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Forecasting rapid intensification (RI) of the South China Sea (SCS) tropical cyclones (TCs) remains an operational challenge, mainly owing to the incomplete understanding of its physical mechanisms. Based on TC best-track data, atmospheric analysis data, and sea surface temperature data, this study compares temporal evolution characteristics of environmental conditions from the previous 24 h to the onset time for RI and non-RI TCs in the SCS during 2000–2018, and then identifies key factors for RI of the SCS TCs using the box difference index and stepwise regression. A combination of strong divergence in the upper troposphere and strong convergence in the boundary layer, weak deep-layer vertical wind shear, fast storm translation speed, and high TC intensification potential (i.e., maximum potential intensity minus current intensity) north of the storm center at the previous 24 h are favorable for RI of the SCS TCs, and their importance for RI is in descending order. The results may shed light on operational forecasting of rapid intensification of the SCS TCs.
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INTRODUCTION
The South China Sea (SCS) is the largest semi-closed sea in the tropical western Pacific. Its basin is small and is surrounded by densely populated Asian countries. The SCS tropical cyclones (TCs) include the TCs generated in the SCS and the TCs moving into SCS from the sea to the east of the Philippines. They are usually featured by short duration and variable path and intensity. The SCS TCs often make landfall in the coastal areas of South China and Vietnam and then bring severe rainfalls, gales and storm surges, often leading to serious losses of life and property near the landing sites. For example, super typhoon Rammasun (1409) made landfall in Wenchang, Hainan Province, causing direct economic losses of nearly 27 billion yuan in the three provinces of South China. Rammasun experienced rapid intensification (RI) twice when it was near shore, which caused large errors in the TC intensity forecast, seriously affecting the strategy making on preventing typhoons and reducing disasters. Therefore, the in-depth research on the influencing factors of TC RI in the SCS has great practical significance for improving the operational forecast of TC intensity and reducing the typhoon disaster losses.
The evolution of TC intensity involves complex physical processes, and the factors affecting TC intensity change are mainly from three aspects. The first is the influence of the underlying surface, such as the ocean. The ocean heat is the dominant factor affecting the formation and development of TCs, which can be expressed by two related factors: ocean heat content and sea surface temperature (SST). The SST, which can affect the latent heat, sensible heat and water vapor fluxes transported from the ocean into TCs (e.g., Emanuel, 1986; Holland, 1997; Gao and Chiu, 2010; Gao et al., 2016), is a key factor determining the maximum potential intensity (MPI; Emanuel, 1988) of TCs. Large ocean heat content can provide the energy for TC development and offset the cooling effect of ocean upwelling (e.g., Shay et al., 2000). The second aspect is the internal dynamics of TCs. For example, the asymmetry of the TC inner core can limit the development of TCs (Yang et al., 2007). When the TC eyewall starts to replace, the intensity would usually increase; later, when the inner-core structure becomes a concentric ring, the intensity would decrease; when the wind speed of the outer eyewall exceeds that of the inner eyewall, the TC would intensify again and could often reach its maximum intensity in its lift cycle (Sitkowski et al., 2011), and meanwhile the radius of maximum wind significantly decreases (Yang et al., 2017). The third aspect is the effect of the large-scale environment field, such as the upper-level trough. When the warm outflow of TC is close to the cold trough, the increase of the temperature gradient leads to the strengthening of the upper-level jet. If the TC center is exactly located at the right of the jet entrance, the secondary circulation related to this jet is conducive to the development of the ascending motion and TC (Hanley et al., 2001). The environmental vertical wind shear (VWS) could also affect the TC intensity. The weak VWS is often considered to be conducive to TC RI (e.g., Merrill, 1988; Zeng et al., 2007; Bai and Wang, 2016), but the mechanisms are different, mainly including the theory of ventilation flow (Gray, 1968), the secondary circulation effect (Tuleya and Kurihara, 1981), the tilt and stability effect (Demaria, 1996), and the Rossby penetration theory (Jone, 1995), and so on.
Previous studies on the RI of the SCS TCs show that RI occurs further south, and is associated with weaker VWS, weaker easterly wind at 200 hPa, and smaller radius of 15.4 m s−1 winds compared to non-RI TCs (Li et al., 2011). The VWS and low-level water vapor convergence are the main factors affecting TC RI in the SCS (Hu and Duan, 2016). TC RI in the SCS mostly occurs after the monsoon season when the middle-latitude trough invades the SCS and the southwesterly wind in the southern SCS is still strong (Chen et al., 2015). The anomalous warmer SST, the stronger low-level jet, the stronger cross-equatorial air flow, the weaker environmental VWS and the stronger upper-level outflow play important roles in RI of the super typhoon Ramason (Cheng et al., 2017). The specific location and timing of the nearshore RI of TCs in the SCS are related to the adjustment of the East Asian summer monsoon when the Meiyu period in the Yangtze River Basin ends. The adjustment of the East Asian summer monsoon can not only strengthen the interactions between TCs and the upper-level trough, but also make the water vapor flux accompanied by the monsoon surge enter the TC circulation, preventing the dry air accompanied by the western Pacific subtropical high (WPSH) from intruding into the TC circulation. Thus, it is conducive to the occurrence of the nearshore RI of the SCS TCs (Qiu et al., 2020).
The above researches on RI of the SCS TCs only list some favorable environmental factors, and fail to comprehensively compare the importance of those factors and to analyze the evolution of the factors before the onset of RI. In this paper, we investigate the temporal evolution characteristics of potential environmental factors during a 24 h period before the onset of TC RI in the SCS, so as to find the indicative precursors and the key influence areas of significant factors by composite analyses. Furthermore, based on the box difference index (BDI; Fu et al., 2012) of each factor calculated in the key influence area, the key environmental factors for RI of the SCS TCs will be identified. This research is expected to provide some references for the operational intensity prediction of the SCS TCs.
DATA AND METHOD
Data
The TC information at a 6 h interval (latitude and longitude of the TC center and the maximum sustained wind speed) is obtained from the TC best-track dataset (Ying et al., 2014) released by the Shanghai Typhoon Institute of the China Meteorological Administration (CMA). The atmospheric environment fields are obtained from the FNL data released by the United States National Centers for Environmental Prediction (NCEP), with an interval of 6 h and a spatial resolution of 1°. The daily SST data (OISST V2; Reynolds et al., 2007) is released by the United States National Oceanic and Atmospheric Administration (NOAA), with a spatial resolution of 0.25°. We use the above datasets during our study period 2000–2018.
Method
To exclude the influence of land, the TCs located over the SCS (5–22°N, 105–120°E) are selected as the research objects. The tracks of the SCS TCs from 2000 to 2018 are shown in Figure 1. In previous studies, the 95th percentile of all the samples of 24-h changes in maximum sustained wind speed (∆V24 = V+24h − V0h) for TCs in an ocean basin was often used as the threshold to define RI (e.g., Kaplan and DeMaria, 2003). In this paper the 95th percentile of all ∆V24 samples of TCs in the SCS during the study period is 12 m s−1 (Supplementary Figure S1), so ∆V24 ≥ 12 m s−1 is defined as an RI event, and ∆V24 < 12 m s−1 is defined as a non-RI event.
[image: Figure 1]FIGURE 1 | Tracks of the SCS TCs during 2000–2018. Black box denotes the SCS region defined in this study. Colors of the track represents different TC intensity (TD, tropical depression; TS, tropical storm; STS, severe tropical storm; TY, typhoon; STY, severe typhoon; Super TY, super typhoon).
The RI/non-RI onset time is recorded as 0, 12, and 24 h before the onset are recorded as −12 and −24 h, respectively. For the horizontal two-dimensional physical quantity field, an area of 20° × 20° outside the TC center is used as the analysis area. For the three-dimensional physical quantity field, a longitude/latitude-height cross section with a horizontal span of 20° is used, and composite analyses are performed for the RI and non-RI events of the SCS TCs at three times (i.e., −12, −24, and 0 h), and the Student’s t test is used to judge the significance of the difference in physical quantity between the two groups of samples at the same time. There are 34 RI samples and 463 non-RI samples at −24 h. For −12 and 0 h, the numbers of RI samples are both 37, and the numbers of non-RI samples are both 511.
The environmental divergence, relative vorticity, VWS and relative humidity are all obtained from the large-scale environmental field in which the TC vortexes have been filtered from the original field. This vortex-removing algorithm (Kurihara et al., 1993) can completely eliminate the disturbances with the wavelength less than 1,000 km. The 850-hPa wind field at 0000 UTC on August 9, 2000 is used as an example to verify the vortex-removing algorithm (Figure 2). At that time there were two TCs (Figure 2A) in the western North Pacific (WNP), and the algorithm can completely remove the two TC vortexes (Figure 2C). The large-scale monsoon gyre still exists (Figure 2B) after the vortex removal, indicating good performance of the algorithm.
[image: Figure 2]FIGURE 2 | (A) Original total wind (m s−1) field, and the corresponding (B) environmental wind field and (C) disturbance wind field at 850 hPa at 0000 UTC August 9, 2000.
Following Wang et al. (2015), the environmental VWS is defined as the difference in environmental wind vector between each level and 850 hPa:
[image: image]
where u and v are the zonal and meridional wind speed after removing the vortexes, respectively, and the subscript represents the level.
The area with significant difference between RI and non-RI events for each factor is identified, and the areal average is calculated. Following Fu et al. (2012), the BDI is then calculated as
[image: image]
where MRI and σRI (MnonRI and σnonRI) represent the average and standard deviation of the physical quantity for the RI (non-RI) samples, respectively.
COMPOSITE ANALYSES OF POTENTIAL ENVIRONMENT FACTORS FOR RI
Relative Vorticity
The temporal evolutions of the meridional cross sections of environmental relative vorticity are shown in Figure 3. At −24 h, there is a broad region of positive relative vorticity near the RI TC center at the middle and lower levels, and the negative relative vorticity is dominant at the upper levels. The relative vorticity to the north of the TC center is smaller than that to the south, and the vorticity distribution of non-RI TCs is similar. At −12 h, the middle- and lower-level relative vorticity of RI and non-RI TCs increases significantly, and the maximum positive vorticity at lower troposphere reaches 2 × 10−5 s−1. From −12 to 0 h, the relative vorticity variations of the two TC types are small. The temporal evolutions of the zonal cross sections of the relative vorticity are similar to those of the meridional cross sections, except that the zonal distribution is more symmetrical (figure not shown). The relative vorticity at the three times (−24, −12, and 0 h) near the RI TC center is larger than that near the non-RI TC center, and the difference is the most significant at the middle and lower levels (1,000–300 hPa) at −24 h, which has certain indicative meaning for RI. The larger relative vorticity at lower levels usually corresponds to a stronger Ekman pumping, that is, the stronger lower-level convergent inflow, which is conducive to the maintenance and development of the TC vorticity (Xu et al., 2017). The strong cumulus convection near the TC center transports the lower-level positive vorticity upward, thus there is also large cyclonic vorticity at middle levels.
[image: Figure 3]FIGURE 3 | Meridional cross sections of environmental relative vorticity (10−5 s−1). (A,D,G) are the composites for RI TCs at −24, −12, and 0 h, respectively; (B,C,H) are the composites for non-RI TCs at −24, −12, and 0 h, respectively; (C,F,I) are the differences between RI and non-RI TCs at −24, −12, and 0 h, respectively, shadings denote significant differences above the 90% confidence level.
Divergence
Figure 4 shows the temporal evolutions of the meridional cross sections of environmental divergence. At −24 h, there is strong divergence at 200–150 hPa near the RI TC center, and weak convergence in the boundary layer. Non-RI TCs have a similar configuration, but the upper-level divergence and boundary-layer convergence of RI TCs are both significantly stronger than those of non-RI TCs, which can be used as a precursory signal for RI. At −12 h, the upper-level divergence and boundary-layer convergence near the RI TC center significantly enhance, and the evolution for non-RI TCs is similar. At 0 h, the upper-level divergent area of RI TCs expands, with the maximum divergence exceeding 1.4 × 10−5 s−1, while the upper-level divergence of non-RI TCs weakens slightly. The temporal evolutions of the zonal cross sections of divergence are similar (figure not shown). The upper-level divergence and boundary-layer convergence of RI TCs at the three times (−24, −12, 0 h) are significantly stronger than those of non-RI TCs. The strong upper-level divergent environment provides a favorable “pumping” effect. Together with the convergence in the boundary layer, the “pumping” effect is reinforced, which is conducive to the occurrence of TC RI (Mei and Yu, 2016).
[image: Figure 4]FIGURE 4 | Same as Figure 3, but for environmental divergence (10−5 s−1).
Wind Field
The composite environmental wind fields at upper, middle and low levels are plotted to analyze the synoptic patterns for the two types of SCS TCs. Figure 5 shows the composite environmental wind fields at 850 hPa. The common feature of the low-level wind fields for RI and non-RI TCs is that, the easterly airflow southwest of the WPSH and the southwest monsoon from the Bay of Bengal merge into a cyclonic gyre near the TC center. At −24 h, the cyclonic wind field near the RI TC center is significantly stronger than that near the non-RI TC center, which is consistent with the stronger boundary-layer convergence for RI TCs. From −12 to 0 h, the anomalous easterly wind of RI TCs is stronger than that of non-RI TCs. There are westerly troughs on the northeast side of RI TCs at the three times, which is consistent with Chen et al. (2015).
[image: Figure 5]FIGURE 5 | Composite 850-hPa environmental wind fields (m s−1) for RI and non-RI TCs and their differences. (A,D,G) are the composites for RI TCs at –24, –12, and 0 h, respectively; (B,C,H) are the composites for non-RI TCs at –24, –12, and 0 h, respectively; Shadings in (C,F,I) denote significant differences above the 90% confidence level.
The composite environmental wind field at 500 hPa is shown in Supplementary Figure S2. The westerly trough is located to the north, the continental high is located to the west, and the WPSH is located to the east of the two types of TCs. These systems for RI TCs are significantly stronger at the three times (−24, −12, 0 h) than those for non-RI TCs. The cold air mass behind the westerly trough invades southward into the TC, and triggers baroclinic deep convection and produces potential vorticity (PV) anomalies outside the TC inner-core area. The inward transport of PV anomalies and the subsequent symmetrization of the TC circulation are conducive to RI of TCs (May and Holland, 1999; Moller and Montgomery, 2000; Nolan et al., 2007). Besides, the continental high accompanied by the westerly trough can strengthen the cyclonic horizontal shear and convergence, which is also conducive to TC intensification (Chen et al., 2015).
Figure 6 shows the composite environmental wind field at 200 hPa. Both types of TCs are located to the south of the upper-level westerly jet. RI TCs are located in the easterly flow on the equator side of the upper-level anticyclonic ridge. The southwestward outflow in the south and the northeastward outflow in the northeast are significantly stronger than those associated with non-RI TCs, which is consistent with the stronger upper-level divergence of RI TCs mentioned above. The more favorable upper-level outflow channels of RI TCs can strengthen the TC secondary circulation, which is conducive to the spin-up of the TC primary circulation.
[image: Figure 6]FIGURE 6 | Same as Figure 5, but for the composite 200-hPa environmental wind fields (m s−1).
VWS
The temporal evolutions of the meridional and zonal cross sections of environmental VWS are shown in Figures 7, 8, respectively. The spatial distributions of VWS for the RI and non-RI TCs are similar. The VWS gradually increases from the lower to upper troposphere. The VWS near the TC center is notably weaker than that north and south of the center, and the VWS to the north is stronger than that to the south. However, the zonal distribution of VWS is more uniform. The VWS evolutions of the two types of events are somewhat different. During the 24-h period, the VWS around the RI TC center shows a decreasing tendency while the VWS of non-RI TCs changes little; the VuWS of RI TCs are always weaker than that of non-RI TCs, and the deep-layer shear between the upper levels and 850 hPa around the RI TC center is always less than 10 m s−1. The deep-layer shear northwest of the TC center at 0 h shows the most significant difference between RI and non-RI TCs (Figures 7, 8). However, Wang et al. (2015) pointed out that the low-level shear between 850 and 1,000 hPa was more negatively correlated with intensity change of the WNP TCs than deep-layer shear. This inconsistency suggests that the relative importance of VWS in different layers for TC intensity change may depend on large-scale circulations over the specific ocean basin.
[image: Figure 7]FIGURE 7 | Same as Figure 3, but for environmental VWS (m s−1).
[image: Figure 8]FIGURE 8 | Same as Figure 7, but for zonal cross sections.
Relative Humidity
The temporal evolutions of the meridional and zonal cross sections of environmental relative humidity are indicated in Figures 9, 10, respectively. At the three times (−24, −12, and 0 h), the spatial distributions of relative humidity of RI and non-RI TCs are similar, featuring wet upper and lower troposphere and dry middle troposphere, with the driest middle-level air located northwest of the TC center. At −24 h, there is a significant difference in relative humidity southeast of the TC center at the middle and upper levels, which can be used as a precursor to RI. Over time, the middle- and upper-level air southeast of the TC center humidifies to a certain extent, and the significant difference in relative humidity southeast of the TC center at the middle and upper levels is still maintained. This may be related to the continuous water vapor transport by the southeasterly wind southwest of the WPSH.
[image: Figure 9]FIGURE 9 | Same as Figure 3, but for environmental relative humidity (%).
[image: Figure 10]FIGURE 10 | Same as Figure 9, but for zonal cross sections.
The intrusion of middle-level dry air from the northwest to the TC inner core can suppress the development of cumulus convection and the release of latent heat of condensation, which is not conducive to TC intensification (Braun et al., 2012; Ge et al., 2013). We notice that the middle-level humidity near the RI TC center is significantly higher than that of non-RI TCs, so it can effectively resist the intrusion of middle-level dry air from the northwest (Gao et al., 2017). In addition, moist air is transported from the southeast to the inner core of RI TCs. Both are conducive to the development of moist convection, thus leading to TC RI.
SST
The temporal evolution of the composite SST is shown in Figure 11. The spatial patterns for two types of TCs are both characterized by cold SST in the north and warm SST in the south, and SST near the TC center exceeds 28°C, which meets the necessary SST condition for RI (Holliday and Thompson, 1979). SST of RI TCs around the storm center is significantly higher than that of non-RI TCs at the three times. This result is consistent with previous studies (e.g., Wang et al., 2015; Gao et al., 2016). TCs tend to intensify at a higher rate under higher SST because of a larger supply of surface latent and sensible heat fluxes (e.g., Emanuel, 1986; Gao and Chiu, 2010). The meridional SST gradient does not show meaningful differences between RI and non-RI SCS TCs (figure not shown).
[image: Figure 11]FIGURE 11 | Same as Figure 5, but for SST (°C) in 20° × 20° areas around the TC center.
Intensification Potential (POT)
MPI is the theoretically-estimated maximum intensity that a TC can achieve under current atmospheric and ocean conditions (Emanuel, 1988). POT is the difference between MPI and current intensity, representing the intensification potential of TCs. The temporal evolution of the composite POT is shown in Figure 12. The POT of RI and non-RI TCs decreases from the south to the north, and gradually reduces with time. At −24 h, the POT west and north of RI TCs is significantly greater than that of non-RI TCs. Since most of TCs move westward or northward (dsl), the POT over 40 m s−1 in the west and north at −24 h is conducive to the occurrence of RI. Therefore, the POT north of TCs in the SCS at −24 h has a good predictive significance for RI.
[image: Figure 12]FIGURE 12 | Same as Figure 11, but for POT (m s−1).
Key Factors for RI
According to the above composite results, the time with the most significant difference in each factor between RI and non-RI TCs and the area with significant difference are given in Table 1, and the corresponding areal average for each factor is calculated. Figure 13 shows the BDI values of their areal averages and TC translation speed as well as the t-test results. The difference in environmental divergence between the upper and lower levels at −24 h, the deep-layer environmental VWS at 0 h, SST around the TC center, the POT north of the TC center at −24 h, the middle- and upper-level environmental relative humidity southeast of the TC center at −24 h, and TC translation speed from 0 to 24 h pass the significance test at the 95% confidence level, indicating that they are important factors for RI of the SCS TCs.
TABLE 1 | The selected time and range for calculating the areal average of each environmental factor.
[image: Table 1][image: Figure 13]FIGURE 13 | BDI values of the environmental factors listed in Table 1. Filled boxes denote those factors significant above the 95% confidence level.
To further clarify the importance of different factors for RI, stepwise regression is applied on the normalized variables including the predictand ∆V24 and the potential predictors listed in Table 1. The regression equation trained with the 95% confidence level is
[image: image]
The regression equation confirms that the difference in environmental divergence between the upper and lower levels at −24 h, the deep-layer environmental VWS at 0 h, TC translation speed from 0 to 24 h, and the POT north of the TC center at −24 h are key factors for RI of the SCS TCs. Their decreasing absolute values of regression coefficients suggest their importance in that order.
Figure 14 shows the boxplots for six factors of RI and non-RI TCs. The RI samples are more concentrated than the non-RI samples. Although all factors passing the 95% significance test, the boxes of RI and non-RI TCs partly overlap. Therefore, it is difficult to forecast RI by using an individual factor. In general, such conditions, including strong divergence in the upper troposphere and strong convergence in the lower troposphere, weak deep-layer VWS, large POT north of the TC center at −24 h, and fast TC translation speed, are favorable for RI of the SCS TCs.
[image: Figure 14]FIGURE 14 | Boxplots of the environmental factors for RI and non-RI TCs. The top (bottom) of each dashed line corresponds to the maximum (minimum) value. The upper (lower) boundary of each box denotes the 75th (25th) percentile, and the red line (black cross sign) inside the box denotes the median (mean).
CONCLUSION AND DISCUSSION
The temporal evolution characteristics of the environmental fields of RI and non-RI TCs in the SCS during 2000–2018 have been compared in this paper, and the following characteristics of RI TCs have been found. From −24 to 0 h, the positive vorticity at 1,000–300 hPa, the divergence at 200–150 hPa, and boundary-layer convergence continues to increase. The deep-layer shear between the upper levels and 850 hPa around the TC center is always less than 10 m s−1. The environmental moist layer is thick. The underlying SST is high. The POT north of the TC center is larger than 40 m s−1 at −24 h. Then, the average environmental factors are calculated over the areas with significant difference between the two types of TCs. Combined with the BDI and t-test method as well as stepwise regression, it has been found that the configuration of strong upper-level divergence and strong boundary-layer convergence, weak deep-layer VWS, fast TC translation speed, and large POT north of the TC center are the key factors for RI of the SCS TCs, and their importance to the RI decreases in that order.
Compared with TCs in the entire WNP basin, the environmental fields conducive to the occurrence of TC RI in the SCS are somewhat different. First, RI TCs in the SCS are accompanied by higher environmental relative humidity at middle and upper levels, while RI TCs in the WNP is accompanied by higher low-level relative humidity (Shu et al., 2012). Secondly, RI TCs in the SCS have weaker deep-layer VWS, while RI TCs in the WNP have weaker low-level VWS (Wang et al., 2015). Thirdly, RI TCs move significantly faster than non-RI TCs in the SCS, while there is no significant difference in translation speed between RI and non-RI TCs in the WNP (Shu et al., 2012). In addition, the areas with significant differences in these key factors are also quite different from the areas for calculation of the related predictors in operational statistical intensity prediction schemes of the WNP TCs (e.g., Knaff et al., 2005; Gao and Chiu, 2012), indicating that the environmental factors affecting intensity change of TCs in the SCS and WNP are somewhat different. Thus, we should deal with the predictors separately when establishing the statistical intensity prediction models for the SCS TCs.
In this study, some key environmental factors for RI of the SCS TCs have been identified through statistical methods. However, some samples of these factors overlap in the boxplots of RI and non-RI TCs, hence it is difficult to effectively forecast RI by using an individual factor. In the near future, combined with a variety of techniques, we will use these key factors to establish TC intensity prediction models, aiming to make more accurate forecasts for RI of the SCS TCs. Due to the limitation of data availability, some factors such as ocean heat content and mixed layer depth, which could also contribute to RI, are not analyzed in this study. The importance of these factors in intensity change of the SCS TCs would be examined when the data over a long period of time are available.
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DV Difference between upper-level and lower-level ~ -24 200150 hPa, -6 to 6 in both zonal and meridional directions; 1,000-850 hPa, -3 to 6" in
divergence meridional direction, and -6 to 4° in zonal direction
VWS Wind shear between the upper levels and 0 400-100 hPa, 0-4" in meridional direction, and -8 to 0" in zonal direction
850 hPa
sST Sea surface temperature 0 -2t02" in meridional direction, and -2 to 2" in zonal direction
POT MPI minus current intensity -24 0-6" in meridional direction, and -8 to 6’ in zonal direction
RH Middle-upper-tropospheric relative humicity 24 500-200 hPa, -4 to 1" in meridional direction, and 0-8" in zonal direction
VOR Middle-lower-tropospheric relative vorticity -24 1,000-300 hPa, -2 to 5" in meridional direction, and -4 to 2° in zonal direction

SPD TC translation speed Oto+24 N/A
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