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We used daily sea surface temperature (SST) data and hourly drifter data to investigate ocean responses to tropical cyclone (TC) intensity and outer size (wind radius of 34 kt, or R34) in the Northwest Pacific. Results showed that SST cooling is more sensitive to TC R34 than to TC intensity; namely, TCs with a larger R34 cause stronger SST cooling regardless of their intensity. TCs with an R34 ≥125 nmi could cool SST 0.9°C more than TCs with an R34<125 nmi. Drifter data indicated that TCs generate a large current with near-inertial periods. The filtered near-inertial currents were used to calculate the time series of near-inertial kinetic energy  , and found that TCs with a larger R34 will trigger stronger  . Further analysis revealed that the non-dimensional storm speed  , which is defined as the ratio of the local near-inertial period to the residence time of the TC, is correlated closely with the amplitude of SST cooling when R34 is used to quantify the scale of the TC. Most TCs have a residence time smaller than the local near-inertial period, and therefore, TCs with a large R34 have longer residence times and are closer to the local near-inertial period, which is favorable for stronger SST and current responses. This impact of TC outer size on the surface ocean response implies the critical role of TC outer size in ocean processes under a TC background.
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1 Introduction

Sea surface temperature (SST) cools and ocean currents intensify after a tropical cyclone (TC) passes over. TCs induce SST cooling mainly through vertical mixing, advection, and air-sea heat exchange, in which vertical mixing is considered to be the most dominant mechanism, and air-sea heat fluxes make a small contribution (Price, 1981; Emanuel, 2003; D’Asaro et al., 2007, D’Asaro et al., 2011, 2014; Wu and Li, 2018; Haakman et al., 2019). Ocean response is related to the pre-storm upper-ocean condition (e.g., mixed layer depth, stratification in the thermocline, and ocean eddies) and TC characteristics (Geisler, 1970; Price, 1981; Mao et al., 2000; Shay et al., 2000; Mei and Pasquero, 2013; Guan et al., 2024). Among the TC characteristics, the intensity and translation speed of a TC are the two main factors (Price, 1981; Samson et al., 2009; Mei and Pasquero, 2013). A stronger TC with stronger winds will inject more kinetic energy into the ocean and induce stronger vertical mixing and SST cooling. However, observational studies showed a non-monotonic correlation between TC intensity and cold wakes (Vincent et al., 2012a; D’Asaro et al., 2014), with no significant difference in SST cooling caused by TCs from Category 3 to 5 (Lloyd and Vecchi, 2011), which implies that, for strong TCs, there are processes other than intensity that influence the upper ocean response.

TC translation speed ( ) is another parameter that has been widely studied as TC intensity. It impacts SST cooling in three ways. First,   affects the residence time. Slow-moving (fast-moving) TCs have a longer (shorter) sea-air interaction time, which is also known as the residence time, and therefore inject more (less) kinetic energy into the upper ocean. Second,   affects the response features. Studies have shown that when   far exceeds the first baroclinic wave speed ( ), the oceanic response is dominated by inertial wake; and when   is relatively small (e.g., only slightly greater than  ), the response includes upwelling (Geisler, 1970; Price, 1981; Yablonsky and Ginis, 2009; Chiang et al., 2011; Zhang, 2023). Third,   modifies wind-current coupling. The ratio of local near-inertial period to TC residence time is known as the non-dimensional storm speed   (Price, 1983; Price et al., 1994), which reflects the phasing between the ocean and the atmosphere. When the residence time is close to the local near-inertial period, the wind field of the TC resonates with the ocean current to generate strong near-inertial current, which will trigger strong mixing, leading to a deeper mixed layer and stronger cooling of the ocean surface (Price, 1981; Dickey and Simpson, 1983; Price et al., 1994; Samson et al., 2009).   combines the effects of TC translation speed, size, and latitude, and thus is considered to be a better indicator for studying ocean responses to TCs (Zhang et al., 2020). The impacts of the above three aspects are not independent of each other;   has a combined effect on SST cooling.

TC residence time is defined as  , where   is the scale of a TC, and is described as “a length scale characteristic of the half-width of the response across the storm track” in Greatbatch (1984). In previous studies, the scale   in   was usually expressed as the radius of maximum wind (RMW) or a multiple of the RMW (Price, 1983; Greatbatch, 1984; Price et al., 1994; Black and Dickey, 2008; Samson et al., 2009; Zedler, 2009; D’Asaro et al., 2014; Zhang et al., 2020). Some studies used the radius of 64 kt wind (R64; Pun et al., 2018) or the radius of 18 m/s wind (Sun et al., 2015) to define  . Pun et al. (2021) investigated the influence of wind radius uncertainty on SST response, suggesting ocean response is sensitivity to TC wind field outer size. Focusing on TC Megi in 2010, Pun et al. (2018) showed that with the same TC translation speed and upper-ocean thermal structure, SST cooling would have been 52% less if the outer size of Megi had not expanded. Based on machine learning, Cui et al. (2023) found that TC outer size dominates over TC intensity and translation speed in affecting ocean response as the study area expanded. In addition to the amplitude of SST, TCs with larger outer sizes will cause a larger SST cooling area (Zhang et al., 2019). Recently, Liu et al. (2023) found that SST cooling is most sensitive to the radius of 34 kt among various TC radii, and that strong cooling due to large size will influence the subsequent intensification of TCs. The outer size of a TC determines the period or the frequency that the outer wind field acts on the ocean. The wind field with a frequency closer to the inertial frequency favors resonant inertial oscillation (Price, 1981; Dickey and Simpson, 1983; Skyllingstad et al., 2000; Guan et al., 2014; Chen et al., 2015). The resonance of ocean currents is nearly independent of the wind forcing but is strongly influenced by the forcing time (Pollard, 1970).

The findings mentioned above displayed a correlation between TC outer size and ocean response, suggesting that the outer wind field of a TC may play an important role in the ocean response. We expect that it is more appropriate to use TC outer size than the RMW to define   when studying ocean responses to TCs. The main hypothesis of this study is that the upper ocean response is sensitive to the outer size of TCs. To clarify the importance of TC outer size, SST and current speed responses to TC intensity, outer size, and translation speed are analyzed in this paper.




2 Data and methods

The best-track data of TCs between June 2002 and December 2019 at 6-h intervals over the tropical and subtropical Western Pacific region (0° -30°N, 120°E -180°) were obtained from the Joint Typhoon Warning Center (JTWC). The data include the basic information, such as the location, minimum sea-level pressure, and maximum sustained wind speed of TCs; they also include structural information, such as the radial extent of the wind speeds of 34, 50, and 64 kt. In this study, TC intensity is defined as the maximum sustained wind speed (Vmax); TC outer size is defined as R34, which is the average of the wind radii of 34 kt in each quadrant only if more than two quadrants are available. As TC structure can change rapidly when it is weak (Wu and Ruan, 2021), only data with Vmax >64 kt are considered in this study. Landfall records, or landfall records within 3 days, were excluded from the analysis.

The Remote Sensing System has provided daily global SST data since June 2002. We chose the microwave and infrared data at a 9-km resolution for the Northwest Pacific region. We defined the forced stage SST cooling as the difference between the mean SST 3 days after (t0 day to t3 day) and the mean SST 3 to 10 days before (t-10 day to t-3 day) the passing of the TC (Lloyd and Vecchi, 2011; Vincent et al., 2012a, 2012b; Zhang et al., 2019). The mean SST anomaly within 3°   3° of the TC center is defined as SST cooling amplitude. As SST is a daily resolution, we only used the best-track data at 12 UTC to calculate the TC-induced SST cooling. Based on the median of R34s (125 nmi), these TCs were divided into small (R34<125 nmi) and large (R34 ≥125 nmi) TCs. As TC intensity is widely considered to be correlated with SST cooling, to separate the effects of intensity and outer size on ocean responses, we classified the samples into four groups: weak small TCs (95 kt > Vmax >64 kt and R34<125 nmi), weak large TCs (95 kt >Vmax >64 kt and R34 ≥125 nmi), strong small TCs (Vmax ≥95 kt and R34<125 nmi), and strong large TCs (Vmax ≥95 kt and R34 ≥125 nmi). There were 196, 110, 130, and 225 samples, respectively.

The ratio of TC translation speed   to the gravest mode internal wave phase speed   was defined as Mach Number  , and   in this study (Price et al., 1994). The Mach number   was used to discuss the effect of   on SST cooling.   was calculated based on the changes in latitude and longitude at 12-h intervals; a one-sided 6-h interval was used for the first and last samples. The local near-inertial period was   (  is the Coriolis parameter), the residence time was  .   was defined as  ; thus, the non-dimensional storm speed   in this study.

The Global Drifter Program (GDP) provided the hourly current data at 15 m (Elipot et al., 2016). Collected by Argos and GPS-tracked drifters, a total of 602,153 qualified data records within 3°   3° of the TC center and within 3 days after TC pass are used to composite radial profile of TC-induced currents. Figure 1 shows the drifter number distribution of the four groups divided in the last section. The distribution of the number of drifters associated with the four groups of TCs was basically the same, except that the strong and large TCs had the largest number of drifters. Records longer than 300 h (starting from 72 h before the arrival of the TCs) were used to calculate the time series of TC-induced near-inertial currents. Drifters typically have hundreds of hours of continuous recording, and buoy data from one continuous recording was used only once. If a drifter was affected by TCs several times, it recorded the first time it was affected by TCs (within 3°   3° of a given TC). The four groups of TCs had 300-h time series of 73, 69, 62, and 95 series, respectively. The near-inertial currents ( ) were calculated from the drifter series data using a band-pass filter, with a period between 0.75   and 1.25  .   and   are the eastward and northward components of near-inertial current. The near-inertial kinetic energy  , and   is water density equal to 1,024  .




Figure 1 | The drifter number distribution of (A) weak small TCs (95 kt > Vmax >64 kt and R34<125 nmi), (B) weak large TCs (95 kt >Vmax >64 kt and R34 ≥125 nmi), (C) strong small TCs (Vmax ≥95 kt and R34<125 nmi), and (D) strong large TCs (Vmax ≥95 kt and R34 ≥125 nmi).






3 Results



3.1 SST response

Figure 2 shows the SST response induced by four TCs with different intensities and R34s. TC Nida at 1200 UTC, November 24, 2009 (Figure 2A), and TC Omais at 1200 UTC, August 6, 2016 (Figure 2D), were both typhoon category; however, their R34s were quite different, being 57.5 nmi and 270.0 nmi, respectively. The smaller TC Nida caused the strongest SST cooling of −1.6°C, while the larger TC Omais caused the strongest cooling of −3.6°C, with the most intense cooling centered at the right side of the track. In addition to the amplitude, the larger TC caused a wider extent of cooling. A similar phenomenon can also be seen in the cooling of SST induced by strong TC Fengshen at 1200 UTC, 13 July, 2002 (Figure 2C), and TC Mangkhut at 1200 UTC, 14 September, 2018 (Figure 2D). The intensity and R34 of these two TCs were 135 kt with 95.0 nmi and 150 kt with 250.0 nmi, and SST was cooled by up to 2.9°C and 0.9°C, respectively. It is worth noting that for TCs of typhoon category and above, stronger intensity does not lead to stronger SST cooling when R34 is comparable, and intensity no longer has a significant effect on surface ocean response, e.g., although the intensity of TC Fengshen was 135 kt, it induced an SST cooling of less than 1°C, which was much weaker than the cooling caused by TC Omais. Furthermore, when R34 is different but comparable in intensity, the SST response is significantly different in amplitude and extent, e.g., although the intensity of TC Omais (Figure 2B) was weaker than TC Fengshen (Figure 2C) and TC Mangkhut (Figure 2D), it caused the strongest cooling, suggesting that R34 may have a significant effect on ocean responses to TCs.




Figure 2 | SST cooling of (A) TC Nida at 1200 UTC, 24 November, 2009, (B) TC Omais at 1200 UTC, 6 August, 2016, (C) TC Fengshen at 1200 UTC, 8 July, 2002, and (D) TC Mangkhut at 1200 UTC, 14 September, 2018. SST cooling was calculated as the mean SST 3 days after the TC passage (t0day to t3day) minus the mean SST for 3 to 10 days before (t-10day to t-3day) the passage. The thin black line represents the extent of R34 at each quadrant. The thin gray dashed lines are the cooling isotherm at −1°C intervals. R34, intensity, and translation speed of each TC are shown the top right corners of each panel.



The fact that TCs with a large R34 cause a larger amplitude and extent of SST cooling can also be seen in statistical analysis. Figures 3A, B show the cross-track profiles of SST responses caused by different intensities and outer sizes of TCs. Both weak (Figure 3A) and strong (Figure 3B) TCs with a large R34 (red error bars) caused stronger SST cooling. Weak small and weak large TCs generated average maximum SST cooling of −1.0°C and −1.9°C, and strong small and strong large TCs cooled down by −1.1°C and −2.0°C around the TC center. The strong TCs cooled 0.1°C more than the weak TCs, and the large TCs cooled 0.9°C more than the small TCs. The difference in SST cooling due to R34 was larger than that due to intensity, which indicates that the SST cooling is more sensitive to TC outer size. The maximum sea surface cooling was located approximately 0.4° to the right side of the TC track. Generally, the SST response is stronger on the right side than on the left side. For small and large TCs, the cooling difference between the two sides is 0.19°C and 0.37°C, respectively, with a maximum temperature difference in the range of 1° -2°from the center of the TCs. The rightward bias distribution is consistent with previous finding (Price et al., 1994; Vincent et al., 2012a; Mei and Pasquero, 2013). There is no significant difference between the asymmetry between TCs with a larger or smaller R34, suggesting that R34 does not affect the asymmetric features (Liu et al., 2023).




Figure 3 | (A) SST cooling radial profile of TCs with small R34s (blue error bars) and large R34s (red error bars) on the cross-track distance of an annulus 0.2° with 95 kt >Vmax >64 kt. The error bars indicate standard error. Sample sizes are shown in the bottom right corners. Mean Vmax and mean R34 of each group are labeled in the bottom left corners. (B) Same as (A) but for TCs with Vmax ≥95 kt.



The dependence of SST cooling on TC intensity and R34 was investigated in Figure 4. TCs with different intensities vary greatly in size.Weak TCs vary in R34 from 40 nmi to 240 nmi, and strong TCs vary from approximately 100 nmi to 200 nmi. Weak TCs can be large and strong TCs can be small. In general, TCs generated more intense SST cooling when R34s were approximately larger than 140 nmi, regardless of TC intensity. A weak TC is capable of causing strong SST cooling if its R34 is large; an intense TC will cause weak SST cooling if its R34 is small. The results in Figures 3, 4 imply that R34 is an important factor and even more influential than TC intensity on the surface ocean response.




Figure 4 | The dependence of SST cooling on TC intensity and R34. SST cooling is defined as the mean SST anomaly within 3°   3° boxes with the center of the TC.






3.2 Current response

The change in SST is mainly due to the mixing of the upper ocean caused by TC-induced currents. The radial profile of TC-induced currents is presented in Figures 5A, B. There was an obvious asymmetry in the current response, with the right side having stronger current speed than the left side, which was consistent with the SST response. The difference in current speed induced by large and small TCs was mainly distributed on the right side. Figures 5C, D show the time series of mean current speed, and the x-axis is normalized by the local near-inertial period. The amplitude of current speed increased rapidly when TCs arrived. It increased to 0.80 m/s and 0.88 m/s for small weak and strong TCs, and to 0.95 m/s and 1.0 m/s for weak and strong but large TCs, respectively, with large TCs intensifying more stronger currents than small TCs. The arrows were calculated using the mean zonal and mean meridional current velocity. The clockwise rotation of the currents together with the current speed show a period that coincides with the local near-inertial period, implying that the currents are predominantly near-inertial currents.




Figure 5 | (A) Radial profile of mean currents induced by weak TCs during t0 to t3 with small R34s (blue error bars) and large R34s (red error bars) of an annulus 0.5°. (B) Same as (A) but for strong TCs. (C) The time series of mean currents within 3°   3°for weak TCs. The x-axis is normalized by the local near-inertial period. Arrows show the direction of currents. (D) Same as (C) but for strong TCs.



As Figures 5C, D show that the currents induced by TCs have a pronounced near-inertial period, we filtered the currents to obtain the time series of near-inertial kinetic energy  ; the results are shown in Figures 6A, B. Similar to the current response, the intensity of the near-inertial currents was comparable for the four groups before the arrival of the TC. This is consistent with previous findings that TCs generate large inertial currents (Geisler, 1970; Pollard, 1970; Large and Crawford, 1995; Guan et al., 2014). The near-inertial kinetic energy   of the large weak and strong TCs were 134.8   and 126.6  , respectively, which were significantly higher than those of the small weak and strong TCs of 99.5   and 109.1  . Larger TCs can induce stronger near-inertial kinetic energy, which is consistent with the SST response demonstrated in Figure 3. The effect of size on   was more significant than the intensity of the TCs.




Figure 6 | The time series of mean near-inertial kinetic energy   for (A) weak and (B) strong TCs.






3.3 Non-dimensional analysis

Previous studies have shown the importance of   in ocean response (Geisler, 1970; Samson et al., 2009; Mei et al., 2015; Zhang et al., 2020); therefore, we analyzed the non-dimensional Mach number   of each group, and the results are shown in Figure 7. Significance tests did not show significant differences in   between groups, suggesting that the differences in SST and near-inertial current responses were not caused by the   of TCs. The Mach number   of all four groups was larger than 2. According to the definition in Greatbatch (1984), it is a fast-moving TC if  ; thus, the ocean response to the four groups of TCs is dominated by the inertial wake, which supports with the results presented in Figures 5, 6. The faster the TC moves, the more asymmetric the ocean response (Geisler, 1970). There was no significant difference in the translation speeds, which explains the similar asymmetry of the SST response of the four groups of TCs (Figure 3).




Figure 7 | The Mach number of four groups of TCs.



The amplitude of the wake depends on the time of the TC wind field acting on the ocean (Geisler, 1970), also known as the residence time (Price et al., 1994). The translation speed   and the scale L will affect the residence time of a TC, and their relationship with SST cooling is shown in Figure 8A. The x-axis is  , and the y-axis is  . Results show that SST cooling is closely related to the ratio of   and  , which is the residence time  .




Figure 8 | (A) Mean SST cooling within 3°   3° around the center as a function of TC translation speed and R34. The thick black line is  . The three black dashed lines represent  ,  , and  . (B) The shading represents the PDFs of   corresponding to different SSTs. The thick black line represents the sample sizes for each SST cooling interval. (C) The non-dimensional storm speed   of four groups of TCs.



The slope of thick black line is the average local near-inertial period   (units: s) according to the mean latitude of the TCs. The samples near the thick black line have a residence time comparable with the near-inertial period, i.e., the non-dimensional storm speed   is approximately 1; the other three black dashed lines are  ,   and  . Samples with   less than 1 have quite strong SST cooling, which could be due to the fact that the TC with   is usually slow moving (defined as moving speeds exceeding 4 m/s; Price, 1981). The response of the ocean to a slow-moving TC also needs to take into account TC-induced upwelling, which contributes 20% to 62% of sea surface cooling (Geisler, 1970; Price, 1981; Chiang et al., 2011). For the fast-moving TCs, which make up 78% of the total sample, their residence time is shorter than the local near-inertial period. Approximately 88.7% of the fast-moving TCs have a residence time shorter than the local near-inertial period, and 71.6% have a resident time shorter than 0.8 times the local near-inertial period; thus, the TCs with larger sizes or slower translation speeds will have longer residence times, which will be closer to the local near-inertial period. Figure 8B shows the probability density function (PDF) of   corresponding to different SSTs, and the results show that the   of the samples cooled by more than 1.5°C was mainly distributed in the range of 0.75 to 1.25, i.e., the residence times of TCs that cause strong SST cooling are approximately equal to the local near-inertial period. The statistics of the four groups of   are displayed in Figure 8C.   was close to 1 for TCs with a large R34 (approximately 1.2 for weak and intense TCs), which was much smaller than that for TCs with a small R34 (2.4 for weak and 2.0 for intense TCs). As there was no significant difference in the Mach number   among the four groups (Figure 7), the value of   was mainly influenced by R34 rather than the  . The TCs with a larger R34 had a wider outer wind field and therefore the longer residence times were much closer to the local near-inertial period, which is conducive to generating stronger SST cooling. The non-dimensional storm speed   was independent of TC intensity, which explains why the stronger TCs in Figure 3 did not lead to stronger SST cooling if their R34 was the same.





4 Discussion

Previous studies have generally used the Wind Power index (WPi) to explain the amplitude of SST cooling induced by TCs (Vincent et al., 2012a; Liu et al., 2023). The calculation of WPi is based on the power dissipation (Emanuel, 2005), which is defined as  , where   is the surface air density,   is the surface drag coefficient,   is the magnitude of the TC wind,   is the start and   is the end of wind influencing time. WPi takes intensity and the residence time of TCs into account. The residence time is affected by the translation speed and size of TCs, and their effect on SST cooling varies from study to study. Model results showed that a larger size is equivalent to a slower translation speed in terms of SST cooling (Mei et al., 2015). Vincent et al. (2012a) only considered the translation speed and found the linear relationship between WPi and mean SST anomaly. Liu et al. (2023) calculated WPi considering both the translation speed and size and found that Wpi is connected with SST cooling, and the effect of size on ocean response is more profound than translation speed. However, as can be seen from the cases in Figure 2, and the statistical analysis in Figures 3, 4, at least for the samples studied in this paper that have TCs with Vmax >64 kt, intensity is no longer the main factor affecting ocean surface response, which cannot be explained by Wpi, as Wpi is closely correlated with TC intensity.

Figure 9 schematically illustrates the interaction time of TCs with different outer sizes. The residence time of a TC is also the frequency of the wind field, which is dominated by the TC outer wind field extent, not to TC intensity. When TCs move at similar translation speeds, the residence times of both weak TCs (dashed lines in Figures 9B, D) and strong TCs (solid lines in Figures 9B, D) are the same if they have the same R34s. Although stronger TCs generally tend to have larger outer sizes (Knaff et al., 2014), TC intensity and outer size are weakly correlated (Merrill, 1984); this may be the reason why some observational studies found that stronger TCs induced stronger SST cooling and also noted a non-monotonic SST response to TC intensity (Lloyd and Vecchi, 2011). According to the results in Figure 8C, the residence time of TCs is typically shorter than the local near-inertial period; the longer residence time of the TCs with a larger R34 will be closer to the local near-inertial period, and thus   will be closer to 1, i.e., the frequency of the wind filed is close to that of the near-inertial oscillation. This would lead to a stronger resonance between the TC wind field and ocean currents and thus trigger stronger upper-ocean vertical mixing, resulting in more intense SST cooling (Price, 1981; Samson et al., 2009). For the samples studied in this paper that have TCs with Vmax >64 kt, the effect of R34 is more influential on the SST response than their intensity. The residence time is certainly affected by  , which is also shown in Figure 8C, but this is not the focus of this study.




Figure 9 | A schematic illustration of the wind fields of a large (A, B) and small (C, D) TC translating from P1 to P2 to P3 on the right side at a speed   in the Northern Hemisphere. The distance between P1 and P3 is approximately  , and the residence time is approximately  .



In addition to the frequency, the rotation of the TC’s wind stress is also considered to be an important factor that influences the resonance. The change rate of wind stress direction of a TC is time and location dependent. For the case from P1 to P3 shown in Figures 9A, C, there is a sudden change in the wind direction just before and after passing through the center of the TC, such as the fastest change in wind direction around P2, and a slow change in wind direction for the rest of the time affected by the TCs’ wind fields, such as the period between P1 to P2 and P2 to P3. In general, the wind field rotates counterclockwise on the left side and clockwise on the right side of the TCs’ tracks. The clockwise rotation on the right side accelerates the inertial ocean currents, resulting in stronger inertial oscillations, SST cooling, and current responses (Price, 1981; Dickey and Simpson, 1983; Skyllingstad et al., 2000; Stockwell et al., 2004; Chen et al., 2015), which explains the asymmetry in the SST and current responses observed in this study.

Finally, we discuss the optimality of R34. The statistics revealed that SST cooling is more sensitive to R34 and has the best correlation coefficient compared with other wind radii (Liu et al., 2023). The scale   in   has usually replaced or been estimated by RMW in previous studies, and the formulation of   differs from study to study, such as   in Price (1983) and D’Asaro et al. (2014),   in Price et al. (1994),   in Samson et al. (2009), and   in Zhang et al. (2020) and Zhang (2023). Based on Simpson and Dickey (1981), the ocean response is wind-dominated when the 10-m wind speed exceeds 10 m/s. Wind speeds near the RMW of TCs are generally larger than this threshold, and the RMW usually contracts to less than 30 nmi and stays constant when TC intensity is stronger than 60 kt (Wu and Ruan, 2021). These characteristics of the RMW imply that there may be a large error in estimating the residence time of a TC when using the RMW to represent the scale   in  . The size information of a TC in the JTWC includes the RMW, R64, R50, and R34, in which 34kt is the closest to the threshold 10 m/s (  19.4 kt) in Simpson and Dickey (1981). It has been tested that the correlation coefficients between   and the mean SST anomaly within 3°   3° when using the RMW, R64, R50, and R34 are −0.19, −0.40, −0.43, and −0.46, respectively, which also demonstrates the optimality of using R34 in the definition of scale L  .




5 Conclusions

We analyzed ocean responses to TC intensity and outer size in the Northwest Pacific in this study using satellite and drifter data. The results show that for samples for which TC intensity is stronger than typhoon category, SST cooling is stronger when TC outer size is larger (  R34 >140 nmi) for strong (Vmax ≥95 kt) and weak (95 kt >Vmax >64 kt) TCs. Strong TCs induced 0.1°C more SST cooling than weak TCs, and large TCs (R34 ≥125 nmi) induced 0.9°C more SST cooling than small TCs (R34<125 nmi). Thus, SST response is more sensitive to TC outer size than to TC intensity. Drifter data show that TCs generate strong currents with near-inertial periods, and that larger TCs will generate more intense currents. Near-inertial kinetic energy   was calculated from the near-inertial current   and   after bandpass filtering of the ocean current, and the results showed that TCs with a larger R34 will trigger stronger  .

Non-dimensional analysis suggested that the non-dimensional storm speed   for large TCs is close to 1. In most conditions, the residence time of a TC is shorter than the local inertial period. The residence time depends on TC outer size and  , not TC intensity. Therefore, when   values are comparable, a larger TC that has a larger outer wind field extent will have a longer residence time, which will be closer to the near-inertial oscillation period, and can lead to the resonance of the TC wind field with ocean currents (Price, 1981; Dickey and Simpson, 1983; Price et al., 1994; Samson et al., 2009) and ultimately lead to stronger SST cooling and currents. Our analysis demonstrates the importance of TC outer size in the ocean response and emphasizes that TC outer size is not negligible in the study of sea-air interaction processes.
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