storms and typhoons. The number of tropical depressions is larger in phases 1, 2, and 3, and then decreases from phase 3 to phase 5. The number of severe tropical storms decreases from phase 3 to phase 8. The number of tropical storms and typhoons increases from phase 1 to phase 4 and decreases from phase 4 to phase 8. Among all intensity categories, the intensity variation of typhoons is the largest. In the active phases (phases 2–5), 34 typhoons entered the SCS, while only two typhoons entered the SCS in the inactive phases. The ratio between the nonlocal TCs at different intensities and the total nonlocal TCs (Figure 8D) shows an out-of-phase relationship between tropical depressions and typhoons. Namely, the ratio of tropical depressions decreases (increases) from phase 1 to phase 4 (from phase 4 to phase 6), while that of typhoons increases (decreases) from phase 1 to phase 4 (from phase 4 to phase 8). It also shows that the QBWO can significantly affect the entry intensity of nonlocal TCs. The ratio of tropical storms shows an increasing trend from phase 1 to phase 8 with the two lowest values in phase 3 and phase 6, while the ratio of severe tropical storms is high in active phases except phase 2 and decreases from phase 5 to phase 8. For typhoons, the ratio increases from phase 1 to phase 4 and decreases from phase 4 to phase 8. It should be noted that the ratio of typhoons is the highest among all categories in phases 4 and about 40% nonlocal TCs can reach typhoon intensity when they entered the SCS.
To understand how the QBWO affects the entry intensity of nonlocal TCs over the SCS, we show in Figure 9 the composited 10–20 day band-pass filtered OLR and 850 hPa wind fields several days before the nonlocal TCs entered the SCS for both the active and inactive phases of QBWO. In the active phase (left panels in Figure 9), the composite OLR around the TC center was negative and the wind at 850 hPa was cyclonic. These signals moved westward with TCs and were favorable for TCs to intensify, resulting in stronger nonlocal TCs in the active phases. In the inactive phases (right panels in Figure 9), the composite OLR around the TC center was also negative but much weaker than that in the active phases. We noticed that this was probably related to TCs themselves since TCs can also significantly contribute to intraseasonal oscillations (Hsu et al., 2008). The area east of the Luzon Island was dominated by large positive OLR anomalies and anticyclonic circulation, which was unfavorable for TC intensification, resulting in relatively weaker nonlocal TCs in the inactive phases of QBWO. Overall, these results demonstrate that the impact of QBWO is more significant than that of MJO on both the number and entry intensity of nonlocal TCs over the SCS.
[image: Figure 9]FIGURE 9 | The composite 10–20 days filtered OLR anomalies (color, W m−2) and 850 hPa wind vectors (m s−1) for nonlocal TCs entering the SCS in the active (left panels) and inactive (right panels) phases of MJO. The number means the days before the date that the nonlocal TCs entered the SCS. The stippling indicates the statistical significance of OLR at the 95% CI.
Impact of Quasi-Biweekly Oscillation Convective Signals on Nonlocal Tropical Cyclone Motion
As discussed above, the QBWO can significantly affect both the number and the entry intensity and location of nonlocal TCs over the SCS. During the active phases of QBWO, the western Pacific subtropical high shifted eastward, with more nonlocal TCs affecting the SCS, which was inconsistent with previous results (Ling et al., 2015). In addition, more nonlocal TCs can reach typhoon category in the active phases of QBWO. Based on these results together with the fact that both nonlocal TCs and the convective signals of QBWO moved northwestward as a whole, we may hypothesize that TCs developed and embedded in the convective regions of QBWO could move following the convective signals of QBWO. To verify this hypothesis, we chose phase 4 as an example, in which most TCs entered the SCS and most TCs reached severe tropical storm and typhoon categories. We can see from Figure 10 that in general TCs moved with the convective signals of QBWO. The TC center was coincident with the center of the cyclonic circulation of QBWO except for day 0 when the coupled system was likely affected by the Philippine Island. When TCs were embedded in the convective signals, the strong easterly to the north of the circulation center prevented the TCs from moving northward. As a result, those TCs moved westward and entered the SCS although the western Pacific subtropical high shifted eastward. In addition, the cyclonic circulation and negative OLR were also favorable for TC intensification. This explains why about 40% nonlocal TCs in phase 4 of QBWO could reach typhoon category when they entered the SCS.
[image: Figure 10]FIGURE 10 | The composite 10–20 days filtered OLR anomalies (color, W m−2) and 300–850 hPa mass-weighted steering flow (vectors, m s−1) around the TC center for nonlocal TCs entering the SCS in phase 4 of QBWO. The number means the days before the date that the TCs entered the SCS. The red triangle represents the TC center.
CONCLUSION AND DISCUSSION
In this study, the impacts of intraseasonal oscillations, including both MJO and QBWO, on the frequency, motion and intensity of TCs that formed over the NWP and entered the SCS (nonlocal TCs over the SCS) in summer have been investigated. Results show that in general, in the active (inactive) phases of MJO and QBWO, more (less) and stronger (weaker) nonlocal TCs can affect the SCS. In the active (inactive) phases, more (less) TCs formed over the NWP with the mean genesis location closer to (far away from) the SCS, corresponding to more (less) NWP TCs to enter the SCS although the western Pacific subtropical high shifted eastward (westward). The area east of the Luzon Island was dominated by negative (positive) OLR anomalies and low-level cyclonic (anticyclonic) circulation in the active (inactive) phases, leading to stronger (weaker) TCs to enter the SCS. Compared with MJO, the effect of QBWO on the entry intensity of nonlocal TCs is more significant. An interesting result is that nonlocal TCs moved with the convective signals of QBWO, which thus imposed a more significantly effect on the intensity of nonlocal TCs. In addition to the number and entry intensity, intraseasonal oscillations also affected the entry location of nonlocal TCs over the SCS. Generally, the entry location shifted northward (southward) in active (inactive) phases of the two intraseasonal oscillations. With the northward propagation of the convective (non-convective) signals of QBWO, the entry location of nonlocal TCs shifted northward (southward), which is consistent with the eastward (westward) shift of the western Pacific subtropical high.
Since most nonlocal TCs made landfall over the Philippines before they entered the SCS, results from this study thus indicate that intraseasonal oscillations, especially the QBWO, can significantly affect the landfall location and intensity of nonlocal TCs over the Philippines. This may be helpful for forecasting landfall TCs over the Philippines and also the intensity of nonlocal TCs entering the SCS since most strong TCs making landfall in South China are nonlocal TCs with relatively large size after they cross the Philippines (Chou et al., 2011). Therefore, monitoring the activity of intraseasonal oscillations is of great importance to accurate prediction of TC activity over the SCS and their impact on Southeast Asia.
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