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ABSTRACT

In this paper, a numerical test is carried out by using a six-Ievel implicit primitive equation model de~-
fined in a » coordinate. The model equations are selved with nonlinear iterated method, yielding fairly

good results.
However, it is time—consuming to solve the model with iterated method. Thus, this model is restored to
the advective scheme and solved by means of a split method. Several actual examples are forecasted, which

have yielded good results.

I. INTRODUCTION

The test on primitive equations was conducted in some countries during 1960s. At present,
primitive equations are widely used to make numerical weather prediction, to study the
general circulation of atmosphere and to simulate the climatic fermation. 'We began this work
from 1960st—%), Zeng et al. designed a six-level implicit primitive model which obeys the
rule of energy conservation®®), In 1976 Zhu et all? designed an explicit primitive model
which obeys the rule of instanianeous energy conservation.

It is well known that the basic governing equations used in every primitive equation modet
are the same, bui the treatments are different from each other. The primitive equation medel
is more complex than the quasi-geostrophic systems. They are very sensitive to the initial
and boundary conditions and the finite difference scheme. In order to obtain satisfactory
resuits, the finite difference equations, boundary conditions and initial conditions must be
treated carefully, otherwise, they will generate computational instabilities. So it is a hard
work 1o get a good result using the primitive equations.

In order to further improve the accuracy of numerical forecast, to simulate the general
circulation of atmosphere and to study the problems of climatic formation, we should
first suggest an available numerical forecast model. We constitute 2 siz—level implicit primi-
tive model, based on that designed by Zeng during 1960s. This model is shown inag

coordinate, g=f(£) with g=%, where p, p. and p,; are the pressures at arbitrary
s Hi
level, at the surface and at the highest level, respectively. The interval §g between any two

adjacent levels of normal atmosphere is equal.
In this model, all variables are written on the same g levels, so that the surface is also

a forecast one. It is different from other models designed so far both at home and abroad.

"
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In other models, the variables are on the integral levejs and 1/2 levels, so the surface is not
a forecast level. However, it is of practical value in forecasting all the meteorological elements
of the surface level immediately. Therefore, we try to do it and study its forecast effect.

In order to properly describe the vertical construction of the atmosphere there must be
enough divisions in the vertical, However the more the levels, the more the computing
amount, At present, the capacity of the electronic compuler is not 30 gieat as to treat such
a complex model in our country. Huang and Li have indicated that at least six parame-
ters are needed to describe the vertical construction of the atmospheret*l. Therefore we
use six-level medel in this paper.

II. NONLINEAR TTERATIONAL ADAPTABILITY DIFFERENCE SCHEME OF A SIX-LEVEL
IMPLICIT PRIMITIVE EQUATION (MODEL 1)

1. Finite Difference Eguations

With the quasi-static approximation, the difference scheme of a six-level primitive equa-
tions written in a x coordintate Is as follows:
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The notations D, ;s(w*2), D.;.(w*s) and D; ;. (w*lac,T*+A¢**]) in Egs.
{()— (3} are all expressed in terms of D, ;(w*F), which is given by:
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where U7 ;. and 7% ; , are the average values along the vertical direction, for example:
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Where # and ¥ are time-average values.
P, is the pressure at the atmospheric top and equals 100 hPa. P, is the surface pressure.
We have

Pes= P Pt
Pe=P Pes
£= pol Pus

M and N are the amplified coefficients of map projection along x and y directions,
respectively. In the stereographic projection map, M and N are equal. F,, F, and F,
are friction terms along x, y and z, separately.

N M
}I f+ Yok -

% and :} — represent central spacial difference within the area, and one-sided spacial

difference on the boundary . They are all symbolized with)g; and Tav

o and ?av are presented as another central difference scheme, for example:

dx
foalieE o
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and another one-sided spacial difference scheme on the boundary, for example:
Ul 1
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where
1<i<l, 1=j=<J, 1<<k<<K.
The forward time difference is used as follows:
SiF  Fia—F
& o

The foregoing primitive equations are written in £ coordinate originally. The atmoes—
phere is divided into six levels of £ corresponding to 100, 300, 500, 700, 850, and 1000 hPa
respectively. Because the vertical interval of every layer is not the same in £ coordinate,
we introduce a x coordinate in which the vertical intervals between any iwo adjacent levels
are equal. They may be noted as follows:

= at P=100 hPa,
r=1 at P=1000 hPa,
. . _ o=
ﬂh-'%_ §k+|'—c1|
, . O=
T
i
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We adopt a square forecast area containing 37 x 37 grid points and square meshes in a
polar stereographic projection map. Let dx, &y and §r be the space steps and time step,
respectively, Both dx and dy are equal to 540 km and 3¢ is equal to 20 seconds.

2. Adaptabiiity Difference Scheme

a and 8, in Eqs. (1)—(4), are referred to as adaptability faclors, so the foregoing
difference equations are also called adaptability scheme. In this paper, & and g are equal
to 1. With ¢ and £ other than 1, we may obfain various adapiability schemes. Thus,
they may be used to adjust the moving velocity of systems (adjusting ¢) and the influence
of the ineriial gravity waves on the development process (adjusting #). It may also be used
to construct a split model. When =0, it is the nondivergence approximate model. We
may demonstrate that the foregoing difference scheme is in accordance with the rule of
*generalized energy conservation”.

ill. THE ADVECTIVE DIFFERENCE SCHEME OF SIX-LEVEL PRIMITIVE EQUATIONS AND ITS
SPLIT METHOD (MODEL 2)

1t is time consuming to solve Bgs. (1)—(6) wiith the {teration model. In order to save
compulational fime, we use a split method, The difference equations are as foliows:
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In the foregoing equations, the lermis containing ¢ are the advective terms which repre-
sent development process, and the terms containing § represent adjustment process.
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Marchuk and Zeng have shown that the adjustment process is rapid, and the development
process is slowl], These two processes may be different from each other in physical prop-
erty and time scale. The interaction between them is slight in short duration, and may be
neglected. Therefore, we consider neither the term containing £ in the computation of
the advective term, nor the term containing ¢ in the computation of the adjustment term.
Because the representative time of these two processes is different, we may use different time
step. As a consequence, it takes us much less computing time. Some ol the notations in
the Eqgs. (18)—{23) are as follows:
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The other expressions are the same as those mentioned in section 11

IV, INITIALIZATION AND BOUNDARY CONDITION

1. Initialization

For simplicity, the initial conditions used in this paper are geostrophic winds calculated

from the pressure-height analyses.
The initial temperatures are calculated with the following static equations:

1/ 9
Tf.f,k“ —R (\ alnP ) i.J‘.k,
T.',;',1=T:',i.zv

T.'.:’,x = 2T|'.l',K—1 ~Thig—2.

2. Bomndary Condifion
For the horizontal boundary condition, the normal velocity components are assumed to

be zero. Al the earth surface and the top of the atmosphere, the vertical velocity w vanishes.
They are expressed as follows:

Uy =t =0y

Vs =tre=0,

Wiy =W, ik =0,

biik= (‘ﬂ‘*) faf .

If we do not take the orography effect into consideration, ¢,;,, is identically zero.

V. RESULTS OF NUMERICAL FORECAST

In this section, some examples of forecast are presented using an idealized initial field
and the synoptic map as the initial data, Tespectively.
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1. Forecasting Result with an Idealized Initial Field

In order to test the stability of this model, we construct a simple idealized field and make
weather forecasting,

At first, we construct the initial temperature field at the six levels using the following
formulas:

T(X;j"-ﬁ)—‘—”?(?)‘i-?'(x,y, p)—i—T”(x,y,p)’
(T{x,y,p)=— A5 (R<a),

U7, v, )= 0 (R=a),
(TH(yy,p)=— ™% (R'<B),
‘IT"(LY,P)=0 (R’)b),

where T () is the function of pressure, R is the distance from the compuied point to North
Pole and R’ is the distance from the computed point to the specified point. A,, 4, B, R,
a and b are all constants, which are based on the center inlensity of the idealized field, the
intensity of disturbance and the position of the disturbance center.  Then the idealized height
field may be determined from the foregoing idealized temperature by means of static equa-
tion.,

It is obvious that the manufactured temperature-pressure ficld is a polar vortex with its
center not in the pole. Fig. 1 shows the idealized height of 500 hPa. We make weather
forecast with the iterated method described in section II. A 5-day stable output is obtained
using this idealized initial field.

e |

Fig. 1. 500 hPa analysis of idealized field. Fig. 2. S5-day 500 hPa forecast with model 1
{solid line), and § day surface pressure
forecast (dashed line) with model 1.

Now let us analyse the 5-day forecast result.

In the initial chart, there is only a trough in the Northern Hemisphere. During the
forecast course, we may find that the ultra-fong wave draws back ar first, Then, the trough
begins to move eastward slowly. The developing process of the system of the other levels

P e
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is the same as that of the 500 hPa. The trough moving velocity of all levels is different.
The initial surface pressure is 1000 hPa everywhere, but on the fifth day there is a cyclogen—
esis before the trough-line of 500 hPa and an anticyclogenesis behind that, respectively,
as shown in Fig. 2.

1t may be seen from the foregoing rsult that the systems change reasonably and the com-
putation is stable, so that we may draw a conclusion that this model is availabie.

2. Forecasting Resuit with Nonlinear Iterational Difference Scheme (Model 1) for the
Synoptic Chart

Tn order to check the capability of the model and siability of computation, we should
use the synoptic chart as the initial field and make forecast. Figs. 3—6 are 48 h 500 hPa
height forecast and 24 h surface pressure forecast from the initial conditions at 12 Z, 28
July 1976 Chart with the model described in section . On the initial chart (Fig. 3) there
are four major ridges right in the west part of the Pacific Ocean, in the west part of Northern
United States, over Ural Mountains and over the Atlantic Ocean, and four major troughs
in the west part of Europe, the east of Ural Mountains, the south-west part of Greenland
and over the Central Pacific Ocean. These ridges are weak. The northern part of the trough
over Europe is connected with the trough over the Central Pacific Ocean via Novaya Zemlya
Island. Therefore, the ridge dominates North Pole. Fig. 4 shows 48 h forecast of 500
hPa (solid line) and verifying analysis(dashed line). The forecast result is that all the major
forecast ridge-trough systems dominating Northern Hemisphere are stationary, and the




136

ADVANCES IN ATMOSPHERIC SCIENCES

Vol, 2

\ . .", E i . K i
\@ N A . iy
| = Favh Nt - oo A 4

Fig. 4. 48 h 500 hPa forecast with made! 1 (solid line), verifying at 12 Z,
30 July 1976 and 500 hPa analyzsis for §2 Z, 30 July 1976 {dashed line).

Fig. 5. 24 h surface pressure forecast with model 1, verifying at 12 Z, 29
July 1976 when p=1000 hPa (solid line), and actual pressure (dashed

line}, respectively,
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intensification of the systems changes slightly. The 48 h forecast of 500 hPa is compared
with the verifying chart. This forecast result is quite accurate. Individual system forecasted
is weakened merely, but, in fact, it vanishes, For example, the center of depression east of
Kamichaka vanishes, but the forecasting result is weakened.,

The initial surface pressure is supposed to be 1000 hPa everywhere. The surface pres—
sure systems are substantially simulated 24 h later. Fig. 5 (solid line) shows the 24 h sur-
face forecast which is the central pressure of 996 hPa for the cyclone in the west part of
Europe, the central pressure of 994 hPa for the cyclone to the east of Lake Baikal and the
central pressure of 1000 hPa for the anticyclone to the west of Lake Baikal. The distributions
of these systems are in agreement with the observation (Fig. 6), but the forecast does not
produce adequate intensification.

In order to test the effect of the initial surface condition, another forecast is made.
The observed surface pressure at 12 Z, 28 July 1976 is used as initial condition. Fig. 5
(dashed line) shows the 24 h result. It is compared with the verifying chart shown in Fig. 6.
This forecast is a little better than foregoing one. Therefore, we had better use the actual
initial surface condition for short range forecast.

Fig. 6. Surface pressure analysis for 12 Z, 29 July 1976.

1. Forecasting Result from the Split Scheme

A forecast is made from the idealized initial condition described in this paper with
split method. The result is as good as the foregoing one mentioned in subsection ¥. 2. It
is not discussed here.

In order to understand the forecast effect with the foregoing two models, the same
actual case is used. Fig. 7 shows the 48 h forecast from the initial conditions at 12 Z, 28
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July 1976 chart with split method. The major forecasting ridge~trough systems dominating
Northern Hemisphere are stationary too, so that the forecast result is as good as the pre-
vious one which is forecasted with model 1. However, the computational velocity with split
method is much quicker than model 1. Therefore, we think that the split scheme is avail-
able.

Fig. 7. 48 h 500 hPa forecast with model 2, verifying at 12 Z, 30 July 1976,

VI CONCLUSION

An adaptability difference scheme of six-level primitive equations is used, The forecast
results are successful. In order to save the computational time, we use split method again
and get satisfactory result too.

In this paper, we only introduce a stable case. We have forecasted other cases about

cold wave. They are satisfactory too.
In our work, the difference mesh is too large. It may affect the forecast result. Besides,
this model does not contain heat source and orograph. We shall take those factors into

account ir successive work.
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