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ABSTRALT

A tumetical experiment has been carried out to study the mechaniemr of cyclogenesis and the develop~
ment of disturbances. First, an idealized field of temperature and pressure is designed, which is very similar
to the actual synoptic situation, consisting of the jet-like zonal circulation with' some nonzonel waves superim-—
posed on it. Prediction is made by using a six~levsl splitiing primitive model ‘with ‘the ideslized fild as an
initial one, The results show that if a disturbance like a frontal zone in the lower  &oposphere is- superim-
posed on the zonal circulation, a frontal cyclone will quickly develop and then .gljadually become an oc-
cluded one. Its life cycle is similar to that of the actual frontal cyclone on the synoptic map. ‘However,
if there is a disturbance superimposed on the zonal circulation in the middle troposphers, the cyclone with
weaker intensity will be slowly formed near thk surface. Finally, if the initial distuq};nlicc is Tocated at the
high-level, a situation like a cut-off low rather than a frontal cyclone will develop. )

1, INTRODUCTION

W

Frontal cyclone generally appears at middle and high latitudes, and may cause disaster.
It is an important subject to study the mechanism of cyclogenesis and its development.
Mongolia low, Northeast low and Jiang-Huai cyclone frequently appear in China. It was
shown in some works that the development of Northeast low mainly depends on the effect
of high-level atmospherel’), and condensational latent heat plays an important role in the
development of Jang-Huai cyclone®), Apart from these cyclones mentioned above, most
of the cyclogeneses ocenr in the frontal zone near the ground. » Tt is obvious that the .baro-
clinic effect near the ground is the main condition of eyclogenesis. Such viewpoint is exam- -
ined by making some numerical experiments on the cyclogenesis, and good results are ob-
tained. i

II. THE STRUCTURE OF IDEALIZED FIELD

An idealized field, similar to that of synoptic chart, is constructed with consideration of
the frontal zone at middle latitutes and the existence of the tropopause. The initial height
disturbances are made from four planciary waves with different ampiitudes, and the initial
pressure at the ground is uniform. Consequently, the cyclogenesis near the ground depends
on the structure of temperature-pressure field. The idealized field is cémposed of zonal
flow and disturbance as follows,

(1) Zonal Flow Sl L
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The zonal temperature can be writien as

P(r,0)=Tu— AG(r)—y5r(8), (1)
where G(,)={EXP(_b’ )—~exp(—bri), {r<ry)
0, (r=ry)
and Sr{f) has the form:
1 1 1
| g, (when mi<ing)
if r<rn, Sf(;)‘:
1 i 1 1
Iﬂ?, (when ]nflzlnf)
1 1 1
_ int, (when Inj<ing)
and if r2r, Sr(é)=
}né, (when m%zlné)
where In% =]11%—B[exp(-—cr’)—exp(—cr§ 31, r is the distance from the calculated

point to the North Pole; ¢ is the vertical coordinate and has {=(P—P,)/(P.—P,),
with P, P, and P, being pressures at an arbitrary level, the ground surface and the highest
level, respectively; p is the lapse rate of temperature and taken to be climatological mean
value; ¥, is the distance from 25°N to the North Pole; the tropopause is represented by

In %, and by Intl—o at r; and T, A, r, B, b, ¢, &, are all available through calculations.
The temperature field of zonal flow obtained shows that the gradient of temperature directs
towards the North Pole in the troposphere, with the temperature at the North Pole being
the lowest, while at the 100 hPa level, it directs towards the equator, with the temperature
at the North Pole being the highest. There is a frontal zone at 45°N at every level, and
the temperature south of 25°N is equal to that at 25°N.

(2) Disturbance

Denoting the disturbance of temperature by T {4, r, £) yields
T/ (A1, L) =—EE (1) » E\(r) - E5(L) « cosm(A—7)» (2)
where E,. the amplitude of temperature, is constant and
{exp[—e.(A—2)*1-2.}f» (A=A 1<3)
E{)= .
W=, (11— Al=D)

{€1=EXP(—9JZ)’ f1=1/(1—3|)1
{expl—e(r—riy1—e.}fs,  (lr—ri|<F)

{E,m:{m (el <
e,=exp(—e ), f.=1/(1—&,),

Ef)= {ex"["e’(‘n%""%)’]““’}fﬂ’ ("“%fln:{.‘ké)
i (|mg-mng |=2)

gy =exp(—ed*), f3=l/(1—3:)’

LAl
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where 1 is longitude, 1, is taken as z/4 and i as 3g/4, r; is the position of disturbance
center, # the range of disturbance along the direction r, £, the position of disturbance center
along the vertical direction, and Z the range of disturbance along the vertical direction.
2, €, €, ry and # are all available by calculation. ¢, and § will be determined accord-
ing to the requirement of experiments.

The total temperature field mentioned above is shown as

T(Ar, O =DP(r, )+ T (4,r,0)s (32

which contains four temperature waves with quite different amplitudes (Fig. !).
Using different values of ]ngl and &, we can get different positions and scales of dis—
[ ]

turbance along the vertical direction. Therefore, we can investigate how the disturbances
with different vertical structures affect the formation and the development of surface pressure
systems.

UI. RESULTS AND DISCUSSION OF NUMERICAL EXPERIMENTS

Scome five-day numerical experiments of idealized field mentioned above are performed by
use of the six~level implicit primitive model!*’,

(1) Experiment [

It is assumed that the initial strongest temperature disturbance lies on the ground, and
the amplitude of disturbance decreases with altitude, thus it vanishes at 500 hPa.

Such an initial surface temperature field is shown in Fig. 1. For convenience, the
strongest trough located at 45°E is known as wave I, two weaker troughs on both sides
of wave I as waves II and IV respectively, and the weakest next to wave Il as wave IIL

Fig. 1. The idealized temperature field (C: cold, W: warm).




502 ADVANCES IN ATMOSPHERIC SCIENCES Vol. 3

| (hPa)
s‘r_\/\/\/\ -
110
30 0
-1
30 |
40 .
3 T e ==y
1-10
50: Fig. 2. The daily distributions of the 500 hPa
{10 height (solid line) and the surface pressure
3 —_ =S P {dashed line) along 50°N in experiment
g ~ 1-1 1. The left ordinate H denotes the 500 hPa
s | height minus 3000 measured in 10 gpm;
= sof the right, the -difference between the
T surface pressure and 1000 hPa.
50
i
50
.%‘L
A 1 1 H
20°W 270 360° o 180" 226°E

Fig. 2 shows that none of surface pressure disturbance appears at initial time, but the
surface sysiems which match well with the 500 hPa systems iake shape at 24 h from the
initial time, i. e. therc is a cyclone located before the 500 hPa trough and an anticyclone
behind it. The result mentioned above agrees very well with the observed situation. Af-
terwards, the surface pressure systems develop gradually, and there always exists a good corre-
sponding relationship between the surface and the 500 hPa systems. For ¢ase of presentation
we put emphasis on the discussion of the course of formation and development of the surface
pressure system I. It can be seen from Fig. 2 that this cyclone is the strongest in the
North Hemisphere, At first, it is weak, then increasingly deepens to 985 hPa on the third
day, then to 975 hPa on the fifth day. Fig. 3 shows the 72 h surface pressure (solid line)
and temperature (dashed line). It is clear that the cyclone located at 85°E maitches well with
the front. The frontal cyclone forms, and develops rapidly. During the following two days,
the cyclone and warm tongue stretch gradually towards northwest and the cold high towards
southeast, causing the cyclone to deepen. The 500 hPa trough is similar to surface cyclone
in phase 5 days later, and the warm tongue becomes narrow, marking the beginning of an
occluded stage. This is a typical example which represents the whole course of formation,
development and decay of a cyclone. Now we analyse the evolution of the high level systems.
The contour of 500 hPa (solid line} along 50°N is day by day given in Fig. 2, which indi-
cates that wave 1 is strongest and moves eastward by 15 degrees longitude within five days,
while its strength increases gradually and begius to decrease on the fourth day.

At the beginning, the strength of waves IT and IV on both sides of wave I is the same,
though in different tendencies of development. The intensity of wave Il increases more
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quicklythan that of wave 1V from day to day, and it remains nearly at the original position.
The intensity of wave IV ificreases slowly, but it moves quickly castward by about 20 degrees
longitude within five days. The result mentioned above is due to the effect of dispersion,
since wave Il.is downstream from aund nearest to wave L

Contrasting the solid lines wilh the dashed ones in Fig. 2, we can see that the surface
low corresponding to wave Il is not so deep as wave IV despite that wave IT develops more
quickly than wave IV. Obviously, the surface front plays an important role, and makes the
disturbance develop quickly.

() Experiment 1]

It is assumed. that the centre of temperature disturbance is located at 700 hPa, the
stronpest disturbancs appears at the 500 hPa height, ard the surface pressure, 850 hPa temper-
arure and surface- temperature are initially constant everywhere.
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Fig. 3. The distribution of 72 h surface pressure Fig. 4. The daily distribution of surface pres—
{solid line) and temperature (dashed line} sure minus 1000 hPa from experiment
in experiment I. II. Arrows represent the position of

trough line of 500 hPa.

Fig. 4 shows the computed results. It can be seen that the surface pressure systems are
formed after 24 h. They match well with the 500 hPa systems and continue to develop day
by day. There exists a good corresponding relationship between the height system and the
ground sysiem, Hence the situation mentioned above is the same as that of experiment I.
The difference between them is that the systems of 500 hPa in experiment 11 develop more
weakly and move eastward more quickly, the formation and development of surface pressure
systems in experiment. Il are slower than those in experiment I, and the strongest one is
990 hPa on the fifth day. The disturbances of temperature and pressure of the surface and
850 hPa have shaped on the third day, and become more obvious on the fifth day. The
surface temperature is in harmony with surface pressure on the fifth day, but the developments
of the cyclone and anticyclone are slow, since no obvious front zone exists yet. In view of the
tendency. of temperature-pressure development, the frontal cyclone can be formed sometime
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later. The cyclone will develop quickly after the formation of the surface front zone.
(3) Experiment Ill

The centre of temperature disturbance is at 500 hPa, and the strongest height distur—
bances are at 300 hPa. There is no disturbance of temperature and pressure on the ground
mitially. The result is quite different from those of experiments I and II. The surface pres—
sure begins to form at 24 h, then increasingly develops and moves eastward. The intensity
of pressure systems is weaker. The relationship between the distribution of surface pressure
systems and the position of 500 hPa trough line is not like the general situation, but like
the cut-off low, the trough of high level corresponds to the surface low.

The phases of the 500 hPa temperature and pressure are always the same within five
days. The systems increasingly weaken, and move eastward more quickly than those obtained
in experiments I and I1. It follows that the frontal cyclone can not be formed when the
disturbance centre of temperature-pressure is located at the middle and upper levels of
troposphere.

1¥. CONCLUSION

From the experiments mentioned above we may reach conclusions as follows:

(1) When there exists a front near the ground, the frontal cyclone will develop quickly.

{2) When there is a strong disturbance at the middle levels of troposphere, it will
transmit downward and form cyclone even though no front zone exists near the ground.
However, the cyclone evolves slowly.

(3) When the centre of disturbance is located at the high levels of troposphere and no
surface front exists there, it is impossible to develop a frontal cyclone on the ground, but
cut~off low and suchlike may exist.
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