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Understanding the response of tropical cyclones to a changing climate 
has become a topic of great interest and research. Kossin1 showed that 
tropical-cyclone translation speed (TCS) has decreased globally by 
10% over the period 1949–2016 and stated that this is consistent with 
the expected changes in atmospheric circulation forced by anthro-
pogenic warming. However, we question the robustness of his con-
clusions1 for the following reasons: (1) TCSs generally increase with 
the latitude of the tropical cyclones and are therefore very sensitive 
to the bias of tropical-cyclone detection with respect to latitude; and 
(2) in the pre-satellite era (1949–1965), there is a high possibility that 
systematic biases in the detection of tropical cyclones exist in the best-
track data, which could produce spurious trends in TCS. Therefore, 
the slowdown of TCS stated1 may not be a real climate signal or it may 
be exaggerated.

Our main concern is the period of data (1949–2016) used in the 
trend analysis, particularly for the pre-satellite era (1949–1965), which 
has been shown to have serious data inhomogeneity problems2–6. 
Kossin1 argued that estimates of tropical-cyclone position as well as 
translation speed using the position information are comparatively 
insensitive to the inhomogeneity of tropical-cyclone best track data 
(although without giving a very strong objective justification) and 
used the data prior to the satellite era in his trend analyses. However, 
here we show that the estimates of the annual-mean TCS globally 
or in a particular basin are very sensitive to the data inhomogeneity 
related to changes in observational capability, which will affect the 
trend analysis.

In general, the higher the latitude, the stronger the background 
atmospheric flow and hence the steering flow of the tropical cyclone. 
TCS increases with latitude and varies with region. On average, the TCS 
at about latitude 38° is double the TCS at 15° and the TCS in the North 
Atlantic is almost double that in the North Indian Ocean (see Fig. 1a). 
Any inaccurate estimate of regional tropical-cyclone frequency and the 
number of tropical-cyclone position points (usually 6-hour intervals) 
will therefore contaminate the annual-mean value of TCS, which will 
affect the trend analysis. For example, if a slow-moving tropical cyclone 
at low latitudes has not been detected, it will increase the annual- 
mean global TCS of that year, but vice versa if a fast-moving tropical 
cyclone at high latitudes is missed. If the number of missed or incor-
rectly counted tropical cyclones including position points increases and 
their locations are biased, the impact on the estimation of annual-mean 
global TCS will be further increased.

An example to show the possibility of biased tropical-cyclone detec-
tion in the pre-satellite era is a dramatic change in the annual number 
of global tropical-cyclone position points over the sea (Nsea) from 1631 
to 2474 (an approximately 52% increase) and its percentage of the total 
points (PCTsea) before and after the satellite era (compare P1 and P3 in 
Table 1 and see Fig. 1b). This large change is about three times greater 
than that obtained from reliable over-land points (from 268 to 225, an 

approximately 16% decrease). This difference is probably related to 
the fact that more tropical cyclones in the pre-satellite era have been 
missed over the sea than over the land because of the lack of observa-
tions over the sea7,8.

Another example is the undercount of the weakest storms with 
speeds below 35 knots, called tropical depressions, in the pre-satellite 
era. For example, in the western North Pacific (WNP) that accounts 
for 30% of the total annual global tropical-cyclone frequency, the 
annual number of position points for storms with speeds below  
35 knots is on average 157 during the pre-satellite era (P1), but signif-
icantly increased to 360 during the geostationary-satellite era (P3), a 
129% increase (Table 1). Such a large change is far beyond any known 
climate variability, especially when compared with the small change of 
8% in position points for storms with speeds over 35 knots during the 
same period, and illustrates the fact that the detection and classification 
of the tropical depressions that generally show poor organization was 
probably more difficult in the pre-satellite era9,10.

Such potential biases in tropical-cyclone detection can directly lead 
to an increase in TCS prior to the satellite era because the climatolog-
ical mean TCS is much slower over the sea (17.9 km h−1) and for the 
weakest storms (18.7 km h−1) than over land (19.9 km h−1) and for  
the stronger storms (20.5 km h−1), mainly owing to the differences in the 
mean latitude of their positions (3.9° and 4°, respectively; see Table 1). 
Here we note that the TCS differences (about 2.0 km h−1) between the 
two groups before and after the satellite era are not trivial, considering 
that the significant global change of TCS that Kossin1 observed over the 
68-year observation period was only about 2 km h−1 (see Fig. 1 in ref. 1).  
We additionally analysed position data only over land over the  
68 years, which we believe to be more reliable, and we do not observe 
the decreasing trend that Kossin1 claimed (Fig. 1c). These results  
suggest that the slowdown of TCS is not a global phenomenon, at least 
for tropical cyclones over land.

Our results demonstrate that the effects of data inhomogeneity can 
strongly influence the global trend of TCS, owing to its high latitudinal  
dependency (see Fig. 1d). However, this does not imply that we can 
quantify how much data inhomogeneity contributed to the real trend, 
because the separation of the real climate signal and data artefacts 
within observed trends is almost impossible. For the same reason,  
using latitude belts and normalizing interbasin tropical-cyclone  
frequency may reduce the effect of biased sampling on TCS, but this 
method does not justify the use of inhomogeneous tropical-cyclone 
data during the pre-satellite era. This is because we do not know the 
position and TCS of the missed tropical cyclones and their subsequent 
impacts on global trends. Therefore, we conclude that for the analysis of 
tropical-cyclone trends and climate research, care must be taken when 
using any inhomogeneous tropical-cyclone data in the pre-satellite era, 
including position-based information such as TCS and the location of 
lifetime maximum intensity11 as well as intensity and frequency.
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Fig. 1 | Changes in mean TCS according to latitude, basin and time 
along with their mean latitudes and percentages at sea points. a, Global 
mean TCS plotted against latitude. Vertical bars indicate one standard 
deviation in the bins (interval of 5°). Climatological mean speeds (in units 
of km h−1) are shown according to basin (GLB, global; NA, North Atlantic; 
WNP, western North Pacific; ENP, eastern North Pacific; NI, North Indian 
Ocean; SI, South Indian Ocean; SP, South Pacific). b, Time-series of the 
annual number of global storm position points over the sea divided by 
the total number of all track points, given as a percentage. The averages 

for the pre-satellite era (P1, yellow shading) and the post-geostationary-
satellite era (P3, blue shading) are shown, with the P value representing the 
significance in their differences. The thick solid line represents the 7-year 
running mean. c, Time-series of the annual-mean TCS in the points over 
land. The linear trend is shown as a solid line, with P value. d, Time-series 
of the annual-mean global TCSs (black lines) and their mean latitudes 
(red lines). Thick solid lines represent the 7-year running mean. The 
correlation coefficient r between TCS and latitude is shown.

Table 1 | Changes in tropical-cyclone statistics based on availability of satellite data
GLB WNP

Nsea Nland Nglobal PCTsea N<35kt N≥35kt PCT<35kt

Pre-satellite era  
(P1, 1949–1965)

1,631 (±243) 268 (±65) 1,899 (±257) 85.9 (±3.3) 157 (±93) 490 (±84) 24.3 (±10.0)

Post-satellite era 
(P2, 1966–1981)

2,288*** (±298) 272 (±88) 2,560*** (±347) 89.4*** (±2.7) 256** (±133) 531 (±135) 32.5** (±12.6)

Post-geostationary- 
satellite era  
(P3, 1982–2016)

2,474*** (±443) 225** (±65) 2,699*** (±475) 91.7*** (±1.9) 360*** (±190) 531 (±151) 40.4*** (±10.5)

Climatological TCS 
(km h−1)

17.9 (±11.3) 19.9*** (±12.6) 18.1 (±11.5) 18.7 (±11.2) 20.5*** (±12.5)

Climatological 
latitude (° N)

18.9 (±8.1) 22.8*** (±8.5) 19.3 (± 8.3) 16.6 (±8.7) 20.6*** (±7.9)

Here PCTsea represents the annual number of global storm position points over the sea (Nsea) divided by the total number of points (Nglobal = Nsea + Nland), given as a percentage; PCT<35kt is the  
percentage of the annual number of global storm position points below a wind speed of 34 knots (N<35kt) to total points (Nglobal = N<35kt + N≥35kt); Climatological TCS and latitude are the mean  
translation speeds and latitudes for the various parameters over the period 1982–2016, respectively. Three periods are defined as in previous studies7,12. Statistically significant separation of  
the differences are denoted by asterisks (*90% confidence; **95% confidence; ***99% confidence). For numbers (N) and percentages (PCT), all significance tests are performed against P1,  
while for TCS and latitude, the tests are performed against Nsea and N<35kt, respectively.
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Data availability
The tropical cyclone data were taken from the International Best Track Archive for 
Climate Stewardship (IBTrACS; https://www.ncdc.noaa.gov/ibtracs).

Code availability
All codes used to analyse and plot the data are available from the corresponding 
author on request.
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