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Abstract: The trend of tropical-cyclone (TC) translation speed is a hot topic recently. Changes in TC
translation speed during 1949–2017 over the western North Pacific are analyzed using two best-track
datasets here. The TC translation speed decreased during 1949–2017, but there was no significant
trend after 1981. The TC translation speed also changes with latitude and intensity. In the tropical
ocean, TC translation speed decreased by 5.9% during 69-year recording period. North of 23.5◦ N, the
changes in translation speed is highly consistent with the latitude of TC occurrence. The translation
speed of tropical depressions showed no significant trend during the period 1949–2017, but the
translation speed of typhoons decreased over the 69-year recording period. The period 1949–1981
contributed most of the slowdown trend. There also was an increase in the frequency of typhoons
with translation speed slower than 6 m/s. The decrease of translation speed of typhoons before 1981
was likely caused by the weakening of the summertime tropical circulation.

Keywords: Western North Pacific; tropical cyclone; translation speed; latitude of TC
occurrence; intensity

1. Introduction

As one of the most destructive weather systems on Earth, tropical cyclones (TCs) often cause
significant human and property loss in coastal areas. Hence, the changes in TC behavior are of great
concern in past years [1–9]. Recently, Kossin found that global TC translation speed slowed down by
10% during the period 1949–2016 [10]. And he speculated that the slowdown of TC translation speed
may be caused by the weakening of summertime tropical circulation affected by the anthropogenic
warming. He further raised that the local rainfall totals would increase potentially with the slowdown
of translation speed. However, Moon et al. put forward that the missing data in TC best-track dataset
before satellite era (1949–1965) would produce spurious trends in TC translation speed [11]. Another
point they discussed is that the high latitudinal dependency of TC translation speed could strongly
influence the global trend by the data inhomogeneity. Kossin also acknowledged that the slowdown
trend had a latitudinal component, which was unclear whether it was due to the data inhomogeneity
or was a climate signal (or both) [12]. Lanzante raised that the long-term changes in TC translation
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speed appeared to be a few step-like changes, which were largely associated with the natural internal
climate variability and introduction of satellite data [13]. Chan also disagreed with Kossin and believed
that the introduction of satellite capabilities since 1970s could influence that results to a great degree.
Further, he even found a significant speedup of global TC translation speed over land after 1970 [14].
Therefore, it is still controversial about the slowdown trend in global TC translation speed.

Furthermore, Kossin found a decrease in TC translation speed using a longer and more reliable
TC data over the continental USA [12]. Further, he proposed that it supported the existence of the
slowdown trend in TC translation speed in a particular region, which provided some confidence in the
reliability of decrease in TC translation speed observed in other broader regions. It cannot be neglected
that the considerable variations in inter-basin TC translation speed and occurrence frequency may lead
to inaccurate global trends in translation speed. Therefore, the analysis of changes in TC translation
speed over different basins is vital and necessary to discuss the dispute mentioned above. In western
North Pacific, the TC occurrence frequency accounted for 30% of the total global TCs [15]. Hence, we
only focus on the changes in TC translation speed over the western North Pacific in this study, which
we believe to be more reliable and worth exploring.

So far, the studies of changes in TC translation speed over the western North Pacific generally
gave an overall trend and were lack of adequate detailed analysis. For the studies of trends in TC
behavior over the western North Pacific, there existed significant discrepancies in the results based on
different datasets [16–21]. This presents the question whether the trends in translation speed result
from the discrepancies in TC best-track dataset themselves. Here, we investigated the changes in
TC translation speed over the western North Pacific in different areas and intensities using two TC
best-track datasets, and briefly discussed the potential reasons for the changes in translation speed
as well. The rest of this paper are organized as follows. Section 2 describes the data and methods.
Section 3 considers the changes in TC translation speed over the western North Pacific. In Section 4, a
summary and discussion are presented.

2. Data and Methods

The TC best-track datasets used in this study are obtained from the China Meteorological
Administration (CMA, http://www.typhoon.org.cn) [22] and the Joint Typhoon Warning Center
(JTWC, https://pzal.ndbc.noaa.gov/collab/jtwc) [23], which could provide the TC location and intensity
(maximum wind speed) at 6-h intervals over the western North Pacific (WNP) during the period
1949–2017. There exist some variations in the two datasets, such as the maximum wind speed which is
2-min mean wind speed in CMA while is 1-min mean wind speed in JTWC. Each of the two datasets
has individual characteristics and advantages, and it is hard to say which one is better for analyzing
the TC activities over the western North Pacific [24,25].

The TC translation speed is calculated using the geographic distance between two successive TC
locations at 6-h intervals. The geographic distances are calculated between a pair of latitude/longitude
points on the Earth’s surface, which is based on the World Geodetic System 1984 (WGS-84) model for
the Earth ellipsoid. The trends in this study are obtained using linear regression analysis. Statistical
significance is based on the P value of the F statistic. The F statistic is the test statistic of the F-test on
the regression model, for a significant linear regression relationship between the response variable and
the predictor variables.

The percentage change is calculated by the difference of the last point and the first point of the
best-fit trend line divided by the first point. The wind speed at 500 hPa is obtained from the National
Centers for Environmental Prediction/National Centers for Atmospheric Research (NCEP/NCAR)
reanalysis monthly mean data (https://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.
derived.pressure.html) [26].

http://www.typhoon.org.cn
https://pzal.ndbc.noaa.gov/collab/jtwc
https://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.derived.pressure.html
https://www.esrl.noaa.gov/psd/data/gridded/data.ncep.reanalysis.derived.pressure.html
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3. Results

The changes in annual mean TC translation speed over the western North Pacific are showed in
Figure 1. Two datasets of the CMA and JTWC were used here to exclude the possibility that the trends
in translation speed resulted from the discrepancies in TC best-track dataset themselves. Although the
changes in TC translation speed exhibited considerable differences in the two datasets, they showed
the same trends in TC translation speed: a significant slowdown over the 69-year period of the record
1949–2017 (Table 1). We divided the full study period into two periods (1949–1981 and 1982–2019),
considering that the full global coverage of the geostationary satellites began in approximately 1981 [27].
We found that the TC translation speed decreased by 9.6% in CMA data set and even 15.5% in JTWC
data set during the period 1949–1981. Unfortunately, there was no significant trend after 1981 when
the TC best-track data were more reliable. The results before 1981 need further discussion to determine
whether there is a real downward trend in TC translation speed. Nevertheless, it at least means that
the TC translation speed in western North Pacific is not decreasing all the time. In other words, it is
not a major concern in this region that the rainfall totals would be compounded in the future as a result
of the slowdown of TC translation speed.
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Figure 1. Time series of the annual mean TC translation speed during the period 1949–2017 over the
western North Pacific in two datasets of (a) CMA, (b) JTWC and their linear trends. The black dashed
lines show the linear trends during the two periods (1949–1981, 1982–2017). The gray shading indicates
the two-sided 95% confidence boundary.

Table 1. Trends (m s−1 year−1) and their p-values of the annual mean TC translation speed during three
time periods (1949–1981, 1982–2017, 1949–2017) over the western North Pacific. The bold-font marked
values represent the corresponding trends with confidence levels above 95%.

1949–1981
Trend (p-Value)

1982–2017
Trend (p-Value)

1949–2017
Trend (p-Value)

CMA −0.019 (0.01) −0.001 (0.88) −0.007 (0.00)

JTWC −0.031 (0.00) 0.005 (0.31) −0.015 (0.00)

ocean (CMA) −0.018 (0.03) 0.001 (0.91) −0.007 (0.00)

ocean (JTWC) −0.028 (0.00) 0.005 (0.34) −0.015 (0.00)

land (CMA) −0.033 (0.06) −0.020 (0.22) −0.006 (0.34)

land (JTWC) −0.076 (0.00) −0.001 (0.94) −0.023 (0.00)

0–23.5◦ N (CMA) −0.003 (0.65) −0.008 (0.14) −0.004 (0.04)

0–23.5◦ N (JTWC) −0.011 (0.14) −0.002 (0.78) −0.008 (0.00)

23.5–35◦ N (CMA) −0.022 (0.22) 0.001 (0.95) −0.005 (0.46)

23.5–35◦ N (JTWC) −0.031 (0.11) 0.003 (0.87) −0.009 (0.18)

35–50◦ N (CMA) −0.005 (0.88) 0.041 (0.34) 0.004 (0.75)

35–50◦ N (JTWC) −0.029 (0.60) 0.068 (0.15) −0.027 (0.13)
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Table 1. Cont.

1949–1981
Trend (p-Value)

1982–2017
Trend (p-Value)

1949–2017
Trend (p-Value)

tropical depression (CMA) −0.009 (0.41) −0.013 (0.09) −0.004 (0.21)

tropical depression (JTWC) 0.011 (0.35) 0.006 (0.45) −0002 (0.51)

tropical storm (CMA) 0.000 (0.98) −0.001 (0.91) 0.002 (0.70)

tropical storm (JTWC) −0.037 (0.02) 0.004 (0.67) −0.019 (0.00)

severe tropical storm (CMA) −0.018 (0.21) 0.012 (0.27) 0.004 (0.37)

severe tropical storm (JTWC) −0.052 (0.03) 0.014 (0.26) −0.019 (0.00)

>=typhoon (CMA) −0.026 (0.03) 0.001 (0.95) −0.012 (0.00)

>=typhoon (JTWC) −0.024 (0.04) −0.001 (0.93) −0.008 (0.01)

Considering the mean TC translation speed is faster over land than over the ocean, any of the
TC data inhomogeneity over land and the ocean may affect the trend in TC translation speed. Hence,
we separated the ocean data from the land data to study the annual mean TC translation speed
(Figure 2). There was also a decreased trend in the TC translation speed over the ocean during the
period 1949–2017 (especially the period 1949–1981), which was very similar to the results in Figure 1.
This was related to the fact that the number of TC position points over the ocean accounted for above
90% of the total. Furthermore, it was obvious that the TC translation speed over land also decreased
before 1981, although there was no significant trend in the TC translation speed over land during the
entire recording period. Chan found a significant speedup of global TC translation speed over land
after 1970 [14], but here we showed that the TC translation speed over land in western North Pacific
had no significant trend after 1981.
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Figure 2. Time series of the annual mean TC translation speed (a) over the ocean and (b) over
land in CMA datasets and (c) over the ocean, (d) over land in JTWC datasets during the period
1949–2017 in western North Pacific and their linear trends. The black dashed lines show the linear
trends during the two periods (1949–1981, 1982–2017). The gray shading indicates the two-sided 95%
confidence boundary.
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Moon et al. discussed that there was a dramatic increase in the percentage of annual number
of global TC position points over ocean after 1981 than the pre-satellite era (1949–1965), which may
probably produce unreliability in the trend [11]. Hence, we calculated the percentage of the number of
TC position points over the ocean in western North Pacific (Figure 3). This indicated that the percentage
was almost unchanged during the two periods (1949–1981 and 1982–2017), which was 91.9% and 91.2%
in CMA dataset respectively. Therefore, the slowdown trend in TC translation speed over the ocean in
western North Pacific is relatively acceptable.Atmosphere 2020, 11, x FOR PEER REVIEW 5 of 12 
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The results of the annual mean TC translation speed over the whole region may mask some
considerable information, such as the variations of translation speed by latitudes and intensities. Hence,
the changes in TC translation speed over the ocean in different latitudes and intensities will be further
discussed below.

TC translation speed varies largely by latitude (Figure 4). The TC translation speed is relative
slower and changes a little in the tropical ocean (latitude below 23.5◦ N in western North Pacific).
When TCs leave the tropical ocean, the translation speed increase rapidly with the latitude (Figure 5).
Figure 6 shows the relationship of the annual mean TC translation speed and latitude of TC occurrence
in the north of 23.5◦ N. The changes in TC translation speed is highly consistent with the changes in
the latitude of TC occurrence. Considering the high latitudinal dependent of TC translation speed, we
studied the annual mean translation speed in different latitude belt over the western North Pacific
during the period 1949–2017 (Figure 7). In the north of 23.5◦ N, the trend in translation speed was not
significant during the 69-year period. While over the tropical ocean, there was a significant decrease of
TC translation speed by 5.9% in CMA and even 10.0% in JTWC during the period 1949–2017.
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speed and latitude during 1949–2017 is 0.70 (significant above the 99% confidence level).
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TC translation speed also varies in its intensity. When TC intensity is below the typhoon category
(Table 2), the translation speed increases with the maximum wind speed (Figure 8). And the frequency
in TC position points below the typhoon category is quite large which accounts for 68.5%. The number
of tropical depressions was largely undercounted in the pre-satellite era, which could lead to an
increase in TC translation speed [11]. Therefore, the changes in translation speed under different
intensities are worth considering. Figure 9 shows the time series of annual mean TC translation speed
under different intensities over the ocean in western North Pacific during the period 1949–2017. There
was no significant trend in the translation speed of tropical depressions. Nevertheless, the translation
speed of typhoons decreased over the 69-year recording period. Similarly, the period 1949–1981
contributed most of the slowdown trend, which we believe to be more reliable compared to the trend in
translation speed of tropical depressions. The changes in the possibility density of typhoon frequency
in translation speed are showed in Figure 10. The frequency of typhoons with faster translation speed
decreased during the period 1949–2017. Note that there was an increase in the frequency of typhoons
with translation speed slower than 6 m/s. This also indicated that the translation speed of typhoons
over the western North Pacific became slower during the period 1949–2017.

Table 2. Classification of TC intensity according to the maximum wind speed (m/s) referred to the
China Tropical Cyclone Classification (GBT 19201-2006) [22] in CMA.

Maximum Wind Speed TC Intensity

10.8–17.1 m/s Tropical depression (TD)
17.2–24.4 m/s Tropical storm (TS)
24.5–32.6 m/s Severe tropical storm (STS)
32.7–41.4 m/s Typhoon (TY)
41.5–50.9 m/s Severe typhoon (STY)
≥51.0 m/s Super typhoon (Super TY)
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Figure 8. The frequency of TC position points distributed in translation speed and maximum wind
speed over the ocean in western North Pacific. The black line shows the mean TC translation speed
with the maximum wind speed. The red line connects the TC translation speed occurs most often for
each TC intensity. The intensity of the TCs is divided into seven categories according to the maximum
wind speed seeing the China Tropical cyclone Classification (GBT 19201-2006) in CMA (Table 2).
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Figure 9. Time series of the annual mean TC translation speed in different intensities (a) TD (b) TS (c)
STS (d) typhoon in CMA datasets and (e) TD (f) TS (g) STS (h) typhoon in JTWC datasets during the
period 1949–2017 over the ocean in western North Pacific and their linear trends. The black dashed
lines show the linear trends during the two periods (1949–1981, 1982–2017). The gray shading indicates
the two-sided 95% confidence boundary.
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Figure 10. Changes in the distribution of typhoon translation speed over the ocean in the western
North Pacific. (a) The changes in the anomalies (from the time series mean) of probability density of
the typhoon frequency during 1949–2017; (b) The probability density of the typhoon frequency in the
translation speed during two periods of 1949–1981 and 1982–2017.

The changes in atmospheric circulation may influence the TC translation speed because the
movements of TCs are generally carried along with the ambient environmental wind [28]. Figure 11
shows the trends in wind speed at 500 hPa during summertime over the period 1949–1981 and
1982–2017. Note that there was a significant weakening of the summertime tropical circulation during
the period 1949–1981. We calculated the annual mean wind speed at 500 hPa during summertime
over the period 1949–2017 (Figure 12). It shows that the changes in translation speed of typhoons
over the western North Pacific during the period 1949–1981 was largely relevant to the changes in
summertime tropical circulation. Hence, it seems that the significant slowdown trend in translation
speed of typhoons was caused by the weakening of the summertime tropical circulation during the
period 1949–1981.
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Figure 12. Time series of the annual mean translation speed of typhoons (blue lines) and wind speed at
500 hPa (green lines) over the ocean in western North Pacific during the period 1949–2017. Thick solid
lines represent the 7-year running mean. The correlation coefficient r between translation speed and
wind speed at 500 hPa during 1949–1981 is 0.74 (significant above the 99% confidence level).
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4. Discussion

Since studies have found that the global TC translation speed slowed down by 10% in past
decades [10], there has been much controversy over the trend in global TC translation speed. Meanwhile,
it cannot be neglected that the considerable variations in inter-basin TC translation speed and occurrence
frequency may lead to inaccurate global trends in translation speed. We focus only on the changes in
TC translation speed over the western North Pacific in this study, which we believe to be more reliable
and worth exploring.

There was a significant slowdown trend in the TC translation speed during the period 1949–2017
in both the CMA and JTWC data set (especially before 1981). The trend of TC translation speed over
the ocean contributes mostly to the overall trend. TC translation speed was almost unchanged after
1981 when the best-track data was more reliable. The translation speed over land decreased during the
period 1949–1981, although there was no significant trend during the entire recording period.

TC translation speed varies largely by latitude. When TCs leave the tropical ocean, the changes
in TC translation speed is highly consistent with the changes in the latitude of TC occurrence. TC
translation speed significantly decreased during the period 1949–2017 in the tropical ocean, where
the TC translation speed varies a little. TC translation speed also varies in its intensity. When TC
intensity is below the typhoon category, the translation speed increases with the maximum wind
speed. The TC translation speed of typhoons decreased over the 69-year recording period. Similarly,
the period 1949–1981 contributed most of the slowdown trend. The frequency of typhoons with
faster translation speed also decreased during the period 1949–2017. It was likely that the significant
slowdown trend in translation speed of typhoons before 1981 was caused by the weakening of the
summertime tropical circulation.

The analysis of the changes in translation speed by different latitudes and intensities is very
meaningful but lack adequate attribution here. Because the TC translation speed could control the TC
intensity by modulating the strength of the air–sea surface negative thermal feedback, further studies
are worth constructing to discuss the relationship of the changes in TC translation speed and intensities.
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