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FACTORSAFFECTING THE TRACK OF TROPICAL CYCLONESAFTER
LANDFALL IN EASTERN CHINA
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Abstract: The correlation and composite analysis are carried out in this paper to study major factors
affecting the track of tropical cyclones (TCs) after their landfall in the east of China. The mid-tropospheric
environmental steering flow is found to dominate the movement of a TC even after landfall, with the inertia
and Coriolis force two other subordinates. A key region is discovered covering the east of Chinaand Yellow
Sea, in which the environmental flow significantly affects the movement of TCs making landfall in this part
of China. When the subtropical high in this region strengthens and extends westward, accompanied by
northward shrink of the westerly trough, the TC tends to move westward after |andfall and disappear inland.
However, when the subtropical high in this region weakens and shrinks eastward, accompanied by
southward push of the westerly trough, the TC tends to recurve after landfall and re-enter the sea at a
location to the north of the site of landfall. The environment before the landfall of a TC has little impact on
its post-landfall track, which is sensitive to the environmental change 12 — 24 hours after landfall. A 6-hour
lag is found between the environmental change and the movement of a TC after landfall.
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1 INTRODUCTION of track for post-landfall tropical cyclones on the
eastern coast of China. One is moving westward with

Over the past few years, there has been some  jengity decreasing till dissipation inland and the other
research on the track taken by tropical cyclones which g yying northward before recurving to the northeast

make [andfall. For instance, a statistical study hasbeen g |eaving the land for the sea again. What causes the
done on tropical cyclones making landfall in China 5 erratic tracks and what are the main factors? Few
from the northwest Pacific over the past 32 years in - atemts have been made to discuss the issues. It is the
terms of the frequency, location, maintenance, decaying, purpose of this paper to, via analyses, have deeper

. . - i et L)

transformation, strengthening and dissipation™. The understanding of the track tendency after landfall and
landfall tropical cyclone tends to accelerate towardsthe 5 governing mechanisms and provide guidance for the
intense convection area ahead in the northwest prediction.

direction’”. The environmental field plays a role in the
duration for which the landfall tropical cyclone persists
over land™. There have been predictions of landfall
probability and diagnostic analysis of landfall
processes. All of the above studies have deepened the In the 50 years from 1951 to 2000, there are 118

understanding of the post-landfall pattern of the . 5icq cyclones making landfall over the coast from
tropical cyclone movement and governing mechanism, southern Fujian to the estuary of Yangtze River
but none of them has touched upon the issue of track (23.5°N — 32°N), or an average of 2.3 per year. The

tendency after landfall. There are two main tendencies  ya of track and intensity are from the Typhoons

2 SAMPLES, DATA AND METHODSFOR
THE ANALYSIS
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Yearbook and Tropical Cyclones Yearbook by China
Meteorological Administration. The data of
environmental field are from NCEP / NCAR, U.SA.,
which are reanalysis gridpoint data available every 6
hours.

The method of climatological statistics is used to
study the climatological summary of track tendency for
TCs after landfall. The methods of correlation and
composite analysis are used to study the effect of the
environmental field on the post-landfall track of the
TCs.

During the composite analysis, ten cases of TCs
were selected for either dissipation inland or turning to
move out to sea again after landfall in northern Fujian.

3 CLIMATOLOGICAL SUMMARY OF
TRACK TENDENCY AFTER LANDFALL

Of the 118 TCs making landfall in the coast of
East China Sea, 75 cases headed westward and
dissipated inland and 43 cases turned to move out to
sea again. In other words, of al the TCs making
landfall from the sea, only about 1/3 of the cases turned
to move to sea again and 2/3 dissipated inland.

For the post-landfall track tendency of the TCs,
Tab.1 and Tab.2 give the distribution of frequency —
landfall time and frequency — landfall site, respectively.

Tab.1 Monthly frequency and percentage of two patterns of post-landfall track tendency of the TCs

Month of landfall May June July Aug. Sept. Oct. Sum
turning to sea/ times 1 2 11 15 13 1 43
dissipating inland / times 0 1 19 36 17 2 75
sum of landfall / times 1 3 30 51 30 3 118
percentage of monthly turning in
monthly landfall / % 100 67 37 29 43 33 36
percentage of monthly turning in
total turning /% 2 5 26 35 30 2 100
percentage of monthly 0 1 25 48 23 3 100

dissipation in disspation total /%

Tab.2 Frequency and percentage of two patterns of track tendency of the TCsin different regions

Southern

Central

Northern Shanghai

Site of landfall Fujian Fujian Fujian Zhejiang _Jangs sum

Frequency of turning to sea/ times 1 8 13 18 3 43

Frequency of dissipating inland / times 19 20 21 12 3 75

Sum of landfall / times 20 28 34 30 6 118

Percentage of turning after landfall in the regions 5 29 38 60 50 36

1%

Percentage of turning after landfall in the regions 5 19 30 a2 7 100
inturning total / %

Percentage of dissipating after landfall in the 25 27 28 16 4 100

regionsin dissipating total / %

The temporal change of track tendency has shown
that the post-landfall track is still steered and
constrained by the basic airflow. It is known that the
track tendency of interest is closdly linked with the site
of landfall, with probability of turning after landfall
increasing towards the north. This characteristic
reflects on the effect of the steering flow at the outer
edge of the subtropical high on TCs.

4 ANALYSISOF CORRELATION BETWEEN
PRE-LANDFALL QUANTITATIVE STATES
AND POST-LANDFALL TRACK
TENDENCY

Initial parameters for the location determined just

prior to landfall are used to define the pre-landfall
guantitative states of the TC for the
(1) variability of the geostationary parameter,
Bo=Tf/ b= (22/R) cosj ,,
(2) moving direction in 6 and 12 h,
g, = arccos[sinj ,sinj , +cosj ,cosj , cos(l,- 1 )],
(3) moving speedin6 and 12 h, V, =(R/t)q, , and
(4) Change of parameter X in 6 and 12 h,
DX =X,- X, ?X__G’lz 2
EX=pVvbg
whereas Q is the geostationary angular velocity, R
the radius of Earth, t the time, and —t the moment
prior to theinitial time (t = 0).
The coefficients of the correlation between the 15
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guantitative quantities of the pre-landfall state and the
post-landfall track tendency have been determined.
Those that pass the 0.999 confidence test (with the
correlation coefficient |r|>0.32) arelisted in Tab.3.

5 CORRELATION BETWEEN THE
ENVIRONMENTAL FIELD AND POST-
LANDFALL TRACK TENDENCY

To look into the effect of the environmental field

on the post-landfall, 20 environmental elementsin 118
samples and their 12-h variance factors within 10°N —
50°N, 90°E — 150°E at a resolution of 2.5° lat. x
2.5° long. have been analyzed for correlation with the
post-landfall track on 11 time levels. As shown in the
analysis, the environmental mid-level airflow steers not
only the moving track of TCs over the ocean” ¥, but
also that over land.

Tab.3 The coefficients (r) of the correlation between the 15 quantitative quantities of the
pre-landfall state and the post-landfall track tendency

nitial longitud 6-h 6-h difference of 12-h moving 12-h difference of
nitial longitude Moving direction b -effect direction b -effect
0.34 —0.38 —0.37 0.36

6 SPATIAL DISTRIBUTION OF
ENVIRONMENTAL FIELD FACTORSIN
HIGH CORRELATION WITH POST-
LANDFALL TCSTRACK

It is known from the analysis above that most of
the high correlation areas of the environmental field
factors with the post-landfall track are in northern
Jiangsu, southern Shangdong and the Yelow Sea.
Tab.4 gives statistical description of the areas where
there are the maximum correlation coefficients of 40
environmental field factors.

Tab.4 Number of factors with the appearance of
maximum correlation coefficients in the high
correlation areas of the environmental field

Environmental Factorsof 12-h
field factors variables
Region| (30-35°N,
120 - 125 °E) 12 10
Region Il (30-40 °N,
115- 130 °E) 18 15

7 TEMPORAL DISTRIBUTION OF
ENVIRONMENTAL FIELD FACTORSIN
HIGH CORRELATION WITH POST-
LANDFALL TCSTRACK

The correlation-time distribution of the factors on
the zonal and meridional profiles (figure omitted) and
frequency of 12-h variables factors with maximum
correation coefficients at different time (Tab.5). As
shown in the analysis, the pre-landfall environmental
field is much less than the post-landfall in the effect on
the post-landfall track tendency. The time from 12 to
24 hours after landfall is sensitive to the post-landfall
track when the variation of the environmental field
affects the post-landfall track tendency 6 hours earlier

than the current environmental field.
For analyses of other aspects, refer to the Chinese
edition of the journal.

8 CONCLUSIONS

(1) Of the TCs coming from the East China Sea,
2/3 move westward before dissipating inland while the
remaining 1/3 turn to move out to the sea again. The
probability of the former pattern is the maximum in
August but that of the latter one is relatively large in
May, June and September. It increases from south to
north for the latter pattern. The TCs make the least
landfall in southern Fujian but the most landfall in
Zhejiang. As shown by the distribution of the variation
of post-landfall track with landfall time and site, the
post-landfall track are basicaly steered and
constrained by basic airflows.

(2) The characteristic quantities of the TC state at
the time of landfall has the least effect on the post-
landfall track while the moving direction at landfall and
the variation of B -effect are well correlated with the
post-landfall track. It shows that the variation of the
inertia and geostationary force have some effect on the
post-landfall track tendency.

(3) The environmental field and its variation are
well correlated with the post-landfall track tendency,
indicating that the former has large effect on the post-
landfall track and the middle tropospheric flow field
has significant steering effect on the movement of post-
landfall TCs.

(4) The region from eastern China to the Yellow
Sea at 30°N — 40°N, 115°E — 130°E is the key region
in which the environmental field affects the post-
landfall track. When the subtropical high inside
strengthens and extends westward and the westerly
trough retreats northward, the landfall TC will be
steered by an easterly flow south of the subtropical
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high to go westward till dissipation. When the
subtropical high weakens and retreats eastward and the
westerly trough moves southward, the landfall TC will
be steered by a southerly flow west of the subtropical
high and a southwesterly flow in the front of the
westerly trough to turn to move out to the sea.

(5) The environmental field prior to the landfall
has little effect on the post-landfall track tendency. The
time from 12 to 24 hours after landfall is sensitive to
the post-landfall track when the variation of the
environmental field affects the post-landfall track
tendency 6 hours earlier than the current environmental
fidd.
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