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" Abstract

From the results of streamline analyses' of typhoons, it is
found that the point which corresponds to Scherhag’s ¢ delta”
appears in the moving direction of typhoon, and approaches to

the typhoon center with height.

And the fact that the direction

from the typhoon center to . this delta point. agrees with the

direction of a steering current and vtyphoon moves along this

direction, is clarified.

Theoretical studiies for the typhoon movement are treated by many 'authors
[11, [2], [3], and the fact that the well-known empirical law that “the typhoon

moves with a steering cur-
-rent >’ holds approximately is
shown. However, in reality,
precise selection of a steering
current is difficult. T. OoTANI
[4]1, vectorially adding the
wind velocities at two points
symmetrical; with respect - to
the typhoon center, computed
the steering cufrent. However,
as the opportunity to obtain
the wind data of such two
points at the same time is
‘rare, and also, as the obser-
vational values of wind fluctu-
ate in a large degree, this
method has some difficulty to
use practically. G. NortoN
[6] drew the streamlines near
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Fig. 1. Representative patterns of streamlines in the
case . of -the typhoon Ruth.  In these figures, the
§blid lines represent stream lines, the heavy dashed
., lined:the typhoon -track and the symbols x the
“delta points respectively. Barbs show the repre-

" -sentativeé ones of wind observation data.

the typhoon, and showed that
the level on which the typhoon
circulation disappears is the
Steeriﬁg level, and the typhoon
moves with the wind just
above the typhoon center on
that level. And he fairly suc-
ceeded. But the levels on
which the typhoon circﬁiétion
diéappéars‘ differ with the ty-~
phoon scale, and it is difficult

to detect the ‘steering level for
" each individual case. L. SHER-
MAN [6], u$ing the two wind

observations at ‘the same
radial distance' from the hur-
ricane center, introduced the
method of computing  the
direction and. the velocity of
the steering current, and ob-
tained a correlation of about
0.70 between computed orien-
tations of the translatory wind
components and the observed
direction -of the propagation
of hurricane centers. How-
ever, this method also has the
same fault a8 QOTANI’S. M.
HASHIMOTO [7]1, applying Syo-v

‘no’s theory [2], qbtained pres-

sure force acting in an appro-
priate circle around a typhoon,’
and from this force estimated
the direction and velocity of.
a steering current. - This
method ‘also has a weakness
that by this method only an
instantaneous direction and’
velocity of a steering current

‘are estimated, and various re-
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sults are obtained according

to what circle around the ty-
phoon is selected.

ll\l

From the streamline ana-
Iyses for the typhoon Ruth,
(e an interesting result is obtain-
ed. Fig. 1. is one of the re-
presentativé charts of stream-
lines in the case of the fyphoon

Ruth. :In this figure, stream

/',-\\ lines are_ drawn by Sandstrém’s
W“') method usmg w1rd data of

rawin and pibal for each aero-
logical . ‘s,,tatwn,\' and of all
aerial weather reconnaissances:
available. Howevér, intervals:

between two adjacent stream-

. (d) lines are not inversely pro-
Fig. 2. The model of streamlines of typhoon. We . . ere
assume the wind field (d) is the sum of the fields portional to wind velocities,

ég)thgb()ie?gdpgc%t Here, the symbol x corresponds . but are taken arbiérari]y. So,

B

from this figure directly, it is.
unable to compute dlvergence and convergence. '

. From this figure, the characteristic features of streamlines in the vicinity of a:
typhoon are known: That is, in the neighbourhood of the typhqon center, all stream-
lines curve with a cyclonic curvatire and direct towards the center spirally. This.
fact suggests that the winds in the neighbourhood of the typhoon center are composed.

_of radial components towards the center and tangential components' around the center
cyclonically. If we turn our attention to the moving d1rect1on of the typhoon, we may

find the characteristic pomt (symbol X in this ﬁgure) 1n51de- hich the streamlines.

Just in the shape of Scherhag s “delta”, So we name 1t as: the

The fact that the delta point appears in the movmg direction of jphoon, suggests:
that the uniform steering current superposes upon the wind system of the typhoon..
That is, as L. SHERMAN [6] showed, we may think that the wind system_pf the typhoon.
is composed of radial components towards the center, and of the tangential components
around the center éyclonical]y, and the uniform steering current.. The strea‘ﬁﬂines 6f
this wind system is shown in Fig. 2. At the delta pomt (symbol x ), the" abwlute
values-of the steering current and the radial component towards . the céfiter a1e
equal, -and the directions of those compontents are inverse to each other. In the.
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Fig. 3. Streamlines in the case of the typhoon Karen.

The explanations for representation are same as in

Fig. 1.

C

inner side of this point stream-
lines direct towards the cen-
ter with a cyclonic curvature
and on the outer side they go

out with an anticyclonic one.

- Therefore, the direction from

the typhoon center to the
delta point coincides with
that of the steering current.

. Further, as Fig. 1 shows,
this delta point approaches
tb‘vgzards the typhoon center
with height. - This fact, as
shown in our previous report
[8], is caused by the decrease
of the cyclonic circulation of
the typhoon with height,
Theréfor,e, at the level on
which the typhoon circulation
disappe_zars,- the delta point
coincides with the typhoon
center and the wind at this
point becomes the steering

‘current. This result perfectly

agrees with that of NORTON.
‘Therefore, connecting - the
typhoon center and the delta
points. on each level, the
steering current in the
neighbourhood of the typhoon
is obtained easily, and by
this method the forecasting
of typhoon movement is made
possible.

In order to show the
generality of this method,
streamlines in the case of
the typhoon Karen are shown
in Fig. 3. ‘In this example
also, we may think that the
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typhoon moved towards the

delta point.

In order to. indicate the
possibility of‘forecasting ty-
phoon movent by means of
the delta point which appears.
in the streamline chart in the
case of a -typhoorl, the delta.
points odf"‘each time and level,.
and the typhoon track in the

“cdse of the typhoon Ruth are:
shown in Fig.»z4. In this figure,
the heavy solid line represents.
the track of _Ruth, " denomi-

- nators of fracfional numbers.
on the track represent date,
mumerators time (inL. M. T.),

L ) and further, circles, triangles,
Fig. 4. The relation between the delta points and the ~ squares -..... etc. surrounding

typhoon track in the case of Ruth.
the fracitonal numbers and the

numbers 8, 7 and 5 represent positions of the typhoon and the delta pomts at 850 mb,
700 mb and 500 mb level at the same time. As this figure shows, almost all the delta
points ride on the track, and for some cases, even the positions after 72 hours can
be forecasted. Of course, observational wind data are still insufficient, and sub-
jective elements consrderably remain in the drawing of streamlines. Therefore, 1n
future, by repletion of observational wind data and the objective method for draW-
ing of streamlines, this method for the forecasting of typhoon movement will be:
developed.
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