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Some Dzscz«zsszons,on the Accwacy of Typhoon

Radar Tracking Shyue-Yik Liao

Abstmct

It was quite tedious work to locate a storm center from a
synoptic chart which was impossible to give continucus pictures
during a short perfod to show the storm movement. Radar may -
be considered as an instrument to solve this question. From the -
radar echoes, it presents a continuous, instantaneous and three
dimensional view of a Typhoon which wilil be able for you to make
‘an analysis on the structure of the. storm. However, the echoes

. reflected back on the radar scope is still subjected to some
uncertainties from interpretations. The elements of radar wave’s
length, pulse width, peak power of transmission, detective power .o
and range, antenna parameter, and._operational condition are
possible affecting the characteristics and amourit of echoes.

Some uncertainties on radar echoes in Typhoon tacking during
previous years are made comparative studies with synoptic
analysis. And a few interesting results through this investigation
have been achieved.
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Fig. 1: An example applying a logarithmic
spiral rain bands of typhoon Della,
23632 28 Aug. 1960. The point A,
and B, are the center of typhoon
determined by applying logarithmic
spiral to the rain bands AA’, BB/
respectively
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Fig. 2: An example of the method deter- -
mining the center of the typhoon
Della, 18007 29 Aug. 1960 geom-
etrically. Two methods exist in- -
choosing ellipse in this case

2053 220 By 80 432 10408 o (HTESHEIL) o
BRI FERS R 2 NI 0 BN B e RE RS
TN > AR RIS SR o 45
 BERIEREA EHEXRLTRYEE S
FPBRES » FafEREEZERR o SERH®
RzHE  SARAESRRN  EHEXFEIRI—%
TR R L « WILEEEE » SR8 1959 4
A_ustin Paulin M F#H#EZEH Spawind ZiF
TR BRI BB -

Spawind & Small precipitation area wind
AMNEKERRZNER 0 /R Ligda BISERHE
FIFE » RIBEE L/NE RN Bl s 2 B R o B
Austin ZF% Spawind = HEFEEDIER S
ZEGE » S bRk R E RIS T
Spawind MHEMEBLFNFEETL Spawind o %
TEAEEER LR R R » R
BEE H—BERACEREY » BRREERERER
[ HCET » Ak g A A I 2 Re AR 7E o
FALRREIMPETT » BERERET » BlLERE RS
BFR » AL ATRRER R P2 B o

Aoy BRPEE . RERE

RE494F 8 B8 H 158 » B2OH1TRER] » & 48
FIRFERERAER (Della) BE » HEEEN
FEREEEE  BEEESSLWUN - BEREE
B i BIERE R R E A ROEE el » TS
BRI A BRI » 12 Pl ¢




— d e

O BEREEZEARE

F—baR SR SRR TIETE S ER L
AFANBEA > BT S hRER B R A E 1B
REBESI0AR ) BABER B ARZRE o)
ERETRMBHFERERERRE » EERBITR
o BB IR  BRBEEZ R EEOT
7 s RIRE » MEER 10F20 AEZRE o

6 mAAMYRESBRTLZ RS

AR AL » BETRED L2 E AR
FIRAY TR R AR E R R O B
A EWA R PO L hETR o SREBRZMER -
BEREZ FEBIOAR » BABITARH -

6 SRS A R sk AR B
 XTREBHZRE

x=10° ~ 11° « 15° ~ 20° 2= U {RiE i B HL IR »
HEEAE 3 CAFTR o BB RS E LTS A ER
RES, » RA x 288 » BRPIRERHEEEEE
EER HILFEHBRSC 75 ARDRNZE &

125 Km
B3 iEEARHE

Fig. 8: An example applying several log-
arithmic spirals having different
band crossing angle x to a rain
band
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Fig. 4: The distance between the center .
of typhoon Della determined by
geometrical method and that dete-
rmined by using the logarithmic
spiral rain band
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Fig. 5. Speed of the center of the typhoon
Della taken at an hour interval.
(O :The center of the typhoon deter-
mined by the geometrical method.
®: The center of the typhoon deter-
mined by applying the logarithmic
spiral rain band.
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the earth and the positions of the
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The hatched area shows the
region which can be detected by
that radar with pulse width 1°
when the elevation angle of antena
is + 1°
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Fig. 8: Track [of the.typhoon Charlotte
(18~19 Oct. 1953) decided from
radar observation and surface
pressure observation.
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‘Fig. 10: Track of the typhoon Della
determined by several different
methods _

®:The positions of the typhoon
center at each time desided by
surface pressure cbservation.

O:The positions of the typhoon
center at each time determined
by applying a logarithmic spiral
rain band. -

A :The positions of the geometrical
center of the eye walls at each
time which were taken from the
composite maps made up of radar
echoes.
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Fig. 11: Track of the typhoon Shirley
(31 July~1 August 1966) decided
from radar observation, surface
pressure observation and recon-
naissance aircraft observation

(Q: The positions of the typhoon
center at each time decided by
radar observation -

@: The positions of the typhoon
center at each time decided by
surface pressure observation.

4*: The center of the typhoon obs-

. erved by the reconnaissance air—
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Horizontal Advection of Temperature C. T. Chiang

Abstract

Horizontal advection of temperature is the physical transport
of the property by the horizontal wind. It is virtually a 100 %
process. But a number of empirical rules have been developed in
the past in which certain properties, e. g., isotherms, pressure
patterns are moved at 50 % or 60 ¢ of the horizontal wind.

. Although some success is occasionally attained by such computa~

tions, the concept itself is erroneous. The fact that horizontal
advection may sometimes appear to be less than this is due to
the action of the other processes in the following equation, i e,
vertical transport or parcel charges in the property.

The horizontal advection of temperature is very important
for weather forecasting. Sometime the presstire pattern may not
be representative of the weather displacement, but the displace~
ment of isotherms are reliable. In this outline several methods
of computing isotherm displacement will be given which can be

used at the surface, 850, 700, and 500 x_nb.
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The Solar Atmosphere

o
RAE

Yuan-Heng Wei

A description and discussion of _:the general characteristics of
the Sun and its atmosphere are given in this paper. Especially to
the isolated temperary phenomena, such as sunspots, Faculae,
Flares, plages, within the solar atmosphere which are important

to influence the space enviroment and the earth are discussed in

some of details.
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Some Dzscusszon on Modem Theorzes Of Cyclogeneszs

Abstract -

The cyclone W@s Qenf;;rally;formed‘as a result of wave distur-

bance along 'the' frontal surface. The idea was first initiated by
: Norwegxan school ]ed by BJerknes We learned that the cyclones

. are not deflmtely appear 111 a mode along the frontal surface.

Margules had suggested that the kinetic energy of cyclones was’

derived from the potential energy with horxzontal temperature o

gradient, and caused the development of cyclones

Latest 1nvest1get10ns from Fjgrtoft, Eliassen, Bjerknes¥-H0lmbae" o
and others have d‘ontributed much knowledge on the instab— o
ility. Other authors such as Sutchffe and Estoque have formulated -

the theories of cyclogenesm in- terms of vartical velocity and
divergence.

Since the World War I, the increase of upper air data with
the improvement of method of computation by means of electronic
machines had proceeded the study on development of ¢yclones into
a stage of numerical prediction. The trend will keep on going for
further development in coming decade.

Conclusion hias been made that the problem of eyclogenesis was
a controversial subject during last sixty years and is still a parad-
oxical subject in the field of meteorology. This paper made a per-
usal on the discussions of the subject in history of controversy
which will guide you to the end in making further investigations.

Lin Ruey Shan -

L _—
—Hy B oo

419044F Margules B3 Sk Bivk FH MR
Z R frhe » S TR RE T RS R 2 T 22
) AR AR BRERRES R ) I
BEREREBEAH LI o SN R BRZER
BHLEEMG o Tikkgh Figrtoft, Eliassen,
Bjerknes-Holmbae BFFREMER » MEER
BSR4 EW, o Eib Bjerkness e EE
ZTRZHA » iy Sutcliffe, Estoque FiREHE
2 I B B R TR L S o
IR AR E R AR 2R Rt o BB BRI
FEAED » HERERARE » HRSARHZE

&TEELET#%%ZML%@ ﬁ:&ﬂ@?ﬁﬁﬂnﬂu
&ﬂﬁﬁ%ﬁﬁ‘ﬂﬁz% FREEE o ¢

=z @ﬁﬁﬁ‘éumzﬁ/\‘f‘ﬁngxﬁﬁiﬁ =
BRI TR » H R TR%@Z%%@%EQ o
A RERERBEBERZEE RLFHTE -
PIBRSHBIARZEHS

= BjerknesZiE‘;ﬁ@ﬁEE?ﬁ P o@em

BB (Norway) Bk EREBERR AR
hEEE AR EREZ AR » Wim LR EMBIE
BT AR o k3 19864 C. L. godskesen BHEZ
By RETREFLZHEF2EEEER » B
(—)EHEZREYR (D) BEE LB (2) R



(shear) ZREBiEfhis o HAIRULBRYIME
REREZED o '
() BhE: .
HRHEREEE  ERFDER—BEE
HEMZHFEALED (BHEBRREELEE » EMNE
ETE) » MELREHE LY RE—Eg H
EHY e (%E Helmholtz wave) o RS
PR R ) MAERENE ) REERE
FEDEZREHE » K& 500m = 1000m 2
» TREZ EMAIRENE » KRB o I R
FEESHERBHE 24K o (2 1)

e U .+ 4

%

Bl EK%@E#&@EZiD’JS&
Fig.1 : Showring the growth of gravity
wave on the frontal surface.

(=) B
SRR — 2 E B ER R ERS 0 BN e
RAZENLDZIER  RHRE-ERE > BEHZ
REER » Be o Rk EE A » oIREE

BNEE W AREE v ATLIRR A

. v2= 4(09 Sinz {f rersersrsrarstiniasrsrines e (1)
B » IR ZEBIEE - AR/ » TTE
TR BEERBHEZHEAS  BERHBERE

W R R TT U S AR B S o (ANE MR R
L NERBESERE  REEERENERRRRERE

i oy
(=) B
WEREEEN ) FRgfEZEIERE » R
EEESATE L s BB —~ERE ) §2EYE (shear
wave) o TMEHRIEEFTRAZHE - vREREZ
AREERu o » ARz EER L » BRENE

Vo K HTHRBER
' Vi ._%22 (U—0")2 erverenrerennieiainan (2)

By (2)=NFT40n 0 (RARENIK V SR L Rt » iER0R

—T17 —

THRBEZARBERABERZEY « EXFESE -
PR RIS AR T SRR EHER
BEEEHAY » B ELR1000~30002 BN KIS
R & B BT o |

PA LBl Rat i S Mk in SR B A0 SRR
R RBARERZTAE o BED LSERRESE
MiEREERR » PMERB T E R ? BN ILE -
19304F Solbergw s HETHRWEWT ¢

EARFRZ 2 ABED T2 EkRlE » Hoitgn
BRZE $R1E 05 AIREY T HARIEAR B/ » ELHER B2
BRI RIRAGT o REESILRNE » EEEH R
BHEZHR ) HRREBARBREBE o

QERERER » AEHZBRetEREE > [
T REE RS FEE R o MBI REEBERE
W o

EERFEENR » ZEAZMITRE » BRAKRPH
i » RTESERT QIR o nffZ RIE vk s,
Mz SRERK R 2 TR » BEBREAR

| it "%-Z-W si&
3 S oL [ ____
BATAREAL
aboo )

jovo

2 BEEBRRZRBEMREEZME
Fig. 2 : Showing the relation between
stability and wave length of
.cyclone wave. '

EWZ AR PRl T HTlAERARE:

S 2mQU—w) e,
Lx = 2w sin ¢ 3

HE LefBZBERME o H)ATH » 7 1000~
30002 EWBERN 2 ARER  MTRREEERREE
Wt o ‘
PLERRit » &R Bjerknes Z{EFB i ER 8
o HER LEREZHA  RERERFEBTR
y MBS AL o« hEERETEFEMR



— 18

REHFIPIEXRE B AR o HILERE90542 Margu~
Ies E& ' R RREES B %fﬁ%ﬂ&%@ﬂiﬁ’:
S WEBHREY o :

=~ Margules Z{E& B IHESS COEHO0WRE)

ZE19044F Margules 387 : B FRZzFERER
B SERETERATETHE » REBREM MR
AAMBEZRZHE - R IERAEZRD &
By @i » LIERMZ B EGERT ERRE
EFEZ EES o % EMargulesFS > 31kt R
T (RFEFTERIF2EES)

“—Psz -i-Px’i‘u PhThI) —Pih ceearenee (4)
Xﬁﬂzﬁﬁﬁz%@ EEE=—5T A 7 +K(P0T01
_._PriTifl"l'PiT{a—Ph Tm) Phh ......... (5)

- BBy = 5-myvi=Ea-E{ Em=T22E2)... )
mkzﬁﬁﬁzﬁﬁﬁﬁﬁ’ME%VW%
Vi= P P (Ea—Eg}ssereraraernmnirnonian (7)

() &EKHZ%E&%@&EF?R%SB% (2
EE3B) :

(=) BRRAZRARERBLER LTR (8 BRI IR EL = e (TorPes
EEBA) 5 ~TxPn+TuPoy— TuPs) —BPih «-(8)
T A BB =~ 7 jK (PiTo; RIS Z AR, —— 2 B(ToPh
& ~THP{ +TEPl — TwePrn)
4 98 . L& R —BPphereererriierminennene (9)
BHEx= 5-mV*=E.~Edfim
i ; [ @ A; _PemPuy (10)
\ ':.‘ A :r,f,f,-.;,-.,-,n_-. B, 52 ig‘ . g
P % | g m=SEHERE Vo FE
‘ — P8 (B_E) e
! Ve pras— (Ba—Ee) - (11)
W ¥ EOZRET ARG SREE
l FEER 2 AR BREZREER 3.C
Tez & Y B BrE2 A TT/RE] 14.9m/Sec o

R

Initial state

and heavier air masses)
Py : iR Rk LB EE 2R
Py, AR AR R EZ TR TEZ R

Final State
E3A : EEARZTWEERFAER TR IR RARGIRE
Fig. 8 A : Overturing of vertically adJacent air ‘masses
in initial and fina] state. (layer 1 is warmer
and lighter air masses, and layer 2 is colder’

HE()ZBET & RBZEERIA
Bz EER s CR R EZR

#5512.2m/Sec o Ll FREHLRRML
ZHER o FE(—) 2R T EEER
BRERBEEEER  EnZEERD
ZRERBRZ B ) R TEH
HEARER SRR E(DIZER L
HEXRZFBH R G RO » Bk
S REBERERPEERR RSB
HE - plinEE BB ARIRERE

P, Pi: FERE RIS R BRI T R RE®T] > BERASEAR (THEP &
Tui, Tha : WAMKRER AMIRAES LB L2 R " ST S
p 3R) IRAERE » LETREZ R T
Tu,'sz : @%ﬁﬁ?&*ﬁﬁﬁﬁﬁz.&@?ﬁz%?ﬁ ;;;‘E‘E,)Zf&ﬂﬂ , ﬁﬂgb;‘{&;éz%éi
Tes, Tho : FVHRAR LAMIRAEZ T B L L KR SREERIAL
To, T : DA RASINIE:S TR F il 2 0 R & (11 ot
h, b’ : EERRERRAIR S LR U=Us—% | =5 gy 0z - (12)
hy, hi s B R RIS LR R g (% 1 8T
o, Bt ¢ TS FARAR A2 T BB V= Vo f x4 U8



J.& Ths. Lz: T, ,
| - 2) As I
2 SR S S _T, |l
e ,‘,r'z:"--.:_‘ PO‘ - &x -ra-z RV _.',-.'. YL et k’-. e te Y,

Initial state Final | state
M 3B : EREZR R A E K Rz Tk R R i e

state. (layer 1 is warmer and lighter air masses, and
- colder and heavier air masses) '
Pu : TR RREIRES SEB LEZFR
Po, : R REZ AR BR T H BB
Po: : TR FR AR TEZRE

Fig.3B :Overtring of horizontally adjacent air masses in initial and final

layer 2 is

Pi ¢ AR Z AR FE L R
Pl Rz mENs RE
Thl: Tl)l

Wk AR A RE L TEHS EE

Tus, Top » FHPAREZ AR REE L THZRE

Tha, Tt :
Th, Tt
h,kW:

b, hi: KR EEZ LFRRTEZEE

RITFTIAY » BB A ERE BRE 2K FRER
EH: o A S SE BT SRR R SR B
KRB TR » SEE R i0n » (HSER A A R B
ZEE B EARTERARBEEFRERBRSE
&£ o B —~FEgiE s H—Bz i NS REEREE
ERAGRAERR ) Rk BRI 2
ERR » TR » ST S R 2 o
B8 R AR S e ek

[ ~ Fjjrtoft %Zfﬁﬁ@:ﬁx

BT (1M
B TEEEBARSD » TIEM 2w | 2
BR7E » 24 H Charney@dom pRisise » ik

¥ Fidrtoft, Eady™, Berson®™@® Gambo
anam) KuotU® Thompson®™ Eliassen®™, &5
REZTE o BEREEEFIFBE S BERER
W BB BEHREARNE - 24 Figrtoft &
Ehassen WBQZ@ Wi o :

QSrtoftZT*%ﬁEﬁ@A . (¢l ))(311)(’01))(338)

REMET L L THE R
FHRAEE TR LT & AR
R AEFCRER B E R R R

Hig Figrtoft 2% ;

vi- (1 ) )

(L) e

. EREETHZEE (B
) o
(D EL SRS ERRERZIER o
@OERTEABNIEEZ BT » BRERRE
W REB AR LM o
(8)#Hi A 2% (Rossby factor), SFRHTEER
FHEE» RS R WA B A PR o
IR B EASS ¢ SURIE AR R0.65°C/100 m,
fiFjrtoft = AR BHRYZBERLZ ST
RRAATTE 4 5T 2 i 2 o 50 o i TR S A A
TR AL o LR » RETRZ g TR
BEREES » ML LEZERERBEES - &
B FER 2 T (0 3, 2, 1, 050) BEET




- 20 —

5.. M ’J/.

‘ % 06’ ' 4\\66
Te T2 1 oY% %

g \ z A o
3_§ + ,/\,. ////
2k . ; Z

G \ 1 ///

“?fil&fﬁ
' _ \,Z":/’ 1
_ WAVEI'.EN GTH -'-u'mr 1000 km

1 2 A 5 &
i pEEERRBHhZRES

Fig. 4 : Growth rate in baroclinic insta-

bility: Solid curves indicate the

doubling time. Dashed curve indi~

cates weavelength corresponding
to maximum growth rate,

- REBRRR 2 EHRZEY o b LE TR

ST S I B A ] ZE2A00KIMMHE A 3 B 2 SRR
KIE R H W BT RFIRE o MBI EAIT00kn~
3000km FE » R EEEGN (IRREEREA
) o RS R NG - BB TR R
B o MAZEREHBRARE = Tk &
8000km FTEREBEE 2I8A » BB R
BB R IR 2 T A MR D o

(=)Eliassen fHERESEE : W@

B 5 (AXB)(C) hEiREREFFRBENTE
i B AR o

(AYEHI 5 (A) FTRUE I MR g + LSS
BB A » BUESR 2 F L A 2 Bl s » B
B R ESERNEA ) HbE LR RBE PR
BRR L AR AR RS » e TEAE
Y E B WHENS RRES RS EASE
o LT AL B I A S R R RERAE o

(B) HE 5 (B) THERERERER » KA
B RN B B 2 R AL 2 RS A
BB ER RN BT FESRYEBRZ T
Bz R R A R AESE ) TE TEBEB
B> RS 0 TR 2 AR B o
RTREA L ROTERRN SRR E

B z

=

SOUTH uoum SO

&5 z
E‘e \
” \‘\\

.'NDRTH OUTH NDRTH
B5 : BErRe REdbED EE”‘U@Z@EFFLE@E
S
Fig. 5 : Schematic meridional sections of
baroclinic current. Thin sianting
lines: potential isotherms. Arro-
" ws: Meridional displacements of
parcels in.disturbances. A. distur
~bance of short wave length. B,
disturbance of medium wave
" length. C, disturbance of long
wave length.

(C) #3185 (C) WRLE A B RFR NG » Hax
REMERR K PEFHB R (BIEELEE) o Bk FT4
HApp2 i@l h » MAERRERE » RpERME
MRFEEZRERE B ERBEAEERLE
o SEMBRER R EEER o

WU bt > #ERBREER » HEK5EE
RRMEZIE o B8 TR REBR LI HHAEE
BWIORRME RSN KWEREZEH ) 1
I BTG (hn 850, 700, 500mbs.-25) 2 Ik ()
SREARER ) RACRBREZRE » AIEFR
& MEEAE ERARBE L BETER o RRE
HEBERwhER  EBRERE (—2ET7E
B) o MEREHRERRETREHERF 21
R e REEIHERBRREER ZMG » M
BELzERE -

3 ~ Bjerknes-Holmboe 2

S (100){22e) (220} (250
Eﬁﬂﬂ( 1{22a)(220)(23b)

REERBETE 1939 £ ARERRZERN
dy BRTERY (Planetary wave) ZH4E o &
ﬁﬁm@jkﬁ(Barotrc)pic—atmosphere) thza&E
EESBOHRERT  rEERSBRENZ EEAM
& o g B E S BRI R R & 3 A 8L > BChE
BRI 0 AR I A W R AR + T R
FHER£C ﬁE&ZEK*EE&S s U £ Zonal B,
B fRERABF k—~—-  RBLBEE LR
Bl o £ IRIEENER > f ﬁl’rﬁﬁﬁﬁj} (Coriolis

//
W




force) » Q BT EHM + ABERZARMF 2
(Ut -AKsn k(x—ct)
=FQ=fQ ceerriiennnisinnesnnnn (15)
BE 6 R R EBERSREZ MEE ) 5 ER
WA PR RS » SRR B BT

(=B 6(A) HEIDIEH » #C<U— Lo

» FEGE R IR AR > DISUERH AR RB TR
BRI RS » MERELBE o

(=) E0E 6 (B) LA » 35 C=U— -4
) RRBRAEEARIER » MWEEEAT) o
(Z)HE 6 (C) B LE S » HCHU— Lo

' R ETBEES  REERSRELA - 18
P R T » T AR (IR E) o

_2 A 2
ey K Cm U~ Pl - @
#h >
ﬁ “"~-\'</ ‘ N
. — s
RN
T

7

~___~
]
A
B 6 : ERAR D HEZESSE
Fig. 6 : Distribution of divergence with

sinusoidal waves in the barotro-
pic atmosphere

D Gt B R ERARDHBBE A > 58
HARFRAEFREA R LIRS » RATREERZ BRI
RS A B 2 B & o TE AR A R R B
B RS R EARZE X MR R i 2 15
 RBEBARSEE £LR(D)ZEAEF~ER
R T A R R A G R I AR S R A

kﬁ¢§%ﬁﬁéR%ﬁﬂﬁﬁ;C=U—eﬁﬂ2ﬁ

FEILE RIEARNEREA Bk REREAZ
RIEEREL  ERAEMN EZARRPEBHLHAT

i

— 921 —

Wb C>U=——5- 1 TERABENTZ ARHHEDL

B obth C>U- B o R EBBEER2EAR
R AR R | RS » AR R
BAREREEAERZIE « RRh 0T Gl
BB, o HULFE A R ZIE R IE A Z BRI
3 o BRERA RS Z ERRE T B A LG AN
W BT 7 R LR BT o

- yricr I
BB  whopEi
7 : ERIARDERB e e IEAWR
SR
Fig.7 : Distribution of convergence and
divergence with barotropic wave
in baroclinic atmosphere

(1) HE7ERIEER m 2 B S R R » S

| B EMESEE  EVRE As—O MAMEREEE o

(2) TESEMBTERLAT 2R » ED R
» MIABRBISEIRZ (AR S 180° o

(3) THEHEELEZARE A » BEA PR
%?%ﬁﬁ%ﬁﬁZ&ﬁﬁﬁ’@%WZﬁ%ﬁ@%
e

2 B RERABEA RS BERTRE L s
PR » AR B R EIR T AL BB S o AT L AR
TR o REE LB Z KT RS IE IR
» FEBSE BRI B Z B IR
o RUNKRPPHEF AL PBWIB K » RIBEERE
iAo BRI AR R R R SRR R AR
hZ BB ATREWE) o MARERZ B o
R B 2 R R T » TR I 2 B K
L5 o IR 0 7 LB 2 SRS B
AT IRAEEE » DASCRE MBI P 5 A o AR
EzRRERBEENZRRRE  MAEYREZ



%
o & Div. comv
g
““-\
mmhg\
DIV Y von-divergeneDiv
Fome~__ v __— ]
\\\0 <. - 1S0bar
\\_//Hﬂ;\ ~~--~ {sotheym
28 : *hﬁ@&@ﬁZ@%ﬁk@

Fig. 8 : Tilt of troughs and crests in young
intensifying upper wave

BB R EA 2 SR o BRERLEBEREG
PERSE (Z2RE) » ZEEBZREEEILE
ZHEEE » (AEEEENER o hERERRE
PR B B SR R S A B AR B R
B s » RS RBAS RE AR N AR
BERE - WHEFREERRES > EZRERAR
RIS R EGERE:S SRR » BT LREER
BZRasAe 2 AREENERER2ES - TE
{RABEVEE » BRI 2 BRRR » TR
Rtz iEd o

PIEFTE 0 (75 Bjerknes K& Holmboe
B&(un))(wu)rzaa)(azl (280, )Z’{Eﬁgﬁé m% ﬁ.E%T
AHERBHMMBELNR » BAZHENTF

(1) FHEIOTARR—REEE » HAEKRE

ARBEEENEELAEEERE o FEik b8 RS ERAEKFES  MAERRTEEKTES KK
REH ; EAE— A2 EREERAREEY  2E LEA
(D RSy b2 BEMAEE ERRs  AIKTBHETERSRAZRE
()
(@) FEEFERTEE D L= R TR TR yopauvel__
(&) o IS0BARS 3 .
(3) FEHRBEEN T2 REHRTA THER i - it
(&) o : \\‘- g B2 gl
@) AR T 2 REHEES LR R [T~
(gt - x
RN LR R R B . E R R TR g
BHEEZEARKAN  THREREZER - @& g
R 2 2 R L R TR R TR BR SR T » ZESETETS cow [ \g oW X
TR ) AT BEARERE  siuso N
o M HERBBBAEEE BREARLER PR 2
B4 R BBk AR  TEAR R T B (Ki2~3km) el N %
— - ‘ W - l
CLOSED 1S0BARS pIv: conv |
FACTION LAYER T g_.-—- .
FI0Ee T E77 77777777, B ”C’E PQTER i v/

B9 : (it A 2R EBERRE
Fig.9 : Concentric cyclone in Westerly
belt

PROPAGA TIOM ‘
110 : SR B g o 2 RS g i
Fig.10 : Distribution of convergence and
divergence in a zonal section
through a cyclone
(@) EkmTE BR > FR—NERE ) RFER
e > BUZEHRT R R TR AT B A K i
s (B HBERE BT RTEL 7 MANRSER
EAKBESTE c SEATEZHE » BERNE—E



KPEAERE o
b/ O et %{FHE%BE/BGHC%EE‘&_EEZK:WE

& (@ES) BETEZAPEAEIEEIRA E

R RBE M RE > R0 RO AR FAL
HER—
FHES - PREREB T E FEREEA KT SR
B ANFEGAETEZIESE  MERBRERERE -3
BEREMERBAZIES - BES MR EBEEHE
r RHFEANE B RERH - BREERERE
BEZEIREARAENABERZ BER ) H¥
MM RAFERT o
72 Sutcliffe 2 {KE BEEG
C mo@een ‘

B Bjerkness-Holmboe = & ® B B48%
% BEREIARRRBZFHFE S THER Sutcliffe
ZAEEB B ARG o fiEEEREARAMEBEE
BIER » R ATMERBE AR  EREIRIIRE
BEBEHER o 7 Bjerkness-Holmboe ZHig
B ARhEBZKF ERIEEGZEN B
2L RER L BREAR LEZEAER
EfeiEm RS e B = AR (L Bl R E
FE—H & (&) RBREBHZTERES (O
» FERIER (&) > MEESEEE- mﬂ%iT

Bz iadiEE o RUIERHE o (ED%F‘ éﬂi{iﬁf‘sﬂ
A2 RBBRAE) ZRESHER  mE 11 Frx e

Bl L g2 RAES (EAZRE) A

BREEE

WEERBR MM B RN ? R T —ENER
r ENiEs A EARAARE S ERTEEER » §F
THIZ R AERBRESEREZHE » AEERXR
R ABHYREZRRERRBEZ#L » EEFRE
EABMEETIAEEZ o HEZ FREEEEZ RER
HBES ARG REBEZEBARERLSER
B BREABHEFENREEZRREEZE
BHRIETRNG - a—WRR ) ERRZBEEEFAR
FEFBEZEREE - REARZBLRERRS
o QREZRWHERRBEE (Thickness) B

fmsEZ » (RREZIEEREE S T RIRRIE.

Wzl o i LEZEE > W FRER
BERE - Z2EOREZFREONRIEE LSS
mEERML » BRERREFUMEZ o R ZBREZ
THERBLME » BRBEHELR » REZRERA »

T (BN HERERER TR - RLEREe

EE TR % %& WE W
i T%—'

— &g v
@il EEEERE FARERIERZSES
HrE
Fig. 11 : Showing the altitude distribu-
tion of cyclogenesis, vertical
velocities and divergence.

Bk 2 FRETRIRAL ~ RIS L B R ML TR o 48
Sutcliffe FEHMHIEBRERTIES REEBL o

FETH  TABTE » A—BEESRESY
KEEEZ AR THAZE  —~BHBSRE -
MR L TH Bz B o ARG TGN
VRIIBEIESRIAR ) BHARESEES
o Sutcliffe I # Mz EMBE  XRDZE
B > SeRRERNTIRE MR FERA S
BREETR '

R

(f +E+ENF0 %%%%% ............ (16)

LAERZBERRTER  ZERBEER (D
ERBERE) o BEMEESZRENTRE &
BRERzE (DSREBEER) o ERARZER
FRETIZRE

_w§§= TR f A Z TR » EYRE

LB ZRER » T RSREBEZ1E » BHiEE TH
R o MWAFEZIRER » THRERES#E
HHPEE AR

VB AR TR EEES

HZREPRZR » PRFARTEZRER 2B
SR P AR mﬂEﬁ%@ZﬁEﬁ@ﬁ [
FHABRMERZ PHRART



— 94 —
—w%%: BERZWNRERBE & TR

2 FER s WEZMERE » AT B RIERBZ B
B o ERARLFREZEA  BRMEERERZR

LR MSRERRZREREEN » BHRERE

ZBE » YULERREE REENREE o SEREE
BrMwHEmERBREREZBMAME 12 FR e

[E112 : WA H B (SRR B e R
‘Fig. 12 : Cyclonic and anticyclonic deve-
lopment in relation to the
thermal trough and ridge.

+ ~ Estoque Z{ESRERER
(813 (28c)

Estoque ¥ » HEAMAR Sutcliffe 2
B SERLETRRE o i R Rk AR
RARBEFERLAERENERREZMRG » TR
B 500mb % 1000mb ({8 {BER500mb HEEHEK
TIEEEE) 234 0 18 1000mb { L = WESML
e

(%_)10002_[\\“1 « V{E+1)] 1000 |

_+f(ap)mm=“[wh'(§fﬂhm

+—E- Vi (Ws00 ~ V)~ £viw

=W ovc$+f>lsoo+‘f*

Wisoo  V(A?h) — gfs VEG weerevnnne (1)

A EEAXTR » 72 1000mb W EZREB/E»
01 500mb WLz WEEY » BERRE (Vh) 2
PR VG FZHREZ o SREEEHAT ¢

() Fesmms G IS R AN « ARNERS
B2 B THLE/N e :aﬁﬂﬁﬂﬂﬁ"_tﬁﬁﬁﬁﬁﬁz
WERFR  BREFSBE -

@) BREARTRARERESAZRE (ENE
SER) »HEHIBERREEE BEATHZEBAM
HIE > W EEHERIIGX(ENERERER) + DB

BERR MBRERBZEBRE -

(3) ERECRHATER %ﬁﬁﬂxﬁ%ﬁ%z -
BILEMBE e

Mz i Sutcliffe & Estoque =BT 4 » A
EMERRERZHE  ERV CEREREZEE
Rk - ERAMMSER LA Eﬁ?f‘ﬁ%ﬁ@iﬁ&
) BERPHSHS » BRE—EHE D SSmERS
RIEIRERER SR RERERGF - XEEERA
Bz FRERESEE Sutcliffe HIRPHELT
Estoque ERMWASL » HREAERBEESZE
HRE  MHREREE  SEEfmE o REFA

CWSAR D BE-PHEARSENIMERBRELZ

2R RS RHERBRES ERNE ? BAER
RREZEHARBRERRE iﬁﬁ%@é’s’éi i |
o

A~ ﬁﬁﬁﬁﬁ?ﬁ%ﬁiﬁﬁiﬁﬁﬁﬁﬁ
R R

ﬂfZK%ﬁﬁ@ﬂ%ﬁ@miZﬁﬁﬁ%E’
ot B R 0 AR A S B R 2 S T A T
BEHARE » RMKERRE AR ERBZRR -
EREE  AIRBTA R S A RER R
Ko RHREER  mEE - R RESHMA% -
THEEE AR BERRSUEE K AR - &
HIRTBE TR B4 BRSO kB » TR AL
BRZARHEN  UBEARERS S o 54 KK
TR RRRLE ? In{7E A S R R
W HHI B ARIER © A% M ST R

(V) REBEBEERREL » EHERICHH
RS2 B B R TSR B A
Rrh o AMEBRHERES  BRYBS L BYE,
EVEE R R AR MERLZ K FE AR » TR
S ST ENAEARRARAERZ B o

(2) RUBEHREHIENER » BRREF
BREHL  MEERRERENARELEBER
EHERE - KAHBARE %Kﬁ#ﬁﬂﬁﬁﬂ
BT BT 4 DUREL BT o @

) ERFRUIERZAE » Bk (2) B
YR (DMEFRRZHEME » (MR
BRERE ) () BRGEFASERREZNE 24
AR o _

(4) RB B BESBEARERD IR 2 BR
B BRESERZEAME » THA Jacobian-

"



Relaxation s Jacobian-Lieban B&EHES
1o HEHEEEEREM ) ERBEREAERE
SIETEFRE o Ik > 7 1952 48 Fidrtoft
B #EBRESREES VY BH—EERERE
Jacobian # & Poisson T FREX o LREES
SRIESREERY 0 (B W+ Cd REEEBVAE  DIE
FAARBEERZHE®
(5) Pl EESEBRARENGLY=RTENE
BREEARRE ZHOLEY - AYREEHBRERR
TR FIBALES » Bk R AT EREBRE
W R R T IR AR IR
KR 2 R o M BRI R A IR
SRR EAET 0 FEERMEREEFRT @ 0
(6) ARBEFBARER « AR EFR
& HriadE ISR PR - REEARER
HAMBAEEE SRS IR A SRR EHET R
SEREE o APPSR A BERE S I BA R 2 R
#87% * B Charney, Phillips, Cilchrirt £57tn—
BiiEr (n—Layer model)®? E Eliassen,®®
Sauyer » Bushly,*® Eady,®? Thompson®” &
s =2 o (Parameter model) Mgt
B o ESHATEAEREEL 500mb WK H
BpiEEzHEEE  SBARZHEEERD » 8%
500~400mb Tz + SHERABREEEER - [iE
B B E0mbE AN EEEE  ERAR -

L~ #E

B

. BEHRmER FNEERBRETZzEREAEZEA
BIE ~ SRS SEE » BAT A B MEEEskhE®
ZREGMEE ) TSR ERZSEEN o EHE
FAEH ME LR ST

) EARETFERT » B4 HRE EEHE
~ GRS IEE AR o B TR A 2B E
FAHE » NERDRE ERER L ~ BE - WS
SRR IR R R YRR R 2 B o
ETAEEATRNZ GRS G EEES A » 7RG
H AR EFE DA —F o (B Charney FrBz =
B (3 Layer —model)#E » 1%/ 900mb & »
BEREETEE » W A3 REER - HETHERM
AT ETZ I SMEE » FEDERE « IEEE
REEFRRZMSE o

(2) TEIRETEHRY: » HEBKE MR » Bl

—_ 25 —

BEN 2 ERE TR ) ARRMEARR  ATE
E IR AE 7 8 R R R B 2 I o

(3) RMETRRAGERBRES 7 HKIER
R — RS R o ERNEN - HESE

Bl FAHEE » IRARER -

2 F X B

(1) J. Bjerknes and H. Solberg (1921, 1822):
Meteorological conditions for the for-
mation of rain, Geofysiske publikasjo-
ner, Oslo.,, Vol. 2, No. 3.

{(2) J. Bjerknes and H. Sclberg (1922) : Life
cycle of cyclones and the polar front of
theory ‘of atmospheric circulation, Geo~
fysike Publikasjoner, Oslo., Vol. 3, No. 1.

(8) MNIFEH (1943) : WEIE FiENE (8=
R »pp 102-127.

(4) BE—& Q7)) —RE%E (VII) » B&

- EERHMERT 0 pp 343-356. _

{(5) J. Bjerknes and CL. Godske (1936) ; On
the theory of eyclone formation at extra-
tropical fronts, Astrophys, Norvegica,
1, pp 199-235.

(6) BB > F7Y 7IRERES (1959) 1 B&
By F7Y 7 #i#E (a) pp 574-576
{(b) pp 621-622, (c) pp 716-722, (d) pp
475-4706.

(7) H. Solberg (1928) : Integration der Atm-
osphariscken Storungsgleichungen, Geo-
fysiske Publikasjoner, Oslo,, 5, No. 8.

(8) mEEH (1954) : BRIERFHR » SiEEE -
(a) pp 47-51, (b) pp 360-364,

(9) EEEF (1961) : RREMH » WASTE -
(2) pp 91-92, (b) pp 237-246, (c) p 239.

(105 C. L. Godske, T. Bergeron, J. Bjerknes,
R. C. Bundgaard (1957) : Dynamic met-
eorology and wether forecasting. (a)
p 457, (b) pp 544-546, (c)pp 553-554.

(11) Charney, J. G (1947): Journal of mete-
orology, Vol, 4,No. b.

(12) Eady, E. (1949) : Tellus, Vol. 1.

(13) Bersen, F. A. (1949) : Tellus, Vol. 1.

(14) Berson, F. A. (1950) : Arkiv. F. Gecphys,
Bdl. Nr. 9.

(15) Gamho (1950) : Geophysical notes, To-



— 26 —

kyo University, Vol. 3, No. 28.

(16) JSudkak : Ca) 21 (1948) : p. 59, 147, 187,

© 7341, (b) 30 (1952), p. 841, 404.

C17) Kuo, H- (1949): Johrnal of meteorology,
Vol 6, No. 2.

(18) Kuo, H. (1902) Journal of Meteorology,

. Vol 9, p. 260.

(19) Thompson, P. D. (1953): Quarterly Jour-
‘nal of the Royal Meteorological soc-
iety, London 79, pp 51-69.

(20) George J. Haltiner and Frank L. Martin

" (1957 : Dynamical and Physical Meteo-
rology. (a) pp 332-834, (b) pp 406414

(21) Margules, M. (1906) : Meteorologiscke

~ Zeitschrift, Hann-Vol.

(22) BHEEA (1956) : BEREH » WA »
(a) pp 68~T74, (b) T7~T79, (c) pp 88~94.

(23) Sverre Petterssen (1956) : Wether Ana-
~ lysis and Forecasting (second edition),
(a) pp313-317, (b) pp 299--300, (C) PP
320-339.

(24) Figrtoft, R. (1950) : Geofysiske publika-

gjoner, norske Videnskaps-Akad., Oslo

XVII, No. 6.
(25) Fi¢rtoft, R. (1952) : Tellus, Vol 4, No. 3.
(26) Rossby (1945). : On the propagation of
frequencies and energy in certain types
of oceanic -and at'mospheric .wave.

Journal of Meteorology. 2.

(27) Sutcliffe, R. C: (1947) Quart. J' Roy
Meteorological- Soc., Vol 3.

(28) FARED=RE (1955) © BETEES ’i’*fi‘.)\%@‘ﬁ ’
(a) pp 14-20, (b) pp 21-30, (c) pp 44-45.

(29) Hinkelmann, K., (1951) : Der Meckanis--
mus des meteorologisken Larmes. Tellus,
3, pp 285~296. '

(80) Figrtoft, R., (1952) : On numerical met-
hod of integrating the barotropic vor-
ticity equation. Tellus, 4, pp 179-194.

(81) Charney, J. G. and N. A. Phillips, (1953) :

' Numerical integration of the quasi-
geostrophic equation for barotropic
and simple baroclinic flows. J. M., 10, pp
71-99,

(32) Eliassen, A.,(1952) : Simplified dynamic
models of the atmosphei-e, deéigned
for the purpose of numerical integration
Tellus., 4, pp 145-156.

(83) Sawyer, J.S., and F. H. Bushby, (1953) : A.
baroclinic model atmosphere suitable for.
numerical iﬁtegration.] . M., 10, pp 54-59.

(84) Eady, E. T, (1952) : Note on weather
computing and the so-called 2% dimen-
sional model, Tellus, 4, pp 157-167.

(35) Thompson, P. D., (1953) : On the theory
of large-scale disturbances in a two-
dimensional baroclinic equivalent of the
atmosphere. Q. J.R. M. S.,, 79, pp 51~69.



— 27 —

7y BRA+=EIAFERENRRL
.= A Briefly Report on Typhoons in North-Western
’ Q% %ﬁ‘ Pacific during the Year of 1963.

Abstract

In the region of Northwestern Pacific, the frequency of occu-
rrence of tropical cyclones during the year of 1963 in comparison
with the normal was comparative lower. The average was 26.9 but
the actual number of tropical cyclones observed in 1963 was 24,
The number of occurrence of typhoons in August uas three which
was much lower than the normal. The frequency of occurrence
during the period from June to October was normal.

In 1963, most typhoons were originated in the environs of the: -
Marianas. They recurved on an average between 25~30°N. Although
merely two typhoons had hit the region of Taiwan. Yet the damage
caused by typhoon Gloria was terrible, '

Typhoon Wendy first appeared on 10th of July. She landed at
the north of Hwalien and did some damages along its passage.

Typhoon Gloria had once threatened the northern and central
part of Taiwan due to its downpours in the mountainous districts.
Maximum rainfall recorded at Paling in 24 hr. was 1,044 mm.
Typhoon Gloria became in growth on September 6th and later she
moved westnorthwest- ward. She had made a sudden turn of her
moving direction towards north-north-west and showed a stagn-
ation for a few hours. Later she shifted back again to the west-
north-west direction. The eye of typhoon Gloria had passed the
vicinity of Penchiayu on September ilth and left an typical trace
on the barogram there. The total loss made by typhoons in 1963
was numerous. :
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Fig. 1 Typhoon tracks in April, 1963
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Fig. 3. Typhoon tracks in July, 1963,
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Fig. 4: Typhoon tracks in August, 1963.
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Fig. 5: Typhoon tracks in September, 1963.
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Fig. 6: Tyghoon tracks in October, 1968.
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Fig. 7: Typhoon tracks in December, 1963.
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Plum Rains in Taiwan Chi-hsun Chi

Abstract

The author attempted to have a thorough understanding of
the characteristics of early-summer rainfall in Taiwan and its
relationship with the general features of monthly mean circulation
which will pursue the study on extended weather-forecasting.
The mean monthly rainfall curves showed that most stations in
Taiwan have a rainfall maximum in June in particular at central
and southwest part of Taiwan. He takes the month of June as an
example to investigate the relation of monthly circulation and the
anomalies of early-summer rainfall in Taiwan. Some conclusions
have been drawn:

1. The onset of southwest monsoon causes the early summer
rainfall over Taiwan. The heating of land mass intensifies the
component of onshore wind. The heavy rainfall is mainly due to
the convection of diurnal heating and the topographic lifting in
mountaineous area. The maximum rainfall in June is thus signifi
cant in southwest Taiwan and less pronounced in northern and
eastern Taiwan . .

2. The cyclonic activity of Bai-U front is the another source
given rainfall over Taiwan area when this front moves down from
higher latitudes along the lower Yantze valley. A series of waves
move successively over the island. The showers are frequently
happened. The case is much similar to! the plum rains over the
mainland.

3. The convergence between southeast trade and southwest
monsoon current lying over this region in June creates another
factor giving early summer rainfall when the southeast wind is
dominant in this region, convective rainfall is frequently happening
along east coast of Taiwan. On the other hand when south west wind
is dominant, there are much monscon rainfall precipitated down the
western coast of Taiwan. It is clearly shown that the topographic
effect plays an important role on the distribution of this region
- 4 The positive anomaly of rainfall in June usually associated
with a major deep trough in monthly 700mb mean chart, or the
ridge of subtropical anticyclone lies in a direction from NE to
SW. Such synoptic situation would give more favour for the
development of south west monsoon along the coast of the Far East,
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Visibility at the Taipei International Airport

M. D. Chow

Abstract

At the daybreak or twilight, or when the surface wind is weak,
Taipei International Airport will frequently be covered with ground
fog or haze, because the aerodrome is located in a basin, Each
year the visibility reported below half mile (<'mi) covers a
period to 7531 minutes in a year and the result affects the safety
of the aircrafts on taking off and landing definitely.
 When the visibility reported less than half mile, the case mostly
happens in the early morning, but the ground fog or the haze
often clarifies swiftly at the time about two hours after the sun

rise.

An objective method is adopted at Taipei International Airport
for the weather forecasting. The system can be summarized as

follows:

i) the reference method for the observation at the time of

sun rise,

ii) the temperature and dewpoint diagram.
- iii) the chéracteristic pressure pattern.
Though the visibility may be influenced by four elements: .
‘i e. surface wind, temperature, moisture and dust existing in the
air, the foregoing three elements are always attached to the
affect of the change of visibility. The forecasters therefore
must use their experience and proper judgement to prepare.
- timely forecasts for the operational purposes.

=Bl =
BB RRELTRER o BATTR—
& WEEL (RE1) o RibERE- %5
FRREN RSB EE R R S e AR
ENMEREEER(ERE ) ) EEEELURREZ
#25oBERRELHE THBABNERHERE -
E— : B ERESE RN R S R R R

Table 1: T.LA. weather minimum for
jet aircraft,
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Applzcatzon of Information Theory to Veri f" cation of

Weather Eovecasts.

Liao Shyue-yih

Abs_tmct

Verification of weather forecasts has been a controversial
subject for more than eighty years and affected nearly the entire
field of meteorology. This paper describes some of the important
histories this controversy and attempts to show that some of the
existing confusions disappear when information theory is applied
to the verification of weather forecasts.

There are many other unsolved problems under the verifica-
tion. Uppon careful analysis it appears that these problems are
meteorological in nature. To our knowledge in the physics of air
is still in a state of deficiency and will be reflected in the problem

of verification.
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A o i z 3 ¢ 5 6 7 E o

109 3~9H 100 65 65 100 25 35 3s 62.1

6 ~121 100 65 | 100 w0 [ 6 | 65 35 755

10~16H 100 65 65 100 100 100 100 90.0
13~198 65 100 00 | 100 100 100 © 100 95.0

17~230 65 160 100 65 100 35 35 713
20~ 265 160 63 100 100 5 65 55 800

24~307 160 00 | - 85 - 65 100 100 35 763

WE2E~118 2/ 65 100 100 - 35 65 100 100 805
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Fig. 1: Verification of extending

forecasts.
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X | 10X X log,X X | 1egX || x | 10X H X | legX
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Divergence and Vorticity
Abstract

TiE

"

Divergence and vorticity (or relative vorticity) are two
kinematic properties of horizontal flow. The former is sometimes
referred to as the horizontal velocity divergence, and the latter
is referred to as the vertical component of relative vorticity.
such terminology is acceptable so long as it is understood that it

'Pﬁ'icg

C. T Ckiang

applies only to horizontal flow, and so long as terms can not be

confused with similar concepts, such as horizontal mass dlvergence,
absolute vorticity, ete.

Divergence and vorticity are very important for the weather
forecasting. Especially, vorticity computation is always used for
the bad weather occurrence. In this outline several method which
use upper wind and contour field for computing them will be
given, and exercises are includ to demonstrate computational

procedures.
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Climatology of the Mechanical Energy Dz'ssz'pation;

in the Lower Atmosphere over the Northern Hemisphere
Ernest Chen-isun Kung

Abstract

This paper is a dissertation of Dr. Ernest Chen-tsun Kung to
make his partial fulfillment of the requirement for the degree of
Doctor of philosophy in meteorology at the University of Wisconsin in
1963. The thesis was carried out under the guidance of his Professor
Heinz H, Lettau. Dissipation of mechanical energy is one of the major
processes of the atmospheric energy cycle. The mechanical energy
which is generated from the conversion of available potential energy
is eventually dissipated and changed into internal energy through
frictional processes which are generally irreversible. The maintenance
of the-large-scale general circulation .against the frictional energy
dissipation in one focus of interest in current theories.

The author, discusses in primary, about fundamental concepts on
wind profile characteristics, geotrophic drag, coefficient, external
parameters, and etc., and later introduces his analytic study on the
roughness parameter over the continents and over the ocean with
some detailed evaluation on horizontal and seasonal variations of
continental roughness from vegetation cover.

In making a practical approach of his theorectical views, an
eleven years’ period of 1,000mb ptessure data over the northern hemis-
phere were examined, The general climatological patterns, concerning
both spacial. distribution and seasonal variation on energy d1str1but10n
in the lower have been obtained.

“The detail of the contents should be referred to the original paper

_itself. The author is working as a research—fellow of the U. 8. Weather
Bureau at present.
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R3S 5 AR L e R R T R R Y o
B AT 2% Brunt(1941) « Jensen(1961) ~ Lettau
# (1954 (1959) (1961-b) » White and Saltzman (
" 1956) B Hillh I HH BB o

R EBBETEE » ENRR M

Rk WA A EMAENEE B
RS AT REEERER WS  ERFES
BRI o HEZEIRE
Lettau HARERGHEZ BRERL HE AT
PR ERERBNEN g 7R (Geostro-
phic drag coefficient) C=C(Bs,) » HEE HI7g
=oCVi g, RFEHIE TR EUMARTRZ AE a=
aty== (B, ) 25+ #9 R M T Rossby H B Boo =V g.0/(2f)
i B % (Unique-Valued function)e#Efofas
BEEV . SEHENHE AT 5 CoriolisZ#
» Zo S A E B Jybkds 2 (Aerodynamic roughness
parameter) o REHYME +» ZATE E=10V o
Cosaz RS IEHERRBZEBERBEE (
Total energy disspation) o FEEFEREE R
SENERESZRNRZEV oo~ {HZ, RERE
{7 o
AR ENR
(—) BEEREAREEEHRNSRELRE
T2 AR /2 2 5 R R
B R = B B LA AT o
(=) FEELO00mbES B 2 H B R o
(=) RBBILRRR R NETOCNKRER
= Hh iy Sy R SRR R o '
AR ERDB SRR AR RRS
TR = B R B ) e, R B 2 M o

=~ ARSI
(—) 8@ B4t is ) BB AT R A

Lettau®iz i - BFt Prandt] HEa EE#k (
Prandtl’s length scale of turbulence) = F i
FER ¢ WERAHEREREAERREE 0 M
Karman S &NERERRL » RETEAR
EBAKE (Barotropic atmosphere) o

EREE » —RERNES (Universal wind
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Table 1:Roughness parameters of various
surfaces and vegetation forms

T D
Type of surface

z (cm)
THRELE 0.001
 FHPREE ' ' 0,005
BOE - oo | o020
it (Karachifiiz) ' 0,030
£H (Canada) 0,100
By (BEE0.015F0.45m) 0.2—2.40
EHy (HEOSOEOCIOM) . 3.70-9,00
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T (Porton)EE 2 — 4
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Table 2:Longitudinal limits (all in deg west of Greenwich, o to 860) at specified

latitudes (deg) for indicaﬁed continental sections of the Northern Hemisphere.

: - Eea Western Central Eagtern North North Eur(;pe- Agia North

bliy North North North America Atlantie |  Africa Pacific.

Latitude )
70° N 140160 70—140 — 70—160 340 25 330—340 185-—330 160—185
655 140—165 70—140 — 70—165 | 350— 40 330—350 180—330 165 —180
60° 140165 95—140 75- 80 70—165 | 355— 65 330—335 190330 165—190
559 100—130 85—100 60— 8C 60—130 10— 60 335—350 225—335 130—195
50° 100—125 80—100 ‘65— 80 70—325. 5— 55 335—~ 0 215—335 125—215
45° 105125 75—105 65— 75 70—125 " 0— 65 33— 0 225—320 125215 .
400 100—125 80—100 75— 80 75—125 10— 75 0— 10 230--325 125—220
350 105- 120 85—100 75— 85 75—120 5— 78 350— 5 220—32% 120 —-220
3o0° 105—115 90— 95 80— 90 80-115 10— 80 325— 10 240—325 115—240
o 100—110 — 80— 85 100—110. 15— 80 325— 15 240—325 110—240

FRSMEEHEIPL, (—) izl fHHEE
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Table. 4. Estimated values of aerodynamic roughness parameter z (cm) for indicated

regions and seasons, as a function of geographic latitude (deg)

H H k= Western | Central | Eastern B . Asig ras
P Areal oitinde | North North | North Aﬁﬁa Adlantic Bmrope- | (including Pasific
Month Amerien | America | America USSR) sean
Dee.~Feb. 65 N 1.7 1.2 —_ 14 0.1 3.9 9.3 0.1
70° 1.7 1.2 — 1.4 0,1 3.9 9.3 C.1

600 1.7 73 -3t 6,9 0.1 1.4 4.2 0.1

35¢@ 4.5 25, 31 35, o1 0.51 1.9 0.1

5a° 9.2 3.85 31 12 0.1 1.2 0.63 0.1

45¢ 1.9 0,55 19 23 o5 29 0.21 0.1

40° 5.0 2.0 25 4.1 0.1 2.3 0.76 a1
35° 13 22, 65 17 0l 1.8 27 o1

3p° 13 S8 90 16 01 0.27 3.1 Q0.1

259 12 — 106 12 0,1 0.04 3.4 Q.1

Mar.~-May 0°N - 4.2 1.2 — 1.9 01 4.7 - 11 0.1
: 65¢° 4.2 1.2 — 1.9 01 4.7 11 Qi

60° 4,2 8.4 34 3.9 0.1 3.2 7.3 0.1

55° 59 29 34 42 0.1 2.2 5.0 0.1

50° 25 12 34 27 Q.1 4,0 1.8 0.1

459 12 0.2 34 13 Q.1 7.5 0,67 C.1

40° 14 1.6 Y 13 o1 4.1 1.5 0.1

350 6 | 29 | 81 22 0.l 22 35 0.1

30° 18 - .. 77 o 21 .0 0.30 3.8 0.1

25° 15 -_ C124 15 Tl 0.041 4,1 LGl




|
l

Jun.-Ang. 70°N 19 5.5 —— 8.7 c.1 17 30 ol
-65° i9 5.5 —_ 8.7 [0 B 17 30 0.1

60° 19 30 136 35 0.1 18 30 0,1

559 162 123 136 141 Q.1 18 29 0,1

50° 77 67 136 87 Q.1 22 7.6 0.1

45° 37 32 100 41 0.1 26 2.0 .1

40° 32 24 86 32 0.1 8.5 3.5 .1

35° 22 53 118 34 0.1 2.8 6.1 %]

30° 18 99 133 24 0.1~ 0,34 56 0.1

250 17 — 132 17 0.1 0,042 5,1 0.1

Bep.-Nov. 70°N 5.2 1.2 - 21 0.1 12 11 (08 ]
65° 5.2 1.2 — 2.1 0.1 12 11 0.1

600 5.2 11 82 13 0,1 7.3 9.8 01

56 109 71 82 87 ol - 45 8.6 0.1

502 40 25 82 47 01 7.0 3.0 0.1

459 15 12 69 ' 22 0.1 “11 1.1 0.1

40° 17 15 65 20 0,1 5.0 23 0.1

3s5e 18 a2 g4 24 0.1 23 49 0.1

300 i8 75 103 21 0.1 0.31 4.3 0.1

259 15 — 121 . 15 0.1 0.041 3.7 0.1

BEAE S MERRSY ) hEBEERIEMN SYERBIE » e ERE YN PUEE « HEERMER
PIZARERAMZ NG BBESE  RFI0ES Fdo
Sed: L MBI S AR T T2 TG
Table4 : Regional distribution of estimated aerodynamic roughness parameter
z (cm) for indicated geographic latitude, longitude, and season over
the North American continent.

N "~ ﬁ.ﬁ .

& g E ~... Latitude 70°N &50 60° 55 500 450 400 ~ 35e 30¢ 25°
" i) Long;tuda\

1::3:123 41

Dec.-Feb, | 65°W 31 31
75¢ 1.2 1.2 31 31 3 19 12
g5° 1.2 1.2 25 25 25 2.0 56 106
95¢ 1.2 1.2 5.4 27 38 0.53 82 22 58
105° 1.2 1.2 7.3 37 5.9 1.0 13 16 12 12
115¢ 1.2 1.2 7.3 46 9.2 2.0 13 13 12
125° 1.2 1.2 73 46 9.2
1350 1.2 74
145° 1.7 1.4
155° 1.7 1.7 1.7
Mar.-May, 650 34 34
75¢ 1.2 1.2 34 54 34 34 34
85° 1.2 1.2 - 29 29 13 1.3 71 124
959 1.2 1.2 5.8 32 12 5.3 11 29 77
105° 1.2 1.2 8,4 45 17 7.9 15 14 15 15
115¢ 1.2 1.2 8,4 59 25 12 15 16 15
125° 1.2 1.2 8.4 59 25
135° 1.2 8.4
1450 4.2 2.2
1650 4.2 4.2 4,2
Jun,~Aug, 65¢ 136 136 :
75¢° 5.5 55 136 123 136 98 71
85° 55 5.5 123 123 44 28 102 132
952 5.5 5.5 26 127 123 29 28 53 99
105¢ 5.5 5.5 30 146 67 34 28 22 17 17
1156¢ 5.5 5.5 30 162 12 37 28 22 17
1250 5.5 5.5 30 162 77
135° 5.5 30 77
145° 19 10
[55¢ 19 19 19
Sep.-Nov. 65 82 82
75¢ 1.2 1.2 82 82 82 70 56
85° 1.2 1.2 71 71 31 15 73 121
95¢ 1.2 1.2 9.2 75 25 14 14 32 75
105¢ 1.2 1.2 11 93 3z i3 18 16 15 15
115¢ L2 1.2 11 109 40 16 18 18 i35
125° 1.2 1.2 i1 109 40
1352 1.2 11
1450 5.2 25 ,
155@ 5.2 5.2 52
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Fig. 2: Average aerodynamic roughness
parameter Z (cm) for vegetation
0 to 100 miles radial distance
from Drexel, Nebraska.
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EEE 1000mb 2~ HikE s EE V. » TERFRZ
FHRIEREE (VafVe) o MitiiEi (V. /Ve)
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Vi/Ve=28C Ln (1-+Z/Z;) reereeeens @
B LR Z R BRI > Bl Z FTER 400 ~
8005 1600cm%F > FiH » W iz R MimeE gy =
BB 0 RO RAERE 0 3 ALEARIAES o BRI E N
» Lauscher W9 GE 087 B A HlEE RS 3L

RO R R EEMEE B GREMN)
Table 5. Ratio of observed wind speed at anemometer level to 1000mb geostrophic
wind speed (AE/VR) usi ng Lauscher’s (1951) V-va lves, anb computed ratios
VR/AR tathree levels'z4m, 8m, and 16m over the' "North Amer:can Oontinent,
as funtions of geographic latitude (deg)

\ Ratio ————___ Ratios
FBE Latitnde VIV oV, /Ve (Vyf Ve | Vol Vg i f:aELamua ValVe Vi Vg |Va/Ve | ViefVe
‘B #3Month _ H {5 Month :
— H 70° N 369 | 4471 s321 590 459N | 447 | 255 ] 325| .87
January &a° 283 | 470 | 528 585 40° A37 | 273 | 342 412
_ 60° 317 | 374 | 437 500 350 387 | 265 | 334 404
55° .338 | 263 | ,332 402 _ 300 385 | 287 | 353 | 421 ¢
50° 291 | 331 | .394 A58 250 568 | 307 | 31| 436
45° 341 | 427 | 484 541 . . L
40° 384 | 200 | 460 520 Tveragi? 700 529 | 427 | 489 | 552
350 316 .308 8372 A37 . 65° A4 424 ) 486 548
30° 386 | 311 | 375 441 60° 420|325 | .392 | 460
250 398 | .a23 | 386 449 550 8321 216 | 285 358 -
. 5 50° ‘344 | 265 ..331 | - .400
. H 70° 6891 379 | 448 514 - 450 394 | 341 | 405 | 469
July &5e i 655 | 377 | 444 511 o400 4111 337 | 401 466 -
 60° 523 | 275 | 347 420 350 352 | 287 | 353 421
55¢ 325 | .168 | 237 314 30° 386 | 299 | 364 | .331
500 396 | 198 1 <267 341 250 483 | 315 | 379 | 443
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Fig. 3; Meridional"-profiles- of ratio between wind speed at height Z and geo-
i . strophic wind éﬁeed over the North American Continent. Climatologic
means- derwed rom- Lauscher (1951) {dashed lines) in companson
with computed ratxos for Z=4, 8, and 16m.
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L Table 7. North American  Continent:

Computed monthly means of geostrophlc Wlnd

speed at 1,000mb surface Vg (cm/sec) and of geostrophic drag coefficient
C(unit of 10~*), as- functions of geosraphic latitude (deg). 1945~1955.

~Z T Al Month '[ 51 21| a3 4)3" 5)@‘ 6 | 73| s8R §g ‘ 108 | 115

wdm iJ ' Teb. | Mar. | Apr.| May.| Jun. | Jul ‘ Aug. | Sep. | Oet. l Nov.
%ﬁLatliude " 7 i . |

70°N . Vg 928 |. 934 | 904 | 923 | 879 | 7er | 748 | 694 | 73¢ | 7zez | 927 | 1,019

' "0 | 234 334 335 342 | 343 | 346 391|.393| 2921 249 | 344 | 342

65 Vg | 9501017 | 999| 974l 931 | 803 | sa6! 708 784 | 843 } 943 |. 984

‘ s 352331 . 881| 300 3e1] 345 3931 392) 383 346, 343 | 32

60° Ve 234 1,211 [1,188 1,124 11,025 | 911, 821 | 780 | 850 | 1,000 [ 1,119 | 1212

n : c o7 | 367 | 368 | 377 | 379'| 3837 435 437 | 4341 3931 389} 387

550 . Vg 1,152 1,182 11,097 | 1061 | 972.] 846, .768 . 79 | 818 | 978 | 1,078 | 1,167

| ¢ . |amao| 422 30| 433 | 439 500 | 50| 49 | 464 | 460 | 456

500 Ve 1,439 | 1,473 11,283 [ 1,392 | 1,807, 11,164 |1,112 1ooo 1,019 | 1,153 | 1,182 | 1,424

| @ - |Tara| 973 | 375 | 402 | 404 | 408|456 ' 460 | 459 | 428 | 427 | 420

450, Ve  |1,3621,88 |1,288 1,260 |1,147 11082 | 955.| s74 1 885 | 1,089 | 1,136 | 1,3%

- R 330'0 330 | 331 | 279 | 3827 365! 427 431| 480 | 40l | 399 [ 394

400 V. |1012|1,054 [1089 {1,008 {1,087 § 993 | 9e3 | 824 | 765 | 867 | 876 | 1,0M

T L0 39 |3 | Ba9| @rs . 3297|382 | 414 | 420 | 428 401 | 401 | 39

g Ve 1,921,163 {1,165 | 1,192 |1,136 [1,062 | 968 | 832 | 833 | 946 -926 | 1,118,

c 28] | 82| 382 | 390 392 | 304 | 412| 418 | 419 | 401 | 401 | 395

30° Vg 971} 980 [1,009 [1,113 {1,106 | 1,054 | 968 | 818 | 790 | 558 | 890 | 976

e koo ge o Uasz] dsz| aB1 ) 36y | '387c 388 | 396 |7T401.) - 4037 394 | 39377 390

250 Vg : |102371,006.1 1,081 1,136 | 1,184 1,063 [1,009 | 830 | - 784-| 916 | - 949-| 1,080

e e 368“ 36 | 371 | g0 | 73| 76| 1| 385 | 876 | 375 | @z
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Table 8. North American Continent ; Computed monthly means and standard

deviation of energy dissipation E (watts/m?), as functions of geographic

latitudd (deg). 1945~1955

A B
Month| 12 H t AL 2 Al 3 H| 4 A 5 H 6 Al 7 A| 8 AH| 9 A4 10H 118
RE Dec. Jan, Feb. Mar. Apr May. | Jan. Jul. Ang, | Bep. Qet. | Nov.

Latitude

0o N 116 1,20 1.08 1.18 1.00 70 73 58 69 .65 1.15 1.57
4= 23|+ 220k A6 4+ A8 4+ 21| 4 051 | £ .14 +.080 [+ 21| +£.098 | .19 | +.30
659 1.21 1.50 1.42 1.94 1.15 72 56 60 81 83 .18 1.40
+ 234 34|+ 34|+ 6| & 22 £.068 | £.092 | £.11 + 19| £.16 | .16 +.38
© 600 3.09 3.07 2.88 2.47 1.81 1.27 113 .98 1.24 1.74 243 3.17
4+ 37 | +1.09 vk 108 | TS50 4+ 83+ £330 +.21 | +.29 + 29| 444 + .29 | 4+ 59
5he 3.18 3.52 2,70 2.53 1.92 1,25 114 1.15 1,37 217 2.86 3.73
+ B4 | £1LI6 | £ A7 | A6 4+ 33| £.13 | £.17 [ .23 | & 27 £.65 | £ .48 |76
50° 4.93 5,41 4,45 3.01 4,07 288 297 219 2.30 3.00 3.29 5.74
= 80| 5149 | 2100 £101 ) &+ 65| £.53 | £.57 | +£49 |+ 38| £50 | £.53} +.63
459 3.27 3.54 279 ‘3.34 247 1.80 1.67 1.28 i.34 | 205 256 | 4.07
4+ B3| =101 |+ B38|+ 52| 4 59 + .40 + .26 +.,16 4+ 25 ] £.27 | &+ .41 | + .57
40° 1,47 1.65 1,57 218 2.05 1.55 1,61 -1,02 .83 1,13 1.17 1.78
+ 3304+ 36+ 20| 35| &+ 48| £.26 + .20 4+ .15 | 4 10| £.25 +.24 | 4+ .25
350 - 2.78 2.61 2.56 . 2.82 2,45 1.8 ' 1.61 1,03 94 1,45 1.37 2.36
+ 74|+ 73|+ 38|+ 401+ B2 +.,29 | 2,27 ] 4.3 | & A3 | 237 | +£.29 | +.,30
aoe 1.49 1,54 1,69 2.23 2.18 1.87 1.49 92 .83 1.03 1.15 1,53
+ 4% | 4+ 47 -k 820 4+ 3614 43 221 [ £.21 207 | £ A3 =08 | £.13 ] +.36
- 259 1.61 1.58 1.87 2,21 232 1.78 1,68 1.05 A7 115 1.33 1.78
+ 49|+ 66|+ 43| + B2 |+ 79| .32 [ £.35  £23 | £ 25] £,19 | £ .51 .60
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Table 9:December-through~February-means of geostrophic wind speed at-1000mb
stirface V. (em/sec)and of geostrophic drag coefficient C (unit of 10*)for
indicated areas, as functions of geographic latitude (deg) 1945~~1955,

%9 : AMEHEE R HREZTEE (12HE2R)

—18. —

j{}g‘@Areg_x. Western | Central | Eastern North Atlantie | Burope— Agia Pacifie

B Ve and O North North North (including
Latitude g America | Ameriea | Americs | America | Ogean Afriea | T38R) Ocean
70°N - Vg 1,011 896 - 922 1,294 1,038 964 1,075
c 337 331 —_— 334 276 357 385 279
€5° Vg 1,167 945 — 988 1,342 1,276 1,074 1,213
C 333 329 —_ 331 275 351 381 277
60° Vg 1,499 1,127 1,176 1,211 1,523 1,161 1,206 1,505
C 327 371 417 367 273 328 353 273
55° Ve 1,124 1,011 1,199 - 1,144 1,558 1,014 1,022 1,324
c 431 412 413 420 271 308 336 274
50° Vg 1,445 1,387 1,610 1,432 1,771 1,260 1,174 "1,765
c 367 344 401 374 269 320 308 268
450 Ve 1,465 1,191 1,558 1,346 1,693 1,083 1,089 " 1,699
c 324 203 384 330 268 341 287 268
40° Ve 1,023 1,045 1,050 1,035 1,223 968 855 1,349
C 354 332 403 349 271 336 314 270
35° Ve 1,196 1,164 1,147 1,173 1,329 878 987 1,443
C 373 3%0 430 382 268 331 337 267
3ge Ve 976 . 1,073 935 990 867 696 868 931
a 374 423 446 382 273 293 340 272
25° Vg 1,087 —_ 1,035 1,087 980 735 876 975
c 367 — 442 367 268 259 338 268

210 1 FHE M RN DR 2B GHESH)
Table 10:March-through-May means of geostrophic wind speed at 1000mb surface
V¢ (cm/sec) and of geostrophic drag coefficient C (unit of10™) for indicated
regions, as functions of geographic latitude (deg). 1945~1955.

Pacifio

S ﬁﬁﬁﬁrea Western | Central | Bastern North | Atlantic | Enrope~ I( Asig
. Ve North North Neorth including .
ﬁ%ﬁ io and C Americe | America | Ameriga | Ameriez | Ocean | Afriea | USSR} | Ocean
70°N Vg 956 837 - 863 1,055 943 860 . 947
C 362 333 — 344 280 366 393 281
65° Ve 918 892 — %03 1,145 1,059 933 1 --990
o] 3635 331 — 342 278 362 389 280
60° Vg 1,184 965 1,086 1,020 1,216 945 978 | 1,337
C 354 380 423 380 276 353 375 275
550 Ve 910 1,001 1,006 960 1,214 776 | - ses | 1073
‘ C 451 418 424 434 - 275 347 365 277
50° Ve. 1,241 1,367 1,318 1,288 1,491 897 922 | 1,533
C 403 377 412 405 271 357 337 271
450 Vg L2 | 1,123 1,302 1,149 1,479 842 980 | 1,536
' C 380 356 409 382 270 374 311 ‘ 269
400 Ve 1,166 1,010 880 1,063 | 1,088 802 763 | 1,188
c 380 366 433 380 273 356 332 271
- 3@ Ve 1,181 1,143 1,003 1,130 1,209 651 848 1,208
C 381 401 445 392 270 - 342 347 270
300 Ve 1,197 1,070 900 | 1,031 828 700 772 824
C 379 434 457 387 274 295 348 273
 52e Ve 1,118 - 812’ 1,118 829 738 | 692 947 -
(4] 3_?1 _ 459 371 271 259 349 269
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- face Vg (cm/sec) and of geostrophic drag coefficient C (unit of 10~*)for
- indicated regions, as functions of geographic latitude (deg). 1945~19565.

#£11: EMEMEE RN HREZ S EE GAZE8H)
Table 11:June-through-August-means of geostrophic wind 'speed at-1000mb sur- '

___—‘_‘&“i--. : iiﬁ@.&rea Western | Central .| Eastern |  North Atlantie | Europe— -Agia Pacifie
saps Ve .and G~ North North North | . . (including | o
Latituds e -\ Ameriea | Ameriea-| Ameriea | America | Ocean Afriea | USSR) '| OQcean. .

709N Vg 701 732 | — 725 834 758 98 718

o) 420 377 — 292 284 413 438 286

5° Vg 630 746 - 726 825 763 767 738

o] 423, 376, — 391 283 411 433 285

60° Ve 829 777 g18 817 949 755 697 <. 968

C 406 431~ 491 ; 435 - 280 412 435 280

55 Vg 706 - 791 - 871 785, 1,053 674 660 ~ 842

: .G 511 491- 491~ 499, 277 416 435 281

- 500 Ve L118 5| 1,014 942 1| 1,044 1,161 692 686 1151

c 450 48 | 484 458 | 275 419 383 275

45° Vg 925 856 | 1,010 - - 908 1,117 804 730 1086

... c 424 421 . 462 429 274 427 342 275

o 409 - Vg 1,053 683 . 608 851 786 - 704 717 802
C C 411 418 474. 419, 278 380 354 278
350 Ve 1,071 787 629 868 807 575 753 928

) R 394 437 | 483 416 276 . 351 365 274
=300 Vg 936 944 ;) 625 859 683 - 744 750 T804

C 388 450 482 400- v 277 . 296 359 274

250 Vo 901 — 547 901, 781 | - 732 714 884

. R 381 —_ 472, 381.. 2727 259 353 270

12 FHEBEEARN IR ZEE (9AF1A)-

Table 12:September-through-November-means of geostrophic wind speed at 1000 mb
-surface Vg (cm/sec)-and of geostrophic drag coefficient C (unit of 10~%)

for indicated regions, :as functions of geographic latitude (deg), 1945~1955,

—

- V_““‘f-_-ﬂr":;Anea Wentern Central i'Eastern Nosth - | Atlantie [ Europe~ | - Asia Pacifie
G Vg and ¢ ™. | North North North - | C b ‘ (inelpding | - .
Latitude - \ America | Amerien | America | America.{, OQecean. Africa USSR} | Oeeen

7000 |. Vg 593 879 — 905 1 1,193 993 soo | 1,019

N . c 367 332, | — 245 278 | 293 394 280

. g5e . Ve 935 909 - — 924, 1,216 1,142 994 994
_ c 368 327 — 344, 277 387 385 250
60° Ve 1,276 1041 | 1,069 - 10| 1,325 | 1,115 1,027 1,323
‘ | ¢ 358 386 | 456 350 275; 371 383 274

. 559 Ve 985 1,083 1} 1,180 1,074 | 1,398 939 972 1,83

L C 474 - 452 453 460 273 361 379 276

50O - Vg 1,183 1,317 |+ 1,347 1,253 1,549 1,054 043 1,540
, o, 421 a1’ £45 425, | 270 368 348 270

. 450 . Ve 1,178 1,136 | - 1,286, 1,174 - 1,451 | - 887 979 1,534

L ) C: 386 . 379 .|° . 436 398 2700 384 321 269

v 4Q° Y 992 861.-| = 802- 915 |- 961 785 778 ~1,072

. C 391 392 450 399.:| 275 362 342 273
-850 | wvg' 1,041 | 984.| . 932 996 | - 1,088 | 616 |-t 906 1,119

. c 388, 410, | 449 3990 | =zrz..| 345 |3 A3s5 271

.- 800 - Vgt 881 1,014 - 855 908..1' . 785 i : 626 807 ¢ 792

s Log 388 435 .| 457~ 392 1 274 298 350 274

. 250 - Vg 971 | — 935 . 971. . 867 | 678 751 -, 885

) 374 — 451 374 270 | 260 344 270
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Table 13: December—thrOUgh-February—means ‘of energy dlssmatxonE (wattsfm?)..
and standard deviation of E, as functions of geographlc latitude (deg).

CI2AE2 A)

— 15 -

1945~1855.
& iﬂﬁ Western - Céntral Eéstefn North Atlantic *Enrope=’ Apgis Pacifie
R & T North North Nerth - | (including
T titnde Ameriea America America America Ocean | | Africa TUBER) . Ocean
70°N 162 1.04. — 1,14 2.28 1.96 1.72 1.39
_ + .56 + .21 _— 4 .20 + .70 + B2 + 51 + .66
65°. 2,40, 119, — 1.37 2.44 3.31 2.26 1.90
+ .92 X .26 — + .30 + .57 = .92 + .42 = .81
60° . £17 248 3.54 3.01 2.80 2.19 2.76 3.37
+ 1,12 + 74 + 1,57 + .85 + .66 + .75 + .72 =+ 1.10
550 ‘3,19 217 3,58 3.5 3.66 1.37 1.50 2.22
+ 1.52 + .65 =+ 1.54 + B2 + 1.16 + 75 + 31 + .38
500 493 392 7.95 493 5.05 2.56 1.94 496
_ + 1.35 4.1.29 + 1.88 + L10 = 1.03 + 76 = .69 + 84
459 4.09 . 1.92 6.61. 3.2 4.24. 182 1.32 4,32
) + 1.11 x .62 + 218 + .64 4+ 115 + .55 + .34 =
40° . 157 1.48. ‘212 1.57 164 1.42 .76 2.15
' x 39 & 24 + .46 + .30 = Al + &7 + 2L + 4l
. 350 2.71 272 3.10 2,65 2,05 .88 1,28 256
4 70 + .78 + 97 + .62 + .70 + .3 4+ .40 + .64
3pe 1,46 - 241 1.80 1.57 59 | a4 86 20
+ .39 £ &7 + .73 + 41 + .26 += V2 = .22 * .16
258, 1.68 — 237 LEs | - L9 31 .95 77
+ 53 — + L1.10 + .53 + .25 + .11 +- .39 + 19

14 ﬁ-ﬁtﬂl‘ﬁfﬁ%’k sﬁﬁﬁﬂgﬁéﬁ%ZH ZPEWE (3)§ %5)3 )

Table 14: March—through—May—means of energy d1531pat10ns E (watts/m?) and

standard deviation of E, as functions of geographw latitude (deg).

ﬁﬂ% Weatei—n Central .| Eastern . North Atlantic | Europe--. Asia Pacific

o T North North North - -1 | (ineluding :
Tattude: Ameriea ~ | America” Amerioa; Ameriea : Oecean . .| Afriea: ., USSR) Ocean .

i atitude

70°N ‘1.46 .82 - T 96 1.27 J1.49 1.21 91
— + 40 £ a2 - - L= + .36 R SR 3 O + 20 4+ .28
65° 1.33 96 _ 107 : 1.54 209 1.52 1,03
‘ ) + 33 + .13 — +, .15- +- .34 + .58 + .36 + .35
60° 2.61 1.56 2.77 .1.85 176 ~1.33 1,70 2.29
s R + .38 + .92 + 46 - .o 40 + .58 + .6l
B5o 1.76 1,99 2,14 1,90 1.74 72 1,12 “1.2%
+ 45~ + 40 + .60 + .31 A4 + 39 + 18 + .21
50 353 4,28 4,74 3.99 13,02 1.12 1.09 3.20
. + .81 + 1,26 + 1,41 + .73 + .70 +. .36 - + .21 + 39
- 450 2.32 209 4,29 2.54 ‘2,90 .98 “1.09 3.18
. + .69 +. .52 + 1,08 + .50 + .80 LT + .17 + .76
40° 255 1.59 1.52 1.93 1.17 : (o) 57 1,48
‘ + 62 + .32 + .56 +. .36 4 23 + .33 + 12 + .31
350 2,56 . 66 228 242 1,59 .29 86 .52
. + JZ. + 275 + .57 -+ .40 + .50 + .15 + .29 %+ B30
309 2.68 2,49 1,64 2,09 © .53 35 b2 S5G
. + .60 + .80 + .48 + .33 + 118 4+ ,16 + .12 + .16
25° 2,10 — 1.18 2.10 ‘ .49 .31 46 70
+ .58 —_— 4+ .26 4 .58 + .13 + - .074 + .10 + .11
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Table ‘15:June-through~-August-means of energy dissipation E (wattts/m?®) and
standard deviation of E, as functions of geographic latitude (deg).

1945~1955,
Western Central ; Bastern North Atlantie Burope- Asia Paeifie
North Norgh i North (inecluding

-Ameriea America Amerma Ameriea Ocean Afriea - UBS8R) Qcean

70°N 69 .65 — 67 .58 85 12 .38
+ .20 + .17 — H 14 4,17 4 .22 + .18 + .17

65° 52 66 — L6 35 .85 92 40
) + 17 + 14 —_ + .13 + .17 4+ .28 + .15 + .14

60° 1.50 94 1.94 L11 .78 .81 70 85
4 .52 +.19 + .53 + 26 + .15 & 22 + 17 + .25

55° 94 1.25 1.66 1,22 1.04 62 .58 56
+ .25 4+ 4l + .41 4+ .22 + .21 + .30 + 094 + .15

50° 3.00 2,20 2.03 2,49 1.36 65 53 ) 1.34
’ + .63 + 47 + 62 + ,48 + .24 + .29 + ,15 + .30

45° 1.52 1.18 2.30 1.43 1.21 .43 .50 1.11
+ .41 + .26 + .56 + .22 + .29 + .10 + 085 + .19

400 211 61 D4 115 A3 55 51 A6
4+ 27 + .15 + .22 + .15 + ,10 + .15 + .11 + 079

350 2.04 99 59 1.19 .47 . 61 .68
- + 42 + .25 + 18 4+ .18 + .14 + .14 + .11 4 .13
200 1.35 176 .60 1.08 28 42 .58 45
4+ 27 + .46 + .27 + 17 + W6 + .16 BN | + .15

25° 1.16 — L3 1,16 8.40 30 A9 56
+ .24 —_ + 27 4+ 24 + Q9% + 098 + 12 + .13

#16: 2MERHREREEEREZAFHE (9 AEILA)

Table 16:September-through~November-means of energy dissipation E (watts/m?
) and standard deviation of E as functions of geographic latitude
(deg). 1945~1955;

TE

Ares Western Central Eastern ' North Atlantie Europe~ Asia - - Pacific
o North North North : P : (neluding: B
Ln%tﬁdél America America Ameries Ameriea Oeean Africe JUSSR) ' Oce‘an‘_:_ ‘

70°N | - L73 0.96 — 112 1.78 1.96 138 T 115
S R T .18 — + 1,20 + .61 + .76 + 523" + .35
650 L43 | w0 - ‘14 178 | 282 1.83 1.10
k4 + .22 —_ + .24 + 24 + 1,22 4+ 49 + 46

600 3.24 1.99 376 | 245 220 | 236 197 || 229
- 4 .83 + 42 +1.20 4 44 + .52 L+ 72 4,41 I+ 56
55¢ 2.40 2.69 3.78 2.92 2.52 1.42 CLS 160
- ] 1 .88 + 1,03 + .63 + .80 + .78 o+ 0,33 4 .49

" 5ge | 3.3y 425 551 401 333 2.02 I 132 3.28
D x 89 4 96 4 1.67 + 1,56 4,64 + .59 Lk 27 |+ 60

" 450 S 289 242 4.51 2,89 2.68 1.26 1.i5 L 327
+ .90 + .53 +1.33 . .42 o B2 + 44 + .29 + 98

- 400 1.65 114 122 1.3¢ | 83 - 80 | .64 155
+ .45 + .30 - & .49 + .25 + .16 + .36 + .16 + .35

350 1.89 175 1,82 1.73 1.01 36 1.08 1.25

: - 4+ .38 + .38 + 74 + .32 + .25 4+ 16" 4+ .29 + .40
a0° 114 212 1.40 ‘1.24 42 .25 i 72 43
- + .35 + 67 + 56 + .22 + 082 + 071 LN ¥4 4+ .12
25% 1.42 — 1.78 1.42 To54 24 P59 58
: & A48 — + .54 + .11 + 071 | L+ a8 + .083

.43
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BIET 8 o 2R -LE HREW P aER » EHER
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—_17 —

BERZ,=0.014cm s BHMHE KIS B Greenland
(ZmfiDalrymple, Lettau® Wallaston7 Antartic
REREHN—E) o DUESMARES EASEMNER
~ RIS BRI AE » AR BB o

FAT = iyE e R HE AR 2 2 S B4R R il
Table 17:Seasonal and annual zonal means of energy dissipation E (wattsfm?)
and standard deviation of E, as functions of geographic latitude (deg).

1945~1955.

@ B Aok 2e2p 3m5f 6~8H 9 ~115 B ow
Latitube ath Dec.~Febh. Mar.-May. Jun.~Aug. Sep.~Nov. Annuel mean
i0°N 1,62 £.08 62 1.32 1.16

) + AT i + 23 + 16 - + B1 o€ 29

&5e 1.97 1.35 73 1.58 o 1.14

) = 45 +* .30 + .15 + 45 ok 34

60° ' 283 1.76 B4 2.18 1.90

+* .78 + .51 + .20 + .50 + .50

55¢ 2,29 1.32 J4 1.80 1,56

+ .70 + .27 + .22 .+ B0 + 40

500 3.78 242 1.18 2.63 2,50

. + .88 + 45 R + .53 4 .53

45¢ 3.05 219 94 2.28 212

+ .70 + .50 + .18 i + .55 + .48

400 1.41 1,10 54 87 .98

4 32 + 23 + 10 -+ 22 + 22

359 1.89 1,31 b2 1.10 1,23

+ 54 . -+ 32 + 13 + B30 + 32

age .76 57 51 .55 b2

+ 29 + 07 + 13 ‘ + .13 + .18

25° .80 39 A48 56 61

+ .26 + 2 4+ .13 + .13 + .16

: 1,94 . 133 g0 1.4C 1.34
Weighted mean + 51 = 30 + 16 = .34 + .33

* Weighted mean (25°-70°N). averaged by cost as weighting factora
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Fig. 5: Area contrast of means seasonal energy dissipation E over =
- the Northern Hemisphere. (December through February).
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Fig. 6: Area contrast of mean éeasonal energy dissipatmn E over
the Northern Hemisphere. (June through August)
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Table 18: December-through-February: Regional distribution of means of Latitude
geographic wind speed at 1000mb surface Vi (cm/sec)and geostrophic drag
coefficient C (unit of 16~) over the North American Continent. 1945~~1955.

ﬁgﬁhanitude o
Mnd c 700N 650 60° 55¢ 500 450 490 350 300 | . 250
Longitude

&5°W Vg 1,305 | 1,246
C 413 413 _
750 Vg 816 936 | 1,176 | 1,161 | 1,482 | 1,393 | 1,050
C 334 329 417 415 404 388 378 .
850 Ve 880 940 | 1,069 | 1446 | 1,216 | 1,159 | 1,155 935
C 332 329 415 397 339 329 424 453
950 Vg 944 945 943 1,012 1,328 1,180 931 1,164 1,073
C 330 329 367 415 345 303 371 393 423
103° Ve 832 916 868 896 1,276 1,277 972 1,206 1,098 1,218
C 333 330 379 432 358 315 383 366 371 363
115¢ Ve 915 850 917 | 1,005 | 1,518 | 1,465 | 1,031 | 1,19 a53
o 331 331 377 437 365 325 381 373 378
125° Ve 865 910 | 1,447 | 1,853 | 1,567
c 332 331 364 | 424 | 364
1350 vg 1,038 | 1,529
C : 328 361
145 Vg 951 | 1,174
C 339 329
1550 Vg 1,072 | 1,082 | 1,421
o] 336 334 328
19 : pFEMZEARRE IREZEREE CAESH) _
Table 19: March-through-May: Regional distriburion of means of geostrophic wind
speed at 1000mb surface V; (cm/sec) and geostrophic drag coefficient
C (unit of 10™*) over the North American Continent. 1945~1955.
ST i Latitude —
s Vgand . \ 7PN | 65° 60° 55¢ 50° 450 400 350 200 | 230
Longitude
65°W Vg 1,120 | 1,006
s 422 424
750 Ve 742 892 | 1,086 962 | 1262 | 1,207 380
c 336 331 423 425 414 | 412 420
a5° Vg 816 542 1,018 | 1,369 | 1,141 990 | 1,088 900
C 334 329 417 404 385 366 436 462
950 Vg 889 946 894 | 1,001 | 1,365 | 1,129 | 1,031 | 1,143 | 1,070
‘ C 332 . 329 371 422 376 | 456 377 404 434
1050 Vg 856 015 | 86 900 | 1,178 | 1,028 | 1,079 | 1070 | 1,320 998
c 333 330 382 | 441 3% 367 385 380 371 375
1150 Vg 824 872 819 8s6 | 1,279 | 1,112 | 1,397 | 1,181 | 1,074
C . 333 331 384 . 453 402 381 377 382 378 .
125° Vg 810 863 951 921 1,281
c 334 331 +1 381 451 402
1350 Vg gs3 | 1,153
C 332 374
1450 Ve 894 884
C 364 348
1550 Vi 1,018 947 | 1,148
C 360 362 355
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Table 20: June-through~August: Regional distribution of means of geostrophic wind
speed at 1000mb surface Vg (cm/sec) and geostrophic drag coefficient
C (unit of 10-%) over the North American Continent, 1945~1955.

(6 %8 A)

\\\%E Latitude ]
e 70°N g50 60° 559 500 450 400 350 300 250
ER .
Longitude ™. Vg and C
65°W Ve 914 875
C 492 491
750 Ve 749 767 918 843 885 947 | - 608
C a7z a7s 491 493 487 465 465
g5o Vg 778 831 844 992 865 622 731 625
c 376 373 - 488 £77 435 425 469 482
950 Vg 807 818 751 792 | 1,036 843 744 784 044
o] 374 373 427 ) 493 447 419 419 435 450
1050 Ve 743 784 721 693 952 870 | © 755 703 215 661
¢ 377 373 434 507 454 424 | - 418 409 389 391
1150 Ve 762 748 649 586 | 1,192 925 | 1,489 | 1071 | 1,060
C 376 375 438 513 447 425 394 397 381
1259 Vg 652 991 697 719 | 1,235
o 381 378 435 511 446
1350 Ve 626 850
¢ 382 427
1459 Vg 657 608
C 422 402
1550 Ve 744 642 881
C 417 420 408
&2l LM ME A R ERSE (9 AL

Table 21: September through-November: Regional distribution of means of geostrophm
wind speed at 1000mb surface V; (cm/fsec) and geostrophic drag coefficient

C (unit of 10%) over the North American Continent. 1945-1955

#E Latitode e
o ‘ 70°N 65° &0° 350 soe 450 400 35° K 250
Longitude ™. Vg and C ‘
65°W Ve 1,163 | 1,178
C 456 453
750 Vg 876 935 | L,i50 | 1,147 | 1,328 | 1,238 802
C 332 330 456 454 445 438 445
850 Ve 887 980 L5 | 1,373 | 1,179 909 976 855
C 332 329 450 438 411 391 442 463
95° Vg 898 968 941 | 1,053 | 1,261 | 1,110 813 985 | 1,014
c 332 329 383 455 402 385 391 412 435
1050 Ve 1,063 932 882 919 993 | 1,075 901 594 928 | 1,064
C 333 330 392 470 419 355 397 386 381 | 372
115° Ve 887 900 791 897 | 1,210 | 1,174 | 1,14¢ | 1,041 835
C 33z 330 395 479 420 agy 389 389 384
1250 Vg 775 855 | 1,124 | 1,051 1,353
G 335 332 385 472 416
1350 Vg a3y | 1,271
C 333 g1
1450 Ve 922 916
C 369 350
155° Ve 1,064 992 | 1,255 -
C 365 366 358




Table 22; December-through-February: Regional distribution of means of energy
dissipation E (watts/m?) and standard deviation of E over the North

#=22 hEMZRE e R RS RECEAGSE (12HE2 H)

American Continent. 1945~ 1955.
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\ S Latitude ] ‘
709N 650 | @7 550 50° 450 40° 350 300 250
HE Longitade ‘
4,79 4.16
55°W ‘ + 217 |+ 177
250 o8l | 119 354 | 338 5.30 5.11 1.90
+ 24 i+ 44 |4 157 Jr 151 |2 174 [+ 165 |3 42
g50 1.04 1.20 2.47 5.76 2.59 2.01 3,09 1.84
+ .39 |+ .47 + 90 |+ 186 |+ B7 |+ .58 |+ .98 + 75
950 1.26 1.24 1.48 2.20 307 1.89 1.3% 2.80 2.41
+ B3 |+ 51 |= 55 1+ 82 |x126 |+ 70 |+ 41 |+ 98 |+ .67
1050 50 1,19 1,20 1.64 251 2,76 1.58 2.84 2,07 276
+ 4l {x 6l |+ 48 |4 64 [+1.28 |14 |+ B4 |+ 82 |£ O 126
1150 117 | 1.07 1.49 255 | 506 | 425 1.86 2.83 1.00
+ 40 [+ 55 |+ 86 |+ 1.06 '+ 7y |+1.67 [+ 65 |+ 69 - .81
1250 .98 110 | 529 5.86 5.54
+ 41 |+ 43 |x267 (4275 |+ 166
1.68 6.90
135° +. 74 |+356
| 1.3 2.41
1457 + 54 [+ 110 .
1.92 248 398
1559 4 84 |+ 100 |+ 1.09 i
F23 G EEMZEEER EESFEEEREE (3 AE5 H)
Tabie 23: March-through-May: Regional distribution of means of energy dissi-
pation E (watts/m”) and standard deviation of E over the North
- American Cotinent. 1945~1955,
oo - =
~ B Letitnae | e
- 70°N 65° 600 | B5° 500 459 40° 3go 300 - 280
mLongﬁtude\‘ |
3,07 221
65°W +1.23 i+ .Bi
750 .60 .59 277 | 183 4,28 3.52 1.43
: + .20 |+ .35 |+ 92 |t 79 1+ 30 |+ .99 |+ .53
.. gge .81 1.14 213 495 2.57 1.53 2.80 1.67
+ 27 [+ 37 + 64 |+ .29 |+ .88 £ 35 [+ Bl |+ .49
950 1.02 Lis | 1,21 2,05 3.88 215 | .1.77 297 2.49
- 34 4 B84 | 46 |+ BB |+ 1585 |+ 76 |4 .52 |+ B9 |+ .80
1050 94 106 | .1.14 ; _1.62 268 | 227 217 2,00 352 1.73
+ 39 4 32 [+ B4 4+ 45 [+ LIS = 83 |+ .85 j+ 63 |£L15 |+ 76
. 81 94 98 | 160 | 360 |- 239 | 439 | 283 | 193
+ 22 |+ 35 [+ .28 |+ 58 |+ 97 |+ 90 |+ 102 |+ 94 |+ 33
1250 J6 |- %2 | 172 | 154 | 361 '
+ .19 |+ .32 + 74 = 96 [+ 98
o 85 2.82
135 + B |+ 146
; 121 115 '
15¢ + 34 |+ 38
1559 2,62 1.47 2.45
+ .50 |+ .43 |+ 1,09




—~ 28 —

K24 BN ERERHERREEZEREE (6 AESA)
Table 24: June-through-August: Regional distribution of means of energy
dissipation E (wattsim?) and standard deviation of E over the

North American Continent.

s Latitade
AR Longitude

70°N 5 60 55 &0 45 40 35 30 25
65°W 1.92 1.70
+ 47 | = 53
75 70 73 1.95 1.52 1.73 1.96 52
+ 21 |+ .26 | = 53 | 2 44 | = 66 | = 55 | = .21
85 79 93 151 2.32 1.31 48 95 .60
+ ,25 | + .38 + .55 | &£ .69 | &= 37 | = .15 | &£ 30 | &+ .27
95 .87 .89 B5 1.29 2.29 113 .83 1.04 1.76
4+ 29 |+ 32 |+ 2304 5] |2 .50 |+.25 ] +.23 |+ .3 |+ 46
105 72 .78 7 S0 183 1.29 .82 .66 94 A48
4+ 38 |+ .25 | 4+ .23 | + .30 | 4+ 82 4+ 39 |4 .24 |4 .19 |+ .30 | £ .18
115 79 .69 .58 .89 3.49 1.49 5.59 2.91 1.87
+ 41 [+ 22 [ 2.9 | =30 | & 94 ]+ .57 | =017 [ = 38 |+ .35
125 .55 .56 74 1.02 3.87
= .26 | = .19 | £ 40 | & 4Ll | 197
135 43 1.26
+ .7 | & .54
145 59 A
+ 18 | + .18
155 .82 57 1.33
+ .25 | &+ .22 | £ 49
=25 hEMzEEEREEEREZEDPSE (9 AE1LH)
Tagle 25: September—-through-November: Regional distribution of energy
dissipation E (watts/m?) and standard deviation of E over the
North American Continent.
- L Latitude : B
70°N s° 60° 559 50° 45¢ 400 350 30° 25°
L Longitude
65°W 3.69 3.80
4+ .88 | +LI5
750 98 112 3.76 3,51 5.47 412 1.20
4+ 32 [ 4 .88 | 41,20 | +£L14 | 214 | =132 | & 48
850 1.01 1.30 324 579 3,21 1.42 2.01 1.43
+ .29 [+ .46 H1.26 | 4192 [ £1,00 | + .61 | + .73 | & .57
95° 1.03 1.28 1.46 2.77 3.45 238 94 1.82 212
4 27 |+ 51 |+ 49 | =108 | & 90 | = 59 | = .25 | + 58 | + .67
105° .86 1.15 1.23 1.93 1.84 2,10 1.29 1.68 1.35 2.06
+ .24 | & 58 |+ B3 |+ 66 | + 64 | = 59 | & 46 | 4 47 | &+ 51 | £ 98
1150 101 102 &1 189 | 329 3.00 2.59 1.96 94
4+ 38 | 45 | 2 26 | 4 61 | #1581 | =104 | £ 92 | £ 60 | £ .28
125° .70 89 3.00 3.29 452
+ .22 | & .32 ] +1,15 | £1.09 | 2203
1340 86 | 382
+ .44 | 41,08
145¢ 1.42 1.30
+ 49 | + 59
1559 211 1.73 314
+ .82 | + .64

+1.18
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Table 26: Examples of geostrophic drag coefficient C by Kung and skin-drag
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coefficient Cd by Cressman (1960) for the North American Continent.
1945-1955. C andy” Cdin unit of 104

i
Longitude a
m 135 125 | 115 105 | 95 85 75 | 65°W
Latitude
60°N 1/ 0l 775 632 387 387 387 — 447 447
C winter 361 364 377 379 367 — 417 413
C summer 427 435 438 434 427 —_ 491 492
50 1/ Cd — 616 748 387 387 387 500 —_
O winter — 364 365 358 345 397 404 —
C summer — 446 447 454 447 477 487 —
40 1/ Ca —_ — | 837 775 387 424 469 —
C winter — — 381 383 371 329 378 —
¢ summer — — 394 418 419 425 465 —
=Tk B M — B W # # F B E
Table 27: Comparison of January means of energy dissipation E (Watts/m®) over
the North American Continent, Computed with geostrophic drag coef-
ficient by Kung and skin drag coefficient by Cressman (1960). 1945-1955.
\\ Lﬁlﬁ_t a
ongiinde 18509 | 125 115 105 95 85 75 65 Mean
FREE
Catitude
60°N Ku* 8,17 6.94 174 0.94 1.39 — 3,58 4.94 3.96
Cr** 38.54¢ | 21,58 1.88 | 098 1.55 — 419 586 | 10.65
50 Ku — 6.07 537 358 3.22 5.90 653 — 5,18
Cr — [ 19.4| 2511 473 4,61 564 ( 1073 —| 186
40 Ku - 1.92 1.67 1.18 2131 222 — 1.82
Or — — | 935 6.90 1.29 | 357 346 — 491

¥Ku=drag coefficient. by EKung.
*¥Qr=drag coefficient by Cressman.
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Tendency dnd Periodicity of tkeClz'maz"z’c Changes

m Taiwan ' . Yen— huar Liu.
- Abstract

A statistical analysis is applied to the meteorological records
of Taiwan, including temperature, ptecipitation, and atmospheric
pressure during the 64 years 1897~1960, to determine whether
climatic tendency or periodicity in variations exists. The following
results are found: '

1) Tendency: During the 64 years, the annual temperature
indicates a clearcut Warming tendence, especially in the 5 year, 10 .
year, 20 vear and 30 year means. Mean temperature of the sixth
decade is 0.7 °C higher than that of the first decade in this centufy.
The 20 and 30 year means of January temperature in Hengchun
show also warming trend, and July temperature of Taipei and
Hengchun was high too.

There was no general trend in precipitation could be found.
Mean July air pressure of the last 30 years is 0.6 mm and 0.7 mm
higher than before at the two Taiwan stations. The change in the
mean pressure follows with the change of general circulation of
the atmosphere, and the mean ‘temperature changes. The positive

 changes of temperature in Taiwan during 1897~1960 are consistent
with what Brooks and Conover pointed. The global temperature
trends went upward approximately from 1885 to 1940. These trends
seem to be a part of the climatic secular variation.

2) Periddicity: The variations of temperature - precipitation.
and air pressure - indicate clearly climatic cycles of 3~4 years.
Mean period of such cycles is 3.6 years. From observational evidences
of other parts of the Wbrld, Lockyers, Braak, Defant and  others
found climatic periodicity of about the same length. In Taiwan,
the precipitation and air preséure show also cycles of 5~7 years.
Temperature and precipitation reveal even cycle of 10.7 years,
which was close to the 11 year sunspot cycle, and equals with
the composite period of three 3.6 year cycles. Longer periods
which we can find here, are cycles of 13~16, 21~22 20~40, 60
and years more. Among these cycles, the 8~4 year cycle is the
most clear and remarkable one. The cause of such climatic
variations may be partly due to the variations of solar activity,

| AARZER ) SEERPBRENBEEEGZHE
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such as sunspots: Its main cause was due to the changes in general
atmospheric circulation, which may have no external cause. The
.result from the interaction of the winds, ocean currents and others
which we thought to be relevant but our knowledge, under the
present state, is still inmeasurable.

The periodicity of the climatic oscillation in Taiwan indicated
that they may not be possible for the application to long-range
weather or climate forecasts. However, if any one wishes to make
a prediction on the climatic changes in coming years the result
of this paper probably may be used asareference for their diffe-

rentiations.
—~F ]
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 The Characteristics of Heavy Rc_z‘z'nfall in Taiwan Region

Abstract

Ken-chuan Chon

The occurrence of floods or very heavy rainfall had frequently
performed in Taiwan, This paper has been studied the characteristics
of rainfall under the following topics:(1) The topography of Taiwan,

(2) The distribution of rainfall

(8) The intensity of rainfall and (4)

The characteristics of heavy rainfall in Taiwan region.
The records of rainfall. for more than one hundred stations in this
region had been counted for the analysis of its intensity and annual,
- monthly daily and hourly distribution. The data had been traced from
“the beginning of the year of observation at each station up to the year
of 1960. Most of them have a record of more than fifty years.
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International Co-operation Year, 1965
Kenneth T. C. Cheng

Abstracts

To celebrate its twentieth anniversary, the United Nations has
designated the Year 1965 as the “International Co-operation Year”.
The reason for the United Nations to propose the ICY is to disperse
international tension through wider and more extensive.interna-
tional co-operation in the different fields of mankind’s activity,
to increase public awareness of the extent and significance of
existing international co-operation and to bring about increased
world understanding and co-operation for alleviating the starva-
tion of mankind due to the increase of world population, and inc—
reasing the safety and prosperity of human beings. The UN General
Assembly has also called.the attention of all Member States apd
Specialized Agencies to formulate or to join the plans and pro-
- grammes arranged by the United Nations. The world Meteorolo—
gical Organization wishes in particular to ask its Members to
implement the programmes on a world-wide study in tropical
meteorology and on the promotion of meteorological services in
Africa, These programmes are of particular importance during
the ICY.

During the 3rd International Geophysical Year 1957-1959 (IGY),
scientists of the world had been made a wonderful success through
international co-operation on the space researches and the geo-
graphical exploration of Polar Regions. Some similar programmes
will be continued to carry on during the International Year of Quiet
Sun-IQSY which covers the period of minimum solar activity in
sunspot cycle. This activity will keep on going in the year of ICY.

Another prominent international co-operative programme will
be initiated from the first year of ICY and will be continued for
a period of ten years. The so-called International Hydrological
Decade-IHD sponsored by UNESCO will begin throughout the
world. This programme will promote the hydrologists, meteorolo-
gists and fhe scientists of related sciences to put their efforts to -



study the. balance of the world’s water budget A rising- demand

. for water has been recorded in'many parts of the world through

varymg emphasxs on dOmestiC agncultural and industrial requlren.‘

ments. Even in some non—mdustnal area where food shortages =~

. have been arisen from a rapid growth in populatlon The problem
"~ of 1rr1gat10n must be'! met by growing crops in more productive
areas and- drawing on theu— reserves of water. The naturaI evolu-
t1on of the water cycle must be more deeply Studied ’l‘he methods
or means for control of floods. ot mlmfmzmg the ménace of dro-

+ ughts by.way of making water reservation and reclaimation should

be continuously developedin a worldhvwde scale. Such knowledges
on researches in hydrologlcal fields and measurements of water
changes must be 1nternat1onaIIy exchanged between one group of
p'eop'Ie with the other. And some changes in chemical character
of water property must be analyzied because such'studﬂz ‘is directly
relevant to its deposition m ‘a man- make reservon' and the health
of rural people. el :
" An‘introduction -on ‘the pi'ogramme of IHD draught by Mr.
Nace, R.:L. has been ‘briefly ‘discussed. The IHD is a world-wide
programme of ICY which demgned to help each nat1on to achleve
a better understandmg and to make a better use of its’ own water
resour ces through 1nternat10na1 collaboration.’ Thais will step into
another Stage of scxenufzc development in twent1eth century
'throuc’h the programmes Of ICY 7 _ S
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Floods of the Taipei-Basin "_ M. D. Chow
Abstract

Taipei Basin was situated in the northern part of Taiwan geogra-

. Dhically. S;jeaking, it is a place of confluence of several streams: i. e,

Takoukan R., Hsintien R. Keelung R. and Tamshui R, The upper parts of

these rivers are short and steep and it often causes a sudden increase

of river discharges and frequently makes the deluges in its lower

valley when a rainstorm happens. From the analysis of this paper the
causes of floods may be listed as follows:

(1) The Taipei Basin is quite low above sea-level, especially it is
lower than® meters above sea, level around the area of Yuenshan.

(2) The Taipei Basin and the Mountains surounding it are about
2500km?® in area. The rainwater of the area pours into Takoukan River,
Hsintien River and Keelung River from which the water concentrates
into Tamshui River. With much dlfflculty the water finds its way along
Tamshui River to ocean for the river. has a narrow part at Kuan-tu
380m in width. ‘The water is hindered its passway in the part.

{3) In case the rise of the river stage meets with the time of
full-tide. It will make a stall of the river row‘a_nd causes an unpre-
dicable increase of river stage in Tamshui River with the result of a
flood.

On the other hand, the mouth of Tamshui River is facing the
direction of NW. When a typhoon passes the northern coast of Taiwan,
the Taipei Basin would receive with strong NW wind from the
storm. The wind factor would also cause a detention of the river flow
and gives another chance for causing a flood.

The local proverb says: “Hsi-pei Tai” (FgibE:) makes a great
threat to the inhabitants of Taipei Basin because the flood follows it.
The term “Hsi~pei Tai” means the north-west air current of a typhoon
sweep over the northern part of Taiwan.

An experiment formula for making a quantitative forecast of the
rainfall of a typhoon is developed. The predicated quality of maximum
precipitation in 2¢hrs (Q) may be assumed as the indicator for the flood
stage of the Taipei Basin.

- QE=K{1000—-P}
(P) indicates the estimated lowest atomospheric pressure reading of a
station, K is a constant with a numerical figure 10.4 without taking
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into- consideration the direction and velocity of a typhoon Further .
factors should be considered intc a new equatwn such as time, tlde :
and rainfall etc The formula will probably be given in a later paper.
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Fig.1 :Topographic view of the Taipei Basin.
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Table 1 : Altitude table of M.S.L. of
main parts, Taipei.’
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Table 2 : Record of tide within and without
-the Taipei Basin. (Dec. 14, 1964)
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Relations of Sunspot on Weather and Climate

Yuan-Heng Wer

Abstract

Some solar-terrestial relationships may exist as controlled
factor of-anomalous weather and climatic changes. The relative
sunspot number could be used to evaluate the atmospheric fluctua-
tions. At the present, we knew that the sunspot 1ll-yearcycle and
the double-sunspot cycle are closely associated with the significant

changes of the world weather.

This paper is showing brief summary of some apparent facts
concerning these relations emerged in a series of instances. The
climatic data of Taiwan happened at each maximum and minimum
of the sunspot cycle had been taken for the finding of solar-

terrestial relations during the last century.

i

— ~ Bl

SERERER > RS EEREY » BRE—

A ARSI o PR EEES (1~ 2f) BN
FEE SR EREN RN ERE
£ ) BAREFRENZE o MHBIEEY » BIEHR
SRGRE  FERAMRRERRZE ; HHRE
WG EED B - WERRRBZRE > THEH
PR IBET S B KSR EAR
By B ERE ) R EEZRARAERZE
i RN R R R AR ; BEERKBE R
RUZEEAL EX RRARZRE  AFNEES
» BAR R A R E S FE + ER LSRR
B o ACERE A ET MEREAN  EUHETXAR
iR B ) RESERARRSEZM ©

SRR » BEARERKAL (Gleistocene)
dh e gk [RekEl] (Interglacial) 292
~sg7Er ) FREIE AR R DEEE (EKSRER
FlE o HEAAKMEERR) o XME 1920 X
A RIRRS R 2°C 1 B 100 47 » JLIERHE » R
BIEEESKSC ) SOEAHLEB » HEH 3BT
L 4IRE T A ¢ BESRE0EN » £RBRIE ) MR
ML ASETRE A A M o ZEUK R Mk
8 REESERERT - R EZRE > SBEVD
B R EATZ ML 5 MR Al ORI R T B
R o

= KBRS R

kEsEISHESD  DKBETERARL
BRI EPEE16114E » g m ez sa 8k y AIE
17604 4S o

KBLETZEE > DBETHEERZ » TH
Wolf Number » #:8 : R=10g+S» R g "E
TRk 0 S ERIOIBTHER 0 MRS SR
ESLERETR (Fll ABETEIENETER
—Fh» HR=20 B2 PS/NEFRI R=22) » H
FEETER - RETREE  HEHERBEREA
s ZERERLE  BURE R ML ) REERRTRZS
ro

KERFYeE R > 2EIMEER » FBE
B4 ; HEBFREETR—REE » HBL
B TEFITE ) KBBTHE R » H4ERgBie
B 010 (R min=0—10) > WHS BT » TH
50190 (R max=»50-180) o

KB AEEES M o HRMEE L ZI
BETANZ 242 JRRE » FRKBRTEM
s BABEFZRM » ZR—B$HRE » Bak-—R
% MEMARZEYE o ERTEEEHAR » h—RH
A BRR:  AEZEB RIS - SERT
B EWAHE (Bipolay) s —HZBIHRFHEETS
=T B R AR F LR R R R R
y IREFAR RIS o BAGE  KBBFE—RPIA



— 20 —

& 1 23k ) Him e ? AL R — S
» PR ELAHIR AR o _

ERGEBRRK D » BRBZER » k=
W ERTFRETEREABES ZBERM 3 B
BYRAM » KBEHIE » (TEEZIEE o mE
FHRSEN » XREBRBEDZEERE » ARE
RARTBBEEZE-B%  ETREREAS
MR - EH#ENE »

B 200 B » RIBETRESER  HEEER
B BRERNIERIESR » BB ERY S
B B0E KohE W & KEETEREE (=
R max) HHEEZ(ER max)» EEEHEE» &
BIHR » Plin H1858E19424F - Ml 8 (MM » 5
FETEZEE » FREIRS B wEREE
mE 1 BCT o HAEE 200 47 » A BENR DR

150"

140F
1200

1760 1760 ITT0 1780 2790 1806 1810 1620 1830° 1840 1850 1450

1500 2870 1880 1850 4000 1320 1920 1830 1340 1950 1200

1 : BEREETERGN S8
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as a function of time.
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Fig. 2 : Average pressure-difference profiles,

sunspot maximum minus minimum
(1900~1939),
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Fig. 8 : Ave. pressure difference, sunspot maxima minus sunspot minima,
Jan. 1960~1939
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Fig. 4 : Ave. temp. difference (°F),

minima, Jan, 1900~1939.
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Fig. 6: Ave. precipitation difference, sunspot maxima minus sunspot minima, expressed
as percentage of the ave, (Normal) precipitation, Jan. 1900~1939,
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A Biographical Note of Professor Jorgen

Holwmboe 1902- Kenneth T. C. Cheng

Abstract

Professor Jorgen Holmboe born in Hammerfest, Norway in
November, 1902. He is a descendant of a religious family. His father
was a minister of a Lutheran Church. He has high intelligence
in acquiring of sciences with a strong memory. During his college
vears, he had spent about five years with his professor Vihelm
Bjerknes to be his assistant. In 1930, he graduated from the Uni-
versity of Oslo. Later he joined the work in Norwegian Weather
Service. Between the years 1933 and 1935, he participated the Ells-
worth Antarctic Expedition and became one of the early pioneers
on Antarctic Research. For the sake of convenience of his resear-
ches he also spent about a year in Wellington, New Zealand. In
1935 he married to Kirsten Bendoxen. Next year he received the
invitation from the Department of Meteorology of the Massashu-
setts Institute of Technology at Cambridge, Mass., U. S. A., when
Professor C. G. Rossby took the Head of the Department. Begin
from the vear of 1942 up to the present date, he is the Professor
of Meteorology in the University of California at Los Angles. He
had published his book on Dynamic Meteorology in 1944. During
the last 12 years, he also charges the graduate teaching and con-
tract research for the U. S. Air Forces and National Science
Fundation. His life is simple and diligent. He spends his leisure
frequently in cultivating his own garden as an exercise for his
health. Professor Holmboe has much interest in Chinese Culture
and loves much of China. because he had many contacts with
Chinese students who are studying the ¢ourse of Dynamic Meteo-
rology in his classes during the last thirty years. Professor
Holmboe is an amiable character with much high learning and
makes his students borne with an impression which they will be
unforgotten whenever they return to their own countries. K.T.C.
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