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CHINA'S RESEARCHES IN DYNAMIC
METEOROLOGY IN THE PAST DECADE

[This is a full transiation of an article written by
Hsu Erh-hao, Department of Mateorology, University of
Nanking, appearing in Ch'i~haisng Hsueh-pao (Journal of

Meteorology), Vol XXX, No 3, pages o43%-250, ]

Our superior Soclallst system has blazed a vast, bounde-
less path for the development of science., Before libera-
tion, our researches ln dynanic meteorology were very in-
adequately founded. Rapld developmsnt, however, has
since come to passS.

During the past decade, our work in dynemic meteorology
has been mainly devoted to atmospheric circulation. Re=-
cently, much has been sccouplished in the fleld of numeri-
cal weather forscasting., These two phases of meteorologl-
cal study will be accorded special treatment by the edli«~
torial board for meteorological reports.,

To avold repetition, this study will be a partlal and
not an over-all summation of dynamlc meteorology. The
study will be divided into in three parts: Part I dealing
with the problem of aerodynamics; Part II relating to the
problem of critlcal layer aerodynamics (including surface
layer aerodynamics); Part III concerning the experlence
of Soviet Union's advanced meteorological sclences, etc.

I.

Theoretical research 1in principles and laws governing
the movement of tropical cyclones constitutes an important
problem for examinatlon in China. In respect to sngular
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research in dynamics by Yeh Tu-cheng (1950)}, the cyclonic
movement of the tropleal belt was examined in the light

of a stralght atmoepheric current; 1t was assumed that

the troplcal cyclone was of the Rdnkine vortex type and
that the equation for:. its orbit was derived from the ve-
loclity of the east wind; that i1s, the fiducial atmospheric
current., D

It was shown thet apart from the net westward veloclty
the value of V and the magnitude and orbit of the cyclone
were determined by its osclllating speed and its vibrat-
ing rdnge and ¢ycle.

Two case histories were cited in his article to indl-
cate clearly the nature of oscillation, In turning toward
the north, the course of & tropical cyclone, when influ-
enced by the south wind, was to be declded by the manner
in which it ceme into contact with the stream from the
south.

The author computed the course of the cyclone, as it
turned, in respect to four distinct condltions. While
1ts orbit would vary with prevalling conditlons, one pheno-
menon was held in common--that the veloclty of the cyclone
tended to diminish before turning and that lts movement
was accelerated after turning. This phenomenon was verl-
fied by actual observation,

In discussing the movement of a vortex under baroclinic
atmospheric pressure, Hsleh I-ping and Chen Ch'iu-shih
(1956 )¢ obtained a general equastion for vortex motion
which embodied various factors of vertex mcvement. Its
significance in physics wes analyzed and discussed by the
authors, and its theory was concretely applled by them
to the movement of typhoons in weather forecasting.

This proved that a tyrhoon would move in the combined
direction of the isobaric surface and the average 1iso-
thermal line, Thus the course of typhonic motlon was in-
terpreted in the light of proven theory, and a revision
accordingly was made, By means of a simple hypothesis
on isobaric distributlon, the aurthors worked out an equa=-
tion on a typhoon's orbit which covered cyclical osclllia=-
tion and other phenomena hitherto undliecovered.




The problem of atmospheric kinetic¢ energy plays an lm-
portantBrol? in dynamic meteorology. Huang Shih-sung
(1952) 7 pointed out that in the entire dtmosphere only
the antié¢yclonic systeit ¢could generate net kinetic energy,
and that the system of ktmosphéric circulation was essen-
tially one of net dissipation of kinetic energy. The
author also pointed out that the role played by the antile
cyclone of the subiropical belt in the generation of at-

mospheric kinetic energy was extremely lmportant.

\

kinetle energy production; Yeh Tu-~cheng (19547 pointed
out that only through the action of a part of the fluid,
compressible potential energy could klnetic energy to gen-
erated., The greater the compressibility, the greater will
be the potentiality for conversion into kinetlc energy.
The earth’s rotation reduces the possibility for the re-
lease of potential energy and its conversion into kinetlc
energy, for only through the earth's drift-rotation can
kinetic energy be generated.

In a detailed analysis of the problem of atEospheric

Seen from the standpoint of equation for an atmospheric
kinetic energy equilibrium, and judged by its average per-
formance, three~dimensional diffusion 1s accompanled by
higher atmospheric pressure whereas three-dimensional
convergence is followed by lower atmospheric pressure.
Energy dissipated through friectlion is thus restored.

The author took exception to the view that the baro-
metric maximum at the subtroplcal belt accounted malinly
for the generation of atmospheric kinetic energy, for the
antlcyclonic system should not necessarlly be regarded as
the depository of kinetlc energy..

Yeh Tu-cheng (1954) and Huang Shih~sung (1952) differed
in their computations, The latter obtained his councluslon
through the adoption of a static equation, while the
former chose to retain dw/dt in using a straight-motion
equation. Yeh Tu-cheng (1954) also made computatlons on
the atmospherlec "effsctive potential energy" of the Nor-
thern Hemlsphere,



Regarding the problem of angular momentunm equilibrium
propose 4o conduct researeh on the upward pressure me-
chanism of angular momentum, which movez in the strato-
sphere from the lower to the middle-high latitudes. This
momentum begins ite activity at the gurface layer of the
essterlies bel: betweex 30° N and 30° latitude.

Juat how this momentuw 1s 1lifted from & low latitude
to the stratosphere 1s & problem to be examined, In dis-
cussing the astmesyherie angular momentum equilibrium
north of easteriies snd westerlies line, Yeh Tu-cheng and
Yaneg Ta~sheng (1955)° derived thelr equation for, angular
momentum equilibrium by the theorem of statlonary con-
ditions as follows:

Qajm’?;x,@@” + g%ﬁ cos @de + gr,:wtmh =0,
5

In this equation are shown Q for angular velocity of
the earth's rotstion, Tx for east-west directlional fric-
tion stirsss betwsen the earth and its atmospnere, a for
the earth's radius, do for the elementary capacity of the
east and west winds' eriticsl regicn, Cn for wind velo- g
city vertical to doy and &v for ultimate volumetric capa-
city, and ds for the surfase area's ultimate capacity.

The equation seems %o indlcate that in connection
with the atmospheric angular momentum equilibrium north
of the eritical region, of the sasterlies and westerlles,
large-gcale emission of turbulence--generally consldered
to be important-~is rendered consplcuocus by its abgence.

Only the dlscharge of angular momentum from the earth's
rotation, cauged by the longitudinal circle stream (first
part), is given to balance surface friction {(third part),
and diasipatlon of angular momentum by the mountaln range
(second part of the squation).

Near the equator, the air stream rises to the upper
atmospherlc westerlies belt, then flows toward the high-
latitude area before talling at latitude 30°, This fall=-
ing sir stream reverts to the easterlies belt as it
approaches to the surface.




Thus, at the meridlan, an enclosed ¢ircle known as
Hadley's longitudinal circle stream is completed, Because
of its relation to the earth's rotktion, the absolute an~
gular momentum of the atmosphére lncreases on approaching
the equator. With the ald of Hadley's longltudinal circle
stream, the alr-mass of large angular momentum is lifted
up while that reverting to the equator is of esmall angular
momentum, s0 that a surplus angular momentum may be dis-
charged into the stratosphere.

The formation of atmospheric circulation with reference
to its average behavior is a problem of great importance,
for only through research on thils important issue can we
really understand the mechanism of atmospheric circulation
and the factors influencing the fluctuation of atmospherlc
circulation. Thiz wlll be of much help in weather fore-
casting, especlally for long-range weather predictlons.

In this connection, scholars abroad have conducted re-
searches on the formation of average troughs and rldges,
elther through oscillatlon caused by topographical momen-
tum or through turbulence caused by variation in heat
fleld distrilbutlon.

We endeavor to point out the jolnt effect of topo-
graphy and the heat fleld on this matter. The two as-
pects of baroclinic pressure may be represented as an
equation (Chu Pacwchen, 1957)° for computing 500mb aver-
“age oscillating helght.
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Figure 3. (a) S0Cmb height (average conditlon) 1n
January in East Asla. {p) 50Cmbh nelght (average condl-
tion) in Januasry in North Amerlca. .

Figure (b)




- The heat field distribution chart employed for thecre-
tical computstion was calculated from actual source mate-
rial. Computations for 500umb average heat fisld distri-
bution in the Northern Hemlsphere are belng worked out.
The sbove task 1s founded on the theorem for mimor oscil-
lation. In connectlion witih three~dimensicnal barcclinile
atmaapheric pressure, topographical vibration of limited
range segn in the weeberlles belt may be written into the
equation! as follows: -

-
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Here ¢ stands for topo-
graphlical altitude;
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constitute the coefficlent of topography followlng an

expansion of the spherical function. & is a functlon of
, and ¢ o5, while 'y and ¥, represent a two-phase in-

_terpretation of an equation in advanced geometry.
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Figure 4 shows how an average 700mb cirele in winter
may be computed from this theorem. The distribution of
principal troughs and ridges shown in Figure 4 coincldes
with the results of observatlon.
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Another aspect of topographical momentum is seen in its
influence on the development of troughs and rldges. In
the case of straight westerlies circulation, the windward
reglon of the Mongolian, Sinkiang, and Tibetan plateaus,
respectively,finds air clrculation moving up the slope, and
the action is reversed in the leeward area.

It is due to this momentum that air pressure tends to
increase with an upward movement and to decrease with a
downward circulatlons .

In Figure 5 is 5hb%n:the changd in slevation dlstri-
pution in 24 hours® brought sbout by the efifect of topo-
graphical momentuu on a £00mb plare when the veloclty of
westerlles 1e held consgtant at five meters per second.
It is apparent that there is & ppeitive change in eleva~
tion in the windward area, and that the change in the
leéward reglon is of the negatlve type.

Because of this momentum factor, troughs and low pres-
sure centers tend to weaken as they pass over the Mongo-
lian and Tibetan plateaus while ridges and high pressure
areas gain in intenslty.

However, the situation is reversed on the leeward
gide, Thesge phenomeria have been verified by actual
observation. 1In Figure 5 the stationary point east of
the plateaus falls within an arse marked by & negatlve
change in elevation. This igs due to the fact that over
this area atmospherlc turbulence remains feeble, and that
there is 1little distinction in weather patterns. The
discrepancy between theory and fact springs from the fact
that the veloclty of the west wird 1s theoretically held
constant at five meters per second, for the sake of com~
putation although blew over this reglon is unusually
weak.

The influence of tihs Tibetan plateau on the velocity
of atmospheric circulatlon is seen in eccelerated clrcu-
lation on the ncrthern slope and »agtarded movement on thg
southern. According to a slmple sssumption, an equatlon
on wave freguency may be constructed froum the incline of
the terrailn.
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The equsation reveals that wave veloclty 1s cﬁflfj%,<fﬁ
on the nerthern and ?4/2», > ¢ on the southern slops.
Therefore, under slmilaPb meteorclogical conditions, the
veloaity of air circulation over high plateaus is likely
to be higher on the northern thau on the scuthern slorpe.

Figure 4: 4 T00=-milli-isobarle gcheme conputed in con-
sideration of compsrable disturbances observed at the
Tibetan Plateau and the Rocky Mountalne,. '

T T et




Figure 5: 500md fluctuatlon in elevatlon caused by
diffusion and convergence of an alr stream as it passes
over the plateau. '

(Unit: 10 m per day), w = v, (34/2y ), V5 = ~5m per

gsecond.,

Baslcally‘ broad atmospheric movenment has reference
to the earth's rotatlon. iB explanation of this pheno-
menon, Yeh Tu~cheng (1957)*V stated that the baslc
recson was itwo-sided: (1) speaking of broad motion, alr
mass 18 but a thin shell; (2) productlion of radlation
due to the difference in temperature between high and -
low latitudes exerts little effect on Torricelli's
ratio. .

The author also Qointed cut that an upset, for any
reason of the earth's rotatlon equilibrium in the wind
pressure fleld, in the case of umlnor sir motion, should
be construed as an accommodation in the alr pressure
field to sult the newly formed wind fleld, so as 1o
achieve an equilibriuvm in the earth's rotation., In the

case of broad air circulation, the wind fleld 1s ad Justed

tc the newly formed air pressure fleld.
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At times of broad disturbance, the problem of instabl~
11ty looms large in dynamic meteorology. In the past,
researches Wwere llmited to the westerlies belts where
vertlical and horizontal shears had taken place. By cone
ducting researches slmultaneously on the two types of
shear f?oountered in the westerlles belt, Chen Lung-hsun
(1959)"" provided the necessary principle on the develop-
ment of unstable oscillation, '

At the same time he esiablished that in time of dle-
turbance, due to the infiuence of baroclinic pressure,
kinetic energy emerging from such turbulence would turn
toward the kinetlc energy of the fiducial &ir curtent,
and that kinetic energy generated by such &ir didturbance
would obtain 1ts effective potential energy from the
baroclinically pressured air-mass,

dz
In damping periods, due to “Eﬁ;“:? 0

absolute vortex rate), kinetic energy arising from atmo-
spheric dlsturbance would still turn toward the kinetic
energy of the fiduclal alr current.

(z being the

Recently, sigpificant results were obtalned by Ch'ao
Chi-ping (1959)*% through the utilizatlion of Lyapunov's
theory for conducting researches on the problem of air
mags instability.

Through an equation for atmospheric pressure tendency,
fluctuations in surface atmospheric pressure may be deter-
mined by the dlstribution of herlzontal diffusion in the
upper atmosphere. Fcr the further understanding of sur-
face atmospheric pressure, 1t 1s necessary to analyze the
cause of the appearance of horlzontal diffusion,

Hsu Erh~hao (1951 a,b)J~3 therefore, worked out an
equation, basically similar to that of Taborovskly, for
obtaining the wost comuon horizontal diffuslon rate,
This equation embodles 13 1tenms accounting for the pre-
sence of diffusion., '

0f the 13 items, nine are imporient and should be ex-
amined in the order of thelr magnitude., These ltems
account for the productlion of diffusion in boih horlzon-
tal and vertical movement, In these studies are lncluded
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the works of J., Bjerkues, Durst-Sutcliffe, and others.
The author alac examlned diffusion fields in the 1light of
three simple patterns of atmospheric motlon.

By using Taborovskiy a equation, Wapg S ao«hu (1956)14
computed fluctusations in surface atmospher ¢ p%essure,
thersby establishing wind velecity diffusion and orbital
change as two determining fastors for the development of
a turbulent airwmassu The manner in which the dense
stratosphere in the "spsarhesd" belt had contributed to
fluctuation in_gurface air preasure was coaputed by Chuang
Ying-mo (1957)12,and it was shown that changes in surface
atmospheric pressure were ln most cases due toc dense stra=-
tosphere, and that alr diffusion had been relegated to a
place of seccndeary importsnce.

Thils difference in opinion proves that the mechanism
of surface alr pressure fluctatlon haes not been well
understood. Whether the magnitudée should be computed in
an equatlon for alr pressure tendency or not 1is a problem
yet to be solved,

In a three-diuensional analysis on an alr-mass vortex
field in the c?grse of a ¢0ld wave in Zast Asla, Hsu
Erh~hao (1958) discovered that the upper atmosphere of
the surface high rressure center was in no way a pure
vortex area. The diffusion part of the vortex equation
apparently played an lmportaut role in the development
of the vortex equation, and neither a 5,500m nor a 3,000m
area should be conslidered to approximate a non-conver=
gence or non=divergence area,

IZ,

Students of meteorology in China have conducted probes
and researches on the regularilzed activity of the lower
layer Jet stream of_the alr-mass., The works of Liu 18
Cheng-hsing (1958)+7 and Su Tsung-hsien (1958, 1959)"
were founded on the uheorams of bukhov-Monin, and the
work of Ting Shih-ch'eng (1958)19 was based on Holzman's
theory.

13




These authors had compared the results of thelr com-
putation with actual observatlions; they had found their
quallitative analyses to be dbrreét, althoush wuch remained
to be desired in their quantitative analysés, largely
because of the facht that they hdd explored only & portion
of the source materisls at their disposal and that little
ccmparison had been done,

There is a difference in the Jet stream exchange pro-
cedure between a neuiral and a non-uneutral alr-mass, and
that difference is to be determined by Ri{Richardson's
coefficient). The jet stream exchange coeffiﬁient X foE
a non-neutral alr-nass may be written as X = %o% (R1), o
belng the exchange coefflcient for a neutral air-mass,

Liu Cheng-hsing (1958) adopted the following equation
in dealing with the stabllized layer of the alr-mass:

14



$LRI) = (1 — aRi)V3,
ey =1/ +1 -],

C‘é‘:g/!_q @(f)aﬁfi’i mwi...éz:.
Vs d= Tq d“

>

Thus, the easence of metecrclogy is given expression
to. Tne suthors felt, however, that an unstable alr-mass
(troposphere) should be dealt with separately by & simpll-
fied equation for a jet energy equillbrium as follows:

: -1
—é- B e a'w" ('-g— Lt;’ ’
4 Ta

By using Ly as the mixture length for the troposphere,
the followlng equation is derlved:

Pu(l) = @(L) = — A,
pr(£) = — & A7,

In the above equation, ' @u(€), ®:({), po() refer to
reduced functions of momentum, quantity of heat, and
vapor exchange coefficlients. By comparing computed re-
sults on stmospherle contour activity with Obukhov=Monin's
research materials, the findings, though somewhat lower,
are basically uniform.

Su Tsung-hsien (1558), in working out a simplified
equation for Jet stream energy, estimated that in the
case of a stabilized layer of air-mass the followlng
equation could be applisd;

15
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On approaching & neutral lager, &%/, @ (C) 2= /
app*ot;maﬁev the logarithn formuals; when “?é?f {stablli-
zed period) prevails Q“ (65 ) D= &

it
7 Noarory r

and element, follows the sguare roct procsss according
%o height. Therefore,by using a separate but far more
complete equation, 3u Tsung-helen (1959) obisined his

formula for a jet stresm energy equilibrliun as followa:

$(Ri) = (1 — aRi)¥";
aW§wi(¢~Jﬂ,
. , pay

In the equation, the + sigr reprssents the stabillized
layer and the =~ sign the unsitabllized., The author stressed

that the imnner physical properties of the lower layer jJet

gativity were reflected in the twd egustions glven above.

When& is equal to O and gnif is equal to l(at a
neutral laver), K is egual to "p. Here the metecrologl-
cal situation showo a logarithmic scatier. In tlme of
extreme instabllity. a great expansicn &n5*4 and a eat
csnuraction ing are indicated when ¢ (G ) = (as )=1/3 ana
3(k9 s function for wind velccity dis»rioution, are equal
tadh"i/3 4 o, The rssults of computation colnclde com~
pletely with comparable theories.

B In the case of extireme stabilify,-i expands greatly,
&~ a&, , and the valus K approaches constancy, that is,
the heat conducticon value of air molecules, By using
a = 1 for a stabilized layer and a 7> 1.5 for an unstable
layer in computling the wind velocliy contour, the author
fﬂl* that his conclusion was in line with Cbukhov-Monin's
obzervations and research, with the exceptlon of an up-
ward blag in time of extreme instabllity and a sllight
downward blas in time of stabllity.

16



By adop&}ggwqugolzman‘a formula and by assuming
that ls=17/1-<Ri{z), and that the distribution of po-

tential temperature folilows a logerithmic pattern, Ting
Shih-ch'eng (1958) obtained a wind velocity contour for-
mula for the lowerlayer of the atmosphere; he emphasized
that on approach to a neutral layer, or under gale velo=
city, or at a very low height, logarithas gould be used

to illustrate the wind veloclity contour.

- Stratifled atmospﬁeric temperature-is a maJof de-
teriining factor for- tte wind veloclty contour at the
lower layer and bias-ln logarlithmic computation,

Wind velocity scatter is computed by the square root
method when Ri 1s unusually large, Compared with the
obsérvational records of Best, Deacon, and others,
the results of the author'’s computations are, qualita-
tively speaking, in line with thelr gtandard,

Assuming that the jJet stream exchange coefficient for
the alr-mass critical reglon distribution 1s taken to
analyze and celculate Peiping's wind veloclty distri-
bution curve, Yang Ta=-sheng %1957)20 reached the con=-
clusion that the results were identical when actual re-
cords were compared.

K(Z )::.(.“;(.ubz )2

Under a similar hypothesis, Yang Ta=-sheng and L1
Ling-ts'un (1957)2! analyzed and computed Hankow's
wind velocity distributlon; in eddition, Dairen's wind
velocity scatter was analyzed and celculated by Yang
Ta-sheng and Cheng Kuang (1958)22, In both cases, the
results were found to agree with the facts,

The problem of measuriug the Jet stream coefficlent
at the air-mass critical region, under nonstatlonary
conditions was discussed by Chao Pai-ling (19564)23,
when wind velocity was divided into two parts:

u=tUsut, v=v+v',

17



Assuming that U and V values in the equation are sa-
tisfactory, then the ejuations willl be:

But s

After obtaining values for U and V, u' and v' may
be solved by using t differentlal. Ey adding the re-
sults obtained, wind velocity scatter at the sair-mass
critical reglon under noustationary conditlons may be
computed., From this a formula for obtaining K, the Jet
stream coeffleient, may be writien.

Etman's and Laykhtman's formuls is used to 1llus-
trate specifically the method of obtaining the K value.
In comparing his E value with that of Laykhtman, the
author noted that much discrepancy--the difference was
more than two times~-had existed in the case of ladivi-
dual analysls, but the results were more or less similar
when averages were taken.

By adopting K formulas for computing the Jet stream
coefficient as adopted by Obukhov and Budyko, and by
computing Pelping records, Chao Pal-ling (1956, )24 came
to the conclusion that the scope of applying Obukhov B
formula was narow and that of using Budyko's formula
was much broader.

111,
The Kibel' theory on forecasting methods is regarded
as one of the earliest and most effective methods in

recent developments of numerical weather forecasting;
it plays an important role in the history of meteorology.

18



Since liberation, his theory has ellcited broad, en-
thusiastic iInterest among meteorologlcal workers in
China, In this connection, an over-all 1gterpretation
had been provided by Yeh Tu=-cheng (1954)26,

While emphasizing his many important accomplishments,
it waslaimultaneousl{ pointed out that his theory should
be appiied to cenditione in China such as the problem
of topography; the less probable fluctuations in metéoro-
logical factors in China than in the Sovlet Unlon, the
effect of latitudinal changes ou the earth's rota&ioﬂ &5
ete,

The effect of latitudinal changes on the earth's
rotation f, with reference to the Kibel®' theory, was
discussed in great detail by Chu Pao=-chen.

In analyzing (1) the approximate value of tempera-
ture advectional fluctuation end of zimospherlc pres-
sure advectional fluctuation, and in demonstrating (2)
fluctuatlions in temperature dynamlics; he asserted that
there was no effect whatever of altitudlnal changes on
f value in the advection of temperature and dynamlc fluc~
tuation, or fluctuations in the advection of atmospherle
pressure; that 1s to say, the effect of f on y (north-
ward) was inconsequential,

But in indicatling the dynamic fluctuatlon of at-
mospheric pressure when the effect of f value on lati-
tudinal changes was considered, he polnted out that a
few items, including 5¢/5./ should be added to the for-
mula, as had been originalily propounded by Kivel'.

The formula involving =/ y: should be compared with
one including a divergence Itein (»°¢/ 72 ), in or-
der to assess thelr relatlve magnltudes.

Generally speaking, the difference would be regarded
as immaterial if the former should prove to be 20 per-
cent of the latter, It was, however, established that
the greater the gradient of surface atmospherlc pres=-
sure, the greater would be the effect noted 1n the for-
mula involving %/, . Therefore, during the develop-
ment of low pressure and the expansion of the gradlent of
atmospheric pressure, the importance of a formula in-
volvlns;;j@;? should be noted.

19



By using a formula in which heat was given to &ac=
count for the formation of wind, Hsu Erh-hao (1954)27
re-established some of the basic equations of Kibel'
which were given physlcal interpretation.

He pointed out that changes in advective pressure
above various heights dnd fluctuations in surface ad-
vective pressure wers 6f the seme type below the princi-
pal (tao) layer; but that their classifications altered
as they moved above the principal layer. The absolute
value of advective preboureé directly increased wilth its
distance from the principal layer. Irrespective of
helght, the dyramic chéange in pressure was grouped to=
gether with surface pressure, though its absoluteé total
value decreased as helight increased,

The author also pointed out that the movement of the
temperature pressure aystem at all helghts above a con-
vectlive layer was controlled by a single principal
layer. In other words, uniformity was noted 1ln the rate

of motion for the temperature pregsure system at all
helghts, JEu Cheng~ch'ao (1955) 28 attempted to broaden
the Kibel' f equations into three types.
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