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Summary

The generel field of motion of the atmosphsre in ithe Far
East 1s a deformation type with the deformetion axis in a NE-GW
direction which orlents ithe frontogenstic lines of the Far Esast
to run in that same direction along the Aslatic coast at vary-
ing distences from it. Thse actual position of the lines is
different in different éeasons and is dependent upon the ssa-
sonal activity of the two anticyclones, the Pacific High and
the Siberian High, which actually control the field of motion
of the region. Due to the preponderant activity of the Pacific
High and the Siberian High in the summer and winter respective -
ly there 1is only one frontogenetic line found for each of these
two ssasons. In the other seasons there are two linee, one
offshore and one inland. 81l the frontogenetic lines deter-
mined by the frontogenetic theory arg/essentially in agreement
with the actual frontal activity in the reglon shown by the
observed cyclone tracks.

The region from the Formosa Strait northeastward to the
bJapanese Islends is specificelly frontogenetic for most ssasons
of the year whilse the land area of the northern part of Chine
is only effectively frontogenstic in the summer season. The
difference in orientation of the isotherms between the two
mentioned regions is the mein reasson for this fact.

Winter cyclones in the Far Bast take place at & cold
front between two types of alr masses of Pg origin, not betveen
P8 and true Tp. They are developed from wave perturbeations.

Typhoons are formed dynamicelly at the line of conver-
gence between the Equatorizl Pacific end the Tropical Pacific
eir masses at the southwest corner of the North Pacific Qcsen.
The locstion of forming and trajectories conform with the posi-

tion of this line.
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FRONTOGRNETIC REGIONS IN THE FAR EAST
I.
Introduction

First, we know that in the atmospherse various types of
air masses (1) exist. Usually the difference of potential
temperature(6) between disimiler types must exceed 10°C
be fore they can be classified as distinct mésses. %hen one
mass moves clossr to_éﬁ‘anoth&r mass, as their potential
temperatures are different, an incrsase in ths valus of-%%—
vand%%—*will occur and finslly & reapld transitlion zone wlll arise
be tween them. The masses in this case are, according to
T. Bsrgeron, (1) celled the "Frontalmesse" or the Frontal lasses
and the zone the "Frontalzonen" or the Frontal Zones. The se
two names can be further groupsed into a simple sbrevliation of
Fi, Once a Frontel Zone has been formsd any further development
will quickly intensify the zone into & real Front (F). This
is the fundsmentel ldea of front formation. Thug the procees 1is:
¥M-—FN—F, Any other process of front formstion, such as
by heating the air on one side and cooling on the other side, would
be & minor one. The reverse process of front destruction
would of course be the réverse, l.e. FFU—HM,

The idea of sir masses and alr mass boundaries or fronts be-
tween the dissimllar types has been brought down first from W.
Koppen's work in 1879-1882 (2). Dove, Blasius, and Helmholtz
from purely theoreticel considerstion arrived at their belisve

that discontinulty surface must exist between the cold northern
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currents and the warm southern currsnts. Later on Ficker,
Fesslers and Exners studled the occumence of the migrating cold
waves which actually are the materisl proof of the existence

of cold fronts at the esrth's surface. Howsver, the immediate
attack on the problem of front formation has only been made in
very recent yesrs. T. Bergeron first introducsd tine use of the
tern "Frontcgenese”‘or Frontogenesls for front formation and
"Frontolyse" or Frontolysis for front destruction. By
frontogenesis is meant the formatlion of a new front or the inten-
sification of preexistent front. In both these casss the
solenoids, the cells bounded by adjacent isobaric and isosteric

surfaces, in the frontal zone are increased with the same change

in the values of~%§¢ands%%1 Therefore we cen simply define

Frontogenesis as & process which increases the number of solenoids

or the values of%%}-amdgg,. The reverse is true for Frontolysis,

Frontogenesls can be dezlt with by & two dimensional wmethod

or preferably by a three dimensional me thod. The later method
is rather compliéated for practical use. In the present study

no attempt has been made to discuss ths thﬁoretiﬁal sids in
detell, but a préctioal determination of the frontogenetic regilons
in the Far East is desired. The method of the study will be limit-
ed to & two dimensionszl applicatlion. T. Bergeron'se and Sverre
Petterssen's ideas on frontogenesis will be the theoretical basis
for the study, use being masde genersaslly of Petterssen's latest pa-
per (3) and also his lectures at the California Institute of

Technology, Pasadena, California, U.S.A., 1935.
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I1.

Mathematical and Physical Aspects of thse

Field of Yotion

Supposing thet the motions in the atmosphere sre adlabatic,
frontogenesis can be regarded as a purely kinematical process
and from a field of motion we can eazsily discover the change
in the distribution of a conservative property belonging to
the alr particles after a change of time . In order to find
a placse where FG is likely to occur, it is necessary to intro-
duce some concepits regarding two dimensional [islds of motion.
If uand v ére the components of the velocity in the X and y
direction respsectively and they are each functions of X and y

we Will have:

(1) =0 v =0"3)

Expanding these by Taylor's Series and neglecting the terms of
higher orders we obtsin:
(2) ‘bL==LLo+%%fXﬂ'%%;E}4"‘"“'”
VSV Gy
We may rewrite these equations as follows:
U= U.+aAX+ b —Cy
(3 =vi-am+bytex

the coefficients will have the following valuss:

o— (-3

N~

4) v 0
(4) 1 Jk | 3V A
b= 7 (5t 2% /
| AV . D1 \
< 2 (ax o9



il
With these coefficients, equation (3) indicates four components
of motion in a two dimensional fisld, namely, the first term
is the translation (u., V., ), Second, the dilatation (4a) or
contraction (-2), third, the divergence (+b) or convergence
(-b) and fourth, the clockwise (or anti=cyclonic) rotation
(-¢) or counter-clockwiee (or ecyeclonie) rotation (+e). The

streamline plctures of translation are shown below:

|

Fig.1l Fig.2 " Pig.S
Fleld of u=u, Fileld of v=y, Combined fleld
A glance on the above stream line pictures showe thest there
is no tendency to bring one perticle nearer to another partilecle.
Thie kind of motion, therefore, has no influence on FG, but
will merely distort the original configuration of &n ol-line
field. to & new configuration when the motlion is superimposed.
For the second term, when (&) is positive, the stream

line picture of uza:; is:

Fig.4 Field of u=ax
Apparently, the motion is tending to destroy & front along the



Y-axis, ¥When (2) ies negative the stream picture of v— -ay

will show the following result:

Fig.5 FPleld of v=— -ay
The Y component 1s then the effective one in FCG along the X-
axis. Combining the above fields, we obtein & stream lins

picture :

Fig.6 Cmeine;d field of
u=—=ax and v=—-ay
The above plcture shows & pure deformetion field, and the X-
axis in the combined field in this eaaé is the axis of dilatation,
elso the deformation axis, (Note that if u—-ax and v—=say, Y
becomes the deformation axis).
%~/ The third term, when (b) is positive ,the stream line pictures
of u=bx and v=Dby show the motion of particles along the X and
Y-axis with a separating tendeney.

Fig.7 Fig.8
Field of u=bx Fileld of v=by
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Combining the fields, we obtain a divergent flow and, of couree,

Frontolysis. Y

Fig.9
Combined fileld of u=bx and v=Dby
Contrarily, when (b) is negative, the motion in the fileld will
bring particles concentrating along the X and Y-axis and a
convergent flow will be found by combining the fields.

- - - 2 b { 4 " L ‘:\ :v:)- )
b ' 4 A
4 {
| |
Fig.l0 Fig.1ll Fig.l2
Field of u=-bx Field of v= =by Combined fleld.

Thie is, theoretically, a very effective frontogenetic field.

The fourth term, since u is independent of X and v of y,
gilves & stream line picture of ecirculer rotation with sither
clockwise (¢ being negative) or counter—clockwise (¢ being
positive) direction. .

Fig.13 Fig.l4

Field of v=ex Field of U=—-Cy
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The motion will have no influence either on FG or FL as s

tbere;',:no tendency to bring the particles closer or rnrtmqapart.
From the above four components of the field of motion

many stream line patterns can be developed by superimposing

them in various degrees of intensity. However, only a few

patterns of central stream lines of hyperbolic type, that is

to say b<a“ - ¢*>0, will be of interest in this research

problem because they are most often found in the Far East.

The patterns sre shown below:

¥ig.15
Hyperbolic stream lines when b"< 8 - &>0
(After Sverre Petterssen)
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An actusl fleld of curved stream lines without center, that
Y, b~ 53
is to say = <"  — 5T s : hee also been found in the Far

East, and will be discussed later.

Fig. 16
Curved stream lines when "'{";‘3: % —"‘E'g‘%=i5§§

(After Sverre Pette rasan)“



11L.
Frontogenesis in a Fleld of Motion

If a certain kind of velocity field be supsrimposed upon
a given distribution of meteorolceglcal elements after & tims ¢
the new configuration of the distribution of meteorologlical
elements must be the result of the motion of tie fisld. Ilst
o be any conservetive property such as potential temperaturs or
specific humidity.

K =X (X.%4,T)

Along & 1line of FG the of{-lines mugt approach each other more
rapidly than in any portions of the fisld, We shall define
-vxX  ag the gradient of the (~lines and -\v«| the magnitude
of the gradient. In ordser to see what happens between two
igso-o 1linss along & lins normal to the line of FG, We may apply

the well known transformation equation of hydrodynemics: (4)

§C ) 3 ) .
" choosing an axis normael to the line of FG. Putting \vx| in
the symbolic eguation, we have:

(5) Sload — At 4y -9 |ve|

v |
$

where is the rete of the change of jvx| referred to a
moving system of coordinates fixed to the line of FG, %\)Y;;l the
rate of chenge of |vx| at & fixed statlion, W the velocity of the
line of FG. Then the iso~-X 1lines move together the value

of |v«| is increased. et F=%’-i«’:’i’zich is an expression

showlng how qulckly the iso-( lines move together. There fore
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' we might call F the Frontogenetical Function. To have FG, F must

be a maXimum along a line normal to the line of FG or gs ==

~and %Z{T< O, N being the distance on the line normal to the line
of PG. If %—LNF—;—>O, & condltion of FL would arise.

Taking the right hand side of equation (5), to solve for
2 we know that ol —o((yt).  Differentiating totally with

respect to t we obtain:

dot 3t | 0t dx e A4
(6) K52 LA s kv Ge=u, gE—=v
o B A ok
=S u g B3 —v,
=§%—+V-vo<. wtv=vythe wind
; velocity.

Binece ol is a conservatlve property, we can write:

¥ —di%_—-_?ﬁf—ﬂtv.vo( —
(%) S5 =—V v,
The change of%"{. is:
@ V= — T T v

8ince vxX 48 & vector we may write:

(10) o =

where n denotes the directlon of a wector and can be written

L =9
( ) n fox| -~
Equation (9) becomss:
(12) %%Eé‘ff_z —T V=TV IVX .
Multiplying (12) by (11), we have:

(s R Bagg(_"=3‘7;§T- —V V- V=T -V V) Nh=|
Aval L —VR YV VX = VKT 7 v
(4 = —

which gives the first term of equation (5).
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The second term of the right hand side of equation (5)
is Vviw| which can be solved first by putiing (15) Vd:n]va’_

Multiplying this eguation by (11), we obtain:

(16) -——————‘71‘;‘:""‘ — NN v
R
The veriation of f27% 1s:  (18)  v{ai==v|v«].

Expanding the left hand slde of this equation, it becoumes:

(0D \vu\zvx-vlv:;’le-vwvwdl — g«
(20) 29X VIX__ 9T glow] = viv]
where _Y_T‘v_‘:_(’,_"(i_ is equal to T“%'l‘(’:‘( or, by equation (11), equal

tonn, 1.8+, 1. Therefore, aquation {(20) becomes:

(21 ———2“7:;(7‘7“ —vlve| = vlvx|

(22) A 0L S— Y UL (23) =TT

o}

Substituting equation (14) and (23) into the right hand side

of equation (5), we obtain:
oxX| e =YX O T o — VX T vl TTX - TX
(24) %T*F = o] TV

— Vot TV X — Vv v (V)

) —
Finelly, (25 2l fod]
Sinee oL ig conservative #o that -y is necessarily equal tovVy .
T . N v/ S AN Ao
We may write: (20) = o]

In the foregoing equation —vxX is the gradient of the iso-x
lines,while -I‘lv"—;‘— is the unit vector of ox . The vector 1% vV
gives the vaeriation in vy, the wind velocity along the vector
lines of v Equatioﬁ (26) shows that the frontogenetical
function is ths product of the gradient of ths 1lgo- llnes
multiplied by this last vector., Sines the gradient of iso-
lines 18 a vector so we may use r for the unit in the directlon

of vt and Write Vo =7Y-lvx| . Rewriting equation (26) then
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be come 1 (27) F ==:z%£glzi~==—hﬁvv%YhWL
Putting Y=mi+nj , We obtain: WiBrei= Lheath (B23)
(28) F =-(Min])-vv-mitnj)jvx| g; =S
(29 = g st e N
2 Max Tox ?)‘W‘ W =b-a
. . a?
30) =—(m2(a+b)+nf (b-a)} \ve] W= |
(31 = _{b+a(m"—n‘)} \oex] .

The following disgrem shows the distributlon of the iso-X
lines in a field of motion where the X-2xXxis has been chosen
ag the axis of deformetion znd ¢ taken &s the angle betwesn
the line tangent to the iso-« lines and the X-axis, The

distance h is the perpendicular to the iso-x 1lines and lvx|

Fige. 17«
is equal to 1/h. In this way we can substitute for\7n=J-Sah¢
end Y= Cov & in the last equation and get:
(32) F=(acooz2d—b)lvx|
This equation becomes useful In csleculating the value
of F, the frontogenstical function, from an lso-X line field
superimposed on a field of moition. Obviously if b in the
squation is negligible, the angle ¢ cannot be larger than 450

otherwise F will be negative and frontolysis ﬁill arise,
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This is exactly true 1in the case of pure deformation filelds
when b=0.

For other fields the sign of I 1s dependent upon whether
the line of iso-o 1s in the frontogenetic or frontolytic
sector, This term, frontogeretical sector is ussd to.dssign-
ate the region boundsd by two lines of F =0, on sither side
of a dilatation axis (which may not coincide with the X-axis).
Since when F=0, we can solve cos 24F=7§— to.get the angle
betWeen these tWo lines, 2&¢ , or the angle of the fronto-
genetical ssector, Petterssen uses 2<b) for this angle and
calls it the frontogene tical angle, a8 determined by—ﬁ-to
avold confusion with the measured angle ¢ which remains the
angle between the iso-o¢ 1lines and the deformation exis.
This latter angle if smaller than ¢ indicates that the iso-
X 1lines fall in the frontogenetic sector and I is naturslly
positive. The smaller the angle @ in comparison to the O’
the closer the 1iso-o( 1lines move to the center and the more
gffective the frontogenetic function. cubstituting then the

term (cos 2 b - cos 20) in the last equation we get:
(33) F=a(coaz g —cor2)) vx|.
a moct useful eguation as it ellows the sepszrate consideration

of the adbove mentioned angles.

Summerizing the principles of frontogeneslg, 1t may then ye
gtated that there is a frontogenetic regilon where the isc-ol lines
mzize an angle ¢ with the deformatlion axls in & deformation field

smaller than the frontogenetical angle @', and similarly that there
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1s a frontolytic region where the engle O is larger thon the
¢' . This is shown for & simple case in Fig. 18.

The value of ¥ ig the product of cos 2§ - cos 20multi-
plied by the scalar value of \vx) , Naturally the distribu-
tion of ¥ is in colncidence with the distribution of \vx)
provided that the lso-x 1ines are nearly parallel to ssach
other. A study of the streamlines shows that the line of
frontogenesis moves with the current of the field but that 1t
remeins a substantizl line whieh will in time be intensiflied

into a resl front or will change & weak front into a strong one

Fig. 18 Fig. 19

Under the frontogensetic conditions the process of fronto-
genesis can be illustrated by the above diasgram, Fig. 19.
Since the iso-X 1lines are in 2 fleld of motion the particles
will be carried along.the stream lines, ® in this case has
been chosen less than 45° with the X-axis and b has been
neglected, 1In which case the iso-x 1lines aeg shown are brought
‘closer together after a tinme t. The 801lid iso-X ' 1lines
represent the original configuration and the dotted lines the
changed configuration of the 1i80-« 1line fisld after a time t.
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Examining the diagram we can find that there ars two kinds of
motion which have affected the changes in the iso-X 1line
ficld, namely, the rotation of the linss towarde the X-axis and
the moving of the 1i80-X lines towards each other, The se
correspond to the two terms in the eguation of I, Tie rotat-
ing motion will not stop until the iso-x 1ines are parallel
with the X—agis but 1t can be stated thet thse frontogsnetiec
function will only be positive when ¢ 1is less than 45° with
the X-axls (in the above general cass). For when ¢ is
greater than 45° originally, the stream lines of the fleld of
motion have to rotate the lso-~ 1ines for just so much longer
& period before frontogenesis can become sffective. The
time needed for this pre-rFG work together with thait necessary
for ¥G may often be of such duratlon that the pssudo-conservat-
ism of the alir mass properties 1s overcome so that in regions
wlith the iso-o{ 1lines originally orisnted at angles of more
then 45° with the X~-axis, conditlons are unfavorable for FG and
the greaster the angle the less favorable, as may be shown in
computation of the megnitude of the frontogensticel function

under verying conditions,
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Iv.

SOURCE S AND TREATHENT OF MATRRIALS

The concepts presented above form the basis for the treat-
ment of the Frontogenstic regions of the Far East. Presented
herewith, data at the present time is insufficient for an exsact
study of &ll phases of the subjsct in these reglons.

There 1is available only surface wind data, a few lso-thermal
charts and the dally weather meps from varlous sources. The
principel material for the study of the {ields of motion in the
Far kast were found in the papers written by ¥W. Werenskiold (5)
and C.C. Chu(6). ¥%. Verenskiold integrsted the mean eir trans-

port over the North Pacific Ocean into resultant streamline
pictures for the various months, while C.C. Chu hag listed the

mean monthly wind forece and ths prevalling wind direections in

Jenuary, April, July, end September for elghty stestions in China.

Combining the two sets of data a rather complete chart of etmos-
pheric circulationsg covsring the North Pacific Ocean, ths Jepan-
ese Islands and the coastal regions of Chinsa! can be obteined for
each season of the ysar.

These seasonal wind ¢herts form the principal aid in finding
the deformation fields in the Far East. It is rather regretabls
that the data are restricted to water regilons and sea cossts but
in the same 1light beczuse of the smoothness of the surfeaces over

which the alr moves, the flow should be representative.

The only alr masse property available was surface temperature,

obtained from scattered sources: namely (7) & paper by C.C. Chu,
"The Thermometric Charts of the Zi-Ka-Tel Obscrvatory (8), the

Pilot: Charts of the North Pacific prepesred by the U.S.N.
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Hydrographie Office (9) and the daily weather maps of the Zl-Ka-VWel
.observatory and the Imperisl Marine Observatory, Kobe, Japen.
The temperatures given in C.C. Chu's paper have been reduccd to
sea level while the data over the ocean on the Pilot Charts are
naturally at ses level. It is an advantage that these latter dsta
should be intrinsically representative. The daily temperaturs

reports given on the weather charts should also be of similar

character since most of the stations are in sea level reglions,
Chenge of pressure will only vary the temperaturs about 2 to 3°C.
so the isotherms may be conslidered as approximate potential temp-
eratures. Dally inland temperatures would not be representative
but by using the mean of long term records this srror 1ls negligible.

The procedure in the treatment of these data is as followag:
First from a glven wind chart a deformation field is located and
the values of the coefficlents &,b,c, determined. Next from a
superimpossd isothsrm map the distribution of Ivx| is found,
From these calculations and measurements the value of F at veri-
ous points can be found and from the field of F the line of
Frontogenesis can he located.

A deformation fleld can be easily found when & streamline
pleture of the atmospheric circulation is obtained from a careful
study of wind charts and & precise construction of the streamlines.

The values of 2,b, and ¢, are obtalned by using the eguations
h=Uot(brA)X-CY%

previously introduced, le.: .
A =Uoet CAA4(b=-3) 43'

Slnce a center is defined as a point where u and v vanish simul-
A= 1/Lo+( b+d)Xo_C«'g-o$O

taneously, for a center at X5,Yy, We have: U = Vo+ CLoHb=3)Yo=0
3tb, — o
&nd on YO:_ C, -V

A+b, —C
C, b=a
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If tf—&5+C%§O the field will nave a center. By parallel trans-
lation of the system of coordinates to the center we obtain

—L =(b+a)x—C‘}

U =CX+(b-a) %

(dropping indices):

substituting the above in the egquation of a straight stream line

thru the center we get: df} i aF aul—/ﬁ

'In this last squation the actual vaiue of the slope of a straignt
streamline through the center relative to the X-axls can be read-
ily obtained from a given deformation field graphically and there-
fore the values of a in terms of ¢ found for that line. For a

curved streamline the equation 1is:

dy __ U __cxtedy cHba %
ax w (b+adxX-Cy ba—c g

For determining b in terms of c, the ebove equation is used.
Takihg a systen of coordinates thru the center of the deforma-
tion field shown above the slope % is constant along eny straight
Aline thru the center and can be found for points in any deforma-
tion field. The valuss ofé%;for these same points are similarly
- obtained from the curved streamlines through the points. In
order to make the value of-%% more representative, 1in actual
‘practice measurements were made at many pointg?;?straight line
drawn toru the center and the meen value taken. With this
value of b obteined from thne curved streamlines and the value
of a previously found from the straignt streamlines the ratio

of b/a for a given point is calculated. From this the width
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of the frontogenetlic sector may be readily computed from eg (32).
This together with the values of a,b snd c, found for the deforma-
tion field chosen are shown on the zccompanying cherts, slong with
the small sketch in the corner Which shows the dirsction of the
deformation axis.

For the second part of the formula, the relative value
of |uvx| is measured from the isothermal chart whsre the isotherms
are taken as the iso-XK 1lines, saccording to the formuls \Vo(l—_——f'h— "
h being the normsl distance between two adjacent lines. All the
contour lines of |vx| 2re the result of measursment of [v| through
the field.

After the |v«| chart is prepared the F for a given point
18 obtzined by multiplying the value of |v«| with the Cos 2 —Cov20
term. This latter term includes the msasurement of 4) taken
through the whole field. Repeeting these extensive calculatlions
contour 1linses of F can be drawn., Finally through the points of
of maximum curvature of these T contours a lins cen be drawn which
represgents where the frontogenstcic function is most effective.
If any new front is to be formed or an exisiting front is to be

intensified 1t can be expected in this region.



AIR MASSES AND FIELDS OF MOTION IN THE FAE EZST.
(10)
In a previous paper tihe author has madse an investigation of

the air masses of North China. The Alr Masses clasgsified therein
are the Polar Siberian (Ps), the Tropiecal Pacific (%) and the
 Poler Pacific (pPp types. They are found to be the principal
types in the Far kast and play the lmportant roles in Frontogenesis

in that region.

However, one additional type of Alir Yass, the Lguatorial
Paciflice (Ep), which may be distinguished from the general typse of
warm Tp mentioned above is considered here. There are several
definite reassons for considering this distinction. First, the
stream lines over the tropical region of the North Pacific Qcean
clearly show a discontinuity between the air coming from the semi-
permanent Paciflic High and that from more southerly regions.
This discontinuity line is called by W. Werenskiold the "equatorial
line of convergence" in his Work(iid 1s probably coincidént with
the "Intertropikfront" mentioned in 'Physikalische Hydrodynamikslg)
by V. Blerknes. This line cen even be verifisd by a wind shiflt
on the dally westher charts of the Far East, in the summer season.
Secondly, the different identity of the air masses 1g& shown by a
comparison of the soundingse in T, eir made at Honolulu, Hawall,
which 18 in the Tp belt and those made in Tp 2ir on the China
coast which comes from a more southern region of the Pacifile
Ocean. This fact has slready been pointed out and discussed
by the author in his paper "Alr Masses of North China".

Therefore it 1s loglcal to subdivide the gensral type of Tp

mass into two sub-types of warm, moist air. The one Wwhich is



on the north side of this discontinuity line will still bear the
original symbol Tp denotling the air mass as originating in the
sub-tropical zone of the North Pacific Ocean. The other which
comes from the more southerlyvregions of the Pacific COcean will
be identified by the new symbol Ep. The line of discontinuity
or "equatorial line of coﬁvergence“ will thus mark the boundary
ot the two.alr nasses, |

This Equatorial Pacific air mass comes to the region of the
Far Bast only in the summer season., Beginning in the late tpring
season & low pressure area gradually forms in the northern part of
Indo~China, As the thermal equator which is the hottest belt on
the globe continues to move nortiward after the sun, the low pres-
sure area is enlarged and becomes alemost a permanent system on the
daily weather charts of the Far Kast during the months June, July,
and  August. This low pressure system undouhtedly induces the ILp
air to come from the south across the geographnical squator, appear-
ing as a steady south to southwest wind due to the influence of the
earth's rotation. B, cherzi{13)called this current the Philippine
Stream coineldent with the path it frequently takes. It is not
clearly known to what limits the current extends into Asia, (a
reugh idea can be found in the author's previously mentioned paper
under the sectlon deveted to Tp alr masses and aleo in C, C. Chu's
paper “Circulation of atmosphere over China" under the section on
wind direction in July), but its activity around the Philippine
Islands, the southern China ccast and the adjacent seas during the
sunnmer 15 well known.

The Polar Siberian and the fropleal Pacific however remain the
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two principal 2lr ¥asses in the Faer East. They appear almost
all the year and continuously converge over the region to form
a marked frontal zone. However, this zone 1s an oscillating
one due to the normal monsoon tendencies of the regilon. In
the colder half of ths year the frontal zone will 1lie at some
distance offshore and in the warmer part of the yeer nsar the
coast or inland. In the spring and autumn the Pg mass easlly
"developg into a certain type of modified azir found to exist in
the zone between the two principal types. This modified type
of Ps warrants conslideration as 1t still has frontal importance
in the Far East as will later bs shown,

Due to the essentlal difference of their source reglions,

the Ps and the T, air are qulte different in thelr properties.

p
From the sounding data obtzined in Chins the average vealue of
e8, the egulivelent potential teumpersture, for Pg air is around
270-280°A. in the winter season, 290-300°A. in the Spring and
Autumn and 310-320%A. in the summer. The propertles of T,

alr are not cleariy known in Asia due to a leck of sounding
date however they cen be judged by data obtained in other
locations. The 8y value of Ty and Ty in the U.S., which have
a similear circulaetion toqthe T, air in fsias, 1is about 32004
during the winter seasgi.) At Honolulu, at a lower latitude
the Tp air has a winter value of about 340°A. Using the mesn
value of the above two sets of date to glve a rough idea of the
value of Tp alr in Asla and comparing i1t with the winter value

of Ps air, we can conclude that there is a temperature diiference

of 30-40° between the two principal types, Ps and Tpe This
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throvs some light on the resultant frontal and cyclonlec activity
to be expscted bhetween the two macsss.

The fourth 2ir mass P, is the least known on the China coast
and is likewige of leest lmportance in coneldering Frontogeneels
in the Far East. However there nust be a feirly large tempera-
ture difference between the T, and Pp alr because of their differ-
ent origin end becomes most effective in producing fronts where
they meet over the Northern part of the North Paecific Ocean
throughout most of the year. The resultant interactlon between
them might well be the cause of the intensificstion of an exist-

ing front or of 2 cyclone &8s it moved up from the south.

Fields of Yotion

The field of motion of the atmosphere in the Far Last is
distinctly controlled by two well known seml psrmanent enticycones
the Pacific High in the southsast over the ocean and the Siberian
High in the northwest over the land, together with the well known
cyclonic system 'the Aleutian Low' in the northeast as the focal
center of their outflow. The Pacific High has a permansnt seat
in the 'Horse Tatitude' Zone between longitude 140 to 150° w.
;t-shrinks and enlarges its dominating area in the couree of the
‘year, but it exists at all times, The most active period is the
- summer when the ocesn tempersture is lower then the tempsrature

at the same latitude in adjoining land areas,

¥ith 2 morse intenslve center then the Pacific High, the Sib-

erian High on the eontinent 18 most active in the winter season.
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During the summer it almost disappears as it retreats poleweard.
However the low center for Asia land areas in summer is still far
to the soutuwest of India and Persla (based upon the mep of
pregsure distribution in "Physikallsche Hydrodynamik" é%géh
indicates6that the eir flow still comes from Siberia at this tims.
CeCoe Gh&lhis mentioned the northerly winds in Sinkilang, Vest China,
during the summer scason, Which would verify ths existence of a
northern current in the inland of Asla during that season. Oceca-
sionally a High in Siberia or northwest Chinsa can be found on the
weather charts of the Fer East during tne mid-summer period alsé.
Therefore the continuance of this frontal zone can be eXpected
during the summer even though the Pg source 1is not as easily seen
&s in the winter.

The Aleutien Low in the northeast is likewlse semli-permanent
in its nature. Of course, it 1s more pronounced in the winter
then at any other time because the reglon is comperetively warmer
than the continents on the two sides of the low al thls sesson.

From these semi-permenent pressure systems we can expect a
field of motion of the deformative type for the Far Last as a
whole, 28 shown below (Fig. 20). The dilatation axise of the
deformation field runs in a southwest-northeast direction roughly
paralleling the coast. Since this psrtlicular distribution of
pressure in the far East 1is not entirely up-set in any season of
the year, the field of motion is nearly a stendard one for the
region, It should be best developed in the winter season, how-

ever, because both the cyclone and anticylones controlling it are
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well defined in their location at this season. For other
seasons though modification has occurred to a considerable
extent the essential shape of the fleld of motion is still
about the same and the orientation of the deformation axis
remalns about fixed. T. Bergeron, vased his statement upon
this congideration in pointing out that the Far East 1is a
reglon of Frontogenesis.(lY)

However the field of property (isotherms) must also be
studied in its relation to the fleld of flow because ¢, the
frontogenetic function as shown above is a functisn of @, the
angle between the isotherms and the deformation axis and the
nagnitude of the temperature ascendent. If the isotherms in
the Par Hast should make & very large angle, say larger than
@', (the angle of the frontogenetic sector) with the deforma-
tion axis then there would be frontolysis instead of fronto-
genesis ., This is the point which has to be determined in

practice and which will be treated in the examples to follow,
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V1.
FRONTOGENETIC REGIONS IN THE SPRING SEABOH

Theoretically 1t 1s not possible to apply the principles
of frontogenesis in & limnsar field of motion, as dlscussed above,
to & study of {rontogenesis in a large fileld of motion betwsen
two sir masese from different source reglons because in such &
large field the motion will no longsr be linear. Thus in this
study we shall restrict the esrsa of investigetion to & vicinity
where frontogensesis is expected. In this way the {leld under
considerstion will he smell and the gensral theory of frontow-
genesls in & linecer field of motion can s8till be used.

The effect of the various gezsons of the year on the set-
up of the various filelds will first be considered. Spring is
the season when the Siberlilan High on the land begins to weaken
though still active while the Paclfic High on the ocean becomes
more pronounced. &8 the Siberian High becomes weaker and more
elongsted, it has a tendency to epllit up &nd & secondary High
form over the Japanese Islande. This High forms a modified
Pg alr mass over the ocesan. Thus the resultant fleld of motion
in the Far Esst is a littls more complicated by this addition
than gt any other seacon. The fields will exist between these
Highs and the Aleutian Low to the northsast.

From the wind chart over the Norith Pacific, we find three
well dsfinsd deformatlion fields as a result of the above distribu-

tion of pressure. One, labelled Deformation Field 2, is over Japan
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proper, and a third, Deformation Field 4, is far to the northeast
in the vicinity of the Aleutian Islands, (Chart 1). Continusd
study of a combined wind chart showing ocean and continent data
indicate the presence of another field. On the land wind direc-
tions elong the China Coast clearly show a line of convergence
between the on-shore and the off-shore currents. It is evident
that there is & line dividing the different wind directions
in the on shore current at a point somewhere near the outlst of
the Yantze River. Winde south of this line are generally north-
east, while north of it they ere southwest, (Chart 2). This line
is apparently the axis of contraction of a deformation field.
Other brenches of the circulatlon substantiate the existance of
thié, Deformetion Field 3, slong the coastal provinces of China.

Of the above four deformstion flelds, number 1 is formed by
a’northwestefn current on one side and a southeastern current on
the §thef glde. The former current should be modified Pg ailr
at this season with a rather long life history over the sea,
wnile the southeastern current 1is naturally T,. The resultant

field is almost purely deformative in character with the deforma-

« )

tion axis running in a southwest-northeast direction. Of the
constants in equation (32) ecoefficient 'H' for this field of
motion 18 equal to zero. Therefore g£' is 45°,

Deformation Field 2 is intsrposed between the modifisd
returning Pg air on the eacet side and an opposite current of
modifisd Pg on the west side which has a shorter 1life history
over water. The field has been rotated a little, but 'b' is
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st1l1l nearly equal to zero.

Of these two fields, the latter is relatively unimportant
gince 1t exists bé€Ween two modified types of the seame alr mass,
Pg, On the other hand the properties of the Tp and the modified
Pe air differ widely and the resultant action in fleld number 1
will be of major lmportance.

Deformation Field #3 is, generally spe eking, &lso in one alr
mass, with fresh Pg 2ir on the northwest side and modifled Pg alr
on the southsast side. Since cold and dry Pg air very easlly
loses ite characteristic properties in moving southward and ac-
quifes others by passing over a2 warm water surface, the properties
of these two masses are guite different. Accordingly from a
frontogenetical standpoint this field will be more important thén
field 2. Unfortunately the streamlines over the northwestern
sector of the field can not be completely drawn because of insuf-
ficient wind data over the reglon, However the deformetlion axls
indicated by the remaindsr of the date still scems to be in the
northeast-southwest direction. £ slight positive rotetion 1s
also observed in this Tileld in the northeast.

Deformation field 4 is composed of a current from the south-
west and another from the north through the Bering Strait. The
two currents involved, due to the high latitude of the place would
be Polar Pacifle and Polar Arctic air respectively. Because of
its location outside the regilon of the Far East it has not been in-
vestigated in this peaper.

Although three well defined deformation fislds are found in
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the Far East, 1t 1s discovered upon studying the lsothsrmal field
superimposed on??he field of motion that only two fields will have
frontogeneticel importance. D.¥. 2 is not only insignificant for
frontogenesis from the standpoiﬁt of the air massee involved as
hae alrcady been peinted. eut, but also when the orientation of
the isotherms in ths field of motlon 1is coneidered, since they
make &an Engle larger then A', in this particular casg larger than
450, witn the deformation axis. The vaelue of ' cannot therefore
be nositive, untll an apprecliable rotation of the ilsotherms in
the field of motion has besen accomplished.

In D.F. 1 however the angle ¢ 1is everywhers emaller than £°.
The Frontogeneticsl function F is positive thnroughout tne field and
e line of irontogenesis is obitzinsd along the sast coast of Japan
parellel to the deformation axis of the fleld. (Chart 3&4) The
parallel direction of these two lines resulte from tne orisntatlion
of the isothsrms nearly parallel to the dsformation eaxls of the
field.

D.¥. 3 has an 2ngle @ smaller than ?‘ in some parts of the
field, perticularly in the northwestern helfl, but larger than [N
in the reméeinder of tne field. This together with the large value
of [v¢| in this region yields & large positive velue of ¥ in thse
northwestsrn portion of the field, which locates the frontogenetic
lins far inland. It should be noted again that the streamlines in
the northwest section of the field are not completely drawn and
eimilarly the isotherms are possibly doubtful dus to the insuffi-

ciency ol the Informetion pertzining thereto. The line of fronto-
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genesie determined for this field may then vary somewhat from

its indlcated position, particularly as the deformation field
crnange s,

The above two lines of irontogenssis deteruined for the
reglion of thé Tar kast during the Spring season denobte placss
where f{rontal systems &re likely to be developed or intensified.
The one determined from D.¥F. 1 is the mealn frontogenetlc line
in the Far LKaet. The a2ir messes involved sre ecsentislly dif-
ferent and in this season produce the most intense systems in
the region. The other line 1s & secondary line of frontogenesils
becsuse it is still within ons general type of sir mass, namely
Ps. Therefore with an even chence for frontal action the devel-
openment of the latter iront will not be a8 intense as the first.
An examinatlion of the dally weather cherts for the Far kast indi-
cates a correspondence between the frontogenetic lines mentioned
above and the cyclonic tracks. Since the latter can be regarded
egs the treces of disturbances moving siong a front the verifice-
tion is eéxcellent. Publiehed herevith is a chart {Chert 5) of
cyclonie tracks in the Fer Bast for the month of April reproduced
from the daily weather charts of the Imperisl lerine Observatory,
Kobe, Jepan. It ig rather interestling to note the two general
groups8 of cyclonic tracks that seem to correspond gery well to
the two lines of frontogenesis. Another paper,(éhéo-rang Sung' s
Chart of the Normal Tz cks of EXtre Tropical Cyclones of Zastern
Agla slso shows this agreement.

The trecks in the eouthern group are go identicael with the
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mein frontogenetic line that thelr locatlon and direction are
apparently the seme. Worth noting is the fact that the cyclones
following these tracks in the southern group are usually strong,
which is to be expected from the strong interactlon between the
Tp alr and the modified Pg air along the meln frontogenstic line.

¥hat is of greatest interest from the stendpoint of this
investigation, however, 1s that in April there is no cyclonic
track passing through North China according to the Japansse larine
Observatory's Chart. A reference to the reproduction made here
of Shio-Vang Suné's serises of Normal Tracks, shows his Number 3
traeck suddenly changing in direction from the east down to the
gouth at & point near latitude 470 and longitude 1159, leaving a
wide arsa of North China free from cyclonic activity. Actually
during this period North China always suffers from dry weather
and in serious cases even drough may result from thie cyclonic
and frontal inactlvity.

The reason for this insctivitiy is not due to the air mass
itseelf because there existe a prevalent onshors current of modi-
fied Péjgﬂ during April. The fundamental reason 1s shown by a
glance at the chart of 'F' for April. The negative value of F
in the region of North China resulis from the large angle B,
between the isothsrmal lines and the deformation axis there.

The secondary line of frontogenssis in the PFar East sppears
among the northern group of cyclonic tracks, as determined from
the sources mentioned above. The direction of ths line closely
parallels the cycloniec tracks reproduced from the Japanese weather
charts. This close relatlion indlicates that the line is apparently

responsible for the observed development of these frontal cyclones,
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ViI.
FPRONTOGENETIC REGIONS IN THE SRR SEASCN

The summer wind condition in the Far East is entirely con-
trolled by the Pacific High. The High in this season has moved
from its winter position of around 34°N. and 140° W. Longitude
to a center at about 42°N. and 150° W. At the same time the
pressure increases from the winter average of 1020nb. to(za)

a seasonal value of 1l025mb, while its aresa increases significant-
1y with its 1015mb. isobar extending northwestward about 20°
into a position near the Japansse Archipelago.

On the other hand over the land, the Siberian High at this
time appears to exist only in the western part of Ziveria. The
result of thisg pressure field readjustment gives a steady pres-
sure gradient from ocean onto the iand. A southeast to south-
west warm marine current covers the entire reglion of the Far ast
being popularly called the'Summer lonsecon' of Asia,

From the avallable wind data in the Far GZast one main defor-
mation field can be found for this season. The field is formed by
the above mentioned ‘summer monsoon' from the south and the north-
ern polar current from Siberia. ‘There are several indications to
verity the existance of this northern polar current in northwest
China during the summer season, although as mentioned above, the
Siberian High is not prominent on the map. At two stations, Tiwha
or Urumchi {Lat.43° 45'N,, Long. 87° 40'%.) and Kuchar (Lat.41040'N.,
Long.83O 00'm.) in Sinkiang Province or Chinese Turkustan and one

station, Chunching (Lat,29°33'N.,Long.l06°33'%.), in the Szechuen
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Province, western China reported prevalent north and northwest
winds in July, while prevalent wind directions at all the eighty
gstations scattered along the China Coast and Ucast Frovinces are
southeast to southwest, C.0. Chu noting thie says that the sum-
mer monsoon “seems to have reached its northern limit" in southern
Eengolié?l) Probably a logical position for the boundary of the
summer monsoon and the northern polar current in the summer will
be, just through Hutjertugol to Chun-ching in a northeast-southwest
direction.

(22) .

V. BJlerknes and others in their book show the center of the
summer deformation field in Asise €0 be in & place somevwhere near
North lanchuria, during the month of August. From the author's
deternination, the center in July seemns to be in the northwestern
corner of Inner llongolia. | This can be verified by drawing a
line aividing the winds in the swmmer monsoon, from the northwest
winds to the Novsh which line seems to be the axis of dilatation
of the deformation field. The line runs in a SW«NE direction
across North China and Manchuria, If we allow this line to be
the dilatation axis of the deformation field the ceniter of the
field will be a2long the line at ite intersection with the qontract~
lon axis which 1s readily located in the divergent field of the
monsoon winds. This center appears to occur in the southwest
corner of Iunner !longolia, Generally spesaking, this deformation
field is in good agreement with that drawn by V. Bjerknes and
his co-zuthors for the period one month later. The dotted

stream lines in the northern current indlcats that they are a

little doubtful due to a lack of data.
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A glance at the July Deformation Field Chart (Chert §) shows
that the mein field on the Asle continent is a pure deformative
type with the deformation axis which in this case 1is the dilatatlon
axis running in a SW-NE direction. Since the isothsrms 1in the
field are gulite irregular the distribution of F 1s not colncldent
with the contour lines of \vk| as 1is usually expscted. Over the
Jepan sea the isotherms show & trough as the efiect ol the well
known Okhotsk sea Current, coming down from the Qkhotsk Ssa in the
north, and cooling the air at the surface over this region. Along
the southeast border of Immer longollsas the lsothsrme show another
trough. The wedge shaped lsotherm field between these two troughs
apparently indicastes the domination of this territory by the warm
maratime air of the summer monsoon from the south. This egain
shows that the line of convergence bhetween the summer monsoon and
the northern poclar current must exist there &s indicated by the
dillatestlion axis of the field.

The frontogenetic 1line of the field, dus to this particuler
feature of the isotherm field, should only extend from Vhang Ho or
the Yellow River valley to Hanchuria running in the SU-NE direction
along the deformetion axis of the field. (Chart 7&8). This line
is the main frontogenstic line for the summer season in the Far
East because as seen from this analysis it 1s derived f{rom the
main deformation fisld formed by the two principal typss of tropi-
cal marstime and polar contlnental alr masses.

A comparison between this frontogenetic line and Sung's normal

ecyelonlic tracks in the Far East (Chert 9) show the line in good
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agreement with treck No. 1 and track No. 2. which ars the treacks
of about 70% of the cyclones in the summer sesson. On the Japan-
ese Testher Chartes the actual cyelonlc tracks in July, 1933 do not
follow the frontogenetic line very well, but generally spesking
their origin is concentrated around this line.

One significant point concerning this field and its location
is that both the Japansse Cherts and Sung's cyclonic track Chart
for the summer season show no cyclone tracks passing through the
region between the Thang Ho and the Yantze Valley where a region
of frontolysis exists. This is indicated on the Chert of Distri-
bution of I in the Far East for the month of July. {(Chart 8)

Beslides the maln deformation fisld for thes secason a fiseld of
gpecial interest is found in the southwest corner of the North
Pacifie Ocean. Thie field is identifisd according to stream llne
petterns as a curved streamline field without center. (see stream
line pattern chaert, Fig. 16).  The Air lasses involved in this
field are the Eguatorial Pacific on the southwest side and the
Tropical Paciflc on the northeast side. The convergence of the
alr flow which is called by ¥. Werensklold the "ecuatorial line
of convergence" and in Bjerknes' book the "Intertropikiront™, 1is
& curved line running in a SE-NV direction. Along the line con-
vergence is apprecliable. Sinece the properties of thne Ep and Tp
air masses are not essentially different as observed at tie surface
en active frontal system could not he expected bul nevertnslese the
formation of the Typhoon in the Far East can be explained by the

existence of this special field. The Typhoon is a troplical cyclone
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of unusual violence formed on the edge of the doldrum belt. - The
vigorous nature of these tropilcal cyclonss 1ls undoubtedly due to
the large amount of energy avallable in the two adjacent Warm mari-
time air masses Ly and Tp, each with high temperature and humidity.

Whaet we need here to explein the formation of thse Typhoon
is ths Introduction of rotation to start the vortex motion, since
the ir origin scems to be in thils zone between these two types of
pir. DPetterssen, from & hydrodynamic equetion U =-SIP-AXV
where S 1s the Speciflc Volume, P the atmospherlc pressure,
N & verticzl vector whose magnitude is 2wsind,
W being the velocity of earths rotation, & the latitude
and v a vector representing velocity, has poinigg)out thet con-
vergence produces positive curl or c¢yclonic rotation as shown by
the following equstion: - )
éﬁ(oMLv)=-4£MJILK+ova)+vSXQWP)
where the last term vsx(-vP) 1s the number of solenoids in the
horizontal plane and is usually quite small, especlally in the
Typhoon region where the temperature distribution is practically
uniform. Having neglected the last term, the equation is
%(Mv).—.—w-v()wwv)
expressing the rate of chenge of curl v with time as proportional
to the convergence of v (-div.v) times the bracketed term. From
this equation we caen further solve curl v to obtaln a mors detailed

exXpression for the relation between curl v and -div.v.

Let the two vectors be expressed

Caud U=1X+iYTREZ A= i{AtiB+RC
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and take the average -div.v=-b , then:-
%=—b(A+X) (1)
LY =-bETY) (2)
~E=b47) (3)
Rewriting equation (1) : %%Jr bX=-bA (&)

bt bt
and taking the integrel we have. Y =e (fbAe dt+K) (5)
==e'bt(—AebJ°+|<) (6)

=—A+Ke“b£ (7)
At t=0, snd X = 0.; 0 =-A -K, or K=A.
Eguation (7)) then becomes X=A(e—b-£-l) (8)
similiarly Y= By (9)
Z=C LeJ"t—u) (10)
therefore C/wdlv=>\(€-b:) (11)

Eguation (11) indicates that curl v is a funetion of A\

and increcases exponentially with thse increase of convergence,

ie. =-dlv.v, and tlime t. In the field of motion referred to above
convergence is quite pronounced so thet a positive curl v is very
easily produced and intensiflied. However, nsar the eguator,

where the latitude angle @ is small and A is small, curl v still
hes a small valus. With the incrsased value of N with the in-
creage of latltude curl v must become active even wWith the megni-
tude of the convergence (-div.v) remaining the same. This ex-
plains why Typhoons are usually formed along the line of convergence

between E, &nd Ty at latitudes not lower than 10° and are guickly

p
intensified as they move to higher latitudesm.
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From the above discussion of the formation of Typhoons the
movement of these storms can further be snalysed. In the tropical
zone the Typhoon should follow a path where the convergent flow 1is
most active in order to maintaln and intensify ite vortex motlon.
Therefore the "equatoriasl line of convergence" is naturslly the
normal track of the Typhoon as will bs borne out by later investi-
gations.

Upon the arrival in the temperate zone, however, the "equato-
rial line of convergence' is no longer distinct, but the tempera-
ture variation begins to play an importent part. In othsr words
ag the storm beging to assume the position of an Extra-tropical
Cyclone it will be influsnced by frontogenesls at thie latltuds.
During the summer scason there 1s a region of f{rontolysis along
the China coast and over the coastal provinces, while a slightly
frontogenstlic region exists to the east over the ocesan. This
distribution of the frontogenetical functions will give a degener-
ating effect to the typhoon as it moves inland but will help to
regenerate it as it moves over the ocean.,

The primary féctor governing ths movement of the typhoon is
the general wind system which has a deep southwestern current
over this region. Therefore it appears natural that the typhoon
reaching these latitudes recurve northeast whereupon the fronto-
genetlc effect of the ocean maintains the storm's intensity.

If the Field of motion dsflects the storm on land, &s 1s rarely
observed in theese latitudes, the frontolytic eifect thereon helps
to destroy it.



- B w
The line with the frontogenetic symbol in the southwest

corner of Chart VIII, is sketched in accordance with these ideas
of typhoon movement. Aectually moset typhoons in July and August
do follow this track into the mlddle latitudes as obeerved on
Chart IX. Before the month of June and eftcr September the
Yegquatorial line of convergence" based on charts of averages, 1is
no longer observed in the Far East end since the occurence of &
typhoon is generally rare during thet period, thie seems to give
material proof that the formation of the typhoon is definitely
relaeted to the convergent flow along the "equatorial line of con-
vergence between these two sir masses, Ep and Tp.

The study of actusl Typhoon formation in this particular
field of curved streamlines without center has enabled the asuthor
to find 2 close relastion between the position of the center of the
Pecific High and the formetlon of Typhoons in the Far Zeast. Brief-
ly stated the relations are as follows: - Vhen the Pacific High is
diegplaced tc the east Ifrom its normel position the 1low pressure
reglon over the ocsan northeast of the Phlllppine Islands is in-
creased, At thie stagse southwesgt winds sre active over the South
China fea while light 2nd irregular winds are observed in the flat
pressure f{leld northeast of the Philippines., ¥Fhen the Pacific High
starte a2 return to its more aversge position as shown by a westward
extension of the lsobare and of the northsast trades, thse winds in
the flat pressure region mentioned northesst of the Philippinss
be gin to show a cyclonic circulation. This development continues
with the southwestward movement of the Paclfilic High or an intensifi-
cation of the High Center itself. A8 the cyclonic center moves

into higher latitudes an sctive Typhoon 1is formed. Actuel examples



- 40 -
can be sasily obtained from the summer weather charts. One eXample
is given here in Charts (10) to (13). It is seen that during the
four days of formation of the resultant Typhoon the Paclfiec High
has moved a long distance from northsast to soutnwest, At the
game Lims the wWestward movement of the 'Eguatorisl line of conver-
gence' as shown by a zig-zag line on the map can also be traced.

Conversely it is important to note that Typhoons are rarely
observaed in the Far East when either, the Pacific High is moving
tovaerds the east, or it remeins in the east, or it already occuples
an extreme western position at the sare time that the center is
well developed.

The correlation of the facte above noted in the formation of
Typhoone cen be explained by the theory of Typhoon formaticn besed
on the convergent flow occurring in ths curved streamline field
field existing in the southwest corrner of the North Pacific Ocean.
The first essential eppears to be the movemsent of the Pacific High
which decreases the pressure gredient over ths region normslly
occupied by this line. This allows a flow of Ep alr from
the southwest into thes region to be egtablished, Next when the
Pacific High moves back from the east it natwrally increcases the
pre 8sure gradient tovards the southwest and extends the northeast
currsnt to meet the Ep current mentionsd. Thls convergence pro-
duces cyclonie curl and explains the cyelonic clrculation which
forme et this time. A continuance of these condltlons sllows the
Typhoon to e developsd.

tg 8 check on this it eppears that when the Pacific High

moves into an extremely Western position and remsine actlive the
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*Equatorisl line of convergence' will be pushed down to a position
in the very low latitudes where the term )\ , 16. 2WSin 8 is too
small to create an appreciable value of curl. Therefore the favor-
able condition for the formatlon of Typhoonsg in the Far East natu-
rally follows the weetward extension of the Pacific ligh after its
eagtward displacement has allowed an influx of Iy alr with which
& convergent flow is established. It is belisved thet a more
detalled study of =sctual cases occurring in this curved streamline
fleld will esteblish reliable rules for the forecasting of this

phenomensa.
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FRONTOQGENETIC GIONS IN THe AUTUWN ShACON

Generally speaking, the features of the stmospheric circu-
lstion in the Far East during the Autumn secson can be expected
to be quite 1like those found in the fpring scason, bscause the
climatic conditione in the two scasons are essentially similar.
However some remarks about the transitional change oi the pressure
fislds can be mads here.

The mein anticyclone over the Pacific Ocean, the ?acific‘
High, 18 not as active during the fall as it is in the spring.
Not only its dominsting aree has shrunk but also the center ol the
High hae moved to the north about 6 degrees to & center at about
289%, 1429W. On the other hand the msin anticyclone on the Asia
Continent, the Siberien High, shows an increasing prominence com-
pared to its spring position. The reason for this reverszl of
activity of the two meln antlcyclones during the two different
seesons can be attributed to the difierence in temperetures over
the ocean end the land. Dug to the high speciflc heat and mobil-
ity of & water surfasce the ocean temperstures are more reluctant
than those over the continent to follow the chaenge of sgoler inten-
gity during the course of the year. Conseguently the continental
surface is relatively warm compared to the adjacent occean surfsce
in the spring season, but coldsr in the autumn. £ glance at the
spring and sutumn isotherms superimposed on Cherts (2) and (14)
indicates this difference. The ce temperature relationships

between the ocean and continental esrese in Spring and Autumn in a
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large measure account for the relative intensities of the princi-
pel anticyclones mentloned above.

Under the action of the pressure flelids discussed above the
de formation flelds found for this sesson in the lar Last are baslc-
ally the same as those found in the Spring, but diseimilar in soms
points. They total six in number, one in the troplecs and five
in the tenperate zone. (Chart 14) Of the five fields in the
temperate zone only one ileg new while the remaining four can be
identified Ifrom the Spring deformetion field chart. The fleld
not identifled from the sepring chart seems to be the system lo-
cated near the Kantchatka Peninsula. Thie system, however, has
no important plece in this invecstigation becasuse ci its position
outside of the region under considerstion. Furthermore the large
angle the ilsotherms in thls srea make with the deformeation axis
would only produce frontolyslis. Labslling the othner four defor-
mation fielde in the temperaté zone With the same numbers given
gimilar fields on the spring chart the transition of these f{ields
can be examined. It will be noted that Fields No. 2 end 3 show a
shift northwerd and Fields No. 1 and 4 & shiflt northeastwsrd.
Shifting of =211 of these systems can be directly or indirectly
eccounted for by the shrinking and northward regression of the
fain Paciflc Highe.

The air meass symbols used for the corresgponding deformation
fieldp in the spring season can stlll be used with the one excep-
tion of the ailr mass on the north side of deformgtlon field No. 1

which now may be called Ty instead of YWodifled Pg. Thie.is due
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to the northward shift of the minor divergence center (now at 45N
and 155°E) which will feed sir southward from the northern regions
of the Pacific Ocsan. The symbols are then Tp and Pp for Field
No. 1, YModlfied Ps and either RPs or RPp for Field No. 2, P8 and
RPs for Field No. 3 and RPp and AC(Arctic continental %gi)No. 4,

The deformation flelds themselves are loceted ae before by a
careful study of wind dsta avallable.

Field No. 3, Which is located along the coastal region of the
Pei-Chi-Li Gulf is rather difficult to find due to the wesk charac-
teristics of the currents in the system. However, on %W. Werenskiold's
mean alr transport chart, there is apparently & divergence center in
the Pei-Chi-Li Gulf. gimilarly on C.C. Chu's chart of wind data
elong the North Chlina coast, 2 line may bé dravn dividing the gen-
erai on-shore current of alr along the coast into two groups, with
southwe et winde on the north side of the line a2nd northeast winds on
the south sids. Juet gbout 100 miles inland from the Pei-Chi-Lli
coast to the northwest, & prevalent northwest current is observed.
Combining these two currents & desformation field exiesting over the
coastel reglon becomes apparent, From another standpoint the
sudden bending of the isotherms slong the coast zives another indi-
catlon of the presence of this fleld between two different air
masses, Comparing this field No. 3, with its spring counterpart,
the 2ctivity 1ls decreassed becasuse of the diminisning strength of
the on-shore current. However, 1t should be & well defined system
retaining frontogenetic ilmportance because of the marked diffsrencs

between the propsrties of lts Pe fresh from the north and its modi-
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fied returning Ps from over the ocean. The position of the
isoterms in the field, agein 1limlt the frontogenctic action
to 2 smagll srea, but the crowding of theee isotherms along
the deformation axis is to be noted. Chert (15) of the
field prepered for Sept. shows the largeet value over the Peli-Chil-

|

L1 culf and zives the function ' 2 large valug in that reglon due
to the favorable orientation of the isothesrms,

De formation Field No. 1, remeins almost the szmg as in the
Soring S6880N. Its eheracteristies ars not changed by the desig-
netion of ths alr on the north slde as Pp since the properties of
Pp alr in that location are sbout the same as those in ths modified
Ps air with a2 long life history over the sec, There fore the system
is just ag active and should be the malin system of the season in
the Far Esst. Yoreover, the actlon of tnls fisld and its counter-
nart to the NE (Field No. 4) will result in the formetion of
Intense gysteme pasgssing slong thelr combined diltation axis.

This getlon is further dlscussed in a latcr paragraph.

From the frontogenetlc point of view Field No. 2, does not
have &s importent & role ss in the srring sceacon, because the
isotherme in that field maeke an even larger angle @ with the
deformetion axis during ths sutumn then in the foring due to the
gdded posltive rotation of the deformation axis of the system.

The frontogemetic lines calculated from these four principal
deformation fields in the temperate zone and the thermal chart
for ths ssme season are shown on Chart (16). The esouthern line

is the main frontogenetic line and is coincident with the main
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frontogenetic 1line of the spring season, whereas the northern one
over the continental arca matches the corresponding secondary line
on Chart (4).  Between the two lines & region of frontolysis 1is
ohserved over the Yellow Sea, Korea and the Japan Ceea. This
frontolyticel reglon 1s not 28 large as that noted in the spring
season but its locstion and shape is similar. From this compari-
gon one can readlily understand the similarit& hetween the general
weathdr conditions in the Ter Xast in the Spring and in the Autumn.

The relation between the frontogeretic lines and the cyclonse
novements can be nicdy observed on chart (17), wihere these lines
end actuel cyclone tracks for the montn have been plotted for com-
parison. It is epparent that the cyclonic trecks have two pre-
dominant paths corresponding to the two lines of frontogenesis.
On the Japensese Cyclonic Track Chart for Ceptember, 1932, there
ig only one cyclonle track in the northern group vwhlle in Sung's
normel cyelonic tracke for autumn thers are two tracks given with

rular track.

rre

v

rether definite directions end one with & rather

o

s
O

The southern group of c¢yclonic tracks which correepond to the msin

=

frontogenetic line both on the Japansse Chart end on Tung's Chart

#

comprise about 70% of the tracks for the season. This preponder-
ance of distribution of cyclones along ths southern trasck &s com-
pered with the nearly egqual distribution of the two groups in the
spring season must be due to the greater asctivity of the field No.l
{®ith ite combiﬁ,d ection with Field No. 4) over "ield No. 3 2t
this tims,

Between the two groups of cyclonic tracks a large zrsg includ-
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ing North China and Japan 1s free from cyclonlic tracks as shown
on the Japanese Chart and Sung's Chert. Thie fact is explained
by the region of frontolysis on Chart 16 colncident with this
aresa,

An important observation can be mede here regarding Chart (17).
The cyclone tracks in the southern grau;:f show generally parallel
directione with the mein frontogenetic line for the aeasen,. but do
not fall along the region of this line. This epperent discrepancy
between them can be shown to be due to ﬁi‘se fact that the frontoge-
netic line mg;re gents more cloeely the positlion of the actual frontse
while the eyelonic tracks trace the centers of the ecyclone movement
only. VWhen a frontal cyclone becomes occluded the center of the
systen is necessarily removed from the mean position of the front,

a8 shown in the accompanying sketeh.

CYCLONE TRACK

FRONTAL LINE(average position
rig .21

Qﬁsswing the day to day movement of the center and the main
front of the system, two linee cean be plotted as shown. It is ap-
parent then that while the center and the front are together at the
left of the pleture the dletence between the two. linse will be
larger end larger ae the system becomes more oéeluded. This is
in agreement with the facts shown on Chart (17) where the cyclonie

" tracks and the main frontogenetic line are very close to esch other

a*
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at the southern part of the Japanese Archipelago, but widely
separated near ths Aleutlian Islands.

It ie noted tat frontal systems along the main frontoge -
netlc line at this season are more &actlve than in tre Spring due
to the combined setion of Deformatlon Pields 1 and 4 mentioned
above . Murthermore the outbreaks of cold alr in this scason
are more intense than in Spring since the Siberian High, which
is responsible for the cold gir, ies mors active. These two com=-
bine to make the oceclusion process more prominent in this
season and the separetion between the frontogenstic line and the
eyclonic tracks should be more notliceable. nis 1s verified by
a compsarison of Crart (5) for April and Chart (7) for September.

The Deformetion Field No. 5, in the southwest corner of
Chart (14) in the tropical zone is & remnant of the 'eguatorial
line of convergence' in the Far Last, previously explained in
the Cummsr discussion. It 18 important only in the formation of
the Typhoon. The deformetion axis of the sysitem 18 reslly the
'equetorial line of convergence' eand during thie season runs in an
elmost East-Vest diresction. The Intereetling thing to note on
Chart (17) in connection with this line is that the tracks of two
Typhoons occur very close to it. Theoce tracks taeken from the
Japansse Charts are the only two Typhoons for the wonth of Sept.
1932. The thumd rule indiceting that & Typhoon recurvee north-

gasterly ae 1t moves north is not verifled in this case, sinece

-
&
m

6 two continued westward slong the line of convergence. This
sceme to further verify the theory that the ‘equatorisl line of

convergence' is the track of Typhoons.
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FRONTOGENETIC REGIONS Iﬁ THE WINTER SHACON.

During the winter season the domination of the Slberisn High
over the Aslatic Continent 1s absolute. This High is so well
defined and so extremely active that ite uniform oif-shore flow
directly reaches the tropicel region of the North Paclfic Ccean.
The Popular name "winter monscon of fsia" 1e normally used to des-
ignete this flow.

The Pacific High in this sesson, although not ae active as it
wae in the summer season s8till is well defined but in 2 nmore east-
ern position and sends & uniform southsagterly flow tovwerds the Far
East region. The result is to bring this flow of Ty into direct
contact with the flow from fsla of Py alr in the winter season.

Inspecting the wind cherts of the Far Zest it is found that
ong large scale deformation fisld exists at this time, bheing well
defined in its shape a8 it is directl§75§dthe two uniform flows
coming from the Siberlan High and the Paciflec High. The fisld is
not a purely deformation type, as the desiornmation axlis of the field
is not exactly co-incident with the dilatation axis. A glight
convergence 1is ohserved in the field, which increases 4', the fron-
togenetical angle to about 50°.

Enother deformetion field of much smaller £ize should exlst
in South Manchurila because date shoWw & convergent &ind flow in this
area. This convergent flow consists of a NE to &W current on the
east side and a W to NW current on the vwest side. The small defor-
mation field shown in the northwest corner of Chart (18) represents

the plot from the actual wind date available. It is obvious that
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in the position shown, frontogeneels cannot be active on the right
side of the field because of the large angle, slmost 90%, that the
igsotherms make with the deformation axis, but on the left side
frontogenetic possibilities are evident from the decreases valus
of ¢.

Furthermore 1if this field 1is moved off shore by the strong
currents of Fresh Ps, and the counter currsent of air to the sast
be maintained, the frontogenetlic possiblilitlies become extended
throuéh both eldes of the field with the new orientation of iso-
therms offshore. The shape of this partiéular field shows a
pronounced positive rotetion, probably due to the influence of the
coaét line on the orientation of the isotherms. The importance
of these factors will be pointed out sghortly.

The frontogenetic line for this winter ssason, ag determined
from the one large deformation fleld mentioned above ig shown on
Chért (20). Thru the field ie rather largs for consldering a
linear field of wmotion in dealing with frontogenesis but neverthe-
léss since the flows in the field are uniform due to each of the
Highg being actlive and the surface traversed by the two flows
being smooth, the applicabiiity of the genersal principles of
frontogenesis to this particular case snould be much larger than
usual. By using the same frontogenetic equation to calculate
the velus of F, the line of frontogenesls obtained for winter runs
in a nearly parallel direction with the Asistic cosst and not far
from it, An examination of this line 1Indicates that 1tes existence
in this position results from the large value of |ve| , or in othsr

words the crowded isotherms along the coastel regions of Asia.{Chart)
19
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The line nowever occurs within Pg alr. This cheracter-
istic mekes it different from other frontogenetic lines bhecause
it apparently does not represent a region of frontogenesis
between two originally different air masses but rather within
one &ir mass. The effect of the small deformation field
referred to above now becomes slgnificant, in contributing to
the formation of new cold front within the Ps outbresaks, The
counter-current referred to above is evidently wmainteined by
anticyclogenesis behind a cyclone to the eeast. The formation
of such cold fronts between positlve 1salloberic centers has
besen pointed out, to the writer, in numerous cases on land by
Prof. Xrick, and although such detsiled date are not available
in the obserwvations in this region the action indicates the
same result. In addition the positive rotation evident in this
field should have an influence in faciliteting the formation of
wave cyolohes on such a front. The limportant fact that this
formetion of the new Polar front off the coast of Aslz occurs
between fresh Py air and modified or returning Pg air has not
been previously recognized.,

An examination of the cyclone tracks and the distribution
of cyclones in this region shows the actual importance of this
frontogenetical lins. Chart (21) is prepared for this purpose.
It can be seen that most of the ecyclones during this scason
occur azlong this frontogernetic line.

N.V. Stremoussov has studied the synoptic processes in the
Eastern Part of the Asliatic Continent and the Adjacent(ggés.

The author has not had the opportunity to read his whols peper
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but has only hed available the English Summffies guoted in the
Bulletin of the fmerican lNeteorological Sogzgiy. He points
out that'in winter cyclogenesis shifts from the land to the sesz,
teking place at the Polar Front between Continentsl Polar and
Maritime Tropicsal sir masses', The ldea that Vr. Stremoussov
suggests that winter cyclomes in the Far Eest are formed at the
Polar Front is guite true but evidently he felt that onee off-
shore the front occupied a position between Continental-Polar(Pg)
snd maritime -Tropical air masses, (Tp) The charts (22-24) here
published tend to show that the winter cyclones are formed on the
Polar Front before it reaches a position in its southward travel
that would indlcete the interaction between the Pg and the Tp,
This can be proved by the fact that most of the winter cyclonss
in the Far kKast asre started along the southsastern Chine coast
to the Japan Islande where either sbstractly considering the
position of the Peciflic High in the winter season or prectically
tracing the air flow from the dsily weather charts of the Far
East, there should be no real maritime-Tropical air. The author
has examined many winter cherts for the Far Kast and found that
the cyclones are formed at tne cold front by wave perturbations
during the course of the south sastward movement of the Polar
front to itse southerﬁmost position hetween the real meritime -
Pacific or Tp ailr. This ecan be theoretically explaeined by dia-
gram and practlecally lllustrated by examples.

From the theorsticel point of view a cold front developlng

at the frontogenetical 1line should et first move rapidly south-

ward because of the large offshore pressure gradient always
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present along tie coastal regions of Asle at this season, as
evidenced by the outflow of air from the divergent center of
the Slberien High, Under this condition of repld movement
the cold front should be relstlively free from wave perturba-
tions and should appear as a smooth curvs. As this rapid
movement southward beglne to diminish the alilr masses on each
gide of the front continue to be modifled by the journsy over
the warm ocean surface, and instability developes. Consegquent-
1y & flat wave is very easlly produced along the Ifront and the
first step in cyclogenesis is completed,

If the main High on the Aslatic Continent still sends a
strong current southward the cyclogenssis may reme&in in this
stage, le. in the form of & flat wave structure, or tihese waves
may even be destroyed. On tue other hend the cold front gen-
erally becomes less active and the developed wave becomes
stronger. Finally an occludlng cyclone 1ls formed at the wave
crest. An ldealized process of this kind 1s illustrated by
the diagrems below: - Fig. 22

A8 occluslion continues and brings the cold front to its
mos8t southerly position where X. Blerknes and others have shown
ite average ssasonal position(zz)be, it meets the real maritime-
Tropliecal air Tp , from the Psciflic High, and new waves may tend

to develope along it.
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Fig. 22
Ideal case of Cyclogenesls at cold front by a wave
perturbation. ‘
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Examples of complete and incomplete cyclogenesgls from a
cold front in the winter season in agreement with the above
discussion idea can be easlly found on thse dally weather charts
of the Far East. An example of complete cyclogeneslis lg given
below; (Chart 22 24). |

The cyclone chosen for this example only took three days
for its full development, The first day, Jan. 15, 1933, of
the map serles even the front itself which develops the cyclone
is hard to recognize. One day later the existence of a frontal
system is evidsent on the map with an sapparent wave formation
already on the front. Evidently one of the wave crests of the
system, probably the foremost one, finelly develops into a cyclone
near Xyushu Island of Japan 28 seen on the map for Jan. 17,1933.

It is clear that there should be no real T, 2ir in the warm
sector of the cyclone at its inception bscause the clrculation
field during these days shows the alr with e continuously north-
erly trajectory behind a previousgly existiing f{ront whieh has
moved southward. Therefore the eyclone is not the result of
the interaction between cold Polar Siberian and warm Troplcal
Pacific air masses but rather between the two types of Polar
Siberien alr nmasses previously discussed.

The zbove eXample also serves as a good illustration of
actual frontogenesis in the field of motion. On Jan. 16, a
gsecondery deformetion field is formed in the general frontogen-
etic region at a position between the China coest and the Japan-

¢ge Islands, with the resultant splitting of the High in the
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north. The deformation axis of this fisld which 1s shown on
the auxilary chart for Jan. 16th (Chart 25), mekes an angle
with the isotherms smaller than the frontogenetle angle,g',

in the region on the west slde of this axis. Thus we WwWould
expect the development of the frontal system to be accelerated
in this territory. Two indlcations of this developmsnt can
be observed, first, the increased crowding of the isothsrms
along the southeastern China coast as shown on the auxilliary
chart for Jan. 17th, Chart (26), and by the qguickly developed
low center on the map for that date. From the deformation
fleld and isotherm chart for Jan. 17th., we can see that the
deformetion axis of the fisld has been negatively rotated.

The result of this rotatlon brings the axis and the isothsrms
more ne&srly parsllel, a condition which would lead tec further
intensification of the syster on the next day. This antici-
pated deepening 1s shown on the mep for Jan. 18th,(Chsrt 27)
the pregsure et the center of the cyclone having dropped from
759mm (29.9in.) to 737mm (29.0) during the 24 hours.

It snould be noted that in such cases the cyclone wWill
not develope untll some time after the cold front reaches the
water, because before that time the front 1s moving too rapid-
ly end the air is stlll relatively stabls. The fact that
most of the cyclones in the Far kast during the winter sezson
actually start in the arsa from the southeastern China coast
to the southern part of the Japan Islands alrecady offers proof

of this.
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(28)

¥r. Richardson, from 2 statistical study on the distri-
bution of cyclones over the North Pacifiec Ocean in the winter
season, (see Chart 21.), shows that the region of maximum cy-
clonic frequency is qulite far removed from the Pacific Polar
Front (Pazifische Polar front of Paz.PF) as determined by V.
Bjerknes and others in their book Physikalische Hydrodynamik.
Actually Richerdson's dlagram places the storm tracks along
the computed frontogenetlc line gilven above, rather than along
the deformation axis &s indicated in the above rsferencs.
These two 1lines represent different thinge and do not necessa-
rily have to follow each other closely. The deformation axis,
1s formed by the field of motion only, while the frontogenetic
line 1is determined from the distribution of the frontogenstic
function ¥, the product of \vx| and #, which hes the real im-
portance in determining the zone of frontal activity.

When the two are not coincident with each other, as 1is
the case when the maXlmum (vxy zone doee not fall along the def-
ormation axis, or when the angle @ is such that it does not
give 2 large positive value of I' along the axis, the actual
frontel sctivity or the resultaent cyclone tracks cannot coin-
cide with the deformation axis of the field of motion. This
1s just what happens over the Paclfic Ocean in the winter
season when the cyclonic tracks and the deformetion axie de-
noted in the Physlkalische Hydrodynamik are qulte widely sepa-
rated. The charescteristlics and the reel importance of a
frontogenetic line are thus further established by this

interesting example.



- 57 -

Ke
ACKNOWILEDGEHENTS

The author wishses to eXpress his thanks to Profi. Irving '
P. Krick, the Director of the Meteorological Department, Calif.
Institute of Technology, Pasadena for his guidance 1in this
re search problem and suggestions in the preparatlion of the manu-
sceript, and to Mr., Patrick Harney, graduate student of that
Institute for his interest in proof reading the manuscript and
discussing the materieal.

He also wishes to thank Dr. H.U. Sverdrup, the Director
of the Scripps Institute of Oceanography, University of Cali-
fornia, L& Jolla, for hie kindness in furnishing the Japanese
Weather charte for extended use, and the Librery of the U.S.
Wieathsr Burcau for loaning the author various articles pertin-
ent to this study.

Final acknowledgement is due the China Foundatlion for the

financlal support which made the project possible.



(1) T, Bergeron, Uber die dreidimensional Verknupfende Wetter-
analyse, Geofysiske Publikas joner Vol.V, No.6, Oslo, 1928.

{2) Literatures of the authors mentloned here listed in T. Ber-
geron's paper cited above. 4he authorvhas read Ficker's
papers of "Die Ausbreitunzg xalter Luft in Russland und Nord-
asien", Wien, 1910 and "Das Fortschrelten der Erwarmungen |
(der Warmewellen) in Russland und Nordasien", Wien, 1911.

(3) ©Sverre Petterssen, Contribution to the Theory of Fronto-
genesis, Geofysiske Publikas jioner Vol. XI, No.6, 0Oslo,

1936,

(4) Sverre Petterssen, Kinematical and Dynamical Properties
of the PFleld of Pressure with Application to Veather Fore-
casting, Geof. Publ, Vol.X, No.2, Oslo, 1933.

(5) W, Werenskiold, lean monthly Alr Transport over the North
Pacific Ocean, Geofysiske Publikas joner Vol.,II, No. 9, 1922,

(6) C.C, Chu, Circulation of Atmosphere over China, lemoir of the
Natlional Reseérch Institute of leteorology, Nanking, China,
1934,

(7) ¢.C. Chu, A Brief Survey on the Climate of China, liemoir of
the Nationai Research Institute of lieteorology, Nanking, Chins,
1936 .

(8) =, Cherzi, Atlas Thermometrigue de la Chine, Observatorie de
zZi-Ka-lWei, Shanghai, China, 1934.

(2} Pilet Chart of the Horth Pacifié Ocean, Hydrographlic Office
of the Navy Department and the Weather Bureau, U. S. 4,

(10) Hsia-Chien Husng, Air lasses of North China, {(not yet published),



- 5

(11) W. Werenskiold, loc. e¢it. p. 16.

(12) V. Bjerknes and others, Physikalische Hydrodynamik, 1933,

(13) =E. Gherzi, Alr lasses acting over China and the adjacent
Seas, Beitrage zur Physik der frelen Atmosphére, 24 Band,
heft I, Leipzig, 1936.

(14) H., C, Willet, American Alr lass Properties, 1.I.T. lieteoro-
glcal Papers, #.I,T,, Cambridge, liass., U.S.A., 1933.

(15) V. Bjerknes and Cthers, loc. cit. p. 20.

(16) c¢c.C, Chu, loc, cit, p. 16} (Circulation of Atmosphere over
China)

(17) Sverre Petterssen, loc. cit. p. 2.

{(18) Shio«Wang Sung, The Ixtra-tropical Cyclones of the Hastern
China and their characteristics, lemoir of the NHational
Regearch Institute of leteorology., Nanking, China, 1931.

(19) C.C. Chu, loc. eit. p. 16. (Circulatioh of Atmosphere over
China)

(20) V. Bjerknes and others, loc. cit. p. 20.

(21) C¢.¢. Chu, loc, cit. p. 16. (Circulation of Atmosphere over
China)

(22) V. Bjerknes and others, loec. cit. p. 20.

(23) sSverre Petterssen, loc. cit. p, 2.

(24) Gerhart Schinsg Die practische Wetteranalyse, Hamburg, 1932.

(25} H.V. Stremoussov, About the Synoptlc process in the lastern
Part of the Asiatlc Continent and the Adjascent Seas, Jn. of
Geophysies, Viadiwetok, Dec. 1934.

(26) Bulletin of the American lMeteorologicesl Soeciety, Vol.l7,

No .10, October, 1936,



- 60 -
(27) V. Bjerknes and others, loc., cit. p. 20.
(28) Robert W, Richardson, Winter Air llass Convergence over

the North Pacifiec, Monthly Veather Review, June 1936.



- 61 -

EXPLANATION OF SYMBOLS USED ON SYNOPTIC CHAKRTS
Unless otherwise indicated, the charts are for the observations
of 12 noon, 120°E Standard Time.
O Clear
© Partly cloudy
® Overcast
L Raining
*@ Snowing
AAN\N Intermittent rain area
v Shower
XX\ Rain ares
Aa s Cold front
e o o arm front
seae Occluded front
Air nasg symbols are as given in the text.
Number of‘barbs on wind arrows gives velocity in Beaufort Scale.
One half barb represents one Beaufort unit, and each full barb
two Beaufort units,.
Pressures in mm,., are given to the upper right of the station,
and temperatures in degrees Centigrade to the lower right of

the station,
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