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1  INTRODUCTION

Tropical cyclones (TCs) moving north and getting
to the Liaodong Peninsula and waters of the Yellow
and Bohai Seas are in their late phase of life cycle.
While weakening rapidly, TCs carry a large amount of
warm and humid air that forms heavy rainfall by itself
on the one hand and interact with westerlies in the
middle latitudes on the other. With their warm-core
structure destroyed by intruded cooler air, TCs absorb
baroclinic energy while it weakens and experiences
extratropical transition (ET). With right conditions and
complicated topographic features of the peninsula, the
transformed extratropical cyclone evolves to intensify
heavy rainfall in most cases and even results in
secondary disasters like storm surges. Therefore, the
extratropical transition of TCs is usually responsible
for more serious damage in mid-latitude areas. For the
forecast of heavy rain associated with north-going TCs
experiencing extratropical transition, it not only
involves their own intensity and structure but also the
distribution of the surrounding field and its interactions
with TCs. Most of the present studies discuss TCs-
inflicted heavy rains or those taking place south of the
Shandong Peninsula

[1-9]
. Focusing on intense

precipitation resulted from TCs over the Liaodong
Peninsula, this work analyzes the distribution of the
ambient field and physical quantities hoping to help
forecast TCs-related heavy rains accurately.

2  COMPARISONS OF RAINFALL,

CIRCULATION AND TC STRUCTURE

Two TCs, Winnie (9711) and Tim (9406), with
similar track of movement and tendency of turning in
direction, are selected for comparison.

With regard to rainfall, heavy rainfall caused by
Tim is mainly seen ahead of a westerly trough far from
the typhoon center on the west side of the track, with
cold air mainly in the north and west, the subtropical
high advanced to the west of 120°E, and 10-mm
precipitation is recorded in the peninsula. The heavy
rainfall resulted from Typhoon Winnie is mainly on the
east side of the track. With a favorable location of the
subtropical high and interacting with southward-going
cold air and, it intensifies through transition and causes
heavy precipitation on the peninsula.

For the circulation, Tim’s influence on the
peninsula is accompanied by cold air from the east that
transforms it slightly and advection of negative
vorticity that is transported to Tim. As a result, Tim
does not intensify through transition. The transportation
of negative vorticity through advection in combination
with superposition of convergence over low-level
converging center is unfavorable for the intensification
of the cyclone. With the center of subtropical high
located more westward, Tim does not have much
influence on precipitation of the peninsula.

Differences are compared of the TCs in vorticity,
vertical velocity, energy, moisture and stability. Take
vorticity for instance. When Winnie is over the
peninsula, positive vorticity is over the area from
115°E to 123°E and its altitude extends beyond 100
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hPa. As strong diverging flows and high potential
vorticity in upper air keep flowing into the cyclone
center, positive vorticity increases rapidly and is
opposite in high and low levels within a limited area
over the peninsula, the condition is right for intense
precipitation to occur in the region

[10]
. When Tim is

over the peninsula, positive vorticity, with two centers,
is over the area from 115°E to 125°E and the
difference of relative vorticity Δζ between 300 hPa
and 850 hPa is always above 0 to prevent positive
vorticity from being transported, unfavorable for the
typhoon to sustain or strengthen. Opposite areas of
vorticity are superimposed northeast-southwest over
the peninsula to restrain the development of convection.
Consequently, no intense precipitation is recorded
during the presence of Tim in the peninsula.

3  CONCLUSIONS   

(1) When Winnie is active over the area, favorable
and stable location of the subtropical high helps
transport warm and humid air from the ocean to the
southeast, Bay of Bengal and South China Sea to the
Liaodong Peninsula and blocks a low system from
moving out to sea so that precipitation keeps increasing.
During the northward advancement of Tim, it has no
major effect on the precipitation of the peninsula as the
subtropical high center is more to the west and north
than usual.

(2) When Winnie is active over the area, jet
streams on upper and lower levels converge within the
ascending branch of circulation at the inlet in upper air,
positive vorticity is transported in advection and the
center of strong divergence is superimposed over a
low-level convergence center, being favorable for the
development and intensification of the cyclone. When
Tim is active over the area, however, jet streams on
upper and lower levels interact within the descending
branch at the outlet in upper air, negative vorticity is
transported in advection and an area of convergence is
superimposed over a low-level convergence center,
unfavorable for the growth of the cyclone.

(3) In the case of Winnie, short-wave troughs east
of Lake Baikal keep moving east and south, convection
develops vigorously with the trigger of moderate cold
air on both east and west sides of the warm
convergence zone of the typhoon. As a result, huge
amount of geopotential energy from baroclinic
disturbance is released and the typhoon intensifies in
transition to form an extratropical cyclone and causes

heavy rain over the peninsula. In the case of Tim,
however, there is a major meridional trough to the west
of the typhoon and the upper-level trough east of Lake
Baikal in the mid- and lower- troposphere has moved
out of the peninsula and negative vorticity is
transported into the typhoon through advection. It is
only under the condition of weak cold air to its east that
it experiences weak transition and does not lead to
cyclogenesis. Furthermore, with baroclinic geopotential
energy concentrated west of the western coast of Bohai
Sea, only 10-mm precipitation appears over the
peninsula.
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