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As a kind of weather phenomenon with destructive wind and heavy rainfall, tropical cyclones (TCs), especially the landing TCs, can cause severer economic damage and losses of life. Philippines is one of the countries mostly affected by Tropical cyclones (TCs). Based on the best-track TC data and global atmospheric and oceanic reanalysis data, the present paper investigates the isolated and combined effects of two intraseasonal oscillations, the Madden-Julian oscillation (MJO) and the quasi-biweekly oscillation (QBWO), on landfall of TCs in the Philippines during boreal summer (May-September) in 1979-2019. The results show that both the MJO and the QBWO can significantly affect the frequency, landfall intensity, location, and translation speed of TCs that make landfall in the Philippines. During the convective (non-convective) phases of the MJO and the QBWO, more (less) frequent and stronger (weaker) TCs make landfall in the Philippines. This is due to the increased (decreased) frequency of TCs formation in the NWP and environmental factors in the region east of the Philippines that are favorable (unfavorable) for the development of TCs. With the northward propagation of the convective signals of the MJO and QBWO, the Western Pacific Subtropical High (WPSH) shifts eastward, and the steering flow is unfavorable for westward movement of NWP TCs. This, in turn, causes a northward shift in the landfall locations and a decrease in the translation speed of TCs. These results are helpful for the prediction of the TCs affecting the Philippines.
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1 INTRODUCTION
The Philippines is located in the western boundary of the northwestern Pacific (NWP), the most active region of tropical cyclone (TC) activity in the world. This makes the Philippines the country mostly affected by TCs. Every year on average, 18 TCs affect the Philippines and 3.6–6 TCs make landfall in the Philippines (Takagi and Esteban, 2016; Corporal-Lodangco and Leslie, 2017). These landfalling TCs bring very strong winds, heavy rains and storm surges, which cause loss of life and considerable economic damage in the Philippines (Warren, 2016).
The TCs affecting the Philippines have been widely studied (Lyon and Camargo, 2009; Corporal-Lodangco et al., 2016; Corporal-Lodangco and Leslie, 2016; Warren, 2016). Kubota and Chan (2009) found that the TC Landfall Frequency in the Philippines (TLFP) has a significant interdecadal variation. Prior to 1939, this variability had a period of about 32 years, but after 1945 the period has decreased to about 10–22 years. Kubota and Chan found that the decadal variation of the TLFP was related to the different phases of ENSO and the Pacific decadal oscillation (PDO). During the negative phase of the PDO, more (fewer) TCs made landfall in the Philippines in El Niño (La Niña) years. However, during the positive phase of PDO, the difference in TLFP frequency between El Niño and La Niña years is not obvious. Corporal-Lodangco and Leslie (2017) showed that the annual variation of TLFP was affected by El Niño/Southern Oscillation (ENSO). They found that the TLFP decreases in El Niño years, while it increases (decreases) from April to June and October to December (from January to March and July to September) in La Niña years. Cinco et al. (2016) analyzed the TCs affecting the Philippines during 1951–2013 and found that there was a slight decreasing trend in the number of landfalling TCs in the Philippines, which has become more pronounced over the last two decades.
Landfall intensity is an important factor for the disaster prevention. Previous studies have shown that the intensity of TC landing in the Philippines was affected by several factors. Takagi and Esteban (2016) conducted a case analysis of two Super Typhoons (STY) that made landfall in the Philippines: STY Haiyan and STY Zeb. They found that the abnormally high sea surface temperature (SST) around the Philippines was the main reason for the extreme development of these two TCs into STYs. Choi et al. (2015) analyzed changes in TC intensity over the past 62 years (1951–2012) by calculating the annual average minimum central pressure of TCs that affected the Philippines between July to September. Their results showed that the middle atmospheric humidity, lower atmospheric temperature and SST are all important factors driving the generation and intensification of TCs.
The NWP is affected by two intraseasonal oscillations, the Madden-Julian oscillation (MJO), with a period of about 30–60 days (Madden and Julian, 1971), and the quasi-biweekly oscillation (QBWO), with a period of about 10–20 days (Krishnamurti and Bhalme, 1976). Previous studies have shown that these intraseasonal oscillations can significantly affect the genesis, motion and intensity of TCs over the NWP (Kim et al., 2008; Mao and Wu, 2010; Huang et al., 2011; Li and Zhou, 2013a; Yoshida et al., 2014; Zhao et al., 2015a; Zhao et al., 2015b; Kikuchi, 2021; Nakano et al., 2021). Li and Zhou (2013b) further found that both the MJO and the QBWO significantly affect the TC landfall frequency in China, the Philippines, Korea and Japan. In addition, other factors, such as landfall location, landfall intensity and translation speed are important for the degree of damage caused by the landfalling TCs. In the present study, a comprehensive analysis of the impact of the MJO and the QBWO on the characteristics of landfalling TCs in the Philippines is conducted.
2 DATA AND METHODOLOGY
2.1 Data
The best track data of TCs was obtained from the Japan Meteorological Agency. This data records at 6-h intervals the track of tropical cyclones with maximum intensity levels reaching tropical storm and above. It includes location, minimum central pressure, maximum sustained wind speed and other meteorological variables.
The atmospheric datasets were obtained from the European Centre for Medium Range Weather Forecasts (ECMWF). The dataset version used in the present study is the fifth generation ECMWF analysis data (ERA5, Hersbach et al., 2023). The variables used in the present study are divergence at 200 hPa, geopotential height at 500 hPa, relative humidity from 500 to 700 hPa, winds from 200 to 850 hPa. The temporal and spatial resolutions of the ERA5 dataset are 6h and 0.25° × 0.25°, respectively.
Daily outgoing longwave radiation (OLR) is obtained from U.S. National Oceanic and Atmospheric Administration (NOAA) (Liebmann and Smith, 1996), with a spatial resolution is 2.5° × 2.5°. All the above datasets cover the time period May to September of each year from 1979 to 2019.
2.2 Determination of phase of the MJO and QBWO
To get the phase of MJO and QBWO, we firstly used a Gaussian filter to get the 10–20 days and 30–60 days filtered OLR. Then an empirical orthogonal function (EOF) analysis is applied to the 10–20 days and 30–60 days filtered OLR to get the dominant modes of the MJO and the QBWO, as done in previous studies (Kim et al., 2008; Huang et al., 2011; Li and Zhou, 2013a). Using the first two principal components, the MJO and QBWO modes are divided into 8 phases, as was done by Jia and Yang (2013). In order to emphasize the propagation characteristics of MJO and QBWO around the Philippines, a region of 0°–30°N, 100°–170°E is chosen in the present study for performing the EOF analysis, instead of adopting a meridional range of 15°S–15°N as in Wheeler and Hendon (2004).
3 RESULTS
As shown in Figure 1, convective signals (i.e., negative OLR anomalies) of the MJO appear to the south of the Philippines in phase 5 and then propagate northeastward during phases 6, 7, 8 and 1, which affects most regions of South China Sea and the Philippines. In phase 2, convective and non-convective signals (i.e., positive OLR anomalies) dominate the northern and southern Philippines, respectively. In phases 3-5, non-convective signals of the MJO cover most of Philippines. With respect to the QBWO, the convective signals appear to the southeast of the Philippines during phase 1 and then propagate northwestward. These convective signals affect most of the Philippines and the South China Sea during phases 2–4, and then affect the northern Philippines and the southern coast of China during phase 5. The non-convective signals of the QBWO appear over the southeastern Philippines in phase 5, dominate the Philippines during phases 6–8, affect the northern Philippines during phase 1 and no longer affect the Philippines during phase 2. Based on the above characteristics of the MJO and QBWO, the phases of the MJO and QBWO are divided to two groups: convective and non-convective. Convective phases include phases 1, 6–8 of the MJO and phases 2–5 of the QBWO when convective signals are close to the Philippines, while non-convective phases include the phases 2–5 of the MJO and phases 1, 6–8 of the QBWO when non-convective signals are close to the Philippines.
[image: Figure 1]FIGURE 1 | The composite OLR anomalies (color, W m−2), tracks of TCs (black lines), location of western Pacific subtropical high and 300–850 hPa mass weighted steering flow (vector, m s−1) in each phase of the MJO. Blue curves denote the location of the climatological 5,870 geopotential height at 500 hPa, and the red curves denote the location of the 5,870 geopotential height at 500 hPa in each phase of the MJO. Numbers in brackets are number of the landfalling TCs in each phase of the MJO. The phase that the TC belongs to is determined by the landfalling day.
Knowledge of the frequency, landfall intensity, location and translation speed of the TCs are important for the disaster prevention. The impact of the MJO and the QBWO on these factors and the mechanisms behind the behavior are systematically discussed below.
3.1 Frequency
Among the 610 TCs that formed in the NWP (excluding the TCs that formed in the South China Sea), 83 made landfall in the Philippines (excluding Batanus Island and other small islands to the north of Luzon Island) during summer (May-September) between 1979–2019. As shown in Table 1, the number of Philippines landfalling TCs shows significant variation in the different phases of the MJO and the QBWO. With respect to the MJO, up to 20 TCs made landfall in the Philippines during phase 7, while only 5 TCs made landfall in the Philippines during phase 4. More (less) TCs made landfall in Philippines during the convective (non-convective) phase of the MJO. There were 54 TCs that made landfall in the Philippines during the convective phases (phases 1, 6–8), while only 29 TCs made landfall in the Philippines during the MJO’s non-convective phases (phases 2–5). With respect to the QBWO, the number of TCs that made landfall in the Philippines reaches its maximum during phases 3 (25 TCs) and its minimum during phase 7 (2 TCs). There were 65 TCs that made landfall in the Philippines during the QBWO’s convective phases (phases 2–5), while only 18 TCs made landfall in the Philippines in its non-convective phases (phases 1, 6–8). The ratio between the number of landfalling TCs during the QBWO’s convective phases and its non-convective phases (about 3.61) is nearly twice of that of the MJO (about 1.86), indicating that the modulation of the number of TCs that made landfall in the Philippines is much stronger in the QBWO. As shown in Table 1, the number of days in each phase of the MJO and the QBWO are different. To better evaluate the impact of the MJO and the QBWO on the frequency of the Philippines landfalling TCs, the daily landfall rate (DLR, the number of landfalling TCs divided by the duration of each phase) is used hereafter in this study. In generally, the variation of the DLR is similar to the number of landfalling TCs, which is larger (smaller) during convective (non-convective) phases of the MJO and the QBWO. The DLR shows that the landfall activity is significantly enhanced (suppressed) in phase 7 (4) of the MJO and phases 2–3 (7–8) of the QBWO.
TABLE 1 | Number of Philippines landfalling TCs, duration and daily landfall Rate (DLR) in each phase of the MJO and the QBWO. The number of TCs in each phase is determined by the day when each TC made landfall in the Philippines. The entries followed by one and two asterisks (*) are statistically significant at the 90% and 95% confidence level, respectively. The phase that the TC belongs to is determined by the landfalling day.
[image: Table 1]Previous studies have shown that the Western Pacific Subtropical High (WPSH) has a great influence on the motion of TCs that form in the NWP(Chen, 2009; Li and Zhou, 2013b; Wang and Wang, 2013; Choi et al., 2015; Ling et al., 2015). When the WPSH shifts westward (eastward), the steering flow favors the westward propagation (recurving northward) of NWP TCs. As shown in Figures 1, 2, with the northward propagation of convective (non-convective) signals of the MJO and the QBWO, the WPSH shifts eastward (westward). Although the WPSH shifts more eastward during MJO phases 1,2,8 and QBWO phases 2, 3, 4, more TCs make landfall in the Philippines (Table 1) during these phases. This is because more NWP TCs formed during these or previous phases when the convective signals of the MJO and the QBWO were located over the NWP (Table 2). As shown in Table 2, a total of 266 TCs formed during phases1, 2, 8 of the MJO, and 270 TCs formed during phases 2, 3, 4 of the QBWO. The ratio between the number of Philippine landfalling TCs and the total number of NWP TCs in each phase shows that a lower (higher) proportion of NWP TCs made landfall in the Philippines when the position of the WPSH was more eastward (westward), except during phases 2 and 3 of the QBWO. The reason for this was that the genesis locations of NWP TCs were closer to the Philippines during these phases. As shown in Table 2, the mean longitude of the western Pacific tropical cyclones was 138.9oE and 140.4°E during phases 2 and 3 of the QBWO, respectively, which were significantly westward of the mean genesis longitude of the NWP TCs at 143.6°E.
[image: Figure 2]FIGURE 2 | The same as Figure 1, but for the QBWO.
TABLE 2 | The number, genesis location of TCs and ratio between the landfalling TCs and total number of NWP TCs during each phase of the MJO and the QBWO in the NWP. The phase that the TC belongs to is determined by the TC genesis day. Entries followed by one and two asterisks are statistically significant at the 90% and 95% confidence level, respectively.
[image: Table 2]Figure 3 shows the combined effects of the MJO and the QBWO on the number of TCs that made landfall in the Philippines. Among the 83 landfalling TCs, 44 TCs made landfall in the Philippines during the active phases of both the MJO and the QBWO (Figure 3A), while only 8 TCs made landfall in the Philippines during the inactive phases of both the MJO and the QBWO (Figure 3D). As shown in Figures 3B, C, the number of Philippine landfalling TCs was 21 (10) during the convective (non-convective) phases of the QBWO and the convective (non-convective) phases of the MJO. These results reveal that both the MJO and the QBWO have great impact on the frequency of TCs making landfall in the Philippines. The number of TCs during the convective MJO and non-convective QBWO phases is nearly equal to the number of TCs during both non-convective phases of the MJO and QBWO, which indicates that the frequency of Philippine landfalling TCs is significantly suppressed during the inactive phases of the QBWO. This confirms that the modulation of the frequency of Philippine landfalling TCs by the QBWO is stronger than that by the MJO.
[image: Figure 3]FIGURE 3 | Tracks (black lines) and number (numbers in brackets) of Philippines landfalling TCs as a function of the phases of the MJO and the QBWO. Red triangles represent the location of tropical cyclogenesis. (A) Convective phases of both the MJO and the QBWO; (B) convective phases of the MJO and non-convective phases of the QBWO; (C) convective phases of the QBWO and non-convective phases of the MJO; (D) non-convective phases of both the MJO and the QBWO. The phase that the TC belongs to is determined by the landfalling day.
3.2 Landfall location
Considering the geography of the Philippines, the latitude of TC landfall is used to represent the landfall location of a TC. As shown in Figure 4, the range of average landfall latitude was 13.4°N-17.0°N during different MJO phases and 12.2°N-16.7°N during different QBWO phases. For the MJO, the landfall latitude gradually moves southward during phases 1–4 and then shifts northward during MJO phases 1, 6, 7, 8. For the QBWO, the landfall latitude shifts northward during phases 1–4 and southward during phases 6–8. The variation in landfall latitude is consistent with the movement of the WPSH. Figure 4 shows the longitude of the westward extending pole of the WPSH. It is obvious that when the WPSH shifts westward (eastward), the landfall latitude shifts southward (northward). With the northward propagation of convective signals during phases 1–4 of the QBWO and phases 1, 6–8 of the MJO (Figures 1, 2), the WPSH gradually shifts eastward, leading to a northward shift of the landfall latitude. In phases 2–5 of the MJO and phases 5–8 of the QBWO, the WPSH extends westward when the non-convective signals dominate the region around the Philippines (Figures 1, 2), resulting in a southward shift of the landfall latitude. In addition, the north-south shift of the landfall location may also be affected by the location of cyclogenesis. As shown in Table 1, the latitude of TC genesis gradually shifts northward following the northward propagation of the convective signals of the MJO and the QBWO, which can also lead to a northward shift of the landfall location.
[image: Figure 4]FIGURE 4 | The mean latitude and its standard deviation (red lines) of landfalling TCs in each phase of the MJO (A) and the QBWO (B). The blue line indicates the westward extension of the pole of the WPSH. The black dots indicate results that are statistically significant at the 95% level. The phase that the TC belongs to is determined by the landfalling day.
3.3 Landfall intensity
The TC dataset from the Japanese Meteorological Agency only provides the maximum wind speeds exceeding 35 knots, therefore the minimum central pressure was chosen to represent TC intensity. As shown in Figure 5, the landfall intensity is stronger (weaker) in phases 1, 3, 7 (2, 4, 5, 6, 8) of the MJO and phases 3, 4, 5, 8 (1, 2, 6, 7) of the QBWO. Generally, the landfall intensity was stronger (weaker) during the convective (nonconvective) phases, which is clearly seen during the different QBWO phases. The development of a TC is affected by several factors, and the anomalies of these factors during the convective and non-convective phases are examined in Figures 6, 7. During the convective (non-convective) phases of the MJO and the QBWO, the anomalous relative vorticity at 850 hPa, divergence at 200 hPa and relative humidity at 500 hpa were positive (negative), which is favorable (unfavorable) for the development of TCs. The vertical wind shear between 200 and 850 hPa was positive (negative), which is unfavorable (favorable) for the development of TCs. However, the magnitude of the anomalous vertical wind shear is small (less than 1 m/s) in most of the region east of Philippines.
[image: Figure 5]FIGURE 5 | The mean minimum central pressure and its standard deviation of the Philippine landfalling TCs during different phases of the MJO (blue line) and the QBWO (red line). The black dots indicate pressures that exceed the 95% confidence level based on a Student's t-test. The phase that the TC belongs to is determined by the landfalling day.
[image: Figure 6]FIGURE 6 | Composite anomalies of the (A1,B1) divergence at 200 hPa (10−6s−1), (A2,B2) relative humidity at 500–700 hPa (%), (A3,B3) relative vorticity at 850 hPa (10−6s-1), (A4,B4) vertical wind shear at 200-850 hPa (m s−1) during (A) convective and (B) non-convective phases of the MJO. Only values exceeding 95% confidence level are plotted.
[image: Figure 7]FIGURE 7 | Composite anomalies of the (A1,B1) divergence at 200 hPa (10–6s–1), (A2,B2) relative humidity at 500–700 hPa (%), (A3,B3) relative vorticity at 850 hPa (10–6s-1), (A4,B4) vertical wind shear at 200-850hPa (m s–1) during (A) convective and (B) non-convective phases of the QBWO. Only values exceeding 95% confidence level are plotted.
Besides the atmospheric conditions, the ocean thermal condition is also crucial to TC development. Figure 8 shows the SST anomaly (SSTa) in the convective and non-convective phases of MJO and QBWO. As shown in Figures 8A, B, the SSTa is negative (positive) in the southern (southern) region of the NWP in the convective (non-convective) phases of MJO. The magnitude of SSTa in the region east of Philippines are the smallest. To QBWO, the SSTa is negative (positive) in the convective (non-convective) phases (Figures 8A1, B1), which is unfavorable (favorable) for the development of the TCs. However, the magnitude of the SSTa in the convective and non-convective phases of MJO and QBWO is small (less than 0.2°C) in most regions. And the SST is above 29°C, which is favorable for TC development. Though the anomalies of the vertical wind shear and SSTa are unfavorable (favorable) for TC development, the magnitude of the anomalies is small. Consequently, the landfall intensity is stronger (weaker) during convective (non-convective) phases as a result of the combined effects of the above atmospheric and oceanic factors.
[image: Figure 8]FIGURE 8 | Composite anomalies of the SST (color, °C) and SST (black lines, °C) during (A,A1) convective and (B,B1) non-convective phases of the MJO (first line) and QBWO(second line). Only values exceeding 95% confidence level are plotted.
As mentioned above, the landfall intensity is not as clearly stronger (weaker) during the convective (non-convective) phases of the MJO as they are for the QBWO. There are two possible reasons for this difference. One is the propagation direction of the intraseasonal signals. The propagation direction of the QBWO signals is consistent with the motions of TCs, while that of the MJO is contrary to the motions of the TCs. This would significantly affect the interaction time between the TCs and the favorable conditions introduced by the intraseasonal signals. Another reason is the duration of storm development (time between genesis and landfall). As shown in Table 3, the time between genesis and landfall of TCs landing in the Philippines during MJO phases 2, 3 are 4.1 days and 3.8 days, respectively, while those during phases 6 and 8 are only 1.6 and 1.7 days. Shorter time between the genesis and the landfall means that the TCs have a very short time to develop, resulting in relatively weak landfall intensities during phases 6, 8 of the MJO. This also provides an explanation for why the landfall intensity during some less favorable non-convective phases is slightly stronger than that during more favorable convective phases. For the QBWO, the time between the genesis and landfall are longer (shorter) during convective (non-convective) phases, so the fact that landfall intensity is stronger (weaker) in convective (non-convective) phases is more readily apparent.
TABLE 3 | The time between the genesis and landfall of TCs in each phase of the MJO and the QBWO. Entries followed by one or two asterisks are statistically significant at the 90% and 95% confidence, respectively.
[image: Table 3]3.4 Translation speed at time of landfall
Translation speed at the landfall time can significantly affect the impact duration and the integrated precipitation over the Philippines. As shown in Figure 9, the mean translation speed for TCs making landfall in the Philippines is about 6.6 m/s. The translation speed during the different MJO phases shows a regular variation, with increases during phases 1, 2, 3 of the MJO, and a gradual decrease from phase 3 to phase 8. For the QBWO, the translation speed is faster (slower) than the mean value during phases 2, 3, 4, 7 (1, 5, 6, 8). While the translation speed reaches a large maximum (9.5 m/s) during phase 7 of QBWO, it should be noted that there were only two TCs that made landfall in the Philippines during this phase (Table 1). During the convective phases of both the MJO and the QBWO (phases 2–5 of the QBWO and phases 6, 7, 8, 1 of the MJO), the translation speed tends to be slower.
[image: Figure 9]FIGURE 9 | The mean translation speed (ms−1) and its standard deviation of the TCs that made landfall in the Philippines during each phase of the MJO (blue line) and the QBWO (red line). The black dot indicates results that are statistically significant at the 95% confidence level. The phase that the TC belongs to is determined by the landfalling day.
Translation speed is significantly affected by the steering flow. Figure 10 shows the anomalous steering flow at different latitudes in the region to the east of the Philippines (122°E–125°E) during different phases of the MJO and the QBWO. The steering flow is defined as the mass-weighted mean flow between 300 and 850 hPa (Holland, 1983). For the MJO, anomalous westerlies (easterlies) dominate the region to the east of the Philippines during convective (non-convective) phases. Anomalous southerlies (northerlies) appear during phases 1 and 2 (phases 3-8) of the MJO, but their amplitude is much weaker than the zonal winds. For the QBWO, anomalous westerlies and southerlies (easterlies and northerlies) dominate the region to the east of Philippines during the convective (non-convective) phases, with the meridional winds lagging the zonal winds by one phase. Since TCs landfalling in the Philippines take westward or northwestward trajectories, anomalous easterlies and southerlies (westerlies and northerlies) favors the acceleration (deceleration) of these TCs. With the northward propagation of the convective signals of the MJO and the QBWO, anomalous westerlies spread from the south to the north, leading to a deceleration of the translation speed (Figure 8), although anomalous southerlies favor the acceleration of TCs. During non-convective phases, anomalous easterlies also spread from the south to the north, but the translation speed does not show a clear acceleration tendency. This may be the result of the fewer number of TCs that made landfall in the Philippines during these phases.
[image: Figure 10]FIGURE 10 | Composite anomalies of (A1,B1) zonal and (A2,B2) meridional winds (ms−1) during different phases of the MJO (left column) and the QBWO (right column) in the region to the east of the Philippines (8°N-20°N, 122°E-125°E).
4 CONCLUSION AND DISCUSSION
In the present study, the effects of the MJO and the QBWO on TCs that made landfall in the Philippines were investigated. The results show that more (less) TCs landfall in the Philippines during the convective (non-convective) phases of the MJO and the QBWO. This resulted from the fact that more (less) TCs were generated, and the locations of tropical cyclogenesis were closer to (farther away from) the Philippines, although the WPSH shifted eastward (westward). Compared to the MJO, the effect of the QBWO on the number of TCs that made landfall in Philippine is more significant. The ratio of the number of Philippine landfalling TCs between the convective and non-convective phases of the QBWO is about twice of that of the MJO. During the convective (non-convective) phases of the MJO and the QBWO, the WPSH moves eastward (westward), resulting in a northward (southward) shift in landfall locations in the Philippines. Generally, the landfall intensity is stronger (weaker) during the convective phase (non-convective phase), resulting from an environment that is favorable (unfavorable) for the development of TCs. This behavior is more pronounced during the different phases of the QBWO. There are two reasons for this: one is that the propagation direction of the QBWO is consistent with that of the TCs, while the propagation direction of the MJO is counter to that of the TCs. Another reason is the time between the genesis and landfall of TCs is longer (shorter) during the convective (non-convective phases) of QBWO giving the TCs more (less) time to intensify, while the time between the genesis and landfall during some convective phases of the MJO is much shorter than that in some non-convective phases of the MJO. The translation speed of the landfalling TCs in the Philippines is also modulated by the MJO and the QBWO. During the convective phases, abnormal westerlies dominate the region to the east of Philippines and spread from the south to the north, which is conducive to the deceleration (acceleration) of the landfalling TCs. While there is not a clear acceleration tendency during non-convective phases, even though abnormal easterlies prevail in the region to the east of Philippines, this may be an artifact from the scarcity of TCs make landfall in the Philippines during these phases.
In addition to the TCs from the NWP, some TCs that formed in the South China Sea (SCS) also made landfall in the Philippines. As shown in Table 4, there were only 7 SCS TCs that made landfall in the Philippines in boreal summer between 1979 and 2019. All 7 landfall events occurred during phases 1, 7, 8 of the MJO and phases 3, 4, 5 of the QBWO. This is because the eastward motion of TCs originating in the SCS is controlled by intraseasonal oscillations (Yang et al., 2015; Ling et al., 2016; Ling et al., 2020). In the convective phases, the WPSH shifts eastward, and the steering flow is favorable for the eastward movement of the SCS TCs. Although the number of TCs from the SCS that made landfall in the Philippines is much less than those from the NWP, the genesis location of the SCS TCs is closer to the Philippines, which leads to a rapid landfall after tropical cyclogenesis.
TABLE 4 | The total number of SCS TCs and the number that made landfall in the Philippines during each phase of the MJO and the QBWO. The phase that the TC belongs to is determined by the landfalling day.
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