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Abstract .
From the physical poirit of view, it is desirable to deal

the advection problem with the conservative property —g%

and differential method. As a result a formulae convenient
in estimating the horizontal d1vergence is obtained.

Introductlon

The problem of advection has been discussed by many writers since 1926 (Exner)®
and the formula concernmg surfaee pressure change op and advectlve pressure
change 37 has already been much improved upon. But, as was pomted out by T.
Watanabe, the vertical integration in those formulae should be done by the 1n1t1a1
state instead of the final, The problem of advection i is, in other words, that of ver-
tical stratification. In order to avoid such confusions, -it is desirable to deal with
it by the aid of such quantities as are conserved throughout the process and,
moreover, by differential relé.tion Which excludes intermediate state. FolloWing the

course  of these ideas, in this paper conservative quantity 8 b ‘is treated of -in

the flrst two sectlons and previous formulae are rewritten by the dlfferentlal
relations in the last section. -

1. Introduction of a more favourable quantity
Let us consider the air column A to be changed into A’ by advection over it.
This process is assumed to. be polytropic change: Let us denote the pressure by Py
the polytromc potential temperature by d and the. upper and the lower part of
the column by subscript 1 'and 2. Then o1=0y and cs=07, and therefore oo =
o —o9 or do=4do'. TFurther, 4p=d4p if the horizontal divergence does not. occur
as.it was assimed hitherto. It is found under these assumptions that the  ratio

do )
) is conserved.
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and operate individual differentiation. We get
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from the assumption of polytropic change %‘%:0, and the eqation of continuity

S p +d1VoV+

This relation may be written in the case of adiabatic change as

‘ 26 , ou ) ov oz
(2) (ln §> divaV— ( ox (ay )o )
oz oz o g o e s . .
wherve: (55:—)9 gnd (@)9 1ndlcate the inclination of 1sentrop1c surface.
The above relation shows that the individual change of the quantity I» gg is

the summation of horlzontal dlvergence and Horizontal component of vector produc-
tion between shear vector and normal of the isentropic surface. The latter term
is zero when the shear vector is on the isentropic surface, and max. or min, when
that is perpen&i(:ular to this, and shows the effect of advection in uppef or lower
layer. In other words, (1) expresses clearly that divergence has the effect of
increasing stability ; and wind shear acting so as to decrease the inclination of
isentropic surface has the same effect and vice versa. E

By the way, the same relatlon holds for the horizontal thermal stablhty.
Namely,

,(?f) (zn p-lge ) div,e V=27 ( gﬁ) (%)O
0 G BB (20), 21 (2),

for adiabatic change. If We take the coordinate such as to rﬁake 2‘;’?:0,» that

c
is,  axis coincides with the horizontal gradient of potential temperature, we may
consider (4) (the last term is dropped) only. © In this expression, div,;V -denotes

two-dimensional divergence in z=x plane and (%f o (%3; ) same as above. Eq. (4)

shows that divergence in the:vertical plane containing the iso-thermal line and hori-
zontal wind shear acting to mcrease the inclination of 1sentrop1c surface have the
effect of frontogenesis.
The thermodynamic equations (2), (3), (4) combined -with vorticity equation
give v : v
ar
(5) Silere 224px 1) ]=0,
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which shows the conservation of .potential vorticity as given by Charney”.
2. Practical Application

In order to apply the above formula to one-point observations, (2) may be
. rewritten as. '

& e 99\ 2 f 30
(6) (i p) divo ¥+ 2P {v ) (22Y 55—{ Y 1o y—}?.
where 3; gt +w aa;- In this form, the second term on the right hand; is usﬁally

negligible as compared with divsV; and the third term is also né‘gligible except in
the special case where wind shear and inclination of isentropic surface are both
large or the curvature of isentropic surface is large. Divergence of 105 is rather
familiar but wird shear of 10~2 and inelination o~ 103 are rare except in the front-
al zone, Therefore, when consldenmlr ona large scale, which we  are obliged to
do so because available data are of 6 or 12 hours’ interval®, we may regard

20 :
(7) (m p) diveV
instead of 6 - v S
From one-pomt obServatlon, we may. calcu ate gg as a fun Lion.of @ Taking.

Zna{i for ordinate and " 9 for abscxssa, we mav estlmate d (ln F) approximately

from the difference between the two su_,cce‘ssiv_e _curves,_
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_ # Normal horizontzl  and ~ vertical v‘e!ocity‘ ar: of the ord.r oftlv()ﬁq/scc’ and 1 em/sec re-
spectively, therefore, spacial increment gy, dz, ghduld be taken as 400 km and 400 m for time

interval of 12 houts.
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Fig. 1 shows the vertical distributions of divergence and convergence on the
“neighborhood: of anticyclone. . Weather ‘map is given in Fig. 3. Fig. 2 shows those
in the neighborhood of cyclone Weather map is given in Fig. 4,

It may be. seen also from the arrows in Figs 1 & 2, which show the vertical dis-

placement between 12 hrs’ interval, that the approx1mate estimation of —dﬁ(ln Eﬁ)

by the same 6 value is passable, that is to say, ku pac —H)EQ is negligible.
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Fig. 4

The advantages of this method are :theAfoIIoWing, :
1) —g—% may be calculated from direct observation data,v"aﬁd‘ t:h'..e error by heighf
oop oS € 5T ; .
estimation may be av01ded

2) Not only the advection is mvestigated but also dlvergence can be estimated
quantltatlvely

3. Rewrltlng prevmus formulae mto differential relatlon

Previous formulae of advection relate the advection function 8= with local
pressure change 8p caused by advection.  Local var1at10n and individual variation
between before and after the advection are denoted by the same notation 8. These
difference relations are not. obtained without some assumpuons concerning intei+-
mediaté state. Mass additon or subtraction coes not occur in the free vatmoSphere.\
These facts make this problem difficult. . From this point of view, we intend to
follow some formulae by dlfferen‘ual relatlon in the contmuous ﬂU.ld and explaln
the advectlon functlan O more phys1ca11y .

In the first place Ertel's formula in 1938 may be rewntten as follows.:

Adiabatic: equation is * - 7 o . [Ertel’s computation]

ri3 _8Q+u_@59_+ a—+w9270 o [1]' 80+ GeEx—l— a'933)4-8

Eduation of continuity is

4 @p ,8(pu) |, 3(pv) 3 (pw) _ , a(pm +.20pdy) | 2(pd2)
L2) it e T7oy T 6 =0 [2] 8 ok Py - o  0

90.
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)
Combining [1] and [2]

[81 a(Pe) 8(93%) +d(P90) +5(P fw) =0, [3]' 8(p6)¢8("98") +a(g§3y) +a(p09282)

. From individual pr-essure ‘change relation and S,tatlc equation
g 9b _db. B 4T Sp=8m-+gpdz.
[4] Bt = gr TIPWTUL, Yoy . 41 0p=3dz-+gp

Differentiating the potential temperature expression

_B(pf) _ 1 0 3p Y seam o 1 6
B = =%RrT of * [53 5("0) 790

‘Putting the integration of [3] with respect to z into w in 4]

s b 0 g (09, e 0,

L6] "t at+aeR95f)T ot E6:' b =dp+ RH) 8pd:
o(pu) | (pv) 1y, o(pfdx) | ApBS9)) 4,
e E R e e

Therefore we can understand' that o= computed from Ertel;s formula should be re-

d?i‘ dt since ap -di= 81) from deflmtlon

Instead of computing w from the mtegrahon of [3], we may use the following
relation

(8) dﬁ) ou 3p+cv ap —divy V'ap

z\dt/ oz ox ' oz oy

From equation of continuity we get

(9) w__ldp gy, 1 dp dp) ou 19p v 1 8_15

2z . p chpgdt‘ (/p oz\dt /' oz gpoz ‘oz (7p ay .

garded as individual pressure change .

Integrating (9).

- 1dp 1 2 jap ou12p o0 10p
19 w Sp af ggp az(dt)d"'gg{azpaf“LaEp ay}df"

Putting (11) into [4] we get

W BB R L 2

Eaq. (10) has the same form as the formula given by H. L. Kuo” and later by

M. Yoshitake®, |
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