
.\fuu.u1m. (1990,. 41. 1, 19.1 .19 5

551.5 15.8

Stud ies on the cold surge in China
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ABSTRAcr. The paper review s the recent work done on the co ld surges in China from th e syn aptic and
theoretical points ofvicws. The role of planetary scale waves in the formation and spreading of co ld surge across
China and intothe region of winter monsoonisdiscussed.

I . Introducnon

In Ch ina , meteorologists usually call the winter
mon soon as the cold surge. For the purp ose of routine
forecasting, the Beijing Meteorological Centre defines
the ou tbreak o f cold air such that the total drop of
temperature during the whole process is larger than 10' C
and larger than 5° C for the da ily fall as the cold surge.
According to th is definition , the re a ppear, 136 cold
surges out of which 65 cold surges att ain to the national
scale during the winters of 1951-1980. Th is means that
there are 4.4 cold surges per yea r on the average (2 .2
in national sca le). F ig. I shows the data of cold surge
that influence to the so uthern China during the winters
of 1951-1980 (Feng er al. 1985). The most strong cold
surge occurred in 28 Nov-J Dec 1952. T he total
drop of tempe rature in the Cha ngjiang river valley
is 16° C- 18° C. Becau se the cold surge severely in­
fluence the Chinese economy, the research on the co ld
surge i one of the impo rtant prog ram mes in Ch ina,

2. ClimalolO$:}' of rold surge

As ea rly as 1957, Tao (1957) studied the original
regions and the tracks of cold ai r that in fluenced the
mainland of China. F ig. ;2 shows the trac ks and the key
regions of cold air. It can be divided into three stage s
for the whole period of a co ld surge. T hey are stages
of preforrn ati ve, forma tive and outb reak. For the
first stage (preforrnative), the cold airs th at come
from the Barent s Sea (56 %), Ka la Sea (25 %l
and the Atl antic Ocean (15 %l move to the eastern
Siberia (45° N·65° , 70' E-90' E, shaded a rea in
Fig. 2). Th is is a key region for cold surge in east
Asia. The cold ai r stays there and enhances its int­
ensity during the formative stage, In genera l, these can
be divided in fou r trac ks of outbrea k as shown in Fig. 2.
The NW tr ack that sp read from Innermongol ia
to the Ch ang jiang river valley occurs with about
50%. Besides E & W tracks acco unt for a bo ut 33% and
10%, respectively. F ig. 3 shows the distr ibution of ap­
pearance perce ntage of V co mponent at 1000 mb for V
<- 5 mls during winte rs of 1980· 1984. It can be
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seen in the figure that a bell of maximu m percentage
spreads from the Yellow Sea to the South China Sea
with two centres located over the East China Sea and
the middle par t of the South China Sea. Thi s is a main
outbrea k track of cold air. There are ot her th ree belts
of strong nor therly wind which a re located over the
Ara bian Sea. the Bay of Bengal and the western Pacific.
T he belts in the South Chi na Sea and western Pacific
can spread to the equator and form two cro ss-equa­
torial ai r flow over there. Liu and Chen (1983) pointed
out the existence of strong cross-equatorial air now
over 105' E and 130' E in winter and discussed their
influence on the summer monsoon in the southern
hemisphere.

3. Planetary scale atmospheric wave sjstem 1111 lh ~ cold !Il1rge

There is a close connection between the planet ary
scale waves and the cold surge. Several
Chinese investigato rs have discussed their relation­
ship. Like Fig. 2. we can divide t he change of
circ ulat ion pattern into th ree stages. In the prefer­
rnat ive stt.ge, the rmi n feat ures are : ( I) The ridges
a t 500 mb over Atl ant ic a nd Pacific st rengthen and
exp i nd over Arct ic a rea . n) The polar vortex
then bre aks into two p.irt s. Tho: st rongest one moves
southward over the European and Asian continent.
Following the movement of polar vortex, the Arctic
cold air leaves its region of origin and finally arrives in
the above meoti oned key region . At this stage, the
zonal second W3"OC dominates the area of 40:10 -70~ N.
In the formative stage. a new ridge develops
over the Ural mountain and usually enhances to a
blocki ng high. The zonal third wave controls the
belt of 40' N_70° •. At the same time, the cold
air strengthens in the key region un til the breakdown
of Ural ridge. Yeh ct al. (1962) discussed the for mation
and brea kdo wn mecha nisms of Ura l blocki ng high.
At the o utb reak stage, the Ura l blocking high breaks
down and moves eastward . The trough ahead of the
high deepens in its intensity and moves eastward.
Finally, a new cast Asia n trough is re-established.








