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! o ) Al_)stract

Taking into account the adiabatic pressure change due to
the density change, the tendency equation is rewritten into a form
where temperature advection is easily seen. As the temperature
‘field is determined by the pressure and temperature field . of
two given levels, the surface pressure change and therefore
moving velocity of pressure sybtem may be calculated from
this tendency equation.

" J. G. Charney succe_eded in preparing the 500 mb chart based on humerical
calculation with remarkable accuracy and very simple assumptions. This encorages
us in the hope for the perfectlon for upper wave prediction in near future. His
method is a sort of coupling of upper and lower layers, but has. no cormecuon

- with the surface layer predictions. In this paper, the translation of surface pressure
centers’ is dealt ‘with by the kinematic method, assuming that upper waves have

_already been predicted. The tendency equation which is the most suitable to
this problem will be 1mproved by the consideration of adiabatic pressure change due
to the density change. Temperatue field will be assumed as the form T (x, 3,2, 1)
=T(x, 9, 0, )+a(x, , 1)y Z{z). Adiabatic change and géostrop‘ﬁc approximation will
be adopted. A formula will be obtamed which expresses the moving velocity of sur-
face pressure ceniter by known pressure and temperature fleld of upper and lower
layers. : '

1. Improved tendency equation

There is a well-known tendency equation Which expresses the surface pressure

2 . . .
;b 2 as the summation of density chano‘e P in the air column over it,

ot
’ and we m‘easure this by wind divergence divlV and density advection Vwp with
the aid of the equation of continuity. Although tendency equation -explains phys-
ically the mechanism of pressure change, it is difficult to calculate numerically
pressure change b°cause estimation of divergence from pract1ca1 wind data is dif-
ficult; and moreover geostrophic approximation gives no pressure changa.
Now we discuss it from a d1ffe1ent point of view. The density chanv 5 must be

change

accompame:l by the pressure changes in every level’s particles due to the relation
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of adiabatic change o dl oy b dby
namely,

9.6 pOb, G Py,
(1) = c,,pat+ pVViJ VVp,

Where c@, ¢p is spec1flc heat under constant volume or constant pressure. Usmg ‘

‘potential temperature 0= (p°> " (1) may be written as
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SubStitutiﬁg’ 1y into the relation - “a%% —'—g%’g which is obtained by differentiat-

mg the statxc equlhbrlum equation W1th respect to tIme we obtain ‘the dlfferennal
equation to determine the pressure change
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where suffixes s, H respectlvely denote the surface and level H value and 2 denotes
horizontal component. The improved tendency eq. (3) expresses that surface pressure
change is given by upper level pressure change and the velocity and temperature
field between these two levels, and geostrophic approximation gives some pressure

change.

2. Approxi hlate' expression for surface change
We may regard the Wmd field as geostrophic for the first appoximation, 80
kwe get »
(4) . sz%xévm,

where k is vertical unit vector, X is Coriolis’ parameter and 7z—cp<£ )6'1’ where
. O
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¢y is estimated by work unit. We may use Ekman’s spiral instead of geos“u_-ophic
wind for Vi or more precisely isallobaric wind .under the influence of viscosity.
Putting (4) into (3), we get ro

&

}2 Uv H .
O i O e (o)
.where w is the average vertical ve10c1ty between 0 to H and is of course assumed
to stand in the ordinary case.

Now we should remark that the temperature field of intermediate levels is
determined by the pressure field of upper and lower levels and temperature field
of lower level, so far as the static equilibrium equation may be adopted as a first
approx1mat10n and the temperature field may be separated by the function of z
and the function of x, . If we take ;

1 1

(6) LR RN a7,

which shows a slowly increasing stability w1th helght as is the actual case, we
on 1

obtain by integration of the static eq. =97
R t

(7 72'—7[8::-—_9%3(1____),

from which we can understand the above explanation. Further psm and Vz(%—) in the

integrant of (6) may be also expressed by s, wm, §; Namely, taking horizontal
‘gradient of (7) and (6) we obtain
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and integrating from 0 to H we obtain
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After all, eq. (5) is written as

R ov
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Eq. (12) shows that the surface pressure change may be determined for the first appr-
oximation by the pressure change of given level and pressure field of surface and given
level and surface temperature field which are all observed and calculated. There
are five terms to determine the surface pressure change. First, upper pressurefall;
second, advection of surface warm air; third; upper wind blowing towards warm area
on the surface ; fourth, surface wind blowing towards upper low pressure area ; fifth,
descending current. Each -of them may be the cause of the surface pressure fall. If
thermal wind blows at level H, the third term vanishes, and if not, it gives cor-
rection for second term due to vertical stratification. The fourth term is rewritten
as CVepspn or Cl-aH)Va¥sps and has max. value of all the five terms when
- thermal wind relation stands. If both upper and lower wirnds blow along surface
isotherms, the second,  the third and the fourth term vanish and surface pressure
change is caused only by“ upper préssiire change and ‘vertical motion and not by
vertical stratification.
3. Moving velocity of surfacepressqr‘e centers
As many authors intended to explain the movement of pressure center, the for-
mula which expresses moving velocity of surface centers by upper and lower field
-.of temrerature and pressure or wind can be obtained by applying kinematic method

for éq. (12)'". Surface pressﬁre center is defined by —pr-: g§i=%=0 Besides

we assume linear surface temperature field, and take into accunt -—ApH only amono‘.

second order differentials of upper field pz- That is to say,
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In the first place we calculate the gradient of A (. y)s B (x, y), C(x, v).
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Differentiating' (12) or (12)! with respect to ¥, y, we obtain by taking account
of the above assumption,
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where we assume symmetric vertical motion and take account of latitudinal varia~
tion of Corioli¥’ parameter A. The same relation stands with respect to y. Eq.
-(13) may be written
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Two equations, %ft and %%ii are expressed in one form, where if we select the
[0/ )

above in the symbol' { ‘ } we obtain the‘exp,i'essioﬁ‘ for g—i%? and the below for
ps

Byl The second, the third and the fourth term show steering,of'upper level the

magnitude of which depends on field quantity, temperature’ advection and vertical
motion. ~ The fifth and the sixth term show the effect of temperature field the
magnitude of which depends on kinematic condition and teémperature field and.
vertical motion.. *The seventh term shows the effect of the variation-of Coriolis’
parameter. The -field quantitieé which decide the magnitude of each .effect may
be approximately taken as the avarage condition in the considering inte‘rval.:
For example we take

H=5 km,

0r=273 °C,

9,=6.8 °C,

br_1

'ﬁo 2,

r=—13.0 °C, _

which is average condl‘aon of November in central Japan. We get

a=1.8x.10—7, '

22 =1.2,
TH

A 7 Pr g 13
RE 7n T, 176><10 ;

92 70 1o,
AN 7TH

9 7®s Pa _
Roun T, =0.8.

Denoting the east and the north component of moving velocity of surface pres-

sure center by c, and ¢, respecwely, the velocity of upper trough by C, the followmg
relations stand
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Therefore we get the formula which expresses the moving velocity of pressure
center
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In eq. (17), the first term gives the greatest velocity and the other terms give
the correction. The steering effect of upper wind on the moving veloc1ty of surface.

_pressure center is 0.36 [=V] for Nov. in Japan. For ‘anti-cyclone %ﬁ,— and %5,—,-

are small and the terms after the secori‘d give considerable amounts, and the tend-
ency of southward displacement of anti-cyclone.

4. Conclusion

We assume the static equilibrium equation for vertical equation of motion and
geostrophic approximation and derive the moving velocity of surface pressure center;‘
We consider that the movement of surface pressure system is caused by the asyni—
metric field above the pressure system, and calculate the change in the weight of
the air column above it. Deviation from geostrophic approximation may be consid-
ered symmetric around the pressure center, so any serious error would not arise
from geostrophic approximation The study of the asymmetric field of mois-
ture content should be our next step. In this computation, we assume adiabatic
change and use potent1a1 temprature. By using polytropic potential temperature

for polytroplc change the formula of the same form and different coefflclents will
be obtained.
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