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Abstract

The averaged vertical motion and the heat sources and sinks have been computed for
the normal maps for January and July. The perturbations in the westerlies due to large­
scale heat sources and sinks and to the earth's topography are discussed, first using the
theory of small perturbations and secondly allowing the perturbations to be of a finite
amplitude.

Section 2 contains a discussion of the dynamic influence of the topography on the
daily weather systems.

In. Dynamical studies on the general
circulation over Eastern Asia

In the first two parts* (STAFF MEMBERS,

1957, 1958), we have presented the principal
results of the synoptic and aerological studies
on the general circulation over Eastern Asia.
Here in the third part we are going to summa­
rize the dynamical studies. In the dynamical
investigations we are primarily concerned
with the formation of the mean winter upper
air flow pattern and the dynamical influences
of the large-scale topography on the daily
weather systems over Eastern Asia.

1. The formation of mean winter flow pattern
over Eastern Asia

In general there are two extreme views
about the cause of formation of the mean
upper air circulation. One school emphasizes
the thermal origin while the other stresses
the dynamical or topographical origin. Here
we shall discuss the dynamics of formation
of the mean upper air flow over the Far East
from a combined view-point.

The large-scale topography over the northern

* Hereafter these references will be referred as (I).
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hemisphere is already well-known. However,
the distribution of heat sources and sinks is
not yet clear. Different authors computed it
in different ways. Therefore their results are
not at all comparable. Here we have adopted
the following three ways for computation:

a. Taking mean of the thermodynamic
equation in the steady state, we have

Q =gcp_l_
m R lnpo/p

[vm,vh-~Pln(f)wml (I)

Hereh isthe r.ooo-c-soomb thickness;cc"""dp/dt;

r == Yd _ ~T, used as constant; Yd is the dry
ge 'P

adiabatic lapse rate and Q, defined as the heat
source (if positive) or sink (if negative), is
the rate of heat gained or lost per unit mass
and unit time through radiation, turbulence,
condensation and evaporation. The remaining
symbols are used as usual. Further the subscript
"m" represents the mean for 1,000-500 mb;
"bar", the value on 500 mb; and subscript
"0", values on 1,000 mb or the surface.
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The first term on the right of (I) may be
calculated from the mean charts of 1,000-500

mb thickness and 700 mb by the geostrophic
approximation, v m being taken as the wind
on 700 mb.

Assuming w to be a linear function of p,
W m may then be com?uted from W o (due to
the earth's topography) and wwhich in turn
may be evaluated from the divergence at
1,000 mb and 500 mb and woo The divergence
at 1,000 mb is obtained from the mean surface
vector wind, while that on 500 mb is com­
puted as follows: By introducing the vertically­
integrated wind components.

00 00- If d - Ifu=- geu z, v =- gevdz
Po Po

o 0

in the tendency equation in the steady state,
we get

dli dV" I (_dPO _dPO ) g-+-= -- u -+v - +- W (2)
dx dY Po dX dY RTo 0

Here wo=vo' V 'f}(x, Y), 'f}(x, y) being the to­
pography of the earth's surface. The expression
on the left of (2) may be considered as diver­
gence on 500 mb. Ii and von the right of (2)

are taken as the geostrophic wind on 500 mb.
Thus the last term of (I) may be calculated.

b. The vertical motion is computed from
the divergence of actual wind observations.
Advection is also calculated from wind data
under the geostrophic assumption. The result
of heating obtained from these two terms is
checked against radiation (short and long
wave) and turbulence.

c. Adopting SAWYER and BUSHBY'S (1953)

two-parameter model for numerical integra­
tion we have

_ - I 8 WCT
v· V (C+1) +-vT' VCT =---.

3 3 Po - PI

Here v and "' are respectively the geostrophic
wind and relative vorticity at the mean level;
VT and CT, respectively the thermal wind and
thermal relative vorticity and f, the Coriolis
parameter. In obtaining the above equation
the boundary conditions t» = 0 at P= Po and
P= Pl are used. In the same model equation
(I) may be written as

Qm = Cp V . V To - } TW.

Eliminating w from the above two equations
we get

Q = C v." T _ r Po - Pl
m p v 0 4 CT

[v.v(f+f)+~vT'VCT]. (3)

where r= Ya - Yd assumed to be independent
Yd'e

of height.
We have calculated the heat sources by the

first method over the northern hemisphere
for January and July, by the second method
over the Tibetan Plateau and its surroundings
for winter and summer and by the third
method for northern Asia for winter. The
first and second methods give practically the
same results while the third method gives
similar distribution but too high intensity.
We shall give the results by the first method.

The average vertical motion in the lower
half atmosphere over the northern hemisphere
is shown in fig. ra (January) and rb (July).
Fixing our attention to Asia and its adjacent
regions we see that in winter (fig. ra) down­
ward motion prevails almost over the whole
Asia and Western Pacific which is due to the
outbreak of cold air. In summer (fig. rb)
upward motion is present over almost the
whole Eurasia with a center over the Tibetan
Plateau.

Multiplying W m by cprp we obtain the part
of the heat source or sink balanced by vertical
motion. This part which is of the same order
of magnitude as that part balanced by tem­
perature advection is usually neglected in the
computation of heat sources. The distribution
of total heat source is shown in fig. za (Jan­
uary) and fig. zb (July). Again fixing our
attention to Asia and its adjacent regions we
fmd that in winter (fig. za) a cold source is
present over the greatest part of Asia and
the heat source is centered over the Western
Pacific. In summer (fig. zb) the distribution
is almost reversed.

In the following we shall discuss the pertur­
bations on the westerlies due to the large­
scale heat sources and sinks and the earth's
topography. Using again Sawyer and Bushby's

Tellus X (1958). 3
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a b

Fig. 1. Mean vertical motion in the lower half atmosphere over the northern hemisphere. (a) January and
(b) July (unit: cm secr ').

a b

Fig. 2. Distribution of heat sources and sinks in the lower half atmosphere over the northern hemisphere
(a) January and (b) July (unit: 10-6 cal gm-I sec-I).

Tellus X (1958). 3
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model we obtain the vertically integrated
vorticity equation for the steady state:

v· \I(f +r) + ~VT' \I CT = - £Vo • \I'Yj,(4)

where H=RTolg is the height of the homo­
geneous atmosphere. In deriving equation (4)
the lower boundary condition

I
- -(} W o= Wo= v o' \I'Yj at P= Po

og
is used. Introducing the assumptions that

v (x,y,p) = v (x, y) + A (p)VT (x,y),
w (x,y,p) =B(p)w (x, y) + C (p) Wo(x,y),

where A(p) = (PO+PI-2p)/(Po-PI), B(p)=

1- A2and C(p) = P - PI (Po= 1,000 mb, PI =
Po - PI

200 mb), into the steady statevorticity equation,
multiplying withA(p), and then integrating it
with respect to P from Po to PI' we find

V'\lCT+VT'\I(f+r)=~w, (5)
Po -PI

Again using the assumptions for the distri­
bution of v (x, y, p) and w (x, y, p) and the
geostrophic approximations in the thermody­
~amic equation in steady state and eliminating
t» from it with equation (5), we have

V· \lCT + VT' \I(J+ C) =

-~g[cIQm-V'\lh], (6)

R Po 4f2 Iwhere c, = - In-, M= "-- -- and
gcp P Po - PI c2Rrp

C
- I Po + 3PI 4Po PI I 2po B . t

2-- ---- n--. ymro-
2 po - PI (Po - PI)2 Po +PI

ducing perturbation quantities and geostrophic
approximation in equations (4) and (6) we
obtain the two required differential equations
in hand z, where z is the 500 mb perturba­
tion height:

- U Jz f2 - -
U\l2 z + --{- \l 2h + f3 Jx ~ -gH(U - UT) 'Yj (7)

U\l2 ()h + UT \12 ()z + U (f3 _ M) ()h
()x ()x U ()x

-Jz
+ MUT ()x = - MCI Qm, (8)

()2 ()2
where \12= ()x2+ ()y2 and f3=dJldy. For sim-

plicity the prime sign in the above equations
is dropped. In these equations U is the speed
of the basic current on 500 mb level and UT,
the thermal wind in 1,000-500 mb layer.

Applying now the above differential equa­
tion to a rectangular region with a marginal
cyclicity and a length equal to that of the
latitudinal circle at 45°, the solution for z
may then be written as

{2 3 U(U=-UT ) 21< 21<

z (x, y) =' H 2 f f 'Yj (oc, v)
g 3U2- UT 00

U
cPT! (x-oc,y-y)docdy+Mcl T 2

3U2 - UT
2.1l'21t

f f Qm(oc, v) cPq (x - oc, y - y) docdy (9)
o 0

where the topographical influence function
cPT! and the heating influence function cPq
are respectively given by

I 00

cPT! (x, y)=-2 L L
4n .l,k=-oo

M - f3 + A2 + k2

U ei(J.x+ky)

[ (A2 + k2)2+ 2M (A2+ k2) - 3~ uf3 ] ,
(10)

I 00

cPq (x, y)=-2 L L
4n .l,k~-oo

i (All + k2
) ei(.lx+kY).

A[(},2 + k2)2 + 2M (A2 + kll) _ 3M f3]
2 U (II)

These series may easily be transformed into
other forms which converge very rapidly.

With a time unit of one day and a length
unit of the radius of 45° latitude circle we use
for the winter case U=0.287, UT =0.245
(corresponding U = 15 txi]», UT= 13 m/s) M
=231 and f3IU=2I.9. Fig. ja is the 500 mb
flow pattern due to topographical effect only
(Qm = 0). In this figure we see that the posi­
tion of the major trough and ridge is correctly
presented. But the intensity of the southern
part of the trough and ridge is much stronger
than in the actual case. Further the band of

TeUus X (1958), J
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a

b
Fig. 3. Steady 500 mb flow pattern produced by the
effect of (a) Tibetan Plateau and its adjacent mountains

and (b) heat sources and sinks in the westerlies.

Fig. 4. Steady 500 mb flow pattern produced by the
combined effect of mountains and heat sources and sinks

in the westerlies.

strcng westerlies is too much to the north
of the observed position. Fig. 3b is the 500
mb topography due to large-scale heating
only (17 =0). This figure also gives a correct
position of the Asiatic major trough, but the
ridge over Tibet and its adjacent plateau does
not appear. The overall pattern of fig. ja is
better (i.e. nearer to the observed one) than
Tellus X (1958). 3

that of fig. 3b. But in fig. 3b the strong
Asiatic Jet is correctly shown. The combined
effect of topography and large-scale heating
on the flow pattern over the Far East is pre­
sented in fig. 4. Comparing this figure with
fig. I of (I) we fmd that the computed trough
and ridge as well as the jet check with the
observed one fairly well.

The above investigation is based on small
perturbation theory. To go one step further
we attempted to discuss the dynamics of topo­
graphically produced perturbations of finite
amplitude in a three-dimensional baroclinic
current. Eliminating w between the steady
state vorticity equation and the thermodynam­
ic equation in spherical coordinates (A., e, p)
we fmd

J (\72
r/> +1 (J2r/> +2[) cos e. r/» = 0 (12)f a (Jp2

(JA (JB (JA (JB
where J(A, B) ==Jq (J).. - -(J}.. (Jq' q= cos o,

\72 == R2 s~n e [:e (sin e :e) + si~ e ~:J
).. is the longitude; e, the co-latitude; R, the
earth's radius; [), angular speed of the earth's

. I (Jlne th . bili frotation ;a == - - -')-, estaticsta ity actore dp

assumed to be constant; and r/>, the geopoten­
tial. The general solution of equation (12) is

\72 r/> f (J2r/>- + --+2 [) cose= F (r/» (13)f adp2

where F(cp) is an arbitrary function of r/>.
Under the assumption that the perturbation cp'
vanishes in the vicinity of the poles and that
the angular speed of the basic current is only
a linear function of p, F(r/» may be determined
as

F (r/» = - 2 (~+ ~) cp.
fR2 A.

Neglecting ~ against [) we finally obtain a
differential equation for a finite perturbation r/>'

d
2cp' + _1_ [~sine dr/>' + _1_ d2

r/>'] +
JP2 R2sin r/> de se sin e dA.2

+ 2~ r/>' = o. (P= vfa p) (15)
R2)..
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The upper boundary condition is taken as

r$'=o atp=o. (16)

The lower boundary condition may be
formed from the thermodynamic equation
which on the earth's surface p = Po (A, e) is
written as

J (~r$, r$)/_ = f R2 a eog wo'dp po-Po

I
W o= R2fJ (1], r$o) (17)

where the geostrophic assumption is used.
Neglecting the variation of eo, the general

solution of equation (17) is:

~r$pl_ -aeog1]=G(r$o) (18)
P-Po

where G(r$o) is an arbitrary function of r$o
which may similarly be found as F(r$) in the
following form

G (r$o) = - ~ r$o
Ao

Finally the lower boundary condition is ob­
tained as

Jr$'
JP+ cr$' = H(A, e) at P= Po (A, e) (19)

where c=f~pNa ~o, H(A, e) = feogvG1](A,e).
The differential equation (IS) is to be

solved under the boundary conditions (16)
and (19). It gives

00 n

r$'(A,e,p)=feogvG L L
n=I m=I

P: (cos e) is the associated Legendre function
and hm and h'm are coefficients of the sphericaln n
harmonic series expressed for the mountain
function 1](A, e). "PI and "P2 are the two funda­
mental solutions of the confluent hypergeo­
metric equation

d2"P d"P r :- L
d;2 - d; + ~ "P = 0, where r= QjkR2Ap Vii

They are given by CHARNEY (1947).

sm :rea {"PI = -:re- a; M (a+ I, 2, ;) x

[
r'(a) r'(I)]

In ; + F(a) - 2 F(I) + I

~ a (a+ I) ... (a + n - I~ tn}
+ L.. Bn ()' , \> ,

n=I n - I . n.

and "P2=;M (a+ 1,2, n Here a= -r, Bn=nf(_I 2_) + .:,M(a, b, ;)= I+~;
'=0 a + '/! I + '/! n I . b

a (a+ I) .
+ 'b (b ;2 + .. " and F(a) IS the Gam-

2. + I)
rna function.

Numerical computatio~ is carried out with

va=~I28m rnb"! secI , i o=0.63 x 10-6 secI,

and ~p=0.68 x 10-8 sec i mb-I . With these
constants the series "PI(;) and "P2(;) computed
by CHARNEY (1947) may be used. The flow
over the northern hemisphere on 850 mb,
700 mb, 500 mb and 300 mb is computed.
Fig. 5 is the 700 mb topography. From this
figure we see that the position of the major
troughs and ridges over the eastern world is
in good agreement with observation, but
there is a discrepancy between the computed
and observed intensity of these systems. As in
the theory of small perturbation the intensity
of the computed troughs and ridges is too
strong to the south.

The computed flow pattern over the western,
world is not in good agreement with the
observed. It is because the flow over North
America without friction is too much in­
fluenced by the Tibetan Plateau which has

6=
d k

2 _ n (n + I)
, an - R2

Tellus X (1958). 3
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16(1

Fig. 5. 700 mb flow pattern produced by the earth's topography over the northern hemisphere.

3°5

much larger dimension than the Rocky Moun­
tains. Considering these mountains alone the
computed flow (figure not presented) over
North America is in better agreement with
the actual one.

It is also worth to point out that the axes
of the computed troughs and ridges are verti­
cal and the amplitude decreases quickly with
increasing height. The former fact may also
be shown in the foregoing theory of small
perturbation. It is believed that this is due to
the neglection of friction.

2. The dynamic influence of the orography on the
daily weather systems

In the above we have tried to discuss the
dynamics of the formation of mean flow
pattern over Asia. Here in this section we
shall attempt to discuss the dynamic influence
of the orography on the development and
movement of the daily weather systems over
Eastern Asia and see how far the fact men­
tioned in (I) can be explained in this way.

In (I) it is pointed out that most of the
troughs fill ana most of ridges intensify on
Tellus X (1958), 3

2-803878

the wind side of Tienshan-Altai mountain
ranges while Lake Baikal is the site for the
development of the troughs and weakening
of the ridges. These phenomena will be
understood from the comrutations of ten­
dencies due to orographica disturbance in a
barotropic model. The vorticity equation in
this model may be written as

\j2 (Jz = ] t« \j2Z +f, z) +P (Jew (21)
(Jt V se (Jz.

Here the vorticity has been substituted by
the geostrophic one. Because of the linearity

of the equation with respect to ~~, the tendency

due to orography may be calculated separately
by the following differential equation.

iz p
\j2_= --w

(Jt gH o·

Here h/Jt may be considered as the rate of
height change of 500 mb surface, Wo=Vo' \j'Y)
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o

a b
Fig. 6. The barotropic tendency on 500 mb due to orographical disturbance over China (unit: dm/day) (a) with

"0=10 m]«; vo=o, (b) with Vo= - 5 tn]«, "0=0.

and H = po/eog is the height of homogenous
atmosphere.

The approximate solution (FJ0RTOFT, 1952)
of the difference equation corresponding to
(22) is

iz d
2 (P [P J)Ji= 4g H m2wo+3 m2wO ,4d<A<8d.

(23)
Here the brackets represent the mean over
the four surrounding grid-points with grid
length d, m being the magnification factor
of the map projection and A being the wave
length of the motion suitable for the above
equation. With a Lambert projection of scale
I : 2 x 107 (latitude 30° and 60° being standard
parallels) and d=2.75 em (equal to the length
of 5° longitude at along 70° N),

~~ = 1.05 X10-3(~: wo+ 3 [~22 woJ) (24)

/::,.z/ /::,.t in unit of 10 geopotential meter per
day and the physical quantities on the right
of (24) in c.g.s. units.

With (24) and the smoothed topography
of Eastern Asia (averaged over 2 degree lati­
tude square) we have computed the tendencies
on 500 mb due to orographical disturbance
in a westerly current of 10 mps and in a
northerly current of 5 mps (fig. 6a, b).

Fig. 6a shows negative tendencies in the
regions of Kansu, SW Sinkiang and North
China. These are just the regions where the

troughs usually develop or form. West of
Sinkiang are positive tendencies. These are
just the regions where troughs usually fill.
Fig. 6b indicates that in a north current
there will be positive tendencies over Kansu.
Thus during NW current, troughs are not aptto
develop or form over this area. This agrees
well with our synoptic experience. Further it
is to be noted that under the same condition
the tendency (positive or negative) computed
here is about twice as large as that over
the Rockies computed by BOLIN and CHARNEY
(1951). Thus the dynamic effect of the plateau
over Asia is more pronounced than that of
the Rockies.

Because the development of the troughs
over North China has special interest for us,
we have made a further investigation on it.
With d= 300 km we have computed by re­
laxation method the surface tendencies due to
orographical disturbances over North China
in a barotropic atmosphere in a NW current
of 10 mps (fig. 7). The negative tendencies
shown in the figure agree quite well in posi­
tion and magnitude with the development or
formation of the 'North China Trough' form­
ed at the beginning of the outbreak of
northwesterlies. In general fme weather is
associated with this type of troughs (fig. 8).
This is different from the situation associated
with other types of troughs in this region.
This is because this type of trough is formed
dynamically in a descending current.

Tellus X (1958). 3
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Though we have some success with a baro­
tropic model, yet there are two defects in
this model: Firstly in general actual v 0

is much smaller than that used for computa­
tion, therefore the computed tendency is
much smaller than that observed if actual v 0 is
used. Secondly the computed tendency does
not change with height in a barotropic model
while in actual cases the upper current seems
to be less disturbed by the mountain. In a
stratified baroc1inic atmosphere the result of
similar computations will be free from the
above defects. Actually the upward decrease
of orographical perturbation in this atmosphere
has been shown in the foregoing discussion.
From the first law of thermodynamics and
equation of vorticity we may obtain

P J2W
\72w +--= o. (2S)

U Jp2

Equ. (2S) is to be solved under boundary con­
ditions w(Po) =Wo= -geovo· 'V'f} and w(o)=0.
Then from

dz pJw
\72-=--

()t g Jp

we may compute JzjJt at any level.
By this method we calculated the tendency

on 300 mb, Soo mb, 700 mb and 900 mb
produced by Tienshan-Altai mountain ranges
with surface westerlies of S mps. 'f} is averaged
over SO latitude square, U=2 x 102 cm 2 sec-2

mb-2, horizontal grid length being 390 km
and the vertical grid length being 100 mb.
Equation (2S) has been solved bythree-dimen­
sional relaxation method with irregular stars
at the boundary.

The results of the computation show that
the perturbations produced by the large-scale
topography in a stably stratified atmosphere
decreases rapidly with height. On the wind
side of the Tienshan-Altai mountain ranges
the positive tendency at 300 mb is around

Fig. 7. The barotropic sea level tendency due to oro­
graphical disturbance over North China with surface

NW wind of 10 mfs (unit: mbfday).

Fig. 8. Typical case of 'North China Trough' (surface
chart Jan. 10, 1956, 18 z), notice the clear weather in

the trough.

Tellus X (1958). 3
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Fig. 9. The 700 mb tendency due to orographical disturb­
ance of Tienshan-Altai mountain ranges in a stratified
atmosphere (unit: dmfday). Thick lines: lines of equal
tendency, thin dash lines: lines of equal pressure height

(in mb) of earth's topography.

20 m/rzh, but on 500 mb it is around jom/rzh,
on 700 mb, 40-60 m/rzh and on 900 rob it
reaches 60-80 m/rzh. The distribution on
700 mb is shown as an example in fig. 9

From above it is seen that in the lower
troposphere the orographical perturbation

Fig. II. Observed 24 hr tendency for 700 mb surface in
decameters (from Jan. 26 (03 z) to 27 (03) 1957).

in a stratified atmosphere is about 4 times as
big as that in a neutral atmosphere under the
same condition. Further we may conclude
from this that in the forecast of flow pattern
in the lower troposphere around the Tibetan
Plateau the dynamics of topography must be
taken into consideration.

As an illustration of anticyclogenesis on the
wind side of Tienshan-Altai mountain ranges
we may give the following example. On Janu-

Fig. 10. 700 mb chart, Jan.
26, 1957 (15 z). Isohypes

labelled in decameters.

Tellus X (1958). 3
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Fig. 12. 700 mb chart Jan. 2S. 19S7 (IS z),

Fig. 13. 700 mb chart Jan. 27. 19S7 (IS z).

3°9

ary 26, 1957 there is a flat trough on 500 mb
(1500 Z) moving to NW China (fig. 10).
The observed 24 hour (I2 hours before and
12 hours after the map time) height change on
700 mb reaches 80 meters over Balkhask (fig.
Tellus X (1958). 3

II). On the wind side of these mountain
ranges we may observe rarid anticycloge­
nesis on 700 mb (fig. 12-13 and even more
clearly on the surface map. Using half of the
actually observed geostrophic wind as Yo,
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Fig. 14. Calculated tendency for 700 mb surface Jan. 26,
1957 (15 z) due to orographical disturbance. in dm/24 hr.
(Shaded area: Plateau with pressure altitude higher

than 700 mb.)

Fig. 15. Computed 24 hr tendency for 700 mb surface.

we computed the tendencies due to oro­
graphical disturbances (fig. 14). The maximum
tendency reaches 70 m/24 hr. Beside this we
also computed the distribution of the tenden­
cies on different levels due to the advection
of vorticity and the "free" vertical motion.
We find that the distribution of the sum of
these two 24 hour tendencies on 700 mb
(fig. IS) agrees fairly well with the observed
one. It is. however, to be noted that the
positive height change associated with low
level anticyclogenesis on the wind side of
the mountain range is almost entirely contrib­
uted by the mountain. Thus the development

or genesis of certain anticyclones in this region
seems largely due to dynamic effect of orog­
raphy.

Computation of the rapid filling of the
troughs on the wind side of Tienshan-Altai
has also been made. The results also show
that the computations with consideration of
the dynamics of topography check better with
observations than that without topography
being considered.*

Besides the development the movement of
the weather systems may also be influenced
by topography. It is our experience that the
movement of the weather systems is faster on
the north than on the south of Tibetan Plateau
though the general steering current is stronger
on the south side. It is easy to understand that
on the northern (southern) slope prevails hori­
zontal convergence (divergence) associated
with the downward motion in the southerly
current in front of a trough while there is
divergence (convergence) in front of a ridge.
Thus under the same general situations the
systems would move faster on the northern
slope than on the southern slope.

Let us take an ideal mountain 'YJ =a (I - !rllb),
the origin of y being placed on the moun­
tain ridge. Assuming that w decreases linearly

with p and w(o) = ° then w(p) = w~ .l.... ~
p~

iT~ ~ v~p, the subscript n indicating values

on the mountain. In small motion the equation
of continuity and vorticity equation are
respectively

dU' dV' g d'YJ
-+-=---v (27)
dX dy RT~ {)y 'YJ

(
() () ) ({)2 V' ()2U' ) {)v'and --+ u- ---- +-{3=

{)t {)X {)x 2 {)x{)y {)X

() ({)w)
f {)X {)p

* It may also be of interest to point out that according
to our computation for a case (January 15. 1950)
the formation of a Vb cyclone may be explained by the
dynamic effect of the Alps. In the example used the
upper air cut-off low was formed after the surface Vb
cyclone. Thus PALMEN'S (1949) mechanism does not
account for the formation of a surface Vb cyclone. in
this example at least.
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Fig. 16. Change of phase velocity (in m/s) as a function
of wave length (in 1,000 km).
1) L=27tlk, (motion independent of y)
2)L=2nlk=2n/~

Eliminating u' and assuming VTJ = v' we obtain

(
() ()) (()2V ()2V ()v) ,()V

()t + U ()x ()x2 + ()y2 - IX ()y + P()x = 0,

(29)

the prime on v being dropped and p' = p+ IXf,
IX == -L ()TJ. Assuming asolution vIXei (kx+py-vt)

RTTJ ()y
we have

v p' .
c=Ji= U - (k2 + f-l2)2 _ (IXf-l)2 [k2 + f-l2+ IIXf-l].

(30)
Assuming the motion to be independent of y,
we have

c= U - L2 (p + fg ()TJ) (31)
47t2 RTTJ dy

Evidently

20

'%

10
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2000
L

c>u _ pU2
< 47t2

4000l<m

north slope.
south slope.

The change of phase velocity due to orog­
raphy is a function of wave length. Their
relation, for <p = 35° Nand dTJ /{)y = 4 X 10-3

(roughly equal to the slope of Tibetan Plateau),
is given in fig. 16. For L = 3 X 108 em this
velocity reaches several mps.

Concluding remarks
Above we have sketched part of our re­

search work in recent years on the general
circulation over Eastern Asia. Through these
studies we get a better understanding of the
structure, variation and dynamics of the
circulation over this part of the world. But
we are aware that there are many important
synoptic, aerological or dynamic problems
we have not touched upon or not even
thought of. However, in our next Five Year
Plan our pibal and sounding stations become
denser and denser and a rawin net is also going
to be established. With the observations from
this network of stations we would be able to
do more work.

This third part of our report is a summary of the following
papers:

CHAO ]iH-PING, 1956: A preliminary study of the distri­
bution of heat source over Eastern Asia in winter
computed from the flow pattern. Acla Meteorologica
Sinica, '1.7, 167-180 (in Chinese).

- 1957: On the dynamics of orographically produced
finite perturbations in baroclinic westerlies. Acta
Meteorologica Sinica, '1.8, 303-314 (in Chinese).

CHU PAQ-CHEN, 1957: The steady state perturbations of
the westerlies by the large-scale heat sources and
sinks and earth's orography (I). Acta Meteorologica
Sinlca, '1.8, 122-140 and (II) ibid, 198-224 (in
Chinese).

- 1957: A note on the orographical effect on the for­
mation of the mean temperature field. Acta Meteoro­
logica Sinica, 28, 315-319 (in Chinese).

Lnr ]UI-cmH and Koo CHEN-CHAO, 1957: On the forma­
tion of North China Trough. Acta Scientiarum
Naturalium Universitatis Pekinesis, 3, 113-117 (in
Chinese).

Koo CHEN-CHAO and CHEN YUNG-SAN, 1957: The per­
turbation tendency due to the dynamical disturbance
of Tienshan-Altai mountains in a stratified atmos­
phere. Ke Hsueh T'ung Pao [Scientia], no. 12, 379­
380 (in Chinese).

Koo CHEN-CHAO and CHAO MING-TZA and CmH Lr-JEN,
1957: Tendency computations for synoptic cases
showing strong dynamical disturbance by Tienshan­
Altai mountain ranges. (Manuscript.)

Koo CHEN-CHAO and CHOW SHAQ-PING, 1957: The
influence of the slope of a plateau on the movement
of troughs and ridges (in preparation).

Koo CHEN-CHAO and YEH TU-CHENG (see reference of
I and II).

YEH TU-CHENG, Lo SZU-WIE and CHU PAQ-CHEN (see
reference of (I)).
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