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COMMUNIST CHINA'S ACHIEVEMENTS
TN NUMERICAL WEATHER FORECASTING

[The following 1s a tranesation of a feature article
written by the staff of the Geophysics Research Center,
Academia Sinica. This article appears in ¢h'i-hslang
Hsueh-pao (Journal of Meteorology), Pelplng, Vol XXX, No
3, pages 236-242.]

Numerical forecastling has resulted from the drive for
accurscy and objectlvity in weather forecasting; it has
salso been furthered by Jjolnt werk between meteorology-=
especlially the theoretical dynamics of metearolo%y—~and
weather forecasbting. It 1s ons of the "two legs" of wea=-
ther forecastlng,

The demand for weather forecaste has increasingly grown
and the objectives of forecasting have increased in number.
Numercus new forecasilng problems requlre exploration by
our forecast workers. They must acquire experlence, dls~
cover basic princlples, and prepare thelr forecasts. Some
relatively efficient technlques have gradually been "in-
dustrizlized." Many weather forecasts are presented nuum-
erically.

In the future the relatlon between numerical forecast-
ing and ordiunary daily forecastling will be similar to the
relation between mechanized industry and handicraft pro-
ductions,

At present, researches in numerical weather forecastlng
not only constitute the necessary preparation for future
numerical weather forecasts but also considerably aid in
analyzing and explaining the physical causes of weather
changes.



With this in mind, we initiated dally weather forecastis
during the development of the people’s meteorological en-
terprises, and, in 1954, we started researches in numerical
weather forecasting.
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As in other types of mateorological work, the most
basic thing in numerical weather forecasting is to under-
stanhd the elements of the atmospherlc process. Such an
understanding essentially depends on the anelysis and
generalization of actual atwmospherlc changes, The neglect
of these elements would transform numerlcal weather analysis
intd metaphysics.

Of course, the area of our work is not confined to num~
erical weather foreceasting alone., We have completed vital
research in characterlstics of the atmospheric process.

Heau Erh~haol was the first to study the development of
the East Aslan cold front, and its vorticity, extent of
divergence, and distribution. 1In additlion, he also cal-
culated the value of each term in the humlidity equatlion,
But the result of hle calculation deviated significantly

rom calculations made by the usual approaches,

Researches by Pelping Universityeshow that, under
particular conditions, the values of varlous terms of the
vorticlity equatlon are similar to those of the equilibrium
equation. Speclal attention must be directed to under-
standing these deviations, because they suggest that methods
of simplification are possible for certain baslc equatlons,
such as the vorticlty equation.

As far as the existence of the eddy transport effect in
1arge-scgle general circulation is concerned, numerical
analysis” was carried out on the basls of data obtalned in
February 1956, The result explalned varlous terms of the
humidity equation, in regard to the two-layer gecostrophic
model; the term eddy transport is very broad and it can-
not be easily illustrated by the mean transport field.

Therefore, 1t is improper for the capitallst countriles
to neglect the eddy transport term or to replace it directly
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by the mean transport fleld. All these works are neces-

sary for establishing the correspondling models of numeri-
cal forecasting., The amount of this kind of work is still
limited, and further development along this line is neces~
sary. ‘

III

The essentlal preparation for numerical weather fore-
casting conslste of the following: on the basis of past
weather experience, we apply the theory of dynamles to
study some simple conditions by msans of numerical analysis,
80 that the general characterlistice of the effects of a
given physical element can be obtained. For exaumple, 1t
is commonly known that an eddy produces quantitatively
various transport effects. But eddy transport can reduce
vorticity, a phenomenon similar to reduction of a high
field, because the reductlion process of a high field
naturally causes the reductlon of the relative vorticlty
fleld 5 ~~v2dg,

It proves that the pr'ocess4
I 2.
e AN =
P2,

(where A is the exchangs coefflclent) actually causes the
reduction process

gr = g + KV°F

]

and

=
}

At
=4 {2872 (1)

where At and As are the time and space interval, re-
spectively., Thus, If we neglect the unneceasary small dls-
turbances and the accumulated observation errors, cut-off
errors, and other probable errors whlch add to the smooth-
ing process effect, numerical weather forecasts can be

% Obykhov did similar research.
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achleved gith the inherent eddy effect of the model, Tsao
Chi-p'ing’ later zenerally analyzed these properties by
means of the stabllity of motion.

Topography may greatly affect circulation. It playsa
an especlally lmportant role in China. For determining
the magnlitude of its effect oun weather development, it is
necessary to make certaln calculatlons on the basls of
assumed simple and ideal conditions, Under conditlgns of
general west wind ahd north wind, graphical methods~ were
used to obtain the result of topographlcal effects on
general barotroplic circulatién disturbances.,

The numerical tendency results obtained indlcate that
the topographical disturbande is much greater than that of
Notth America under similar conditions. Under baroclinie
preasure, because of the-effect of the stable layer, the
topographical disturbance of the lower layer is greater,

In the gountain region of A-erh-t'al Shan and Hsiang-
t'ien Shan!, if the mean west wind velocity 1is five meters
per second, the high tendency et 700mb on the anterlor
mountaln slope may excéed 40 meters in 12 hours, Besides,
with barotropic models, calculations were made on the ten-
dency of topographical~disturbagce in north China under
general north-west cireculation. It was discovered that
the position and intensiiy of Y1 Chao in north China core
responded to the initial stage of north-west circulatlon.
All these activities provide us with a conception of topo-
graphical dlsturbances under barotroplc and baroclinile
pressures in China, .

Under actual baroclinie pressure, the basic force is
sustained and supplied by .outside heat sources. Therefore,
for medium and long-range weather process forecasting,
the process of how the heat sourcesa affect the atmosphere
is an important problen.

In 1957, Taao Ghi-p'lngg and others used the linear
two-layer model to calculate the effect of heat sources
under ideal conditions., They dlecovered that, no matter
whether the heat source was considered as constant or in-
fluenced by the temperature and pressure field (reverse
process), the effect of heat sources could be adjusted
after five days or two weeka, implylng that the temperature
and pressure field lagged behind by about half a month.
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But because of difficultles in designing the models, the
effect of calculation with models is insufficicent.

Chu Pao-chen and others'® tried the Kibel radiation
method. They introduced the fdctor 6f radiation intd the
linear two-layer models #nd firhlly obtalned the equation
of the heat source effdet on the high rield. Actual cal=
culations were carried out., Of great significance ia the
fact that, when considering the relation (exchange coeffi-
clent) between input (heat source) and output (high field),
the state of the heat source when affected by the tempera-
ture and pressure field is the same as the state when the
heat source 1is concstant,

The flnal basic forms of the different influences are
the same, The calculation results of both situations are
allke, In addition, Chu Pao-chen and others studied the
instabllity of the sine curve and discovered that in such
a sltuatlon the instability should be determined by more
abundant data. All these researches provide us with a cone
ception of the effect and the actual process when a heat
source 1s applied to a temperature and pressure field, At
the same time, it creates problems of model dealgn,

v

The realization of numerical forecasting depends upon
actual calculation with models, Evidently a great amount
of work must be done in establlshing and choosing models,
and in developing methods to obtain solutions. Only by
means of actual caloculationse-~-the process of verifying
theory by fact, may we reach a better understanding of
forecasting by models,

As far as the one-layer quasi-geostrophic model of
large~scale motlon is concerned, graphical methods can
be used in actual forecasting. For this reason, at the
Initial stage (1954-1956), we carried out some researches
in graphical numerical forecasting.




Liao Tung-hsienll examined the two-layer forecast
equation '

< ‘

where £ dehotes absolute vrortlcity, V- denotes thermal

wind, and 7r denotes thé mean flow vorticlty of the thermal

wind, Calculation proves that the second term on the right-

?and side of the equation i8 a relatively small correctlon
actor.

~ In primary approximation, i1t 1s reasonable to desdﬁe
that the correction factor varies insignificantly during
the forecast period. On this basle the approximate solu~
tion can be obtalned graphically according to =/ and v7
by manipulating theX and 4, fleld saparately. Actual
forecasts show that better results are attained when we
apply this method to forecasts of cold front development
than [when we apply it] to forecasts of the mean flow of
nonthermal driven wind (barotropic model). This method
is baslcally similar to that of Flortofts.

Subsequently, a researcher,12 by adapting a similar
method,.tested a 48~hour 500mb isobaric surface forecast.
It shows that some cold fronts can be forecast 48 hours 1n
advance., However, the blocking hlgh pressure cold front
cannot be forecasted with certalnty. Besides, since the

2F
V2

term is relatively small, it can be neglected if graphical
solutlons are applled in numerical forecasting.

Bolin used the two-layer model graphical method to
obtain the iglutions of the situations of both layers.
Hsu Erh-hao applied this method to the Sawyer and Bushby
model and obtained the corresponding forecast equation,
which is being verified experimentally.* Several experl-
mente show that the results are superlor to those obtained

¥Recently, Hsu Erh-hao established a 1,000mb direct
graphical forecast method to be published in the near
future,




by using the Ellasasen and Reed model. But the work in-
volved 1s more complicated,

In two-layer models, a gropoﬁt;bhal decrease of temper-
ature generally is constant; Sinecb thé upper and lower
layers of the temperaturg'fibid are similar, it 1s impos~
8ible to consider the existence of the front positon. Be-
cause of this fact, application of the general atmospheric
pressure coordinate does not yield good results in fore=-
castlng weather.

ch*en Hsiung-ahanl4 and others pointed out that the
existence of the front position can be considered, if the
two-layer model of the position-temperature @ coordinate
is used. Because the distance of the front position per
equivalent surface is particularly small, we can consider
the equal @ areas above and below the front position as the
required layers and apply the upper and lower limits to
it; in thls way we are able to indicate the difference of
stabllity both within and without the front positon. The
flow field of the ® surface can thus be forecasted. They
considered the upper limit 93 = constant and the lower
limit 65 = constant, The pogitional vortlelty =

1/k
KC'p ©

—1,000

-1l/k
x (& + f) (22 )

where K = (Cp = ¢9)/Cp, 4 denotes the flow function of ©
surface, and others are conventional symbols.

Based upon the above method, a graphlcal forecast was
made (12 hours). The result was found to be relatively
better. Yot the difficulty of this method lles 1in the
problem of assuming the boundary conditlona, especlally the
boundary condition of the upper limit. Proper solutions
of this problem remain to be found. Beslides, the existence
of thease front positione has not been considered in con-
structing models,

Besides the experiments in the graphical method, the
accuracy of Fjortoft's graphical method 1s belng studied.
Fjortoft conslidered the difference

A=K =£ (3)
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in Poisson's equation
7 EA
where A = %%f/@ ’ o~ is the mean

|
t

™

value of ¢X inside the reetangl& and d denotes the inter-
val of the rectangle. Then thé solutlon is

0( = (l + M +VM2 ooQQnooo)ho (4)

It 1s eccéurate only if an infinitive reglon is dssumed.
Fjortoft proved that : o

X *=n4 2R’ (&)

?§? be considered as the first approximate solution of

ch'ou Chi-fanl® ana others, in thirty experiments,
proved that error in using

0<=:h.+2-1’;

is within the permissible degree of accuracy of the gra-
phical method. But h consists of the vorticlty mean cir-
culation. It is obtailned by graphically extrapolating the
mean circulation in space. But based upon the same ex~-
periment, with the distance of the mean clrculation rec-
tangle d = 600 millimeters, the change of value 1s as
large as two thirds the original circulation field. The
result is therefore unsatisfactory.

The graphical method for nE?erical forecasts of rain
1s also necessary. OChang Yen-! suggested a synthetlc
process for large-scale short-range numerical forecasts
of rain. Particular examples were chosen for purposes of
caloulation, and the results were good. The method 1s
worthy of further investigation and improvement,

For accurate numerical forecasts, the use of electronic

computers 1s necessary; hence, the finite differential
method 1s used. In this connection, one should transform

8




the differential equations of numerical weather forecasts
into differential equations for further calculation. A
large number of techniques are used in all these numerical
gdalculations, which involve the width of the rectangle,
the interval of time, andvthf-tibblem of extrapolation of
time. Since no actual caloulation has been performed by
electronic computers, no final concluslion has been drawn,
as yet, ln this respect.

As far as goisson's approximation method i1s councderned,
Ku Chen-tsaol® used the least square method and a finite
number of the mean value terms M to obtaln the approximate
solutign of equation (3). He proved that, when choosing
h and h, the best approximation form ls

CA# = OJ4h + 4.4 0, 4% 2/a< 12; (6)

This is more acourate than Fjortoft's formcX_# = h + 2h or

A% =h + 3 h, It 1s also simpler and more accurateé
than Belousov's

k%= (3 h+2h+h) (T)
&

It is convenient to use approximate formula (6) in elec~
tronic calculations. For a higher degree of precision,
similar methods can be used to obtain that mean value of
h which may yleld the best approximation formula.

The degree of preclsion of the graphlcal method 1is
limited, 1In general, it i1s much more accurate to use the
numerical approximation sclution of the vorticlity equatilon,
But the application of different methods of numerical ap-
proximation involves problems of the amount of work, the
degree of accuracy, and the stability.

Therefore, it is necessary to study further the pro-
blems of obtaining solutions.go the vorticity equation.
A Mathematics Instltute teamt” found the circulation co=
efficlent oX of Blinova's barotropic linear forecast equa-
tion as a logarithmic solution in terms of time t by trans=
forming the original differential equation into an lntegral
equation under conditions of a longltudinal functlon. °
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Another method of eolution2o has also been consldered.
It is worthy of serious conslderatlon and experimental
verification. i

Like the graphical methed, when manipulating extra-
polation, the one<layer model is the most simple to applye.
Based on two twelve-hour experimental forecasts, Wang
Yao-sheng and others2l found that during the summer 1n
China it is better to use the one-layer model for TOOmb
than for 500mb. h |

However; the oneslayer model is always insufficlent.
For more genetal applicatilon, Limo Tung-hslen suggested
a two~layer model to be applied to situations of partle-
cular distribution of vertical motion, He divided the
atmosphere into two layers, whlch were described separate-
1y by a two-layer model. From this two - layer model,
the three-layer model forecast equations were derived,

It is convenient to obtain the solutions graphically
from these equations, A weather bureau tean found an
infinlte series solution for the two~layer model fore-
cast equation expressed in terms of spherical coordindes.

In certain situations, the three-layer models are
essential, In various regions, 1if the temperature
changes of the upper and lower layers do not assume a
linearly proportional development, the use of two=-layer
models for weather forecasting generally 1s impossible.

In fact, the blocking high pressure developed in the
Ural re§1on produces the more complicated baroclinic
effect2, Thus, three-layer models are required for
forecasting. :

In additlon, some characteristic rules haye been
suggested in aplying three-parameter models24, For
example, the special factors of the development of
three~layer models can be observed from the proportionate
decrease rate of the mean circulation of thermal wind.
If high altitude multliple-layer weather charts are pro-
vided, the following rule can bhe applied to forecast
qualitatively the baroclinic developuent, which 18 a
particular property of the three-layer models23: in an
extensive reglon the cold (warm) mean clrculation in-
creases (decreases) 1a strength in an upward direction;
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hence, the altitude of the intermedliate ihdbaricllayer is
elevated, or otherwise lowered.

Simplified estimation gﬁalcﬁlémibns show that, in China,
topographic effests must bé éonsidered when using numeri-
cal forecast modgis, Nevertheless, how to describe exactly,
and illustrate by models, the topographic effects remalns

a highly important problem.

Theoretically, Green's function can be used to solve
the problems of baroclinic numerical weather forecastlng
under topographic influence., Unlike Sh. A, Musayelyan,
who consiggred gea level a8 the boundary condition, Wang
Chung-~hao<’ considered the local region as the boundary
condition in solving the forecast equation, The results
show that Green's functions (including the integrals of
Gieeg’a functions) thus obtained are regionally deter-
mined.

Hence, the value of Green's function obtained at one
point 1s different from that obtalned at another point.
Though geostrophic wind is assumed, the solutlons of the
equations are highly complicated., It 1s obvious more
difficult to obtain a complete solution,

Lin Hsing«-yuan26 used similar boundary conditions and
suggested the Fourier Method for obtaining solutions of
the forecast equations, He assumed the topographic boun-

dary condition
@ =1 - Ay

where / 1s proportional to the geometric topographic
altitude,

(&= P/Po,p, .

p denotes surface atmospheric pressure, Po denotes stan~
dard sea level atmospheric pressure). Instead of using
the parameter, he expanded the solution into logarithamice
series in X\ , found the j-th order logarlthmic forecast
equation in A , the j-th order approximation, and thus
obtained the method of its solution. He denoted the ver-
tical coordinate of the equation by

& = p/P
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(where P 1s surface atmospherlc pressure, p 1s high alti-
tude atwospheric predsure), so that the lower limit

c =1,

He applied hexagons to obtain the approximate solutlon of
the foredast equatign. The daloulation also considers
topbgraphic bffects, According to more than 40 examples
applied 1n ndrth China, a consideration of topodraphilc
effects has ralsed the degres of accuracy by tén percent.

Under baroclinic conditions, the problems of calcula=-
ting topographic tendencles have increased in number. Two
actual tendency calculations show that the accurate deter<
mination of baroclinie topographic disturbance tendency
is much more complicated than previously imagined. The
firast problem is how to determine the surface slope wind.

If we simply consider 850mb or the upper 1limit bound-
ary layer wind as the basis for calculating the vertical
motion of the slope wind, we may not be able to determine
the expected topographical tendency. Actually the rela-
tionship between surface wind and lower layer wind of the
free atmosphere 1s not so simple, If we do not depend on
actual observations, we find it difficult to determine the
surface wind and its time rate change (wind "tendency")
by using the equation of motion. If the degree of accur-
acy cannot be determined by actual observations, the pro-
per choice of boundary conditlons for forecast calcula-
tions may become & problem, Thus it 1s necessary ito per-
form the calculations more rigorously, to galn more ex-
perience, and to delve more deeply into theoretical an-
alysis,

v

In early 1958, with the earnest and unselfish assls-
tance of Soviet specialist Dobryshman, who was motlvated
by internationalism, the Central Weather Bureau initlated
medlum and long-range numerioaé fggecasting. They 414
much of the preparatory work,“"? and attempted long-
range forecasts., Keeping pace with the leap forward
movement of 1958, numerical forecasting toek many bold
steps.
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Various work groups suggésted many medium and long-
range linear forecast models and tésted certain calcéula-
tions. This is a dérrec Beginning{ because for medium
and long-range foreeéstbz,th¢ assistance of new methods is
urgently needed. It is impodsible to determine the merits
and defects of all models without bold experiments and
Practical verifications,

Chu Pao~chen suggested a two-layer geostrophic model .
constant heat source, as well as a geostrophic model which
takes into consideration radiaktion and vortex heat (deals
ing with inverslon caused by the temperature pressure
fleld). The Kibel' method 1s followed in considering the
radlatlon aspect (referring to the correspongang non-
linear three-dimensional geostrophic model). Certain
propertlies of these models were understood after some
linear calculations were carried out,.

Besides, five-day forecasts and one-month forecasts
were tested by using the barotropic topographic mode,
Useful experiences have been obtalned. All these works
have helped solve the mystery of long-range numerical
weather forecasting, and, by thelr means, experiences 1in
calculation were obtained.

Our large-scale calculations of linear models, the re-
sults of experiments of calculations of linear models
carried out by foreign countries (Blinova, Mashkovich),
and the problems educed during these caleulations natur-
ally lead us to consider under what conditions the use of
linear models are permlssible and to consider the methods
of designing the models and determining the parameters
under these permissible conditions, so that the stability
and superlority of the models can be guaranteed,

Researches have been conducted for this purpose. Re~
cently new approaches have been adopted to analyze further
the problem of stability of models,. Relatively more
general results have been obtained.? This greatly aids
in deslgning linear models,

In short, thls kind of work 1s at its initial stage.
The possibilities of exploration are unlimited. Rese-~
arches of similar nature can be conducted in dealing
with non linear problems,
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Theoretically speaking, the more basic problem 1s not
the determination of models; but the method of approach
used in numerical forecastsi Since V. Bjerknes, numberi=-
cal weather forecasting has been considered to be & pro=«
blem of mathematics=-a problem of obtalning the initlal
values for solving the system of partial differential
equations. S

That 1s, one should use the initlal value of the first
partial derivative of the gmeteorological quantity to find
the solution of the system of differential equation., But
dally weather forecasting is based on the "historical
development" of the change of weather (namely the recent
period, within several hours or several days).

It is similar to the long-range weather forecasting
approach. Although these two approaches are completely
different, but they have thelr own particular merits,
judging from actual forecast results. The problem now
is whether there is any correlation between these two
approaches,

It is obviously 1mproger to think of dally weather
forecasting as simply a "deductive process,” and not to
glve 1t serious consideration., As a matter of fact,
under certain conditions, it 1s possible to prove that
these two appraches are identical. For large-scale cir-
culation under "approximation of quaei-geostrephic" 31
conditions, Ku Chen~-tsao has proved that: in considering
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(v‘+¢-g‘;-‘)r-(-}-7’0'+f,0)+-}%(‘,%) (11)

(whéie”ilé the altitude of equal pressure surface, J
is the Jacoblan, -y
. 4 -Gps

1s the altitude tendency, <X is a known parameter, P
denotes pressure, and f 1s geostraphlc parameter);

.the condition

‘ (%, 9, 9 t) = Pz, y, §) ' - (12)
(13)

3

forallt P=m, P=0 w=0

(where t, denotes initial time, F denotes a known func-
tion) and condition when P = P,

o(x, v, pr ¥) = Gy(x, y, t),} &) (14)
T(x, ys Pos 8) ™= Gmy v, 8),) :
= — S¢!
when y ®. ap"‘l = known distribution, (15)
and when l’>t'—_¢ s P=p, Pp=0,  wm=0 (1‘)'

(where t =< t,) are equivalent in value. In (14) P,
can be replaced gy other values of pressure P = Po’

15
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For weather forecasts within limited areas, because of
the effect of sea level boundary conditions, 1t 1s neces~
sary to revise slightly the equivalent conditions al-
though they are basically similar,

The above-mentioned equivalent value property shows
that ‘the changé of the surface temperature pressure field
suggests the three-dimensional temperature pressure fleld
structure of the baroclinic atmbsphere and determines the
development of the three«dimensional temperature pressure
field, Because of the baroclinic property, we have to
consider the "historical development” of weather when us=~
ing the secohd approach.

But the equivalent value problem is only a partlcular
problem, Actually these two approaches do not yleld equl~
valent values, To state this explicitly, historical data
are indispensable for any numerical weather forecast; so
that errors may be reduced.

By merely observing a few differentlal equations we
can not fully understand this problem, Numerical weather
forecasting 1s not purely a mathemetlcal problem, From
our experiences we understand the necessity of "historical
data.," Like the principle of rhythm we have experienced,
the conditions of various periods in the past play a con-
siderably important role in long-range forecasts.

Of course, as far as the general forecast problems
are concerned, the most important problem is the inade-
quacy of observational procedure; hence, we are unable
to avold errors., Past data are abundant,

Therefore, the problem of choosing the correct approach
should be based upon the availabllity of observation
data; we should choose an approach so that avallable ob-
servational data can be fully utilized, and we should
avold approaches which require unavailable observatlonal
data. For this reason it 1s advisable to utllize data in
the past, and as a matter of fact we cannot avold using
them.

However, further research 1s necessary on how to
utilize fully the most rellable and complete distribution
of meteorological data in past and recent perlods, eo
that the most proper form of the system of weather equa-
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tions, when integratihg numerically with respect to time,
can be chosen and the proper conditious for the solution
can be determined., Researches in this respect are at
their initial stages. The svlution of thls problem may .
provide a new direction for numerical weather forecasting.

»* * +#

Certainly, the history of the development of numerical
weather forecasting in China is short. However, under
the correct leadership of the Party and the State, the
development of numerical weather forecasting in such a
brief period has been comparatively rapid. Actually,
only after the establishment of the people's meteorological
enterprises,and of the complete observation and forecast
system, were the foundation and necessary conditions for
all the reesearchers provided.

During the period of reactlonary rule, all these con-
d1tions were incomprehensible. Since the "leap forward
movement," numerical weather forecasting in China has
assumed a new appearance., It i1s expected that in the
near future, by combining practical requirements with
new technology and new thsory, numerical weather fore~-
casting will reach a higher stage.
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