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Abstract Data from the China Meteorological Adminis-
tration and ERA-Interim are used to examine the
environmental characteristics of landfalling tropical
cyclones (TCs) with abrupt intensity change. The results
show that, of all 657 landfalling TCs during 1979–2017,
71%, 70% and 65% of all landfalling TDs, TSs and TYs,
respectively, intensify. Of all the 16595 samples, 4.0% and
0.2% of typhoons and tropical storms, respectively,
experience over-water rapid intensification (RI) process
during their life cycle. Meanwhile, 4.5% and 0.6% of
typhoons and tropial storms, respectively, undergo over-
water rapid decay (RD). These two kinds of cases, i.e., RI
and RD, are used to analyze their associated large-scale
conditions. Comparisons show that the RI cases are
generally on the south side of the strong western Pacific
subtropical high (WPSH); warm sea surface temperatures
(SSTs) and sufficient water vapor fluxes existing in RI
samples is a dominant feature that is conducive to the
development of TCs. Also, the moderate low-level relative
vorticity is favorable for TC intensification. On the
contrary, the RD TCs are located on the west side of the
WPSH; significant decreasing SSTs and low-level water
vapor transport may synergistically contribute to RD.
Simultaneously, low-level relative vorticity seems to be
unfavorable for the development of TCs.

Keywords landfalling tropical cyclone, abrupt intensity
change, environmental factors, dynamic composite analysis

1 Introduction

Tropical cyclones (TCs) are one of the most devastating
and common disaster types on Earth, and have catastrophic
impacts on people’s lives and property in coastal areas
(Zhang et al., 2009). Accurate forecasts of TC activity can
effectively avoid unnecessary social and economic losses.
The forecasting accuracy of TC tracks has improved
significantly over the past several years (Elsberry, 2014).
However, fairly large errors remain in the prediction of TC
intensity, especially with respect to abrupt intensity change
(Elsberry et al., 2007). Indeed, such a phenomenon
remains one of the most challenging tasks faced by
forecasters. Therefore, it is important to gain a clear
understanding of the characteristics related to TCs with
abrupt intensity change. Such research will provide
effective guidance for improving TC intensity forecasts.
The role played by ocean heat in the development and

maintenance of TC intensification has been identified (e.g.,
Emanuel et al., 2004). Lowag et al. (2008) concluded that
Hurricane Bret’s rapid intensification (RI) process was
related high sea surface temperatures (SSTs). Warm SSTs
of about 27°C and large upper-ocean heat content are two
necessary factors for RI (Chan et al., 2001; Lin et al.,
2005). Particularly, most intense TCs have been found to
undergo RI over regions with high TC heat potential
associated with warm eddies (Chan et al., 2001; Lin et al.,
2005; Pun et al., 2011).
There have also been many studies revealing the

importance to RI of inner-core processes. As described
by Willoughby et al. (1982), a TC’s outer and inner
eyewall replacement process may cause a significant
increase in TC intensity. Jiang (2012) suggested that TC
intensity changes are indeed related to inner-core con-
vective activity, and it is convective intensity that can
influence the rate of intensification. Another factor
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affecting TC intensity changes that cannot be ignored is its
interaction with the forcing of the large-scale environment.
Vertical wind shear can seriously affect TC intensity, and
low vertical wind shear is conducive to storm development
(Gray, 1967; Merrill, 1988). In addition, upper-level
forcing from troughs has an influence on regulating TC
intensity change (Pfeffer and Challa, 1981). However,
modeling and observational results show that RI can also
occur when there is no environmental forcing from upper-
level troughs (Emanuel, 1999). These results indicate that
external forcing from upper-level systems is likely a factor,
but not necessary, for RI. Notably, the three main factors
outlined above that are involved in TC intensity
changes— ocean heat content, inner-core processes and
environmental forcing— have mostly been discussed
separately in the literature, with researchers generally
choosing to focus only on one of these key aspects. An
exception was Bosart et al. (2000), who examined the RI
process of Opal (1995) and concluded that it was the
combination of environmental forcing and ocean heat
content that led to Opal’s RI.
Aside from the above studies, other researchers have

paid attention to RI more explicitly. For instance, Kaplan
and DeMaria (2003) used 12 years of Atlantic TC samples,
statistically defining RI by a maximum wind speed
increase of at least 30 kt within 24 h, to indicate the
environmental conditions that are conducive to RI
occurrence; that is, low vertical wind shear, weak forcing
from upper-level troughs, warm SSTs, and high relative
humidity in the middle-to-low troposphere. Considering
the RI occurrence in the western North Pacific (WNP), it
has been found that external effects from the environment
are more important than internal processes. Yuan and Jiang
(2010) used the same method as Kaplan and DeMaria
(2003) to develop an RI index for appraising the possibility
of RI happening over the next 24 h. However, there was a
flaw insofar as the degree to which conditions are favorable
for RI was neglected. A revised RI index was subsequently
defined based on that original study (Kaplan et al., 2010),
and their results showed that the large-scale environmental
impact factors are different in the Atlantic and eastern
North Pacific basins. Shu et al. (2012) examined the RI
process of WNP TCs and found that RI cases were farther
from their maximum potential intensity compared with
non-RI cases.
Most of the previous research mentioned above did not

focus explicitly on the abrupt intensity change process of
landfalling TCs. There is no doubt that the majority of
damage caused by TCs is associated with TC landfall, and
an abrupt change in TC intensity can seriously affect the
accuracy of tropical weather forecasting. If a system is
undergoing RI or rapid decay (RD) when making landfall
and an accurate prediction is unavailable, huge damage to
property and heavy losses of life might occur. Therefore, a
better understanding of RI and RD is necessary for
exploring the mechanisms responsible for TC variability.

The first goal of this paper is to statistically analyze the
intensity-change characteristics of landfalling TCs in the
WNP over the past 39 years. Then, we seek to distinguish
the environmental conditions associated with RI from
those cases favorable for RD, in order to provide a basis for
the forecasting of such TCs. The data and methods
employed are described in Section 2. Section 3 discusses a
statistical analysis of the landfalling TCs’ 24-h intensity
change (DV24). A comparison of the conditions present
during RI to those during RD is presented in Section 4.
Finally, some key conclusions are offered in Section 5.

2 Data and analysis

The best-track data set used in this paper is from the China
Meteorological Administration (CMA), including all TCs
that occurred in the WNP from 1979 to 2017. The data set
comprises records taken four times a day (at 00:00, 06:00,
12:00 and 18:00 UTC), including the central pressure, 6-h
estimates of position, and maximum sustained surface
wind speed (VMX). Other best-track data sets, acquired
from the Joint Typhoon Warning Center and the Regional
Specialized Meteorological Center of the Japan Meteor-
ological Agency, are used to validate our results. In this
study, a TC is defined as making landfall when its center
crosses the coastline at least once during its lifetime.
According to the CMA’s latest national standard for
classifying TCs, the 657 landfalling TCs from 1979 to
2017 are divided into three grades, i.e., tropical depres-
sions (TDs; 10.8£VMX£17.1 m/s), tropical storms (TSs;
17.2£VMX£32.6 m/s) and typhoons (TYs; VMX≥
32.7 m/s), and their numbers are 73, 247 and 337,
respectively.
To better coincide with the 95th percentile of DV24 in the

WNP, a critical value of intensity change of 15 m/s within
24 h is employed to identify RI events, as suggested by Shu
et al. (2012). Similarly, a 15 m/s threshold is chosen to
define RD events in this study, following Wood and
Ritchie (2015). Huang and Liang (2010) indicated that the
effect of topography on TC intensity usually occurs 6–9 h
prior to landfall. To avoid the effects of topography on
intensity changes, the sample is further limited by only
considering 24-h periods in which the TC center remains
more than 200 km from the nearest landmass, as suggested
by Liang et al. (2018). This produces a sample size of 420
RI and 522 RD cases in the WNP.
Atmospheric variables are obtained from the ERA-

Interim data set, at 6-h intervals and a horizontal resolution
of 0.75°� 0.75° (Simmons, 2006). Optimum interpolation
SST data at a daily, 0.25° resolution (Reynolds et al., 2007)
are obtained from NOAA. Each variable is evaluated using
the dynamic composite method, at the beginning and end
of each 24-h period, providing that the system undergoes
abrupt intensity change during the over-water 24 h before
making landfall. The composite range is an area of 30° �

Qianqian JI et al. Characteristics of landfalling tropical cyclones 809



30°, centered on the TCs, with the TC center as the
coordinate origin, and the x-axis and y-axis are the zonal
and meridional directions, respectively.

3 Intensity change distribution

Figure 1 shows the frequency distribution of DV24 for each
TC grade. Slow intensification (0£DV24< 5 m/s) occurs
most frequently for all DV24 classes, indicating TCs
intensify during most of their lifetime. It is found that
there is a relatively higher proportion of TSs than TYs and
TDs when the DV24 ranges from 5 to 10 m/s. One plausible
reason is that TSs tend to have a larger potential to rapidly
intensify than TYs because of a weaker intensity that is
further from their maximum possible intensity. The figure
also indicates that there is a higher proportion of TYs than
any other grade when the DV24 exceeds 10 m/s. In addition,
TYs decay at a fastest rate for all intensity classes
(DV24£5 m/s). Such results may be partially due to the
stronger initial intensities (the intensity of a system when it
first reaches the TC grade) of TYs than either TSs or TDs,

and hence an increased potential for TYs to change rapidly.
Table 1 summarizes the DV24 distributions of all samples.
There are 657 landfalling TCs providing a total number of
16595 cases based on a 6-h estimation interval, among
which the TY sample contributing 11103 cases is the
largest fraction. Also, the TY sample has the widest range
of intensity and standard deviation among the three grades.
In terms of the mean intensity change in DV24, it is positive
for both TYs and TSs, but negative for TDs, suggesting
that TCs with higher initial intensities have more potential
to intensify.
The over-water RI and RD cases in this study consist of

196 TCs, as compared to the total number of 657
landfalling TCs. Abrupt intensity change does not occur
in the TD (73) class, probably due to its weak initial
intensity. Since RI or RD may occur more than once during
a TC’s lifecycle, these 196 TCs contribute a total of 420 RI
and 522 RD over-water cases. We statistically analyze all
over-water RI and RD cases in each intensity-change class
and the distribution of DV24, and the results indicate that
TYs account for a larger proportion than TSs in either RI or
RD cases. Most TYs intensify with a DV24 in the range of

Fig. 1 Frequency distribution of the DV24 in each TC grade.

Table 1 The DV24 statistics of TDs, TSs, TYs, and all TC intensity classes. The number of cases (N), mean, standard deviation (std dev), minimum

(min), and maximum (max) DV24 are also provided

Intensity class N Mean/(m$s–1) Std dev/(m$s–1) Min/(m$s–1) Max/(m$s–1)

TD 831 – 0.12 2.5 – 12 15

TS 4661 0.37 5.49 – 25 16

TY 11103 0.48 9.87 – 47 45

All TCs 16595 0.41 8.6 – 47 45
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15–20 m/s, and weaken with a DV24 from –20 to –15m/s.
The number of RI and RD cases is normalized by class
sample size to remove the variations in each intensity
grade, and the possibility of a system to undergo over-
water abrupt intensity change is still the largest for the
TYs. Specifically, about 4.0% and 0.2% of the TY and TS
samples, respectively, go through RI; similarly, 4.5% and
0.6% of TY and TS samples experience RD.
From the distribution of over-water 24-h tracks of RI and

RD processes in which the TC center remains more than
200 km from the nearest landmass (not shown), we can see
the RI events most often occur in the region of 10°N–
20°N, and these cases mainly move to the north-west. East
of the Philippines (10°N–15°N, 130°E) is the region with
the most frequent occurrence of RI cases, while RI cases
rarely occur in the South China Sea. In terms of seasonal
distribution, the majority of RI cases (nearly 28%) occur in
July and August (25%), with a slightly larger fraction than
in September (24%) or October (11%). More RD cases
occur in areas close to the coast compared with open-
ocean, and they move to the north-west mostly. RD cases
occur mostly in September (about 29%), followed by
August (25%), July (22%), and then October (13%).

4 Large-scale conditions associated with RI
and RD cases

According to the rapid intensity change criteria mentioned
above, the samples are further limited by only considering
24-h periods during which the TC center remains at least
200 km from the nearest landmass. Two types of TCs are
selected to compare the environmental conditions through
dynamic composite analysis at the beginning (RI/RD
onset) and end (RI/RD completion) of each 24-h period.
Table 2 shows the basic conditions of the selected samples.

4.1 Geopotential height

From the 200-hPa height field (not shown), the RI TCs do
not interact with a high-altitude trough during the RI
process, and their north-west is controlled by the South
Asian High, with the eastern end of the 1250-dagpm
geopotential height line of the South Asian High located
12° east of the TC center at the end of RI. The area of the
South Asian High is relatively large. During the RD
process of the RD TCs, the South Asian High is obviously
enhanced at the end of the RD, and the position is more to
the east than for RI TCs. The 1250-dagpm geopotential
height line is located 30° east of the TC center and
distributed in shape of strips.
Figure 2 shows the 500-hPa geopotential height at the

beginning and end of the abrupt intensity change of the RI
and RD cases. The western Pacific subtropical high
(WPSH) is distributed in a strip shape during the RI
process of the RI TCs, and the TC center is located at its
south side. Due to the active south-eastern airflow on the
south side of the WPSH, the convection that drives the TC
is likely to strengthen. With the intensification of a TC
within 24 h, the western points and main body of the
WPSH tend to withdraw eastwards obviously. For the RD
cases, the TC center is located on the west side of the
WPSH, and its intensity change is less affected by the
WPSH. In addition, the 588-dagpm geopotential height
line moves eastwards at the end of the RD, indicating that
the WPSH is also weakening as the TC rapidly decays.

4.2 Water vapor fluxes

The main energy of a TC as a heat engine comes from the
latent heat released by condensation, and the water vapor
fluxes in the low levels can closely affect the TC intensity
change. Figure 3 shows the 850-hPa wind vectors and

Table 2 List of basic conditions at the beginning of the 24 h periods of selected samples

Class No. and name Time Position Pressure /hPa Wind speed /(m$s–1) DV24/(m$s–1)

RI 8521 (Dot) 1985/10/14/00 11.6°N, 142.3°E 992 20 15

8807 (Bill) 1988/08/06/06 25.0°N, 128.0°E 998 15 15

9025 (Mike) 1990/11/10/00 8.6°N, 135.9°E 960 40 20

0518 (Damrcy) 2005/09/24/06 19.7°N, 114.8°E 980 30 20

0621 (Chebi) 2006/11/09/06 15.9°N, 131.3°E 1000 15 30

1319 (Usagi) 2013/09/17/18 17.2°N, 130.7°E 990 23 15

1601 (Mujigae) 2016/07/04/06 12.8°N, 141.0°E 992 23 17

RD 7908 (Hope) 1979/08/01/06 20.9°N, 121.7°E 910 60 – 15

8504 (Hal) 1985/06/23/06 21.4°N, 117.1°E 965 40 – 15

9003 (Marian) 1990/05/18/00 18.9°N, 114.3°E 965 40 – 20

9521 (Kent) 1995/11/01/18 14.4°N, 126.8°E 925 60 – 20

0713 (Wipha) 2007/09/18/00 24.4°N, 123.6°E 935 55 – 25

0815 (Jangmi) 2008/09/27/12 21.3°N, 124.4°E 910 65 – 20

1614 (Meranti) 2016/09/13/12 20.4°N, 122.9°E 890 75 – 20
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horizontal water vapor fluxes (contours, giving only a
region of no less than 10 g/(s∙hPa∙cm)). It can be seen that
both types of TCs have a south-west jet stream (defined as
a strong wind speed zone with a synthetic wind speed of no
less than 10 m/s) to deliver warm and moist flow to the TC
center during the entire period when abrupt intensity
change occurs, and the water vapor supply mainly comes
from the ocean to the south. On the south side of the RI TC
centers, a strip of water vapor overlays at the south-west jet
stream. The water vapor is entangled into the TC center by
the south-west airflow, with the maximum value appearing
at the north-east of the TC center. Adequate water vapor
transport is conducive to maintenance of the warm-core
structure of a TC, and providing sufficient energy for TC
development.
The water vapor fluxes of the RD TCs are quite different

from those of the RI TCs. The speed of the south-west jet
stream and the water vapor transport are relatively weak
during the RD process, and there is some water vapor
flowing out with the westward airflow. These factors are
clearly not conducive to TC development.

4.3 Vertical wind shear

Gray and Brody (1967) proposed that, for TCs close to
maturity, moderate environmental wind shear is conducive
to air pumping of the upper-layer inflow and the bottom-
layer outflow, which are favorable for the maintenance and
development of TC intensity. Paterson et al. (2005) pointed
out that TCs have more possibility to intensify when the
vertical wind shear is less than 10 m/s. The presence of
significant vertical wind shear will advect heat and
moisture away from the TC convection center and then
inhibit TC development (DeMaria, 1996).
In the present study, the differences in zonal wind

vectors between 200 and 850 hPa are used to compute the
vertical wind shear. The distribution of vertical wind shear
at the beginning and end of RI/RD cases and their
differences are shown in Fig. 4. The results clearly show
that the vertical wind shear increases insignificantly for RI
TCs during the 24-h periods, with the westerly shear zone
located on the north side of the TC center and the easterly
shear on the opposite side. The TC center is located at the

Fig. 2 The 500-hPa geopotential height (solid line) and wind vector (arrows) field of RI and RD TCs (a) at the beginning of RI; (b) at the
end of RI; (c) at the beginning of RD; and (d) at the end of RD (units: dagpm). The origin of the coordinates is the TC center; the north and
east direction are positive and the south and west are negative.

812 Front. Earth Sci. 2019, 13(4): 808–816



junction of the easterly and westerly wind shear, and a
small vertical wind shear is favorable for TC intensifica-
tion. For the RD TCs, the distribution of vertical wind
shear resembles the pattern of RI, but with a lightly larger
value. With the development of a TC, the easterly shear
increases and the westerly shear changes little. Thus, the
meridional gradient of vertical wind shear increases during
the RD process, which is not conducive to TC develop-
ment.

4.4 Relative vorticity

Figure 5 shows the zonal cross sectional structure along the
TC center of the selected samples. It is clear that there is a
cyclonic vorticity column near the TC center, with the
maximum value appearing in the middle-to-low tropo-
sphere. Shaded areas indicate upper-tropospheric diver-
gence, while lower-tropospheric convergence.
The relative vorticity and divergence change signifi-

cantly during the 24-h periods for the RI TCs. At the
beginning of RI, there is a large value of cyclonic vorticity
(~2.0�10–5/s) from the middle to low level of the

troposphere, and an upper-tropospheric divergence zone
on the left-hand side of the TC center is also pronounced.
Both of these factors are conducive to ascending motion,
which is favorable for a TC’s development of convection.
At the end of the RI, the cyclonic vorticity at the low level
weakens and the upper-level divergence zone enlarges
slightly. The RI TCs are generally located to the south-west
or south of theWPSH. The south-east airflow of theWPSH
and the south-west low-level jet stream combine to form
convergent conditions in the mid and lower troposphere,
which are conducive to TC intensification.
Compared to the RI TCs, the RD TCs have a weaker

cyclonic vorticity in the middle-to-low level of tropo-
sphere, and a larger upper-tropospheric divergence zone at
the beginning of RD. However, with the development of
the TC, the lower-level convergence and upper-level
divergence are significantly weakened, which is unfavor-
able for the maintenance of the TC warm-core structure.
One possible reason is that the RD samples are generally
dominated by easterly airflow at low latitudes in the upper-
level troposphere, and the divergence is not robust.
Meanwhile, in the middle to lower level, the RD TCs are

Fig. 3 The 850-hPa wind and water vapor fluxes of the RI and RD TCs (a) at the beginning of RI, (b) at the end of RI, (c) at the
beginning of RD, and (d) at the end of RD (units: g/(s∙hPa∙cm)).
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Fig. 4 Vertical wind shear of RI and RD TCs (a) at the beginning of RI; (b) at the end of RI; (c) difference between the beginning and end
of RI; (d) at the beginning of RD; (e) at the end of RD; and (f) difference between the beginning and end of RD (units: m = s).

Fig. 5 Relative vorticity (contours; units: � 10–6 /s) and divergence (shaded; red:≥1.5 � 10–6 /s, gray:£- 1.5 � 10–6 /s) latitudinal-
vertical profile of RI and RD TCs (a) at the beginning of RI; (b) at the end of RI; (c) difference between the beginning and end of RI; (d) at
the beginning of RD; (e) at the end of RD; and (f) difference between the beginning and end of RD (units: /s).

814 Front. Earth Sci. 2019, 13(4): 808–816



generally located in the west of the WPSH and the easterly
winds are small, combined with slight south-westerly flow,
leading to the weak convergence in the mid-to-low level of
the troposphere. Such tropospheric conditions are unfavor-
able for the development of convection, thus contributing
to the TCs’ RD.

5 Summary and discussion

Data from the CMA and ERA-Interim are employed in this
study to examine the large-scale characteristics of land-
falling TCs with abrupt intensity change. The results show
that of all 657 landfalling TCs during 1979–2017, 71%,
70% and 65% of all landfalling TDs, TSs and TYs,
respectively, intensify. Of all the 16595 samples, 4.0% and
0.2% of TYs and TSs, respectively, undergo over-water RI
during their lifetime. At the same time, 4.5% and 0.6% of
TYs and TSs, respectively, experience over-water RD. In
addition, abrupt intensity changes of landfalling TCs are
more likely to occur in stronger systems. RI and RD cases
occur most in TYs, and most of them intensify with a DV24

in the range of 15–20 m/s, or decay with a DV24 in the
range of – 20 to – 15 m/s. East of the Philippine Islands
(10°N–15°N, 130°E) is the region with the most frequent
occurrence of RI cases, while such cases rarely occur in the
South China Sea. More RD cases occur in areas close to the
coast compared with open-ocean, and they move to the
north-west mostly. In terms of seasonal distribution, most
of RI cases (nearly 28%) occur in July. RD cases occur
mostly in September (about 29%).
ATC’s intensity is generally affected by the presence of

favorable environmental conditions. Here, two kinds of
cases— namely, RI and RD TCs— are used to examine
the environmental conditions associated with them.
Comparisons show that the RI cases are generally on the
south side of the strong WPSH; the SSTs near the
composite TC center at the beginning of RI are marginally
conducive to TC development (~29.03°C) but drop about
0.37°C within 24 h (Table 3). Simultaneously, the low-
level water vapor fluxes increase, implying that the
composite TC gains sufficient moisture during RI. Both
the warm SST and sufficient water vapor fluxes appear to
precede RI onset. On the contrary, the RD TCs are located

on the west side of the WPSH; the SSTs near the TC center
are smaller but the decreases during 24-h periods are more
dramatic than for the RI cases. Water vapor flux changes
are less pronounced, as low-level water vapor transport
rarely wraps into the TC circulation from the west and it
drops within the entire composite TC. Significant
decreases in SSTs might be one plausible cause of the
RD. By the time RD begins, the TC has a moderate SST
and has begun to lose its source of moisture. This implies
that negative environmental factors might be affecting the
TC’s RD.
In addition, dynamic factors (low-level vorticity and

vertical wind shear) have an important effect on the TC
intensity change. There are no significant differences in
vertical wind shear between the RI and RD cases, implying
that this variable is not the key factor that differentiates
TCs with abrupt intensity change. However, for RD TCs,
the pronounced increasing vertical wind shear during the
entire 24-h periods may contribute to the RD onset.
Simultaneously, the low-level relative vorticity near the RI
TC center at 0 h is moderate for intensifying TCs and
increases as the TC develops, implying that the composite
TC has enough potential to develop. Conversely, the RD
TC center is subjected to a large relative vorticity and
negative differences between the end and beginning of RD.
This indicates that decreasing low-level relative vorticity
may contribute to RD.
In short, the environmental fields of two types of TCs

with over-water RI and RD before making landfall have
been compared, and some preliminary conclusions drawn.
The existence of warm SSTs is a dominant feature for the
RI samples that is conducive to the TC development.
Sufficient water vapor fluxes involved in the TC circula-
tion also provides enough energy for TCs to intensify.
Also, moderate low-level relative vorticity is favorable for
TC intensification. On the other hand, a significant
decrease in SST and low-level water vapor transport may
synergistically contribute to RD. Simultaneously, low-
level relative vorticity seems to be unfavorable for TC
development, and the combination of these factors
amplifies the weakening rate enough to reach the RD
threshold. However, the causes of abrupt intensity change
in TCs are more complicated. Every TC has its own special
internal structure and forcing from different external

Table 3 The mean values of synoptic variables at the initial (t = 0) time and average differences between end and beginning of the RI and RD

samples. The differences between these mean values (D = RD –RI) are also shown. The algorithm is applied within 550 km of the TC center. An

asterisk indicates statistical significance at the 95% confidence level

Variable RI RD D =
RD –RIbeginning differences beginning differences

SST/°C 29.03 – 0.37 28.19 – 0.78* – 0.84*

Water vapor fluxes/(g/(s∙hPa∙cm)–1) 23.38 1.43 15.88 – 0.63 -7.50*

vertical wind shear/(m$s–1) 0.51 0.39 0.53 0.98 0.02

850 hPa relative vorticity/(10–6 $s–1) 25.31 0.38 34.93 -1.95 9.62
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environments. The causes of intensity change are not the
same, and this paper only shows a commonality. Further
research is needed on the impacts of land/terrain on the
large-scale characteristics of TC RI/RD, the interaction
between TC circulation and TC structural change adjust-
ment of the circulation field.
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