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Regime Shift of the Early 1980s in the Characteristics of the
Tropical Cyclone Affecting Korea
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Abstract: By performing a statistical change-point analysis of activities of the tropical cyclones (TCs) that have affected
Korea (K-TCs), it was found that there was a significant change between 1983 and 1984. During the period of 1984-2004
(P2), more TCs migrated toward the west, recurved in the southwest, and affected Korea, compared to the period of
1965-1983 (P1). These changes for P2 were related to the southwestward expansion of the subtropical western North
Pacific high (SWNPH) and simultaneously elongation of its elliptical shape toward Korea. Because of these changes, the
central pressure and lifetime of K-TC during P2 were deeper and longer, respectively, than figures for P1. This stronger
K-TC intensity for P2 was related to the more southwestward genesis due to the southwestward expansion of the
SWNPH. The weaker vertical wind shear environment during P2 was more favorable for K-TC to maintain a strong

intensity in the mid-latitudes of East Asia.
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Infroduction

Many factors including SST, vertical wind shear,
thermodynamic instability/stability, upper-tropospheric
momentum flux convergence, mid-tropospheric moisture,
and so on have an influence on tropical cyclone (TC)
activity (Gray, 1968; Molinari and Vollaro, 1989;
Pfeffer and Challa, 1992; DeMaria et al., 2001;
Goldenberg et al., 2001; Baik and Paek, 2001). In
particular, the movement and intensity of TC in the
subtropics or mid-latitudes is greatly influenced by
environmental circulation systems, such as the location
and strength of the subtropical western North Pacific
high (SWNPH).

Gong and Ho (2002) demonstrated that the SWNPH
has enlarged, intensified, and shifted southwestward in
recent years, which gives rise to an anticyclonic
circulation anomaly over the region from the South
China Sea to the western Pacific and thus causes wet
anomalies over the Yangtze River valley. Ho et al.
(2004) also showed that this southwestward expansion
of the SWNPH from the late 1970s led to a decrease
in TC passage frequency in the East China Sea but to
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an increase in the South China Sea. In addition, they
suggested that this change in the SWNPH resulted in
the westward shift of the recent major TC tracks and
therefore contributed to a larger elliptic pathway of
TC migration. On the contrary, Choi and Kim (2007)
and Choi et al. (2009) demonstrated that both
frequency and intensity of a TC at landfall in the
Korean Peninsula have rapidly increased since the late
1980s. In particular, they showed that the frequency of
TC with intensity greater than tropical storm (34 kts
<maximum sustained wind speed <47 kts) has
increased remarkably and suggested that this result is
because a SWNPH tend to retreat eastward in recent
years.

On the other hand, in relation to the interdecadal
variations in the climate of the late August, Inoue and
Matsumoto (2007) showed that in the early 1980s,
there were shifts not only in TC activity but also in
the entire large-scale circulation pattern over East Asia
and the western North Pacific (WNP). Therefore, it
was known that except for variation of Korean
Peninsula landfalling TC, most of the climate changes
associated with the activity of the SWNPH in the
aforementioned studies occurred between the late
1970s and early 1980s. In fact, climate regime shift in
the later 1970s or the early 1980s occurred not only in
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East Asia but also in the seas and air over the Pacific,
and thus related various studies were accumulated
(e.g., Nitta and Hu, 1996; Niebauer, 1998; Chang et
al., 2000; Stephens et al., 2001; Bond et al., 2003; Wu
et al., 2005; Ye and Hsieh, 2006;).

This study also found that a climate shift related to
TC activity affecting Korea exists in the early 1980s.
Thus, we first analyzed the interdecadal changes on
the activity of the TC affecting Korea and then their
relation to atmospheric circulation patterns in East
Asia and the WNP regions.

Data and Methods

The present study used the TC best track dataset
archived by the Regional Specialized Meteorological
Center (RSMC)-Tokyo. This dataset includes TC
measurements at 6-hour intervals of latitude-longitude
and intensity, including central pressure (hPa) and
maximum sustained wind speed (MSWS; kt). A TC
that affected Korea (hereafter, K-TC) was defined as
one that passed through the area of 32°-40°N, 120°-
138°E (KMA, 1996; boxes in Fig. 2) for July-
September. Based on this definition, 156 TCs were
selected for the period of 1965-2004 (40 years). The
TC intensity was divided into 5 stages on the basis an
intensity of the MSWS; tropical depression (TD;
MSWS <34 kts), tropical storm (TS; 34 kts <MSWS
<47 kts), severe tropical storm (STS; 48 kts <MSWS
<63 kts), typhoon (TY; MSWS >64 kts), and
extratropical cyclone (EC). Storms at the TD and EC
stages were included in the K-TC activity, because
these storms cause tremendous damage in the mid-
latitude countries of East Asia, such as China, Korea,
and Japan (Kitabatake, 2002).

On the other hand, we defined a K-TC recurving
location as the point where a TC’s direction of
movement changes from a westward to an eastward
movement. Also, to define the K-TC passage
frequency, TC position was binned into the
corresponding 5°x5° grid box and even if the same TC
entered the same grid box multiple times, it was only
counted once.

We also used the 6-hour measurements of
geopotential height (gpm) and horizontal wind (m s~
reanalyzed by the National Center for Environmental
Prediction-the National Center for Atmospheric
Research (NCEP-NCAR) to characterize the large-
scale circulation patterns related to the decadal
variation in the K-TC activity (Kalnay et al., 1996;
Kistler et al., 2001). These data are available on a
2.5°%2.5° grid at standard pressure levels.

In order to avoid any possible problems with data
reliability in the present results, all of the calculations
were confined to the period of 1965-2004 (40 years),
during which weather satellites have operated. The
interdecadal change in the K-TC activity was
determined through a statistical change-point analysis
(CPA). This type of statistical analysis can identify
significant regime shifts in a time series in an
objective manner. The details of this analysis method
are well described in Elsner et al. (2000), Chu (2002),
and Ho et al. (2004). The vertical wind shear (VWS)
analyzed to diagnose the large-scale condition related
to the K-TC activity is calculated as follows:

VWS = «/ (U200~ tt550)"+ (Vao—Veso)”

Here, u and v indicate the zonal and meridional flows,
respectively. 200 and 850 represent 200-hPa and 850-
hPa levels, respectively.

The composite analysis is an average for the
months of the K-TC activity and an anomalous map
was obtained by subtracting the climatological summer
(July, August, and September; JAS) mean during the
period of 1965-2004 from the average for the months
of K-TC activity. Here, JAS is defined as the seasons
that the K-TC activity is the most active Park et al.
(2006).

For the significance test in this study, the statistical
method of Student’s ¢ test is used (e.g., Wilks, 1995).

Regime Shift between
1983 and 1984

TC frequency and recurving location
As a result of applying the K-TC frequency to the



Regime Shift of the Early 1980s in the Characteristics of the Tropical Cyclone Affecting Korea 455

Frequency

Longitude (°E)
t-value

Latitude (°N)

(%

20

1970 1980 1990 2000

Fig. 1. Decadal variations in (a) frequency, (b) longitude,
and (c) latitude for the recurving location of TCs affecting
Korea (hereafter, K-TC). The thick and thin dotted lines
denote t-values of change-point analysis and average values
for three variables for the periods 1965-1983 (P1) and 1984-
2004 (P2), respectively.

statistical CPA, a significant change point was found
between 1983 and 1984 (Fig. la). While there were
61 K-TCs for the period of 1965-1983 (hereafter, P1),
there were 95 for the period of 1984-2004 (hereafter,
P2). That is, there were only about two thirds as many
K-TCs in P1 as in P2.

Ho et al. (2004) have already shown that the
change in the TC passage frequency in the WNP is
related to the southwestward shift of the SWNPH in
the late 1970s. Also, in the present study, an
investigation was made of the change in the SWNPH
averaged for the months of the K-TC activity in each
period, as shown in Fig. 2. As a result, the SWNPH
(5860 gpm contour) for P2 is shifted more
southwestward than that for P1. At the same time, the

shape of the SWNPH becomes more elliptical toward
Korea for P2. In addition, 5880 gpm contours for P2
were also stretched more toward Korea than those of
P1 (not shown). This means that during P2, the
SWNPH provides a more favorable environment for
TC to approach Korea. This feature can be seen in
detail by examining the location of the SWNPH for
each K-TC during the two periods (right panel of Fig.
2).

Due to this southwestward expansion of the
SWNPH and its elliptical shape toward Korea, the K-
TC track for P2 tends to migrate more westward than
that for P1 (Fig. 3). That is, the higher K-TC passage
frequency for P2 is distributed along the western
periphery of the 5860 gpm contour (filled circle).
Thus, East Asian coastal regions, such as the
Philippines, the east coast of China, Korea, and Japan
show a higher TC passage frequency for P2. This is
well consistent with the results of Inoue and
Matsumoto (2007), who analyzed the difference in the
TC track frequencies in the late August between
1984-2000 and 1961-1983. On the other hand, the
middle of China has the highest frequency in
mainland China for P2. This may play an important
role in the strengthening of wet anomalies over the
Yangtze River valley in recent years, as analyzed by
Gong and Ho (2002).

Generally, TCs tend to migrate along the western
periphery of the SWNPH. The recurving location of
K-TCs may also change because of this recent shift in
the SWNPH. In relation to the change in the latitude
of the recurving location, 34 of the 52 TCs (65.4%)
that recurved in P1 recurved to the north of 30°N,
while just 26 of the 77 TCs (33.7%) that recurved in
P2 did so. In other words, about 70% of all the K-
TCs that recurved during P2 recurved to the south of
30°N. Therefore, it can be concluded that K-TCs
tended to recurve to the north of 30°N during P1 and
to the south of 30°N during P2. On the other hand, in
relation to the change in longitude, while only 7 of
the 52 TCs for P1 recurved to the west of 120°E, 28
of the 77 TCs for P2 did so. Although the number of
TCs that recurved to the west of 120°E is not very
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Fig. 2. 500-hPa geopotential height composite averaged for the months of K-TC activity (left) and 5860 gpm contours in each
of the months with K-TC activity (right) for (a) P1 and (b) P2. The dots on the left denote the recurving locations of the K-
TCs. The solid line box represents the K-TC area (32°-40°N, 120°-138°E).
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Fig. 3. Differences in mean K-TC passage frequencies
(TPF) between P2 and P1 within each 5°x5° latitude-longi-
tude grid box. The solid and dashed lines denote 5860 gpm
contours for P2 and P1, respectively.

high for either period, the number of TCs that
recurved to the west of 120°E for P2 is about four

times that of P1. Also, in order to examine whether
there was a significant change in the recurving
location of K-TCs, we applied the time series of the
latitude and longitude portions of the recurving
locations to the CPA, respectively (Figs. 1b and Ic).
Dramatically, this shows that there is clear change
point between 1983 and 1984 for the two variables,
just as with the TC frequency. The average recurving
location for P1 is 31.2°N, 124.6°E and it is 27.6°N,
121.8°E for P2. The differences in average latitude
and longitude recurving locations between the two
periods are significant at the 90% confidence level.
Therefore, we can objectively confirm through the
CPA that the recurving location of K-TCs has been
shifted more southwestward since 1984.

TC intensity
The shifts in the track and recurving location of K-
TCs, along with the recent southwestward expansion
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Fig. 4. Same as Fig. 1, but for the annual variation in the
central pressure averaged for the maximal approach to the
boundary line of the K-TC area using the 6-hour TC best
track dataset.

of the SWNPH, may have had an effect on TC
intensity. Thus, the statistical CPA was also applied to
the interannual variation in the average central
pressure in the maximal approach to the boundary line
of the K-TC area using the 6-hour TC best track
dataset (Fig. 4). As a result, a significant shift was
also shows between 1983 and 1984, like the frequency
and recurving location shifts. That is, this indicates
that all the activities related to a K-TC experienced a
significant change between 1983 and 1984. The
average central pressure (975.9 hPa) for P2 is about
10 hPa deeper than the average (985.5 hPa) for Pl
and its difference between the two periods is
significant at the 95% confidence level.

Wang and Chan (2002), Han and Baik (2006), and
Jang and Ha (2008) pointed out that the further
southeastward in the western Pacific a TC is when it
is formed, the stronger its intensity becomes and,
therefore, the longer its lifetime becomes. Accordingly,
the latitudes and longitudes of K-TC genesis locations
and the K-TC lifetimes for the two periods were
analyzed, as shown in Fig. 5. In relation to the
longitude, the TCs during P2 occur further to the east
(P1: 141.2°E, P2: 142.5°E), even though the difference
between the two periods is not significant statistically.
On the other hand, there is a difference of about 3°N
for the latitude (P1: 15.8°N, P2: 13.1°N), which is
significant at the 90% confidence level. This more
southeastward TC genesis for P2 may be related, not
only to the monsoon trough, but also to the
southwestward expansion of the SWNPH, as analyzed
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Fig. 5. Latitude (left) and longitude (middle) locations of K-
TC genesis and TC lifetime (right) for P1 and P2. Multipli-
cation marks indicate the mean value for each period.

in Chen et al. (1998). In addition, the closer to the
equator a TC is during its formation, the longer its
lifetime tends to become (P2:12.3 days, P1: 9.8 days),
as indicated by Wang and Chan (2002). The
difference in the TC lifetime between the two periods
is significant at the 95% confidence level.

Vertical Wind Shear difference
between P1 and P2

In order to investigate the effect of large-scale
conditions on the difference in the TC intensity
between the two periods, we analyzed the vertical
wind shear (VWS) anomalies for P1 (Fig. 6a) and P2
(Fig. 6b) and its difference between P2 and P1 (Fig.
6¢c). Associated with the VWS, Gray (1968, 1975) and
McBride and Zehr (1981) have already emphasized
that the patterns of the VWS have a critical role in an
intensification of the TC. While the center of the
positive anomalies for P1 is located around Korea and
Japan and the region of negative anomalies is located
to the south of 30°N (Fig. 6a), the negative anomalies
for P2 is located not only to the south of 30°N, but
also in Korea (Fig. 6b). In addition, the negative
anomalies in the region south of 30°N for P1 are
generally stronger for P2 (Fig. 6¢). This indicates that
during P2, K-TCs have a more favorable environment
and thus could maintain stronger intensities than
during P1, as analyzed in section 3.2. In addition, in
relation to the VWS difference between P2 and PI,
the center of the negative anomalies is located in the
mid-latitudes of East Asia, such as Korea, Japan, and



458 Ki-Seon Choi and Tae-Ryong Kim

160E 120E 140E 160E

(b) 1984 - 2004 (P2)

£Q o ;
10 120E  140E  160E
(c) Diff (P2 - P1)
60N v e
50N
40N A
30N 1
20N @
10N 1 O o
ti\\. Le)
EQ ('/ZFJ & : :
100E 120 140E  160E 180

Fig. 6. Vertical wind shear (VWS) anomalies for (a) 1965-
1983 (P1) and (b) 1984-2004 (P2) and (c) the VWS differ-
ence between P2 and P1. The areas exceeding the 95% con-
fidence level are shaded. The contour interval is 3 ms .

some parts of northern China, and Japan. Also, most
regions of the analysis area predominantly show
negative anomalies. Consequently, this environment
for P2 can also provide favorable conditions for
maintaining a strong intensity in a K-TC, until it
moves north into the mid-latitudes.

Eventually, it can be concluded that the VWS in
most regions of East Asia and the WNP is generally

weaker for P2 than for P1. Thus, we can confirm that
the period of P2 shows the potential for a TC to
maintain a strong intensity in the mid-latitudes of East
Asia.

Summary and Conclusions

The statistical change-point analysis (CPA) was
performed for tropical cyclone (TC) activities that
affected Korea (K-TC) during the period of 1965-
2004. As a result, we suggest that there is a clear shift
in K-TC activities between 1983 and 1984 as follows:
There were 95 TCs for the period of 1984-2004 (P2)
and only 61 for the period of 1965-1983 (P1). The
tracks and recurving locations of these TCs shifted
more westward and southwestward in P2, respectively.
This recent shift in K-TC activities was related to the
southwestward expansion of the subtropical western
Pacific high (SWNPH) and, simultaneously, its elliptic
shape toward Korea.

Associated with the K-TC intensity, the central
pressure of the TCs near Korea also showed a
difference between the two years. That is, the average
central pressure for P2 was about 10 hPa deeper than
that for P1. This was because the TCs during P2
occurred further to the southeast because of the recent
southwestward expansion of the SWNPH and,
therefore, had a longer lifetime than those for P1. The
cause of this difference in the TC intensity between
the two periods was well confirmed through a vertical
wind shear (VWS) analysis. The VWS for P2 was
weaker over most regions of East Asia and the
western North Pacific (WNP) than that for PI.
Eventually, it could be determined that the period of
P2 had a greater potential for a K-TC to maintain a
strong intensity in the mid-latitudes of East Asia.
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