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Abstract

The wvarious kinds.of energies of ant1cyclones vvh1ch are con-
sidered as the centers of action around Japan were calculated. :
The meaning of the potential energy and transformatidns of
energies in the anticyclones were discussed. ' :

1. Calculation of energy

" In order to study enérgy ‘balance in géneral’,circulation, the present author cal-
culated energies of Siberia,” Okhotsk and Ogasawara anticyclones which are con- .
sidered to be the action center in the environment of Japan.

Though there .are var10u° kinds of energies, such as kmetlc, . potential, inter-
nal or latent heat energle’s, the kinetic energy and the potential. energy may be
- considered to be primary energies of the anticyclone, because water-vapour is- not
so important as-a cyclone and -a typhoon and also the internal energy is equal to
J¢,/R times.of the potential energy. , : S .

" The intensity of the anticyclone is defined by pre sure d1ffe"ence at the center
and its environment ; .then the potential enérgy of ‘the ant1cyc orie may ‘also be de-
fined by its comparative value to the environment. The value defined above is con-
trolled largely by the temperature f1e1d and slightly by the’ pressure field. An %n’m-'
cyclone which is considered as an action center covers generally a large area and
there are few upper air observations in it. Hence, we must often estimate its
height and upper 'pressure only by surface observat1on° : ’

. The height [1] of ant1cyc1one H is estimated by the followmg formula neg-
lectlng the dev1at10n of lapse rate 68 from its environment.

. ~ ‘liflo op
'(1' D ,H g po 0T,

where R is gas constant, g acceleration of gravity, p, surface pfessure, T, surface

temperature, and ¢ means the deviation from the environment. The calculated he-

ights by (1.1) for some Sibéria and Okhotsk antlcyclones are in good agreement

with observations as showh in Table 1

‘ Next, the potential energy U and its difference from the environment are given
by the following formulae.

13 ~
1. 2 U:j 0gzdz= — psh~+ ph
0
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Tapble 1
Cal. Obs. Diff.
Okhotsk 5. 6km 5. 51{_1-[1 0. 1k
anticyclone 9 3‘ 2.8 — 0 3‘
Siberia 4.3 4.0 0.3
anticyclone 4.0 5.7 03
. e e S el s h To—fR% ‘,g/‘RB V‘
L. 3 ph= gopo(—"ﬁﬁ—) dz

where B is lapse rate and assumed B A,i‘s constant from surface to Ahei‘ghl:v h. Trans-
forming (1.2) by use of (1.3) and expanding it till the 5th term, we have

h2
where z:in km, B:°C/km, ¢g: 980 cm/eec2 R 2.8710°8 erg/gr deg Introducmg (1. 1)
inte (1.4) and differentiating, we have 4U.

1-0.03 1—0.038)(1—0. 06
. 5) AU=2.9»><103ApoToy{'y(%+ 0,08y A0 BHU0.00) )

1. 4 U'=poh><105{ 7.

—(1 3(1 —~0.038)y+ o (1—0.03) (1 — 006B)y)}'

T
where J_Aﬁ: ﬂ? : 4 means the difference from the environment. The area of an

anticyclone is calculated by planimeter for every latitude. Kinetic energy K is cal-
culated from upper Winds. When the data were not available, we calculated the
gradient wind, because a wind in an antic&cfone is considered to be a gradient
wind. The results of calculations are showh in Table 2.

Table 2
Siberia ~ 'Okhotsk Oga awara,
(1951, Jan.11) | (1949, Jun.19) -| (1950, Atg.9)
40 2.0810%7 erg | 1.68 10 erg | 4.6410% crg
Ky 3.0010%% erg | 2.48 10%4erg | 5.1010% erg

We must notice in the above table that 4 U is larger than K;. As 4U is con-
trolled by temperature field, 4 U varies with the directions. For example, the dis-
tribution of sum of 4 U for unit cross-section for every 4mb in the case of Siberia
anticyclone (1951, January 11) is larger for the south than for the north. Table 3
shows the distributions of 4U above mentioned. It is interesting that the
direction of outburst of cold air is the same with the direction of 4 U maximum.

When we compare the above values with Kitty Typhoon (1948, August 30) for the
unit volume, the latter on an average has 50-100 times of kinetic energy for the former.’
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Table 3

Direction S | SE NE | NW | w

l

Sum of potential :
energy of unit 126 120 106 73 80 108 erg
cross section

2. Meaning of 4U

Let p be the average density in the anticyclonic cold dome and o’ the average
density in the environment, H the height of the cold dome and which is a functlon
of radius r, and R the outerboundary of cold dome.

Then, by definition, 4U is written as follows

@ 1 o 4U= ffjff:"(p—p’)gzrdrdﬁdz
{ = 5 :» 5 :{ j zﬂ Gerdrdfdz

== — s R71'T2G"H aaH dr.

‘ Where G (p—p")g. Wind vy in an antlcyclone is con81dered in good approximation
as a gradient wind. ‘ :

Hence, Gaa—T is g’iven by gradient wind equation as follows.

, : 5 2
where 1 is Coriolis’ parameter.v Introducing (2.2) into (2.1), we have
2. 3) L AU=—Kp— S pAvgrr*Hdr |
: o

where K is the kinetic energy of a tangential wind.

Next, we shall consider the resultant force which acts on the cold dome. Put-
ting the northward force as Y, and the eastward as X, these are calculated as
follows.

2 9 X= j j 5 ,, v
o R B e

= 5 X S X 5 "~ p(la+Br sin 6)(v, sin 019 cos 0 )}oirdadz
-f B j“ -coslﬂwdrdﬁdd

: —pBS mr¥v,. Hdr.
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- (25 Y= SR S " Mof—l}’- rdrdfdz
. _ .
R o H p27 . ! ’
= So 50 5 , PCho+Br sin 0)(vg sin 0 —v, cos O)rdrdfds
2”6"[7 . ) v
- 5 5 5 5, sin 0 dr df d=
0 0 [} (s

R
=oB S , vy H dr

where f= _ﬁ’i

oy’ R
From (2.4) and (2.5), we have-

o -~
(2. .6) X+iY=pBS 2w, -Fivg) Hdr
B 0 . .

i) 4fvg >0, ».<0 asin a cyclone, then ¥ >0, X <0

ii) #fv9<0, v»>0 asin an anticyclone, then ¥ <0, X >0 }
Therefore, the resultant force acts southeastward for the anticyclone and north-
west wardfor the cyclone, but this does not always mean that 1t “moves in the spe-
cified direction. Combining (2.3) with (2 5), we have, .

2. D K}Z'I'BY—"—'AU
From §1, we know that. 4 U~>> Ky for the anticyélone and so neglecting K y,we have
2.7) ' Y x—-’% 4U
Table 4 - This expresses that the anticyclone is apt to move south-
' Latitade ' 8/ ward and the cyclone ;kr'mrth\ivard because. 4U >0 .for
— the anticyclone and 4U < 0 for the cyclone. Numerical .
o / 08 - .
38 ‘;: % }8 values of B/A are showh in Table 4. From the above Ta-
gg 8- gg }8 ble, we see that Y is larger at lower latitudes for 4U="

. “const. and its value at lat. 20° is about 15.5 times that
of at lat. 80°. ‘ ‘ ‘ S

Next, we shall consider the transformation of energy. Assuming pressure field
as axially symmetricél, the equation of motion is written as follows:

B0 12220 1 kv, =0
then v S
2. 8 d—Q-“=0 accrdingly, Q:const—:-r(rvo' +.—‘g—fr)

Let an air particle: be at rest at r=r, near the center, and moves outwads ‘spirally
in the anticyclone, then by (2.8) 4 '

I

where so=ure?, . s=nr%
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Introducing (2.9) into (2.2), we have
OH A2 sof—s2

or  4n@’ 78
where G/ =%. Integrating the above formula, we get
Cox2 Rzﬁq.z , 4 R2_y2 i
2.10) H(?)—-4Gﬂ{( 5 >_ 5 (Rz.z )}
As the first term on the right-hand side of above formula is larger than the second
term, if we neglect the second term, we have, . . ) -

A
(2 11) H(? )——SG, (R —r ) .

This is the same formula as derived bv Rosoby (1948) [2]. From (2.11), we know

that H is large at high 1at1tude;. for fixed R and r, for examp]e, HHJ =50 1. 73

Horizontal kinetic energy 1s written as follows: »
2
*‘*(va +v, )——{/l (s0—5)%+, dt> }

Accordinly, when we use the equation of continuity, timely change of the kine-
tic energy are written as follows,
Ow -

dg”:é %z: { A%(s8¢? ——%2):9 ( P ) }

. 0w \? . '
where A% > (72—) » neglecting the second term, we have,

‘ _ Ky _ 02 0w 302—3'2)
. (2123 “dat . 8z b= ( s ) ]
Integrating (2:12) for the total volume of the anticyclone and assuming,
,
w=w{l—),
we haveA _ , ( R) :
. R H ZHdKE L V
| k(2.13) So 5.0 50 7 rdrdfdz
0

The value in the parentheses is in general negative and so (2.13) shows that 1f
there are descending currents, kinetic energy w111 increase.

Next, we shall con31der the potential energy of the anticyclone.

- (2 14') 5 5 " 5 wg@rda rd0 dz= S 5 " S :n Gwrdrdﬁdz‘

~:r:p/12w{7 - R* | 7o® 1o 7R }
1 160" ’°(2+‘5‘R“ 4 T)

As the value in the parentheses of (2.14) is in general positive, a descending mo-
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tion acts as an influence to decrease potential energy and to increase kinetic energy.
. . . ' L7

When we consider the magnitude of each term in (2.13) and (2.14),-%1%5 and @R“

are the greatest among them and so we have approximate forulae as follows :

. R ~ H ‘2TdKE. ; m_n:p/l"'w_ "
(2.15) 5 5 50 ; dtwd?dﬁdz—— 0 R
H o2 ,
(2.16) NN Y, atas= ”08*5“’ 2.3R¢
0 . .

Adding (2.15) and: (2.16),. we have ﬂ,from 2.7

@217 av_§ Rjo 2"Mmmodz——ﬂ’gfwl.3m
. 0

FTaRDY o dt

If w<(, as in an anticyclone,gl; >0, then its southward resultant force will de-

crease. Magnitude of 84 is maximum in midd'e latitudes shown in Table 5.

‘ - _Table 5 :
Latitude |- 80° 60°  .40°  20°
@ | 5.75 1444 16.20 10.7010

From this table, we can suppose that (2.17) would be one reason that an amcyc’one
moving southward recurves toward the north in middle latitudes.” '

From the relations between (2.15),(2.16), we can find the energy transforma-
tion. That.is to say, potential energy will decrease by descending motion and about
43 72, of its decrement convert into kinetic energy. ‘
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