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1. Designation. The attached copy of Air Force Surveys in Geophysics, 
No. 126, June I960, entitled "Notes on title Meteorology of the Tropical 
Pacific and Southeast Asia," is hereby designated as AWSM 105-^8, Volume II. 

2. Purpose and Scope. This volume provides AW3 personnel with in- 
formation and guidance on certain phases of the descriptive meteorology and 
synoptic climatology of the tropical Pacific and southeast Asia, including 
sections on tropical cloud physics, local effects, and weather reconnaissance. 
As such, it supplements the material covered in Volume I. This volume is 
applicable to all AWS forecasting activities. 
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This report is designed to supplement other texts on tropical 
meteorology. It makes use of new observational material and accords 
the synoptic features of the monsoons more attention than they have re- 
ceived in the past. 

Hints on analysis, and the uses of auxiliary charts and continu- 
ity are followed by a chapter on the physical geography of the Pacific 
and a gazetteer describing the locations and environments of observing 
stations. Chapter 3 tabulates monthly mean resultant winds, steadiness 
arxl other derived data at standard pressure levels for 3^ sounding 
stations. Chapter h  which broadly considers the climatology of tiie 
region, leads to more detailed discussions of the synoptic climatology 
of the tropospheric field of motion in the central Pacific (Chapter 5) and 
of the synoptic climatology of the China Seas and southeast Asia (Chapter 
6). Appendices amplify the topics covered in this chapter. The final 
chapters are devoted to tropical cloud physics, local effects and aerial 
weather reconnaissance. 
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Shortly after Contract AF 19(604)-1942 was negotiated, Air 

Weather Service, Air Force Canibrldge Research Center and the 

University of Hawaii agreed to include meteorology instruction in the 

contract, with the aim of intensively training Air Force meteorologists 

in the meteoi ology of the tropical Pacific and southeast Asia.   The 

courses which were given at irregular intervals and lasted six weeks, 

consisted chiefly of laboratory work,  supplemented by lectures,  and 

depended heavily on material developed earlier in similar courses by 

Professor C. E. Palmer and his associates.   "The Practical Aspect of 

Tropical Meteorology, " written by the Palmer group and used as a text 

has served admirably except that in largely concentrating on the central 

Pacific it makes only sketchy references to the important typhoon and 

monsoon problems of the western Pacific and southeast Asia. 

Although additional lectures, new laboratory series and 

lengthening the courses to eight weeks have contributed to remedy the 

deficiency, printed material has been so widely scattered that students 

have had to depend on note talcing, a difficult iask considering the con- 

centrated nature of the instruction. 

Now that the Air Force Institute of Technology has contracted 

for four eight-week courses in Advanced Tropical Meteorology to be 

given annually to Department of Defense, Weather Bureau and Southeast 

Asia Treaty Organization meteorologists, it becomes imperative to 

supplement "The Practical Aspect of Tropical Meteorology" with addl 

tional printed course material.   To this end, copies of Contract 
scientific reports 2,  3 and 4 are distributed to each student, and typhoon 

reports embodying the most recent information and theories are being 

compiled.   A gap remains,  in the areas of descriptive and synoptic 

climatology of the Pacific and southeast Asia, tropical cloud physics, 

local effects, and weather reconnaissance.   The present report is de- 

signed to fill the gap,  but only temporarily,  since a definitive publication 

must await more original research.   Thus the report should be 
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considered us merely Interim and likely to be amended,  expanded or 

superseded by future Lnvestigatixm. 

During the past three years,  Air Weather Service officers 

seconded to the Meteorology Division have been responsible for all 

laboratory instruction in the Advanced Tropical Meteorology courses 

and for some of the lectures.   Major James C. Sadler, Captain Forrest 

R. Miller and Captain Leighton E. Worthley developed much of the 

material used in Chapters 1,  2, 5,  and 9.   The present instructors. 

Captain Carl J. Wiederanders and Mr, Montie M. Orgill were respon- 

sible for Chapters 1,  3 and 5 and Chapters 2 and 9 respectively. 

Relevant published papers are reprinted as appendices. 
Grateful acknowledgment is made to Joint Task Force Seven 

Meteorological Center, the Japan Meteorological Agency, the Australian 

Bureau of Meteorology, the New Zealand Meteorological Service and the 

Royal Observatory, Hong Kong, for their contributions to the contents 

of Chapter 3; to Dr. David I, Blumenstock for Enlwetok mlcrometeoro- 

loglcal data; to Lt. Colonel Frank E. McCreary for opinions and advice 

on upper wind forecast techniques; to the Hickam Air Force Base 

Photographic Laboratory for reducing the diagrams to a standard size; 

and to the Clarendon Press for permission to draw on the excellent 

text, "The Physics of Clouds" by B. J. Mason, for much of the material 

in Chapter 7. 
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This report Is designed to supplement other toxts on tropical 

meteorology.    It makes use of now observational material and accords 

the synoptic features of the monsoons more attention than they have re- 

ceived In the past. 
Hints on analysis,  and the uses of auxiliary charts and continu- 

ity are followed by a chapter on the physical geography of the Pacific 

and a gazetteer describing the locations and environments of observing 

stations.   Chapter 3 tabulates monthly mean resultant winds,  steadiness 

and other derived data at standard pressure levels for 34 sounding 

stations.   Chapter 4 which broadly considers the climatology of the 

region, leads to more detailed discussions of the synoptic climatology 

of the tropospheric field of motion in the central Pacific (Chapter 5) and 

of the synoptic climatology of the China Seas and southeast Asia (Chapter 

6).   Appendices amplify the topics covered in this chapter.   The final 

chapters are devoted to tropical cloud physics, local effects and aerial 

weather reconnaissance. 
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ANALYTICAL HINTS, AUXILIARY CHARTS AND CONTINUITY 

1. Introduction 

The   mld-lat1tude   forecaster   at   a   small   weather   station   has 
many   advantages   over   his   counterpart   serving   in   tropical   regions. 
He   receives   via   facsimile   complete   sets   of   analyses   and  prognostic 
charts,   which  assist   him   tremendously   in   solving  his   forecasting 
problems.     The   tropical   forecaster   generally   receives   no   such 
help   except   for   an   occasional   but   usually   inadequate   facsimile 
analysi s. 

The   adjustment   from  mid-latitude   to   tropical   analysis   and 
forecasting   is   not   an   easy   one.     Many   of   the   techniques   used 
previously,   such   as   those   which  pertain   to   frontal   analysis, 
slopes   of   systems,   and   particularly,   application   of   the   geostrophic 
wind   assumption  must   be   modified   or  be   replaced   by   techniques 
which   are   applicable   to   the   tropics. 

In   the   tropics,   where   the   tendency   toward   slow   changes   makes 
a   correct   forecast,   over   a   short   time   interval,   depend   largely   on 
correct   analysis,    good   analysis   programs   are   essential.     A 
meteorologist   in  making   the   best   possible   analysis  must   constantly 
refer   to  auxiliary   and   continuity   charts, 

2, Streamline  analysis 

The   procedures   to  be   followed  are   well   outlined   in "The 
Practical  Aspect   of  Tropical  Meteorology"*   and   need  not  be   re- 
iterated  here.     There   are,   however,   additional   items   worthy   of 
mention. 

Order   of   analysis.      It   is   suggested   that   one   begin  with   the 
dominant   featurei   of   the   chart,   the   subtropictl   ridge  axes   of   the 
Northern and  Southern Hemispheres,   which   should  be  well   defined 
by   the   previous   analysis.     Next,   a   large   area   of   undisturbed   wind 
flow,   such  aa   the   trade   winds,   or  a  typhoon  area   with  generally 
numerous   reconnaissance  reports   and  a   center   fix,   might  be 
analyzed. 

Certain areas,   exemplified  by  the   Japan-Okinaua-Taiwan 
complex,   the Marshall   Islands,   or  reconnaissance   routes,   generally 
offer   sufficient   data   for   a   good  analysis   with  a   minimum  of 
Interpolation.     Since   the   objectivity   of   any  analysis  varies 
directly  with  the   density   of   the  reporting   network,   it   is   obvious 
that   analyses  made   over  maximum  data   areas   should be   completed 
prior   to  attempting  analysis   over  minimum   data   areas   where   much 
subjective   Interpolation  may  be   required. 

Suggestions   for   Improving  technique 

(a)     Look  at   the  "big  picture."      On  each   chart   the  numerous 

'Henceforth  shortened  to "PA." 
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(b) Do not draw a streamline through every report.  This 
certainly leads to a cluttered appearance, prohibits proper 
spacing of streamlines, and may result in poor analysis. 

(c) Working outward from an anticyclonic and inward toward 
a cyclonic center ensures more rapid and elegant analysis, by 
guaranteeing that divergent flow around anticyclones and converge«: 
flow around cyclones are readily and accurately depicted. 

In the absence of strong evidence, cyclonic circulations 
should be analyzed as indrafts and anticyclonic circulations as 
outdrafts.  PA states, "The experienced analyst will realize that, 
at low levels, the outdraft is mo.  frequently combined with 
anticyclonic flow, while the indraft is most frequently combined 
with cyclonic flow.  At upper levels, however, any of the 
combinations may appear."  During meteorological operations 
supporting the 1958 nuclear test in the Marshall Islands, Comman- 
der D, F. Rex, Lt. Col, F. E. McCreary and Dr. R. R. Brownlee 
conducted experiments with mechanical wind analyses and forecasts 
for levels ranging from 10,000 to 50,000 ft.  Using wind observa- 
tions from more than 30 observing sites an IBM 704 computed 
east-west and north-south wind components at latitude-longitude 
intersections spaced two degrees apart.  This was done by the 
method of Inverse squares which weighted the contribution of each 
report to the interpolated value at the grid point according to 
its proximity to that point.  The resultant wind at each grid 
point was then printed out by the computer and the charts analyzed 
It is significant to note that neither anticyclonic indrafts nor 
cyclonic outdrafts could be detected on any of the charts. 

Mld.tropospheric cyclonic outdrafts may develop and persist 
around typhoon cores.  Air which has spiralled in toward the 
center (at low levels) at speeds determined by the low.level 
pressure gradients, tends to conserve its angular momentum as it 
rises within the core.  Since a typhoon is warm.cored, pressure 
gradients decrease with height and In the middle troposphere the 
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Figure 1-1.  Surface BtreaulIne -isotach analysis for 00 GCT 
28 July 1956.  Isotachi are labelled In knots. 

Figure 1-2.  Saae as fig 1-1 but for 10,000 ft 
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Figure 1-3.  Same as fig 1-1 k«t for 20,000 ft 

Figure 1-4.  Same as fig 1-1 but for 40,000 ft 
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centrifugal force begins to exceed the pretsure-gredient force. 
The air it then accelerated outward toward higher pressure while 
•till rotating cyclonlcally, 

(d) Avoid distorting the analysis pattern over too large an 
area on the basis of one report, without substantiating data.  On 
low.level charts of the trade wind region, analysis sonetines has 
shown a trough extending more than 1000 ml south of a reporting 
station whose observation is the only evidence that the trough 
exists.  This procedure overtaxes the use of single station 
analysis. 

(e) Avoid depending too heavily on the pressure or contour 
analysis to determine the wind analysis.  Despite the large 
deviations of geostrophic fron measured winds in the tropics, 
some analysts unconsciously attempt to follow contours into 
tropical regions when drawing streamlines.  Contours with arrow, 
heads and tails at opposite ends are still contours.  Substituting 
an arrow for a pressure.height value does not magically convert a 
contour into a streamline. 

(f) Remember that singularities may not extend through all 
levels of the troposphere.  Many a high-level circulation does 
not penetrate down far enough to be detectable in the streamline 
analysis at 10,000 ft but nay be reflected as a minimum speed 
area In the isotach analysis.  Figs 1.2 and 1.3 contain an example. 
At 10,000 ft a speed minimum occurs between 10* and 15*11, 170'E 
and 170oW, almost directly beneath the 20,000 ft ridge axis. 

(g) Beware of concluding that a light wind (less than 10 kn) 
in evidence of a singularity in the vicinity.  Light steady flow 
is not uncommon and hence singularities should not appear in the 
analysis except where wind directions vary considerably in space 
or tine. 

3.  The tine.section 

The time.section is Invaluable as a tool for detecting data 
errors in either transmission or plotting.  Table 1.1 shows the 
19 July 1959 time.section for Wake Island during a period of deep, 
strong trade wind flow.  It is obvious from a consideration of 
other levels and other tines that the 700 mb wind of 010° 31 kn 
reported on the 1200 GCT rac'ivaonde message la wrong.  Yet, one 
analyst blindly accepted It, and as a result his 700 mb analysis 
was erroneously distorted over several hundreds of miles in every 
direction from Wake Island.  A bri«f glance at the time-section 
could easily have avoided this error. 

Wind reports should be accepted as correct unless there is 
evidence to the contrary.  The time.section is most likely to 
provide that evidence. 

The wind reported at each level in a rawin or pibal message 
is determined by averaging the winds through a layer centered at 
the report level.  This approximation to a single.level wind 
seldon seriously affects the representativeness of the reported 
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Table   1-1.     Wake   Islend Tl«e-«ectlon  for   19   July   1959. 
Wind  directions  are   in   tens   of   degrees   and   wind   speeds   in knota. 

Height 
(thousands of ft) 

0000 
GCT 

0600 
GCT 

1200 
GCT 

40 0816 0723 

35 0721 0816 

30 0721 0813 

25 1219 0802 

20 1019 0611 

18 0918 0816 0713 vlnd at 700 ab 

16 

14 

0916 

1017 

0817 

0817 

0911 

0821 
on the 1200 GCT 

12 1117 0818 0721 radiosonde report 

10 

8 

0917 

0916 

0822 

0823 

0731 

09 20 
:-   0131 

6 0821 0824 0923 

4 0822 0922 1019 

2 0822 0823 0919 

wind  direction.     However,   the  wind speed,   which may undergo  rapid 
fluctuations  through  the  averaging  layer,   may not  be accurately 
represented by the  report.     Analytical  smoothing of  the  isotach 
field  is  therefore   often needed.     In pursuit   of  this  end,   time- 
sections,   which depict  both vertical and  temporal  wind distribu. 
tiont,   can be  effectively used. 

4.     Continuity 

In  the  tropics,   circulation system«   once  established,   tend  to 
persist,   either  remaining quasi.stationary  as  does   the  subtropical 
ridge,   or moving along  fairly  steadily as   do  typhoons.     Thus,   by 
carefully  maintaining   continuity an analyst   greatly  improves   the 
quality of his analyses.     Continuity  charts,   on which  the  succes- 
sive  positions  of  all   circulation,   ridge,   or   trough systems   are 
plotted,   enable  the  analyst  to avoid unlikely aovement  velocities. 
The  charts,   by  facilitating extrapolation,   ensure  that   the  analyst 
can,   with some  confidence,   track moving  circulations across   areas 
bare  of  observations. 

Frequently,   a   new  circulation may  be   located.     If   it  also 
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appears   on   the   following   synoptic   chart,    it    can   be   accepted   as    in 
fact   existing,   and   not   being   a   spuriuuc   system   rcfic-cting   incorr ect 
or   unrepresentative   observations. 

PA in empha sizing the importance of "vertical 
(pp 152-135) points out that circulations may best 
locating the «-enters of relative vorticity maxima 
minima (anticyclonic) (sec fir, r> 1-1 to 1-4). Howe 
Important to realize that a circulation which is v 
40,000 ft may not be detectable in the vorticity f 
10,000 ft, whil a typhoon may well be overlain by 
in the high troposphere. Predominantly high-level 
(cold lows) are best identified and followed on ^0 
Conversely, surface charts are ideally suited to t 
tracking of predominantly low-level circulations ( 
high a). The circulations of warm hifhs often exte 
the   t roposphere. 

'     continuity 
be   located   by 

(cyclonic)    and 
ver,   it   is   also 
i gorou.c,   at 
ield   at   5000   or 
ar   anticyclone 
circulations 

,000   ft   charts, 
he   location   and 
warm   lows,    cold 
nd   throughout 

Time   continuity    should   be   relatively   easy   to   maintain   on 
upper   cr   lower   tropoapheric   charts,      500   mb    (20,000   ft)    charts 
however,   rather   poorly   depict   both   high-   and   low-level   circula- 
tions   which   nay   disconcertingly   disappear   and   reappejr   as   the 
systems   weaken   or   intensify.      Continuity   can   only   be   maintained 
with   difficulty. 

5.      Blb 11ography 

Palmer,   C.   E,,    1951:      On   high-level   cyclones   originating   in   the 
tropics.     Trans.   Amer.   Geophys.   Un..    32,    683-695. 

Riehl,   H.,    1955:      Waather   analysis   in   tropical   regions 
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GEOGRAPHY   OF   THE   PACIFIC 

1 introduct ion 

reveals   that-   the   Pacific   Ocean 
single   feafire,   comprising  more 

The   total   area   amounts   to 

Examination of a world map 
constitutes the earth's largest 
than   one-third   of   thp   earth's   suriaco 
approximately   68,634,000   mi   .     The   Pacific   Ocean   is   roughly 
elliptical   in   shape   with   the   following   boundaries: 

North   -   Bering   Straits   (56   mi   wide) 

Eaat   -   Coasts   of   North,   Central   aid   South America 

West   -   Asia,    Indonesia,   New  Guinea   and   Australia 

South   -   Antarctica 

The   Pacific   extends   approximately   10,540  mi   along   the   equator 
and   roughly   the   same   distance   north-south.      It   is   the   deepest 
ocean   (35,960   ft   in   the   Marianas   Trench),   and   has   an  average 
depth   of   14,000   ft . 

Excluding Austr 
Is covered by land a 
small is lands. The 
the region between 2 
the tropical meteoro 
weather observation 
several years. On t 
at a distinct disadv 
is able to do no mor 
a name and location, 
orography and locati 
important that the f 
future   state   of   the 
to utilize accuratel 
this properly he mus 
and   their   geography. 

alia,   only   a   minute   fraction   of   the   Pacific 
bove   sea   level,    predominantly   in  the   form  of 
greatest   concentration  of   islands   exists   in 
50N  and  Ib'S.     This   is   indeed  fortunate   for 
logist   because   each   island  is   a  potential 
post,   and many  have   been   so  utilized   for 
he   other  hand,   the   tropical  meteorologist   is 
antage   when  he   looks   at   a ueather   chart,   and 
e   than   identify   each   observation  station  with 

Only   out-of-print   publications   describe   the 
ons   of   some   of   these   weather   stations.      It   is 
orecaster,   who  must   determine   the  present  and 
atmosphere   over   the   vast   Pacific,   be   able 
y  every  jot   of   weather   information.      To   do 
t   familiarize  himself  with  the  Pacific   Islands 

2.      D1visions   of   the   Pacific  Ocean 

Geographic.      The   ocean  is   divided   into   the  North  Pacific, 
north  of   the   Tropic   of  Cancer   (230N),   the  Central   Pacific, 
between  the  Tropic   of  Cancer  and   the   Tropic   of  Capricorn   (230S), 
and   the   South   Pacific,   south  of   the   Tropic   of   Capricorn. 

Anthropologi c 
(dark or black 1s 1 
Guinea to New Gale 
with heavy beards 
comprising the Car 
E 1 lice groups with 
and Malaysian stoc 
New Zealand, Tonga 
Date Line. The Po 
Pacific,   are   brown 

al.     There  are   three   main  divisions:      Melanesia 
Tnds)   extending   in   an  arc   from  western  New 
donia   and  Fiji,   whose   peoples   are   dark-skinned 
and   frizzy  hair;   Micronesia   (little   islands) 
olines,   Marianas,   Marshalls' and  Gilbert   and 
inhabitants   of  mixed  Melanesien,   Polynesian 

k;   and   Polynesia   (many   islands)   which   include 
and  all   otSer   Tolanda   east   of   the   International 

lyneslans,   last   migrants   from Asia   to   the 
-skinned,   straight-haired   people. 
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Meteorological.  Considering the lower atmosphere one might 
define the tropics as that envelope of air bounded by the axes of 
the subtropical anticyclones of both hemispheres.  This definition 
implies that the tropical atmosphere is homogeneous and approxi- 
mately barotropic.  The atmosphere poleward of the subtropical 
ridges is generally non-homogeneous and baroclinic. 

Geological,  Islands which consist of granite and siliceous 
(40% SIO2) eruptive rock, called andesitc, are labeled continental. 
These islands were probably joined to the mainland during some 
time in geologic history.  They lie in general, west of a line 
extending from Japan through the Marshall Islands, Samoa and N JW 
Zealand.  Islands which have primarily basalt or coral foundations 
are classified as oceanic and lie to the east of the line. 

Bathymetric and seismic evidence gathered during the Inter- 
national Geophysical Year has prompted geologists to state that 
mid-ocean ridges form a continuous system about the earth.  In 
the Pacific the main ridge extends from south of Australia and 
New Zealand to Easter Island.  Here it is least known but branches 
probably extend to South America through Juan Fernandez and 
Galapagos Islands and perhaps to Mexico.  The main ridge continues 
from Easter Island through the Line Islands and the Hawaiian chain 
to Kamchatka.  Thus, it seems probable that a continuous ridge a 
few hundred miles wide, from 10,000 to 33,000 ft high, winds its 
way across the central ocean floor. 

Earthquake 
second most act 
been most close 
rift. Both rif 
fault zone whic 
The ridge is ma 
basic rock, and 
this suggests t 
basalt lava alo 
by partial melt 
mantle at a dep 
ridges and the 
has been in its 
for most of the 

s occur along most of this ridge which is the 
ive seismic system on Earth.  Where the ridge has 
ly studied, it has been found to have a central 
t and earthquakes suggest that the ridge follows a 
h geologists call the mid-ocean fracture system, 
de up of basalt lava with some patches of ultra- 
the islands along it are basalt volcanoes.  All 

hat the ridge has been formed by the escape of 
ng a fracture zone and that basalt has been formed 
ing of pockets in the ultrabasic rocks of the upper 
th of not more than 37 ml.  The lack of abandoned 
slow rate of the ridge's volcanism suggest that it 
present position for a very long time, perhaps 
Earth's history. 

The mid-ocean ridge system divides the Pacific Ocean into 
eastern and western parts.  The eastern Pacific is fairly uniform 
in depth and nearly devoid of islands except along the coasts of 
the Americas.  Here an extension of the mid-ocean ridge system is 
defined as a broad submarine platform (about 13,000 ft below the 
surface) called the Albatross Plateau, branching north from South 
America toward Central America, and west through the Tuamotu 
Archipelago to Antarctica.  From rifts or fissures along margins 
of the Plateau volcanic mountains have thrust out of the sea to 
form the islands of Sala-y-Gomez, Juan Fernandez, Galapagos, 
Easter and Cocos . 

In contrast to the eastern section, many hundreds of islands 
dot the western Pacific between New Zealand and the Aleutians. 
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Mid-ocean   island   groups   such  as   Hawaii,   Samoa,   Phoenix,   Tokelau 
atnd  Gilbert   arc   extrusions   o£   the   mid-ocean  ridge   above   sea   level 
and  have   been   formed   cither  by   volcanic   activity   or   by   the   action 
of   coral   polyps   around   submerging   old  volcanoes   (guyots). 

Near 
by  New Gui 
cont incnta 
cont incnta 
deep   trenc 
extend all 
the   wester 
generally 
Paci fie   si 
e levation 
active  vol 
sea   level 
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line  mixture.      An   intriguing   a 
s   the   volcanic   island  arc  and 
ocean   floor.      Great   arcuate   is 
ora Alaska   to   Kamchatka   and  sou 
o   the  Banda   Sea   of   Indonesia, 
rd   toward   the   Pacific,   and bou 
narrow   trenches   whose   depths   e 
erest.     The   islands   of   these   a 
rising   from   swells   on   the   oce 
Some   of   the   arcs,   such as   the 

of   large   islands   with   complex 
these   are   replete   with  active 

,   exemplified 
lex  volcanic, 
spect   of   certain 
associated 
land   festoons 
thward  through 
They   are 

nded   on   the 
xceed   the 
res   are   mostly 
an   floor   to 
Japanese 

geologic 
volcanoes. 

The island arcs of the western Pacific are most active earth, 
quake belts and hence are considered belts of active deformation 
of the earth's crust. Within historical times, significant ele- 
vations and depressions of the land have been observed, at rates 
which if extrapolated backward into geologic time, allow geol- 
ogists to account for the highest mountains or the most profound 
ocean  depths . 

Geologists have two theor 
deep oceanic trenches. The fi 
trenches can be accounted for b 
crust or by horizontal compres 
area. The horizontal compress 
buckle into the heavier materi 
trench. The second theory, wh 
trenches are. due to overriding 
which are thrust up at the sur 
floor in front of them. The v 
deep oceanic trenches are bell 
faulting. This faulting provi 
superheated   solutions   can rise 

ies regarding the for 
rst theory states tha 
y the contracting of 
sive forces acting ove 
ive forces cause the 
al of the mantle, thu 
ich   is  more  recent,   s 
by   the   inner  blocks 

face   and  which bend   d 
oleanoes   which  form   a 
eved   to  be   caused by 
des   channels  along   wh 

from  the   depths. 

mation  of   the 
t   oceanic 
the   earth's 
r   a   limited 
crust   to   down- 
s   forming  a 
tatea   that 
of   island  arcs, 
own  the   ocean 
djacent   to  the 
subsidiary 
ich  lava   and 

Some   of   the   deepest   trenches   found   in  the  western Pacific—re: 

Cape   Johnston   (near  Mindanao)   34,440   ft. 
Horizon   (Tonga   Islands)   34,884   ft. 
Vityaz   (Kuril   Islands)   34,044   ft. 
ICamapo   (southeast  of  Japan)   34,038   ft, 
Nero   (Tinian  Island)   31,614   ft. 
Aldrich   (north   of  New  Zealand)   31,080   ft. 

Trenches   have  also   formed  in   the   eastern  Pacific   near   the  west 
coast   of   South America  but   they   are   somewhat   shallower   than   the 
western  trenches. 
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3.  Tropical Pacific ialanda 

Volcanic inlands.  These islands have been built up from the 
ocean floor by flow after flow of basaltic lava issLiing from 
rifts.  The flows thin out as they leave the center of eruption, 
until a gigantic dome is built above sea level.  The dome may be 
ten to thirty miles wide at sea level und extend several thousand 
feet above sea level.  As a final stage of volcanisrn several 
subsidiary volcanoes may break out on the slopes of the great dome 
and cinder cones be left as a result. 

Volcanic islands vary in age and consequently in the degree 
to which the weather has affected them.  The basalt weathers very 
easily, but where the flows are of recent origin, as in the case 
of Haleakala and Mauna Loa in the Hawaiian chain, the original 
dome-like profile in still preserved.  Where erosion has gone 
further, and particularly in the case of ash cones, the old crater 
walls arc broken down and sharply aerrated.  The dramatically 
jagged ridges of Kauai and Tahiti are the effects of severe 
erosion on e>:tinct volcanoes. 

Wind and weather observations taken from a volcanic island 
will be unrepresentative, particularly on the leeward side and 
below the level of the highest terrain.  In fact, cloud formations 
show that peaks distort wind flow to about twice their height. 

Diurnal effects produced by such large volcanoes as Mauna Loa 
may divert the normal northeast trade flow and at tiroes completely 
overpower i t . 

Coral Islands; Darwin's subsidence theory of atoll evo lut ion.'1-- 

Pre-Darwinian theories of coral reef formation had clouded rather 
than resolved the mystery of their existence.  Voyagers and 
explorers of the 17th and 18th centuries fancied that coral 
animals erected their circular parapets for reasons of defense 
and compared them with beehives and the geometrical nests of wasps. 
One naturalist deduced that reefs were "built by fishes by means 
of their teeth."  In prose and poetry nature writers eulogized 
the "skill" and "industry" of the "coral insect" in fabricating 
his "hone." 

Darwin was perfectly aware that coral formations consisted 
of the calcareous remains of small, static, colonial animals, and 
that their giant edifices were no more products of "skill" and 
"industry" than man's skeleton or the shells of clams.  Yet the 
problem of process remained.  Observations made by Darwin In the 
Cocos Isles revealed that the outer  walls of coral of each reef 
and atoll plunged precipitously to enormous depths.  Paradoxically 
he also ascertained that living corals existed only to a depth of 
120 to 180 ft, a depth at which almost all the sunlight has been 
absorbed.  The crucial question, therefore, as Darwin phrased it. 

Based very largely on "Darwin's world of nature" 
in Life Magazine, 20 July 1955, 54-68. 

by L. Barrett 
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was "On what h.ivr the r co f-bu i Id Ing corals, which cannot live at; 
great depth, bajed their massive structures.'1 

Darwin examined coral CortnaLions and separated them into 
three types:  f r1n R i n g reels, barrier reefs and atolls.  The 
fringing reef is a circular rampart of coral surrounding a volcanic 
island close lo   the island shore or contiguous with it.  The 
barrier reef is similar lo   a 1 ringing reef but separated from it 
by a channel of water.  The atoll comprises a ring of coral 
surrounding a central, shallow lagoon (sec figs 2-1, 2-2, 2-3, 
2-4). 

In these three types Darwin disce 
He concluded that coral formations wer 
processes: (I) the initial uplifting 
volcanic action, (2) 'he gradual subsi 
sea, and (3) the colonizing of its sub 
coral polyps which reproduced themselv 
strata of the sea and, as they perishe 
skeletons as foundations on which futu 
to build. In Darwin's view the fringi 
the shores of the newly created island 
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form of a barrier reef. Finally the 1 
leaving only the circular atoll. 
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red completely. 

"From the fact of the reef-buiIding corals not living at 
great depths," Darwin wrote, "it is absolutely certain that 
throughout these vast areas (of the ocean), wherever there is now 
an atoll, a foundation must have originally existed within a 
depth of 20 to 30 fathoms from the surface..."  As island after 
island, slowly sank beneath the water, fresh bases would be 
successively afforded for the growth of the corals.  In its 
essential o  lines Darwin's theory is valid today.  But as Darwin 
himself acknowledged, it is oversimplified and Incomplete.  Modern 
oceanographers agree that most atolls stand on volcanic founda- 
tions which have slowly subsided into the sea.  During World War 
II the U. S. Navy discovered the existence of submerged flat- 
topped volcanic mountains, called guyots, scattered throughout 
the depths of the Pacific Ocean.  Dredging produced pebbles that 
had obviously been sculptured by wave action, indicating that in 
the past these drowned flat-topped mountains had been islands 
protruding above the surface of the sea.  Hence the fact of sub- 
siding, as suggested by Darwin, was sustained.  But subsidence is 
relative; it may result either from sinking of the island founda- 
tions or from a rise In sea level. 

Fluctuations in ocean level have occurred repeatedly since 
prehistoric times as the result of alternate freezing and melting 
of the polar ice caps, causing sea levels to rise and fall. 
Recent studies of fossils and rock samples have revealed that the 
evolution of atolls is more complex than Darwin conceived in his 
vision of a forthright sequence from fringing reef to barrier reef 
to atoll.  Deep borings have recently been made at three sitse in 
the Paciflc--in the Ellice Islands, the North Borodino Islands and 
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1. friuging   leef 

2. Barrier leef 

3. At»!! 

Figure 2-1.  Darwin 3ub3idence theory of atoll formation. 

2-17 

- 



f< —Z&x— 

DARWIN SDBSIBEHCE THE017 
In 1842, Darwin suggested 

that reefs grew up en a nabsl- 
dence fovndati«n.  The snksidenca 
In aest cases was thought to hare 
been Intermittent and slow, and 
the reef grew fast enough to 
maintain contact with sea level, 
Only the onter edges supported 
actively growing reef coral; 
hence as the island, or aainland 
sank, tho reef stood farther and 

farther off shore, until with the disappearance  of the  enclosed island, 
steps in the figure are: (1) a fringing an  atoll 

reef, (2) 
was formed.  The three 
a barrier reef, and (3) an atoll. 

Normal i/L 

waves. 
warmed 
farm at 

DALY GLACIAL CONTROL THEORY 
Daly modified the subsideace 

theory to th« effect tkat the sea 
level throaghoet the tropics was 
lowered some 200 ft. daring the 
glacial period. This allowed 
trnncation of the platforms by 

Reefs began to grow on these sabmerged platforms as  the  water 

^\   J^CJAL ^Ih— 

and the  sea level rose 
200-300 ft. 

He  claims that the lagoon floor is uni- 

RSIN THEORY 
Rein suggested that organic 

deposits accamalated  on  still 
standing submarine summits, and 
that  these  deposits  eventually 
built  up  to  sea level.   This 
does not effectively explain the 
lagoon. 

f^vT   flolution  joint ion b^l^. # 

MURRAY THEORY 
Murray held a similar theory 

to Rein, but added  that the 
lagoon of atolls resulted  from 
solution  while the reef  grew 
outward; however, there is no 
real evidence to support  this. 

Figure 2-2.  Atoll formation theories 
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Environment of growing coral.  Coral lives in water with a 
salinity of betweTrT'iT? and 40 paFts per thousand (average open 
ocean salinity, 35 ppt).  Water temperature is also critical, 
ranging from 650F to 970F; optimum growth occurs between 77 and 
840F.  Most reef building takes place between the sea surface 
and 25 fathoms although reef coral may live as deep as 85 fathoms. 
Coral can withstand short periods of exposure to the air during 
low tide.  It is dependent on sunshine and water circulation for 
food, oxygen and sediment removal.  Reef corals are found in warm 
shallow tropical and subtropical waters between 350N and 320S. 

Flat coral atolls consist of a group of small coral islands 
built on a large coral reef on top of a guyot.  These islands are 
connected by a causeway and encompass a relatively shallow water 
area called a lagoon.  They vary in size and shape with very 
few being completely circular.  Jaluit, in the southern Marshalls 
is triangular.  One of the smallest in the Pacific or elsewhere 
is Namorik which is less than one mile across.  Kwajalein, one of 
the largest, ie 100 mi along its longest axis. 

Most flat atolls are named after the main inhabited island 
or the people of the atoll.  Wake Atoll for example, is named 
after the largest of three islets. 

Living conditions on slat atolls are difficult because fresh 
water is scarce and there '8 no fertile soil in which to plant 
crops.  Inhabitants live ov.   coconut products, breadfruit and 
sea food. 

Flat coral atolls make excellent weather observation 
platforms since the wind over the atolls is undisturbed for most 
practical purposes.  Tall palm or coconut trees which can rise 
to 100 ft may disturb the surface winds but have little effect on 
winds above the surface. 

Raised coral atolls have been lifted sometime in geological 
history.  Tffie lagoon has disappeared leaving only a depression 
in most cases.  Raised coral atolls have a greater supply of fresh 
water and better soil than the flat coral atolls. 

Wind observations taken from these islands will generally be 
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representative lor levels above Che highest point on the island. 
However, surface observations arc influenced to some extent by 
orography. 

4.  Pacific island weather stations 

Meteorologists in the Pacific, who must analyze and forecast 
the weather with the existing sparse network of reporting stations, 
are constantly striving to improve the data coverage.  This is 
particularly true over the tropical Pacific where tropical cyclones 
can rapidly develop into typhoons. 

Although the number of upper air wind observing stations in 
the Pacific is small compared to the area involved, there is a 
fairly good network of surface weather reporting stations over 
the central and western Pacific of both hemispheres.  In any low 
level analysis of the wind field, pibal or rawin data can often 
be supplemented by surface winds and cloud directions.  Although 
cloud directions can generally be considered representative, 
except over large mountainous islands, surface winds must be 
treated with caution. 

Unless the analyst is familiar with the orography of Pacific 
islands, indiscriminate use of surface and low level winds 
(10,000 ft or lower) in streamline analyses can often lead to 
incorrect solutions.  In the past there has never been one spe- 
cific gazetteer or source which lists the exact location and 
topography of island weather stations.  Because of this and the 
need for utilizing all available weather data in the tropical 
Pacific, the following table of Pacific island stations, their 
location, topography and type of weather reports has been compiled. 

The listing has been restricted to those Islands In both 
hemispheres which usually appear on a weather plotting chart as 
only a number.  Stations on very large islands (with the excep- 
tion of New Guinea) have been omitted. 

For each weather reporting station, the following information 
is given: 

1. The common name and international index number as it 
appears in HO 206, Vol. II or WMO No, 9 TP4, "Weather Reports, 
Vol. A, Nomenclature of Stations."  The name of the island on 
which the station is located appears in brackets when the two 
names are different. 

2. The geographical island group or chain designation. 

3. Type of island, where 

FA « Flat Coral Atoll with highest terrain below 30 ft msl. 

RA = Raised Coral Island without volca.iic peaks where 
terrain reachel JO-'ft msl or higher. 

SV = Small Volcanic Island whose mountain tops rise less 
FRirn~30'00 ft msT; 
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LV • Large Volcanic Island with volcanic peaks above 
7ö'0'ü_ft—rrrr; 

4, Height (ft above sea level) of the observing station and 
its general location on the island.  This Information aids the 
analyst in determining the representativeness of surface and 
upper wind data. 

5, Highest point and its location on the island (for Hew 
Guinea, the highest point in the general area of the station). 
This information helps in estimating the lowest level at which 
pibal or rawin dataare representative» 

6, Type of weather reports transmitted, where 

S - Surface synoptic 

RW - Rawin 

P - Pibal 

VJ - Radio-wind 

Recco - Air era f t reconnaissance 

tor detailed data on the frequency and times of reporting 
for each station  consult, WHO Wo. 9. TP4, 'Weather Reports, 
Vol. C, Transmissions." 

In addition to the table, a locator chart showing the upper 
wind network for the Pacific region is included as fig 2-5.  The 
names of stations which make rawin soundings at least once a day 
are underlined.  Other stations are scheduled to make at least 
one pibal run per day. 

5.  B ib1iography 

Freeman, 0. W., 1951:  Geography of the Pacific.  New York, Wiley, 
573 pp. 

U. S. Navy, Hydrographie. Office, 1954:  Radio weather aids, VoL 2. 
H. 0.  Pub. 206. 

Wood, L. G., and P. R. McBride, 19 55:  The Pacific basin. 
Melbourne, Oxford Univ. Press, 393—{TfT. 

World Meteorological Organization, 1953:  Weather reports 
Stations, codes and transmissions.  Vol. A, Nomenclature of 
stations , W.M.O. No. 4,""TTTT tT. 
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ir-PER WIND CLIMATOLOGY OF SOUNDING STATIONS 
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s on 
11 

atitude synoptic tneteorologls^a, in further, 
of day-to-day changes, refer constantly to 

ure-height charts and are particularly 
us departures from these mean charts.  The 
meteorologist, on the other hand, seeking to 
to long period averages, must perforce 
iields with analyzed charts of mean 
eadiness.  Chapters 5 and 6 illustrate how 
s can be, enabling meteorologists to see 
changes, the trend in synoptic situations, 
ntly the coaccpta of climatology and 
* K- e c a s t i n g . 

Ideally, an atlas oi  harts depicting month 

winds and steadiness over the tropical Pacific a' 

for the standard level.? of 850 mb (5000 ft), 70 

300 mb (20,000 ft), 300 ml; (3 1,000 ft), and 20 
should be compiled and published-  As a substi 
mendable project, which is beyord rb.-.   scope of 
monthly mean resultant winds, steadiness, mean z^ 
and mean wind speeds have been tabu, itcd on pages 
3 4 sounding stations in the region. 

mean resultant 
uitheast Asia 
0,000 ft), 
000 ft) 
this corn- 

sent report , 
wind speeds 

3-46 to 3-79 for 

Although periods of recor 
(with one exception) to provid 
is Christmas Island (91409). 
"ore made, the upper troposphe 
Light variable or easterly. F 
caster. • quarter prevailed fur 
H.wevei the mean resultant hi 
station, encompassing more tha 
early summer. The discrepancy 
summevs high-level westerlies 
same years at the same levels, 
Island experiences westerlies 

d vary, they are aufficiently long 
e stable averages.  The exception 
During the three years observations 
ric winds in early summer were 
or the same months, winds from an 
ther west at Canton Island (91700). 
gh tropospheric winds for the latter 
n eight years, are westerly in 
arises from the fact that in some 

prevail at Canton Island.  In these 
it is probable that Christmas 

(see figs 5-8  to 5-13). 

for some stations (e.g. Clark Air Base), means are derived 
frcüi more than one ascent per day. but for others (e.g. the 
Australian and Fijian stations), from not more than one ascent per 
day.  For Australian and Fijian stations, wind speed is tabulated 
to the nearest knot, and steadiness, since it was derived from 
the standard vector deviation, to the nearest 5 per cent. 

In the table the stations are listed in International 
numerical order.  The following listing, in alphabetical order, 
should facilitate reference. 

Station 

Broome, Australia 

Canton Island 

Chr i s tmas Is land 

Clark Air Base, 

Number Latitude Longitude Page 

94203 1 7 0 5 7 ' S 122013,E 3-73 

91700 02o46,S 1 7 1 0 4 3 ' W 3-71 

91489 02o00,N 157023,W 3-69 

98327 IS'IO'N 120o34,E 3-77 
Phi lippines 
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Station Number Latitude Longitude Page 

Cloncurry, 
Australia 

94335 20o40,S UO^O'E 3-76 

Daly Waters, 
Austra lia 

94234 16016'S 1 3 3 0 2 3 ' E 3-74 

Darwin, Australia 94120 12026'S 13 00 5 2 ' E 3-72 

Eniwctok Atoll 91250 11° 20'11 162o20,E 3-60 

Guam 91213 13034,i; 144055,E 3-5G 

Hilo, Hawaii 912 3 5 19 ^'l! 155o04lW 3-62 

Hong Kong 45004 2 2 0 19 ' N 114o10,E 3-46 

Iwo Jima 91115 24c4 7,1! 141o20,E 3-55 

Johnston Island 91275 16044'-:: lo9031'W 3-61 

Kadena, Okinawa 47931 26021,N 127045,E 3-51 

Kagoshima, Japan 47827 31038,;i 130o36,E 3-49 

Koror, Palau 91403 0 7 0 2 1' N 134029,E 3-67 

Kwa j a 1 e i n 91366 Oa'A.VN 167044,E 3-65 

Lihue, Kauai 9116 5 21° 59'I! 1 5 9 0 2 1' W 3-57 

Naj uro 91376 0 7° 06'11 171024,E 3-66 

Marcus Island 91131 24017'N 153055'E 3-56 

Midway Island 91066 28013,M 177022,W 3-54 

Nandi, Fiji 91630 17045IS 177027,E 3-70 

Naze 47909 28023'N 129033,E 3-30 

Ocean ship 11 30°   H 140°   W 3-78 

Ocean ship V 34°   11 164°   E 3-79 

Ponape 9134G 06o58,N 150o13,E 3.64 

Port Hedland, 
Australia 

94312 20o23,S 11G037,E 3-75 

S ingapore 48694 0 10 2 1' N 103o54,E 3-53 

Tateno, Japan 47646 36o03,Il UO^G'E 3.47 

Torishima 47963 30o29,H 140oI8'E 3-52 

Truk 91334 0 7 0 2 7 ' M ISl^O'E 3-63 

Wake Island 91245 190l7'n 166039,E 3.59 

Yap 91413 0903rN 133o0a,E 3-63 

Yonago, Japan 47744 35026,M 133021,E 3-48 

(NOTE:   Page numbers 3-44 and 3-45 inadvertently omitted) 
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45004 

850   mb 

Mean   resultant    winds   and   steadi-   ^ 
ness   at   standard   pressure    levels. — 

Station:      Hong   Kong    (45004) 
2 2 0 19 ' N , 1 14 ü 10 ' E 
Period:  Sep. 1953-Aug. 1959 

9 = 

Vr=> 

S = 
u = 
C  " 

number of observations 
mean resultant wind 
direction 
mean resultant wind speed 
(kn) 
steadiness (percent) 

248 
223 
246 
236 
243 
227 

245 
240 
222 

0 

205 
220 
212 
211 
203 
215 

181 
128 
069 

240 062 
mean zonal wind speed (kn.E.) 2 38 066 
mean wind speed (kn)        240 080 

Vr 

3.8 
9.7 
9.1 
7.5 
9.2 

10.3 

6, 
7 
7, 

10 
9, 
3 

36 
60 
6 9 
65 
63 
68 

45 
47 
52 
78 
71 
35 

6 
.2 
,8 
,7 
,6 
,9 

0. 1 
.6.1 
.6.7 
.9.3 
.8.4 
.3.3 

10 
14 
13 
11 
14 
15 

13 
16 
13 
13 
13 
9 

Jan 
Feb 
Mar 
Apr 
May 
Jun 

Jul 
Aug 
Sep 
Get 
Nov 
Dec 

700 mb :00 mb 

Vr Vr 

248 258 20.6 91 20.1 22.5 248 261 44.2 92 43.7 47.9 Jan 
223 2o0 25.6 94 25.2 27.1 223 262 51.5 95 51.0 54.1 Feb 
246 247 16.2 76 14.9 21.4 246 258 38.6 97 37.8 40.0 Mar 
235 253 14.5 82 13.8 17. 7 233 261 24.9 90 24.6 27.6 Apr 
242 234 13.6 82 11.0 16.6 242 245 15.9 85 14.4 18.6 May 
223 231 12.2 73 9.5 16.5 214 234 7.7 54 6.2 14.4 Jun 

244 174 7.2 54 -0.7 13.2 243 136 7.3 55 -5.1 13.4 Jul 
235 136 7,8 47 -5.4 16.4 224 113 3.2 55 -7.5 15.1 Aug 
219 085 4.4 35 -4.4 12.9 214 082 5.9 49 -5.8 12.0 Sep 
235 353 5.5 50 0.2 11.0 238 276 7.9 57 7.9 13.9 Get 
230 282 3.9 31 3.8 12.1 237 266 23.4 91 23.3 25.6 Nov 
229 260 12.2 75 12.0 16.4 213 263 36.2 94 35.9 38.6 Dec 

300 mb 200 mb 

r. 0 

256 

Vr S u c N 0 Vr S u c 

210. 66.2 93 64.3 71.2 120 253 75.0 93 71.7 81.0 Jan 
200 263 77.5 98 77.0 79.7 104 259 82.5 96 81.0 85.7 Feb 
230 258 62.5 96 61.1 65.2 115 257 72.5 99 70.6 73.2 Mar 
222 264 41.1 94 40.9 43.5 112 264 51.2 95 50.8 54.0 Apr 
223 267 15.2 74 15.2 20.5 116 282 21.4 78 20.9 27.2 May 
204 350 2.4 16 0.4 15.0 103 023 10. 7 46 - 4.2 23.5 Jun 

226 092 12.0 76 -0.4 15.7 112 082 22.4 86 -22.2 26.0 Jul 
207 086 9.8 62 -9.8 15.7 no 069 15.0 66 -14.0 22. 7 Aug 
196 078 9.2 57 -9.0 16.2 91 081 7.5 44 - 7.4 17.0 Sep 
212 282 12.6 60 12.3 21.1 101 275 14.9 62 14.8 24.0 Get 
219 266 39.0 91 30.5 43.0 95 259 43.7 92 42.4 47.7 Nov 
207 260 60.0 94 59.1 63.9 107 252 72.5 96 69.0 75.5 Dec 
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47646 

850 mb 

Mean resultant wir ds an d steadi „ 
ne s s at 

:ion: 

standard pressure level 

Tateno (47646) 

, N im 
Q Vr S u c 

Stal 372 268 16.3 75 16.3 21.8 Jan 
SÖ^S'N, UO^S'E 338 26o 17.9 91 17.9 19.6 Feb 
Per- Lod: Sept. 1952-Sep t. 1956 372 2 5 7 11.3 64 11.3 17.7 Mar 

Nov. 1956 -Aug. 1958 360 243 10. 1 60 9.2 16.7 Apr 

N « uumb« ar of observat i ons 372 243 6.2 41 5.3 15.2 May 

0  B mean resultant wind 360 221 4.3 36 2.9 11.9 Jun 

direction 372 230 4.3 38 3.3 11.3 Jul 
Vr- mean resultant wind speed (kn > 372 215 5.1 43 2.9 11.9 Aug 
S « steadiness (percent ) 329 211 7.2 47 3, 7 15.2 Sep 
U a mean zonal win d spee d (ka,E-) 268 226 2.5 Iß 1.8 14.2 Oct 
C o mean wind spee d (kn ) 330 256 8.0 50 8,0 15.9 Nov 

372 267 14.2 73 14.2 19.4 Dec 

700 mb 500 mb 

N 0 vr S u c N 0 Vr S u c 

372 272 30.7 91 30.7 33.0 375 2.63 69.2 99 68.6 70. 1 Jan 
337 270 29.1 88 29.1 33.2 338 260 66.6 96 66.6 69.8 Feb 
372 266 29.3 91 29.3 31.7 372 265 60. 1 92 59.7 44.7 Mar 
360 261 22.0 84 21.8 26.3 360 264 49.4 94 48.6 52.4 Apr 
372 262 17.1 76 15.9 22.4 372 250 42.4 92 42.2 46.1 May 
360 263 14.8 80 14.6 13.5 360 262 34.2 91 3^.0 37.5 Jun 

372 263 10.5 64 9.9 16.1 371 274 17.5 70 17.3 25.1 Jul 
372 250 10.1 61 9.6 16.5 372 263 12.7 56 12.7 22.0 Aug 
329 238 17.3 81 14.6 21.4 329 247 32.5 37 29.5 37.1 Sep 
268 248 16.7 75 15.5 22.4 268 250 43.5 92 41.7 4 7.4 Oct 
329 262 23.2 84 22.8 27.4 328 258 57 3 92 55.7 6 2,0 Nov 
372 270 28.2 88 28.2 32.1 372 265 68.0 94 67,8 71.9 Dec 

300 mb 200 mb 

N 0 Vr S u c N 0 Vr S u c 

340 267 108.2 97 108.0 112.4 239 267 119.7 97 119.5 128.8 Jan 
301 266 109,8 97 109.0 113.3 233 267 118.7 90 110.5 121.6 Feb 
352 266 89.4 94 89.2 94.8 265 270 95.8 96 95.6 100.1 Mar 
354 264 77.6 95 76.4 02.0 289 268 87. 1 95 36.9 91.9 Apr 
370 261 68.4 90 68.0 75.8 334 264 85.5 92 05. 1 93.1 May 
359 260 60.9 92 60.2 65.8 34 5 262 76.2 91 75.8 83.9 Jun 

369 283 26.9 73 26.3 36.6 366 293 33.3 71 31.3 47.4 Jul 
371 273 17.3 55 17.3 31.3 367 286 18.1 48 17.5 37.9 Aug 
325 252 46.3 88 43.7 52.6 315 252 55.5 91 52.2 70.2 Sep 
263 247 74.0 94 67.6 78.3 227 250 32.5 93 81.8 93.5 Oct 
297 256 99.2 95 9 3.5 103.6 205 259 114.2 96 111,3 118.8 Nov 
331 263 105.9 97 104.6 108.4 207 266 122.5 97 12 2,0 126.0 Dec 
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47744 

8 50   mb 

Mean resultant win ds and steadi - N 9 Vr S u c 
ness at scanaara p ressure leveis. 

Station: 

Period: 

Yonago (47744) 
133021,E 
Sept. 1952-Aug. 1950 

372 
338 
372 
360 

278 
275 
272 
256 

20.2 
13.3 
10.6 
10.7 

89 
70 
57 
63 

20.0 
13.8 
10.6 
10.1 

22.8 
19.4 
18.5 
16.9 

Jan 
Feb 
Mar 
Apr 

N - 
9 « 

number of observations 
mean resultant wind 

370 
355 

247 
236 

9.0 
8.8 

53 
57 

6.8 
7.6 

16.9 
15.4 

May 
Jun 

direct ion 372 239 12.7 73 U.l 17.3 Jul 
Vr- mean resultant wind speed 372 224 5.7 42 4.1 13.6 Aug 

(kn) 360 218 5.1 32 3.1 15.5 Sep 
S - steadiness (percent) 372 274 4.3 30 4.3 14.2 Get 
u - mean zonal win d speed (kn,E-) 360 277 8.4 54 8.4 15.5 Nov 
C " mean wind spee d (kn) 372 275 16.9 80 16.9 21.2 Dec 

700 mb 500 mb 

M 0 Vr S u c N 0 Vr S u c 

372 279 32.3 88 32.1 36.8 363 272 67.8 96 67.5 70.3 Jan 
338 278 32.3 93 32.1 34.6 331 271 61.5 94 61.5 65.6 Feb 
372 274 26.3 87 26.3 30.3 368 270 55.3 93 55.4 59.7 Mar 
360 269 20.6 89 20.6 25.1 359 266 47.2 92 47.2 51.3 Apr 
369 268 14.6 64 14.6 22.3 364 265 38.9 88 38.7 44.1 May 
355 260 15.0 69 14.6 21.6 353 260 29.1 88 28.6 32.9 Jun 

372 258 15.7 79 15.4 20.0 369 269 20.4 76 20.4 27.1 Jul 
372 251 9.6 61 9.0 15.5 370 259 13.4 65 13.3 20.4 Aug 
360 249 14.2 72 13.1 19.6 358 249 31.9 87 29.3 36.8 Sep 
371 265 13.8 73 13.6 19.1 367 259 37.7 90 37.3 42.0 Get 
359 271 21.0 85 21.0 24.7 357 264 51.7 91 51.4 56.7 Nov 
372 277 32.1 92 31.7 35.0 371 269 67.2 95 67,2 70.5 Dec 

300 mb 200 mb 

N 0 Vr S u c M 0 Vr S u c 

269 266 100.8 95 100.4 105.1 160 262 117.5 97 116.2 120.5 Jan 
274 267 93.8 94 93.6 99.8 158 263 111.9 96 lll.l 116.5 Feb 
311 270 83.7 93 83.7 89.7 181 269 98.4 98 98.4 100.4 Mar 
302 265 70.5 94 70.1 74.8 100 269 77.7 95 77.2 82.2 Apr 
340 263 65.8 93 65.8 70.8 173 267 80.6 97 80.2 83.1 May 
311 263 53.0 89 52.8 65.8 201 267 63.8 88 56.1 73.2 Jun 

349 273 27.4 76 27.2 36.0 286 284 31.9 70 31.1 45.7 Jul 
358 267 17.7 65 17.7 27.2 292 282 17.9 51 17.5 34.8 Aug 
331 253 47.0 89 44.7 52.8 221 255 55.3 91 52.8 60.9 Sep 
317 255 62.2 91 59.7 63.0 200 252 76.7 92 72.3 83.5 Get 
297 257 85.1 97 80.6 88.0 150 257 110.9 98 105.9 112.8 Nov 
288 265 96.1 95 95.7 100,6 153 265 112.1 97 111.8 114.8 Dec 
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47827 

850 mb 

Mean resultant win ds an d s t e a d i _ 
0 S 

ne s i ) at 

:ion: 
38 «W, 
Lod: 

standard pressure level; 

Kagoshima (47827) 
130o36,E 
Sept. 1952-A'ig. 1953 

!  W Vr u c 

Stal 
31°: 
PerJ 

372 
338 
371 
357 

293 
290 
278 
252 

19.1 
14.0 
10.9 
7,8 

81 
68 
52 
4 7 

17. 1 
13.3 
10.7 
7.4 

23.3 
20.4 
21.0 
16.5 

Jan 
Feb 
Mar 
Apr 

N o 
0 o 

numb« 
mean 

it   of observations 
resultant wind 

370 
352 

233 
246 

5.1 
9.6 

2 9 
54 

3.9 
8.8 

17.7 
17. 7 

May 
Jun 

Vr=» 
direction 
mean resultant 
den) 

wind speed 
365 
363 
342 

235 
171 
191 

9.9 
3.7 
3.3 

57 
2 7 
22 

3,4 
-0,6 
0.6 

17.3 
13.6 
14.2 

Jul 
Aug 
Sep 

S « steadiness (percent; 371 3 11 2.5 20 1.9 12.7 Oct 
v   ■ mean zonal win d speed (kn, E_) 357 302 4.5 32 3.7 14.0 Nov 
C a mean wind spee d (kn) 370 296 13.G 73 12.3 18.9 Dec 

700 mb 500 mb 

N 0 Vr S u c N 0 Vr S u c 

369 278 35.4 92 35.0 38.5 335 269 67.5 93 6 7.4 69.8 Jan 
337 276 29.9 89 30.3 33.4 321 270 62.2 97 62.2 64.1 Feb 
371 274 27.8 88 27.8 31.7 356 271 54.2 96 54.2 56.3 Mar 
357 266 22.0 80 22.0 27.6 349 269 42.9 89 42.4 48.4 Apr 
368 263 16.7 72 16.5 23.2 363 261 37.9 89 37.5 42.6 May 
333 255 18.9 79 18.5 23.9 343 262 33.8 91 33.6 36.9 Jun 

365 250 13.4 76 13.1 17.7 361 269 12.5 53 12,5 23.5 Jul 
366 204 5.7 36 2.3 15.5 365 227 4.5 23 3.5 16.1 Aug 
333 241 8.0 44 7.0 18.1 325 254 17.3 69 16.5 25.1 Sep 
369 269 13.1 74 13.1 17.5 367 264 35.4 92 35.C 38,3 Oct 
356 275 19.1 85 18.9 22.4 355 263 49.4 94 49.0 52.6 Mov 
370 275 28.2 

i 
90 28.5 31.3 357 263 63 ,3 97 63.1 65.8 Dec 

300 mb 200 mb 

N 0 Vr S u c N 0 Vr u c 

216 265 107.6 98 97.6 109.1 140 263 132.9 97 132.0 136.8 Jan 
155 267 100.0 98 99.3 102.7 85 265 128.0 99 127.1 128.3 Feb 
292 270 76.7 98 76.7 78.3 207 271 91.4 97 91.4 94.1 Mar 
294 269 66.6 95 66.6 70.1 206 272 84.6 96 84.6 89.1 Apr 
321 266 60.1 91 60.1 64.7 242 272 75.6 94 75.6 80.6 May 
298 265 46.5 90 46.5 51.5 244 269 54.0 86 54.0 62.7 Jun 

347 281 12.5 54 12.3 23.0 311 303 13.3 48 11.3 27.6 Jul 
363 252 2.7 14 2.5 19.6 326 305 3.9 16 3.1 23.9 Aug 
292 262 22.4 73 22.0 30.5 250 268 23.7 72 23.7 3 3.0 Sep 
320 262 53.2 94 52.6 56.1 240 265 62.0 88 61.5 69.9 Oct 
286 262 85.8 96 84.5 89.1 146 263 101.0 96 99.6 104.9 Nov 
216 265 99.4 97 99.0 102. 1 93 266 121.9 98 121.3 124.4 Dec 
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47909 

8 50 

S 

mb 

u c 
Mean   resultant   win ds   and   stoadi 

"   N 0 Vr 

Station: Naze (4 7 9 C 9) 183 297 13.8 71 12.3 19.4 Jan 

28° > 3 ' M , 129033,E 170 300 12.9 68 11.1 18.9 Feb 
Period: Mar . 19 5 5 -Aug. 1953 248 276 13.3 70 13.1 18.9 Kur 

211 268 9.7 53 3.0 18.5 Apr 
N    = n'inibcr   of obscrvatii ins 226 246 12,1 58 U.l 20.6 May 
0    =■ mean resultant wi nd 236 230 14.8 74 8.3 20.0 Jun 

Vr = 
direction 
mean   resultant wind speed 246 

248 
209 
191 

7.6 
7.0 

31 
42 

3.9 
1.4 

24.3 
16.5 

Jul 
Aug 

3    a 
U     => 

steadiness 
mean   z ona1 
mean   wind 

(pe 
win 

spee 

r cent] 
d   spee 
d   (kn; 

d (kn, E-) 

171 
184 
173 
183 

129 
357 
006 
323 

2.5 
5.8 
5.8 

10.9 

15 
39 
37 
67 

-1.9 
0.4 

-0.6 
6.4 

17.5 
14.8 
15.9 
16.3 

Sep 
Get 
Nov 
Dec 

700   nb 500 rob 

N 0 Vr S u c M 0 Vr S u c 

103 274 32.9 95 32.9 34.6 182 265 67.8 98 67,5 69.2 Jan 
170 267 32.1 99 31.9 32.3 169 264 65.2 93 65.1 70.3 Feb 
248 271 28.2 91 28.2 30.7 246 269 53.0 97 53.0 54.9 Mar 
196 261 26.3 ft 9 25.9 29.5 210 263 44.9 95 44.5 47.2 Apr 
225 254 22.2 83 21.6 26.7 226 260 35.4 93 34.6 37.9 May 
236 237 21.0 86 17.5 24.3 235 248 24.5 87 22.4 28.2 Jun 

245 218 5.5 39 3.5 14.0 247 242 2.1 16 2.1 13.8 Jul 
246 194 4.1 25 0.9 16.5 244 185 4.5 30 0.4 14.8 Aug 
172 226 4.7 29 3.3 18.1 171 247 7.2 33 6.6 21.6 Sep 
185 264 10.9 67 10.7 16.1 185 253 26.5 90 25.3 29.3 Oct 
175 264 16.1 77 15.9 21.0 178 250 43.0 95 44.7 50.4 Nov 
183 2 75 25.9 90 25.7 28.6 185 266 6 2.2 97 62.2 64.1 Dec 

300   mb 200 rab 

M 0 Vr S u c N 0 Vr S u c 

142 262 108.7 98 107.8 110.4 104 263 121.2 96 120.2 126,0 Jan 
120 262 113.9 98 112.8 116.1 87 261 128.4 98 127.0 131.9 Feb 
209 268 90.2 99 90.2 91.0 144 269 106.3 93 106.8 108.8 Mar 
191 266 63.6 97 68(,2 7J..0 179 268 78.6 95 78.6 82.4 Apr 
209 264 48.0 89 45.7 54.0 176 274 57.3 91 56.7 62.7 May 
215 260 28.2 85 27,8 33.0 194 272 29.9 72 29.7 41.6 Jun 

228 049 3.7 23 -2.7 16.1 206 036 9.9 48 -6.2 20.6 Jul 
233 092 4. 1 24 -4.1 17.1 213 052 6.6 32 -5.3 20.8 Aug 
152 269 3.4 36 8.4 23.2 141 303 10.1 39 8.0 26.1 Sep 
159 259 45.5 95 45.1 47.6 142 254 49.4 90 47.0 54.9 Oct 
157 2 54 79.3 96 75.5 82.1 118 253 91.2 98 87.0 92.9 Nov 
156 265 103.3 97 103.4 106.4 114 262 108.7 94 107.8 115.1 Dec 
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4 7 9 31 

Mean resultant winds and steadi- 
ness at standard pressure levels. 

Station:  Kadena (47931) 
2602rH, 127045,E 
Period:  July 1949-Feb. 1956; 

May 1957-Dec. 1958; Feb. 
1959-April   1959 

N   = number   of   observations 
G   =» mean   resultant wind   direction 
Vt" mean   resultant wind speed (kn) 
S =» steadiness (percent) 
u ö mean zonal wind speed (kn, E_) 
c = mean wind speed (kn) 

8 50 mb 

Vr 

236 30 1 7.3 46 6.2 15.7 Jan 
202 2 9 3 6.2 38 5.7 16.4 Feb 
223 276 10.0 61 9.9 16.3 Mar 
217 245 9.0 56 3.2 16.0 A pi- 

225 233 11.3 68 9.5 16. 7 May 
222 227 14.4 76 10.5 19.0 Ju n 

240 203 6.0 4L 2.3 14.6 Jul 
225 168 4.4 31 . 0.9 14.4 Aug 
234 137 1.9 14 . 1.3 13.5 Sep 
251 048 3.8 33 . 2.8 11.4 Oct 
231 040 6.3 45 - 4.0 14.0 Nov 
270 352 4.2 30 0.6 13.8 Dec 

700 mb 500 mb 

N Vr Vr 

236 274 29.2 92 29.1 31.6 216 267 56.7 96 56.6 59.0 Jan 

202 273 27.9 90 27.9 31.1 192 269 5 7.2 97 57.2 59.1 Feb 
225 272 27.8 94 27.8 29.5 211 272 47.7 9 6 47.7 49.5 Mar 
215 262 20.9 87 20.7 23.9 207 267 34.4 92 34.3 37.2 Aor 
225 254 18.8 90 18.1 20.9 220 264 25.6 93 25.5 27.6 May 
220 236 16.9 83 14.0 20.4 215 249 18.0 81 16.8 22.1 Jun 

237 193 4.5 32 1.0 13.9 234 159 1.9 16 - 0.7 12.2 Jul 
225 171 3.9 27 . 0.6 14.4 221 135 3.4 24 . 2.4 14.3 Aug 
233 208 2.5 17 1.2 14.3 2 30 227 2.9 18 2.1 15.8 Sep 
252 54 7.7 57 7.4 13.5 251 256 18.3 82 17.8 22.2 Oct 
229 / 

4 13.7 72 13.6 18.9 230 259 33.7 91 33.1 37.0 Nov 
270 ^72 21.8 87 21.8 25.0 262 264 50.5 96 50.3 52.7 Dec 

300 mb 200 mb 

N e Vr S u c N 0 Vr S u 

102.9 

c 

105.8 140 264 93.8 98 93.3 95.6 111 263 103.7 98 Jan 
129 265 103.1 98 102.6 105.6 86 263 105.9 98 105.2 108.5 Feb 
161 270 88.2 98 88.2 90.3 116 270 96.3 96 96.3 100.4 Mar 
181 270 59.1 96 59.1 61.6 164 270 70.5 96 70. 5 73.3 Apr 
208 270 35.7 93 35.7 38.2 203 278 42.8 89 42.3 47.9 May 
197 263 17.1 71 17.0 24.1 194 283 17.4 57 16.9 30.3 Jun 

213 082 7.4 47 . 7.3 15.9 208 065 13.8 53 .12.5 23.8 Jul 
209 092 7.8 46 . 7.7 17.0 208 074 9.6 43 - 9.2 22.2 Aug 
224 294 1.4 08 1.3 16.7 221 307 4.3 19 3.4 22.1 Sep 
236 264 30.4 86 30.2 35.4 230 262 34.8 85 34.5 41.1 Oct 
204 260 58.5 95 57.6 61.5 184 257 62.2 94 60.6 66 .0 Nov 
220 263 81.9 97 81.3 84.2 164 263 90.9 97 90.3 93.8 Dec 
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'♦7963 

ISO   mb 

Hnan   r i* ■ 'i 1 c a n(    « i nd n    i n I    111 v u J i - 
II ■i    at    :i Inn J.i id    p i c n i u r o    Ivvolg. — 

Stn t1 on:      Tor 1 a hlmj 
30'.'/)',),    l/iOMO'K 
Period:       Aug . .Sop C . 1 9 ^A ;    llay-Aug. 

1956;    OcC.l956-Apr.l95H;    Jun- 
Aug      i')5n 

N   •   numl'rr   of   ob oc rva t i oiii 
0   •   tni-an   noultjnt    wind 

direct Ion 
Vr«   mean   rcsulidnt   wind «pcrd (len) 
S   •  atcndlnmu   (percent) 
u   *   mean   zonal   wind   fpocd   (ta,&.) 
c   ■   mean   wind   apeod    (kn) 

8 9 
7') 
9 1 
9 8 
91 

U7 

154 
185 

68 
8« 
89 
87 

270 
260 
262 
243 
250 

255 
195 
188 
223 
246 
263 

Vr 

18.5 
15.9 
lb. I 
: i.'/ 
I?. 9 
14.Ü 

10, 
4, 

1 I 
6 
6 

16, 

74 
7 3 
7/ 
66 
69 

67 
19 
62 
45 
35 
04 

90      18.3      21.b      Jon 
15.0 21.6 
16.1 22.0 
11.7 16.5 
10.7 15.4 
13.6 20.2 

10 
1 
1 
4 
5 

13 

15 
11 
18 
15 
17 
19 

Fob 
Mar 
Apr 
May 
Jun 

Jul 
Aug 
Sop 
Oc t 
Nov 
Dec 

700   mh 

0 Vr        S Vr 

500   mb 

09 
79 
93 
9d 
91 

147 

154 
185 

87 
83 
88 
87 

270 
264 
?69 
265 
251 
251 

258 
187 
204 
237 
251 

32, 
30, 
28, 
22, 
IP, 
23. 

10, 
6, 

13, 
14, 
20. 

94 
93 
90 
87 
77 
87 

63 
53 
64 
74 
85 

32 
30 
28 
22 
18 
21 

10 5 
.8 

5.3 
12.3 
19.4 

34 
3? 
32 
25 
23 
26 

16 
11 
20 
19 
24, 

3 
9 
1 
7 
o 

266      29.9   94     29.9     31.7 

89 
80 
93 
95 
87 

146 

153 
181 

86 
88 
75 
87 

271 
265 
267 
266 
254 
252 

276 
165 
217 
246 
250 
264 

58 
56, 
53 
36 
28, 
30 

11, 
2, 

15, 
29, 
37, 
60, 

97 
98 
99 
96 
8G 
92 

61 
21 
60 
90 
85 
97 

58 
55 
53 
36 
28, 
29 

11.1 
- .4 
9.4 

26.5 
35.0 
60.1 

59 
57, 
54, 
38, 
32, 
33, 

18.5 
10.9 
23.2 
32.7 
43.7 
62.4 

Jan 
Feb 
Mar 
Apr 
May 
Jun 

Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

300   mb 200   -nb 

N 9 vr N      0 Vr 

62 264 97.8 97 97.2 100.5 88 266 112.0 97 111.8 115.4 Jan 
80 262 100.5 97 99.5 103.0 79 262 116.4 98 115.0 118.4 Feb 
93 267 83.8 97 83,8 86.1 93 268 101.5 97 101.5 104.2 Mar 
92 268 54.0 94 53.6 57.3 92 2 70 70.1 94 70.1 74.4 Apr 
85 263 38.3 91 37.9 42.0 79 269 45.5 91 45.5 49.6 May 

144 256 34.4 91 33.6 37. 7 141 262 36.8 83 36.6 44.3 Jun 

152 305 10.9 51 8.8 21.2 150 337 14.0 50 5.7 27.8 Jul 
182 060 3.9 20 -3.3 19.1 178 052 8.2 34 -6.2 24.1 Aug 
85 241 14.6 64 12.7 22.8 85 281 14.4 54 14.0 26.9 Sep 
87 251 42.7 88 40.1 48.4 84 253 46.5 80 45.7 57.7 Oct 
69 250 67.8 91 62.9 74.8 66 253 82,3 90 78.2 84.0 Nov 
87 261 91.4 93 90.2 98.2 85 263 107.9 97 107.1 111.0 Dec 
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486 M 

G50 tnb 

Main r «J ■ u 11 o P l wind« and stcadi- 
n«it at atan^ard prosaurü ICVHIO. 

Station:  Singapore (4869'.) 
Orzl'N, 103,54,E 
Porlod:  Fob. l9Si-Jan. 19^9 

:)   •   nurobcr   of   obaorvatlons 
0   -  tnuan   rcaultanl   wind 

direction 
'.'r ••  IT.« an   roaultant   wind   tpced 

f kn) 
S   -  iteadlneaa   (percent) 
u   -  maan   zonal   wind   npocd 

(Itn,   E-) 
c   ■ oaan   wind   speed   (kn) 

r 

119 
1 1 1 
120 
113 
1 13 
113 

1 16 
I 12 
90 

102 
II j 
116 

0 

023 
00'. 
00 7 
29Ö 
249 
243 

242 
257 
207 
213 
280 
3',5 

Vr 

6.6 'J 'j 
/.6 70 
4.1 51 
3.3 76 
6. 5 

10.2 
6.2 
7. 1 

7.2 

( i 

62 

K0 
5 0 
7C 
65 
5 7 
5 7 

.2.6 

.0. 7 

.0. 5 
3.0 
6. 1 
5. 7 

0 
1 
2 

J. 7 
6.9 
1.9 

12 
10 

8 
20 
10 
10, 

12.7 
12.5 
10.2 
10.6 
12.3 
12. 7 

Ian 
Fcb 
Mar 
Apr 
H a y 
Jun 

.'ul 

■ ■> 

( - . 
!"'v 
Dec 

700   mb 500   mb 

N Vr N o Vr 

121 
112 
121 
115 
113 
110 

117 
114 
91 

108 
115 
118 

043 
353 
060 
287 
265 
262 

266 
254 
195 
206 
274 
310 

2 
3 
2 
1, 
4, 
5, 

8, 
7 
2 
3. 
7 
4, 

8 27 
3 35 

34 
18 
50 
51 

66 
62 

1 21 
34 
59 
45 

.1.9 
0.4 
.2.5 
1.4 
4.9 
5.4 

8, 
7, 
0, 
I, 
7, 
3, 

10 
9 

9 
10 

8.5 
8.4 

12.6 
12.5 
9.8 
10.8 
12.8 
9.6 

122 
113 
119 
115 
119 
113 

114 
115 
91 

106 
112 
118 

055 
077 
09 2 
089 
102 
101 

101 
107 
090 
090 
215 
051 

4 
6 
7 
5 
4 
7 

a, 
8, 

10, 
6, 
0, 
2, 

7 
,2 
0 
,0 
0 
8 

39 
51 
55 
53 
40 
68 

6. 
71 
82 
61 
09 
23 

-3.6 
-6.0 
-6 
-5 
-3 
-7 

-8. 1 
-3 3 

-10, 3 
-6.5 
0.5 

-1.7 

LI.9 
12.2 
10.8 
9.5 
9.9 

12, 
12, 
12 
10 
9, 
9, 

Jan 
Feb 
Mar 
Apr 
May 

11.5  Jun 

Jul 
Aug 
Sep 
Get 
Nov 
Dec 

300 mb 200 mb 

N 0 Vr N 0 Vr u 

122 
113 
118 
115 
115 
112 

115 
114 
85 

103 
112 
118 

098 
095 
104 
090 
089 
086 

087 
090 
084 
083 
083 
100 

6 
14, 
10 
8, 

11, 
18, 

22, 
23, 
18 
13, 
8, 
9, 

50 
83 
74 
72 
80 
94 

96 
96 
93 
88 
70 
70 

. 6.4 

.14.6 

.10.4 

. 8.1 

.11.4 

.18.7 

.22.2 
23.1 
.18.0 
.13.3 
. 8.3 
. 9.5 

13 
17 
14 
11 
14 
19 

23 
24, 
19, 
15, 
11, 
13, 

,0 
6 
4 
,3 
,3 
9 

1 
1 
5 
3 
8 
7 

120 
112 
119 
116 
112 
110 

112 
113 
81 

103 
109 
117 

117 
118 
120 
108 
078 
073 

077 
075 
072 
076 
086 
108 

15.5 
28.6 
15.7 
12.9 
19.4 
31.5 

39 
39, 
36, 
22, 
16, 
20, 

76 
93 
76 
77 
86 
93 

95 
96 
97 
90 
30 
86 

-14 
-25 
-13 
-12, 
-19 
-30, 

-38, 
-38, 
-34, 
-21, 
-16, 
-19.8 

20, 
31. 
20, 
16.7 
22 
33, 

41.0 
41.0 
37.8 
24.8 
20.5 
23.9 

Jan 
Feb 
Mar 
Apr 
May 
Ju n 

Jul 
Aug 
9e p 
Oct 
Nov 
Dec 
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B'iO mb 

Mean ruoultanc wind;» and o r c; a d 1 
n c n i .it standard p r c n o J r c 1 o vc 11. _ 

U 

f, tn 
28" 
I'cr 

'.! •• 
0 " 

Vr- 

S w 
u «» 

t i n n ■ 

M'r. 
lod; 

Mldwiy liland (910'JC) <» ^7 

17 7*22^ 
July ru1). Nov. l^1)/ 

63 > 

671 

561 
number of obsarvatluni 
ncan resultant wind 
direction 
mean  roaulcant   wind   opced (kn) '_' 
stcadinoa.T   (percent) 
mean   zonal   wind   speed 
(kn.   E.) 

mean wind speed (kn) 

710 
689 

Ci 

2 t) 9 
251 
221 
189 
1 78 
196 

104 
116 
109 

74 5 0 74 
738 247 
626   250 

Vr 

12, 
9, 
0 
0, 
I, 
4, 

9. 
b. 

I, 
3, 
Z, 
b, 

, ) 
,5 
,4 
4 
3 
0 

3 
9 
7 
7 
6 
6 

•)4 
47 
02 
0 3 
11 
34 

73 
6 2 
15 
30 
17 
2:3 

12.3 
9.0 
0.3 
0.1 
0.0 
1.1 

-9 
-6 
-I, 
-3 

2, 
5 

23 
20, 
16, 
12, 
12. 
11. 

12, 
11, 
11, 
12. 
15. 
20. 

0 
I 

,4 
9 
0 
9 

6 
1 
3 
3 
4 
1 

Jan 
Fub 
Mar 
Air 
Hay 
Jun 

Jul 
Auß 
Sop 
Oct 
tlov 
Dec 

700   tnb 500   tnb 

6:4 
672 
666 
561 
562 

712 
679 
734 
740 
612 

263 
273 
276 
274 
232 

701     094 
103 
047 
014 
276 
267 

Vr 

637  271  22.2 70  22.2  31.5 
19, 
7, 
6, 
3, 
3, 

73 
40 
39 
28 
24 

4.7 45 
1.2 09 
2.5 18 
9.1 47 

15.8 61 

19, 
7 
6 
3 
2, 

-4.6 
-0.9 
-0.6 
9.1 

15.8 

26 
10 
16 
13, 
12, 

8.2 67  -8.2  12.3 
10.4 
12.7 
14.1 
19.4 
25.9 

N Vr 

480 
566 
651 
633 
511 
549 

678 
694 
645 
712 
705 

273 
272 
280 
279 
306 
289 

076 
079 
354 
318 
279 

33 
35, 
17 
15, 
13, 
5, 

5, 
2, 
2, 
6. 

19, 

76 
86 
66 
65 
53 
3 7 

41 
20 
18 
32 
67 

33.3 
35.7 
17.1 
15.3 
10.9 
5.5 

-5.1 
-2.3 
0.3 
4.1 
18.7 

564 271  29.3  74  29.3 

43.8 
41.7 
26.4 
2 3. 7 
25.3 
15.5 

12.6 
11.9 
15.3 
19.3 
28.4 
39.6 

Jan 
Feb 
Mar 
Apr 
May 
Jun 

Jul 
Aug 
fiep 
Oct 
Nov 
Dec 

300  mb 200  mb 

Vr Vr 

360 282 56.8 81 55.6 70.1 280 289 62.5 86 59.3 72.6 Jan 
423 286 55.6 85 53.6 65.6 297 291 72.0 86 67.8 84.4 Feb 
583 287 31.1 74 29.8 42.3 499 293 55.1 86 50.7 64.1 Mar 
561 287 23.3 68 22.3 34.3 427 294 30.8 71 28.1 43.3 Apr 
551 288 9.3 52 G.8 18.0 444 320 14.8 44 9.6 33.3 May 
519 326 11.2 48 6,2 23.1 484 341 15.7 52 5.2 30.1 Jun 

631 037 6.6 34 -4.0 19.2 560 023 10.0 37 -3.9 26.9 Jul 
644 024 4.9 25 -2.0 19.7 585 007 8.5 33 -1.0 26.1 Aug 
576 018 4.7 21 -1.4 22.2 511 025 6.6 24 -2.8 28.0 Sep 
639 330 10.0 36 5.0 28.1 557 333 12.7 38 5.8 33.7 Oct 
616 291 28.9 72 27.1 40.3 502 298 32.4 7'. 28.7 45.6 Nov 
398 282 43.3 76 42.1 56.7 281 279 47.6 76 47.0 62.4 Dec 

3-54 
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rJlllS 

S50 i„ ) 

Mean reaulccnt wlndt nnd ■C•ad1. ■ 1! 0 Vl i c 
nots «t ftandard presaurr lovcla 

_— — "     ~ _ M ... 
" 

21 7 286 8. 7 5 6 4 15.5 Jan 
St«lIon:  Iwo ''raa f911 l 5) IB.: 2 6 1 8. 2 4 9 M 1 16. 1 ob 
24*'. 7'M, 14 1*. • 2 lot- 2 'P 6 . .'! 44 5, 7 14.2 Har 
Pariod:  July 1149 ,\?ri  1 19 5 1 . 

19 / i i T 5 . 3 4 5 3 . i 11.0 A p r 
AuR.l95l-Fob.19S2; Äff- 1952-ray 

18'. 21; 7. ü 'S ' 4 l 12.; ;; iy 
1953; A.'t; 1953. Joe. i'.l; Pcb. 1959- 162 201 8. J jl 2, 9 13." Jjn 
Apr. :'" r<9 

N • nuoiii« r of chaervp • 1 "i.s 18.'. 163 4. 2 J6 0. 8 11.7 Jul 

0 • n>. /!•; r««8ul it w n.; dlt cctlon 20.' ' 57 5 . 5 ^4 .. * ■ 2 13.: ''• 'C 

Vr» mean r.-aultant .•:■"] apeed (knj 20 .8 a.3 ^J 4. i 14.: ?oP 

5 • 9tcadlneaa (percent) 2i: ■.2 7 5.;; 46 1 11 .3 Ort 

u ■ mean zonal wind apaed (kn, E.) 2 11- 159 4.0 32 1 . 4 12.6 Mov 

c - mean wind apeed (kn) 250 272 2.6 19 2 . 6 13.9 Dec 

700   rb 500   ab 

Vr Vr 

217 274 27,5 P8 27.4 31. 1 197 273 50.8 94 50. 7 54.1 Jan 
186 269 24.8 86 24.8 28.8 168 269 53.1 95 53. I 35.9 Keb 
189 267 20.5 86 20.5 2 3. 7 186 271 42.8 97 42.8 44.3 Mar 
197 257 12.1 7S 11.8 15.9 191 272 25.4 90 25.4 28.2 Apr 
194 239 9.0 69 7.7 13.1 190 260 13.2 77 13. 1 17.2 May 
164 210 7.5 55 3.7 13. 7 157 220 5.9 41 3.8 14.3 Jun 

185 164 2.6 21 0.7 12. 1 179 102 2.4 20 2.4 12.2 Jul 
210 157 4.3 33 1.7 13.1 206 128 4.1 30 3.2 13.8 Aug 
202 152 7.6 5 2 3.5 14.7 198 138 6.8 47 4.5 14.4 Sep 
213 182 3.5 31 0.1 11.2 211 227 4.9 38 3.6 12.8 Occ 
221 244 8.1 54 7.3 15. 1 216 253 19.8 80 18,9 24.6 Mov 
250 264 16.7 79 16.6 21.2 238 266 36. 7 9 0 36.6 40. 7 Dec 

300 rob 200 mb 

N Q Vr S u c N 0 Vr S u c 

155 272 72.1 95 72.0 76.1 138 271 81.5 96 81.5 85.2 Jan 
126 273 80.9 96 80.8 84.5 112 269 88.3 96 88.3 92.2 Feh 
160 274 70.5 96 70.3 73.8 152 274 83.1 96 82.9 8 5.6 Mar 
180 2 74 45.5 95 45,4 48.1 145 281 57.3 94 56.3 60.9 Apr 
182 276 18.5 76 18.4 24.4 178 291 21.8 69 20.3 31.8 May 
149 238 0.9 05 0.8 17.6 148 025 5.5 24 2.3 23,3 Jun 

166 059 5.1 30 4.4 16.9 156 054 10.5 40 8.5 26.3 Jul 
198 096 5.1 31 5.1 16.7 187 066 7.1 29 6.5 24.8 Aug 
194 119 5.2 28 4.5 18.7 185 078 6.1 26 6.0 23.3 Sep 
204 267 7.2 40 7.2 17.9 199 290 11.3 50 10.6 22.4 Oct 
203 265 29.6 85 29.5 34.7 192 271 35.8 87 35.8 41.2 Wov 
207 269 53.8 90 53.8 59.9 180 270 65.5 93 65.5 70. 7 Dec 

3-55 
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91131 

a50   mb 

Hai 
no s 

Sts 
24» 
Per 

0 

M   - 
0   - 

Vr- 
S   - 
u   ■ 

n   rcnult'irl    win do   anJ   ■ t c a d 1 .   ^ 
a   «t   stanilürd   procMure    l«vnU.  

371 
33 2 
36d 
358 
370 
3r)ü 

lion:      Marcun    lol.ind      91131) 
17'II,    m'SC'E 
lad:       Supt..    1952-Aug 
cf.    19 56-Aug.    19 5 0 

195' 

tnirbcr   of   oboorvatlonu 
mean   rcoultani    wind 
dlruct ion 
mean   resultant wind   apcod   ^icn) 
atcadlnesa (percent) 

nicari   zonal   wind   apeed 
(kn, F-) 
mean -'ind apeed (Wn) 

371 
351 
284 
368 
350 
363 

.166 
,'r) 5 
160 
150 
Ul 
U2 

U7 
121 
107 
119 
123 
155 

Vr _ 

8.0 
6 . 2 
1 .9 
5 . 3 
5.7 
a.i 

5.C 
7. 7 
9.9 
8.4 
6.0 
0.9 

66 
39 
14 
U\ 
5 ) 
'♦0 

49 
5 7 
7 i 
61 
47 
07 

8, 
6. 

.0, 

.2, 

. ! 

.2, 

.2, 

.6, 

.9, 

.7, 
5, 
0.0 

13 
15 
14 
11, 
10, 
10 

11, 
11 . 
13 
13, 
12, 
14, 

Jan 
Fcb 
Mar 
Apr 
May 
Jun 

Jul 
Au c 
Sep 
Oct 
Nov 
Dec 

700   mb 500   mb 

N Vr N 9 Vr 

363 
330 
371 
358 
372 
356 

372 
351 
234 
370 
35^ 

2n 
26 5 
262 
238 
153 
133 

126 
114 
107 
121 
192 

23.0 
20.6 
12.7 
5.5 
3.1 
2.5 

92 
83 
70 
41 
31 
25 

5.1 43 
6.0 47 
9.0 69 
5.1 40 
3.1 25 

23, 
20, 
11, 
4, 

-0, 
-I, 

-2.7 
-5.5 
-8.6 
-4.3 
+0.4 

24, 
24, 
18, 
13, 
10, 
10, 

11.7 
12.9 
13.1 
12.7 
12.5 

359  263  10.9 60  10.7  18.1 

354 270 
328 269 
368 270 
359 269 
367 264 

369 080 
348 
286 
366 
353 
359 

092 
095 
101 
249 
271 

48.2 
48.2 
31.7 
17.3 
4. 1 

96 
95 
90 
77 
31 

4, 
9, 
3, 
9. 

30, 

40 
65 
20 
52 
80 

48.2 
40.2 
31.7 
17.3 
3.9 

357   160       0.9     08     -0.6 

2.7     23     -2.5 
-4.9 
-9.4 
-3.9 
8.8 

30.1 

50, 
50, 
35, 
22, 
13, 
12, 

11.9 
12.3 
14.8 
13.8 
17.9 
34.0 

Jan 
Feb 
Mar 
Apr 
May 
Jun 

Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

300   mb 200   mb 

Vr Vr 

265 270 68.4 99 67.8 69.2 180 278 68.0 98 67.4 69.2 Jan 
254 275 68.8 96 68.6 69.8 205 273 72.7 94 72.5 77.4 Feb 
337 276 53.4 84 53.0 63.8 299 275 71.5 94 70.5 76.4 Mar 
354 271 32.7 85 32.7 38.3 312 287 43.3 04 42.6 51.5 Apr 
357 293 9.2 47 8.0 19.3 345 304 12.3 45 10.7 27.2 May 
350 074 2.9 18 -2.3 16.1 337 050 8.4 36 -6.8 23.3 Jun 

353 047 >5.1 33 -2.3 15.4 338 034 10.9 45 -6.0 24.3 Jul 
328 049 7.0 46 -5.3 14.4 316 023 10.9 42 -4.3 26.3 Aug 
258 075 9.7 52 -9.4 10.6 231 030 11.9 42 -9.0 27.8 Sep 
341 091 1.9 11 -1.9 13.1 310 347 0.9 04 0.2 23.3 Oct 
338 269 13.4 60 13.4 22.2 310 292 19.1 67 17.5 28.6 Nov 
301 275 41.8 91 41.6 45.7 245 284 44.1 91 42.9 48.2 Dec 

3-56 



9llo5 

C'JO   mb 

Mean   rcaultant   winds   and   »t c n d 1 -   p 
ncaa   at    iLandard   prconurc    1 eve Li,   - - 

,!3 5 
Station: 
? 1 • 5 9 ' N , 
P( r1od : 

Llhuc    (91165) 
15 9 * 2 I' W 
Feb.    1950-Dec. 10 3 0 

N " 
0 - 
Vr- 

S   - 

u   ■ 

c   ■ 

number   of    ob u c r va t i oi, i; 
mean   rcnultunt  wind   dlroctlnn 
mean   resultant   wind   speed 
'.kit) 

H 1.1 ■ .'i' 1. , v -. ,    (percent) 

mean zonal wind npeed 
(kn. F..) 
mean wind speed (kn) 

2 16 
238 
2 36 
:38 
264 

268 
269 
264 
276 
288 
263 

lr)4 
07 J 
064 
061 
063 
072 

071 
068 
06 9 
069 
068 
068 

Vr 

2.3 
3.0 
4. 7 
9.0 
10.5 
13.0 

14, 
1 i, 
10, 
9, 
7 

8, 

1 7 
26 
36 
6 8 
33 
9 2 

95 
90 
84 
70 
56 
54 

1.0 
3.6 
4 
7 
9 

12 

10 
9 , 
7 

13.4 
12.5 

13 
14 
1 J, 
1 3 
12, 
14 

14 
14 
12, 
14, 
13 
14 

Jan 
Fob 
Mar 
Apr 
May 
Ju n 

Jul 
Aug 
Sep 
Get 
Mov 
De c 

700 mb 500 mb 

N 0 Vr S u c N 0 Vr S u c 

235 244 4.8 30 4.3 15.3 231 273 16.0 6 5 16.0 24.5 Jan 
216 256 2. 1 13 2.0 16.6 213 277 13.4 57 13.3 23.6 Feb 
238 255 2.1 14 2. 1 14. 7 236 273 13.0 59 13.0 21.9 Mar 
236 072 3.6 28 - 3.4 12.7 233 285 6.4 40 6 .2 16. 1 Apr 
238 068 5.6 52 - 5.1 10.8 238 291 3.1 25 2.9 12.6 May 
263 085 9.7 82 . 9.7 11.9 263 098 3.6 27 - 3,6 13.3 Jun 

268 087 9.0 76 . 9.0 11.9 267 212 1.9 16 1.0 12.0 Jul 
268 084 6.1 58 . 6.1 10.5 267 254 3.9 35 3.7 11.3 Aug 
263 071 6.8 62 . 6.5 10.9 264 261 1.9 17 1.9 11.3 Sep 
275 080 5.6 43 - 5.6 12.9 275 013 0.4 03 - 0. 1 13.8 Get 
287 064 3.1 24 . 2.8 13.0 281 321 4.6 29 2.9 15.9 Nov 
258 071 2.3 15 - 2.1 14.9 255 295 10,0 44 9.1 22.5 Dec 

300 mb 200 mb 

N O Vr S u c N G Vr S u c 

211 289 37.0 78 35.1 47.7 166 289 49.6 86 46.9 57.9 Jan 
184 284 35.3 76 34.3 46.5 155 284 53.6 83 52.0 64.2 Feb 
216 272 36.8 83 36.7 44.6 173 275 58.2 87 58.0 66.8 Mar 
231 273 24.9 73 24.8 34.3 215 274 46.3 86 46.2 54.1 Apr 
232 267 17.4 63 17.3 27.8 224 266 32.6 77 32.5 42.3 May 
263 266 8.0 32 8.0 25 258 264 21.8 59 21.7 36.9 Jun 

265 256 21.1 75 20.5 21  ) 257 259 34.6 84 33.9 41.0 Jul 
266 259 22.9 85 22. 5 . 1 267 262 35.7 87 35.4 41.1 Aug 
261 257 14.3 57 14. * 5.0 259 262 24.4 70 24.2 34.9 Sep 
271 271 10.5 42 10 l 

24.8 259 271 21.1 63 21.1 33.6 Get 
271 290 15.0 53 l <. 28.4 233 291 23.0 61 21.5 37.7 Nov 
239 290 28.0 ^ ■ J*.3 40.4 213 291 40. 1 79 37.4 50.8 Dec 

3-57 



91 ^ 18 

Ö 50   mb 

Mean   r(-aulcant    wi ndn   .ind   BCcaill- 
ne a n   at    n t .i ml.i r d   p r c a rt u i (-■    1 c vol i. 

Station;      Cu.iin   (9121^) 

Period:      July    lO^'J-Fib. 

6 5 ■■♦ 

0 ■•. U 

I J 'j U 

!)    - 
0    m 

Vr- 
S - 
u   - 

0 

09 ) 

G->5   0 9/ 
734   098 
() 9 0    10 1 

numbi'v   of   obacrvQtlono 
ocan   resultant   wind 
d I r c c L i f) n 
mean   resultant  wine'   s.itv.d (kn) 5??   (;? 
»t(adlneu 5    (petccnt) 
mi an   zonal   wind   spool 
(kn,   E-) 

mean wind speed (V.n) 

664   127 
679    116 
748 107 
742   099 
749 090 

_V_r 

19 . 
1  ' . 

lu 

16 
16 

7 
9, 

13, 

10.7 

C . 6 

92 
'•1 
9 4 
9 4 
91 
91 

70 
53 
0 3 
O 
8C 

-19 
-10 
-13 
-10 
-16 
-16 

-10.2 
- 6.9 
- 6.8 
- 9.4 
-13.4 

20.0     3 7   .. V'.ö 

21.5 
20.4 
20. 1 
20.0 
17.8 
18.0 

13 
14. 
14, 
14 
21, 
23 

Jan 
Fob 
Mar 
Apr 
May 
Jun 

Jal 
Aug 
Sep 
Oct 
Nov 
Dec 

651 
654 
724 
688 
735 
696 

6 70 
656 
682 
746 
737 
737 

700 r.b 

Vr 

500 mb 

091 
096 
GCQ 
094 
097 
102 

107 
121 
112 
109 
099 
092 

14, 
12 
11, 
11 
9, 

12, 

9 
9, 
8, 
9 

16 
16 

.2 
0 
3 
8 
6 
9 

6 
0 
1 

,4 
,6 
, 5 

87 
79 
33 
03 
79 
87 

75 
61 
58 
69 
85 
84 

-14, 
-12, 
11, 

-11, 
- 9 , 
-12. 

-.9.1 
- 7.7 
- 7.5 
- 8.9 
-16.4 
-16.5 

16, 
15, 
14, 
14, 
12, 
14, 

12.8 
14.6 
13.9 
13.7 
19.4 
19.7 

N 

640 
661 
700 
601 
726 
695 

660 
634 
665 
730 
722 
721 

101 
099 
002 
005 
077 
099 

100 
112 
107 
101 
095 
095 

Vr 

11.3 
9.9 
8.8 
8.3 
6.2 

11.5 

0 
9 
8 
9, 

17 
15, 

77 -11 
67-9 
6^ _ 8 
63 - 8 
54 - 6.1 
79 -11.4 

66 
65 
59 
65 
84 
80 

- 8 
- 9 
- 8 
- 9, 
-17, 
-15 

15 
14 
13 
13 
11 
14.5 

12 
15 
14 
14 
21 
19 

8 
2 
0 

2 
1 
7 

Ja a 
Feb 
Mar 
Apr 
May 

Jun 

Jul 
Aug 
Sep 
Oct 
Mov 
Dec 

300 mb 200 mb 

Vr Vr 

611 105 5.1 42 - 4.9 11.9 578 181 3.7 29 0.0 13.0 Jan 
636 113 1.7 14 - 1.5 11.9 617 214 5.4 36 3.0 14.9 Feb 
678 310 3.3 24 2.5 13.4 645 247 9.2 51 8.4 17.9 Mar 
644 306 6.4 37 5.2 17.3 608 286 11.9 55 11.5 21.7 Apr 
709 319 5.0 31 3.3 16.1 682 282 14.8 58 14.5 25.5 May 
664 074 2.3 15 - 2.2 15.4 647 274 5.0 24 5.0 20.8 Jun 

6 34 074 5.0 36 - 4.8 13.9 611 062 5.6 29 - 5.0 19.5 Jul 
591 092 7.0 48 ... 6.9 14.5 563 057 8.1 30 - 6.9 21.2 Aug 
640 076 4.7 36 - 4.5 13.0 606 036 5.5 30 - 3.2 18.6 Sep 
680 091 4.4 29 - 4.4 15.0 650 051 2.6 13 - 2.1 20.2 Oct 
679 084 12.5 65 -12.4 19.2 616 078 7.7 38 - 7.5 20.2 Nov 
676 088 10.0 61 -10.0 16.5 639 090 5.2 33 - 5.2 15.7 Dec 

3-58 



■mu'j 

Mean rcoultant winds and stead!- 
noaa at standard prcsourr levcli. 

Station:  Wake lul.ird (9124r>) 
1 9 ,, 1 7 ' N , 16 6 " 3 9 ' ü 
Period:  July 1949-.DCC. ly'iB 

!I ■ number of observations 
f) " mean resultant wind 

direct Ion 
Vr- mean resultant wind speed 

(kn) 
S ■ steadiness (percent) 
u ■ mean zonal wind speed (kn, t-) 

c • mean wind speed (kn) 

3 50 ml, 
_   — . 

;> U Vr s 11 c 

2 V. w-.t 6 . 9 49 6.(3 '5.1 Jan 
2lri i)')'. 7.0 5 6 7.0 12.5 Feb 
23'.J 09 a 11.1 77 .11.0 14.5 Mar 
2 5 0 09 2 .'..3 90 -14. 2 1 5.9 Apr 
2 77 09 6 14.6 9 4 14.5 1 j.r> May 
2') \ 0';4 12.'; 9 l 12.8 14. 1 Jun 

JO 7 100 1 ? . 4 9 2 .12.2 13.5 Jul 
304 100 11.'./ 5 0 11.7 13.2 Auf; 

2 84 097 11.4 '15 11.3 13.' Scp 
269 100 11.9 70 -11.7 15.2 Oct 
267 091 1 4 . 2 0 5 -14.2 16. 7 r'ov 
275 08 9 10.2 71 -10. 2 14.4 Doc 

700 ml 500 mb 

Vr Vr 

235 3?1 2.9 2 0 1.9 14.7 224 298 14.3 63 12. 3 22,3 Jan 
21ß 307 2.9 21 2.3 13.6 220 239 15.5 74 14,6 21.0 feb 
243 070 4.7 39 - 4.5 11.9 239 304 11.9 61 9.8 19.5 Mar 
252 084 9.5 7J - 9.4 13.1 248 359 3.9 >1 1. 1 12. 7 Apr 
277 090 1 - .( 81 -10.9 13.4 271 073 6 . 50 b.4 13.3 May 
264 090 11.8 86 -11.0 13.G 260 004 [ 72 9 . 8 13.6 Jun 

306 097 9.4 7 9 - 9.4 11.5 300 089 3.2 23 - 3.2 11.5 Jul 
290 099 8.7 79 - 8.6 11.0 290 092 3.5 34 - 3.5 10.2 Aug 
283 092 9.2 7f - 9.2 12.1 274 009 7,4 62 - 7.4 11.9 Sen 
268 098 9.7 68 - 9.6 14.3 269 087 6.6 43 - 6.6 15.3 Oct 
267 089 U.l 72 -U.l 15.5 263 072 9.9 56 - 9,4 17.0 M o v 
272 069 5.0 36 - 4.7 13.5 268 324 5.7 31 3.4 18.2 Dec 

300 mb 200 mb 

Vr Vr 

196 292 29.5 89 27.4 33.3 169 286 31.6 87 30.4 36.2 Jan 
198 293 34.4 88 31.7 38.9 163 286 37.B 39 36.4 42.7 Feb 
206 288 38.2 84 36.4 45.6 166 280 48.5 92 47.7 52.9 Mar 
232 300 21.5 72 18.6 29.8 218 284 33.5 31 37.6 47.3 Apr 
262 298 8.3 33 7. 3 21.8 254 278 24.5 66 24.2 3 7.4 May 
252 070 8.0 41 . 5 19.5 246 009 4.9 19 - 0.8 26.1 Jun 

288 299 5.8 31 5.1 18.9 285 29 7 13.2 43 11.3 30.6 Jul 
271 300 5.0 31 4.3 16.2 261 292 12.2 46 11.3 26.6 Aug 
264 017 2.9 16 . 0.9 18.0 257 308 8.4 32 6.6 26.3 Sep 
2 58 360 3.6 17 0.0 20.9 250 312 9.0 33 6.7 27.1 Oct 
255 026 5.4 24 - 2.4 22.9 247 333 7.0 27 3.1 25.7 Nov 
240 310 14.4 56 U.l 25.6 224 299 18,7 66 16.4 28.3 Dec 

3-59 



9 1250 

830   nib 

Hi■ .1 n   resultant   wlndn   nnH   atecdl. 
nc'iü   at    atandard   prrnaure    levels. 

Station:      F.nlwetok   Atoll    (9ir.50) 
11*20^:,    IGl'lO'V 
Period:      Nov.    19-. '-Dec.    1949; 

Apr.    mO-Dcc.    1953;   Jan.-Fob. 
1956;   Jan.    1957.Peb.    1958 

M   "   number   of   obacrvationa 
0   ■   roc.in   resultant   wind 

direction 
Vi"   mean   resultant wind speed (kn) 
S   ■   steadiness   (percent) 
u   ■  mean   zonal   wind speed (kn,  E-) 
c   -  mean   wind   speed   (kn) 

H 

521 
540 
508 
505 
547 
408 

606 
636 
556 
599 
590 
587 

Vr 

084 
087 
085 
089 
096 
094 

098 
100 
099 
100 
096 
089 

19 
18 
17 
16, 
15 
16, 

15 
13 
11, 
12, 
18, 
16, 

0 
6 

,0 

8 
,5 

,0 
7 
8 
1 
2 
8 

93 
95 
91 
96 
90 
94 

89 
89 
86 
84 
93 
88 

-18, 
-18, 
-17, 
-16, 
-15, 
-16. 

-14, 
-13, 
-11, 
-11, 
-18. 
-16. 

20.5 
19.6 
18.7 
17.4 
17.6 
17.6 

16.2 
15.3 
13.7 
14.3 
19.7 
19.1 

Jan 
Feb 
Mar 
Apr 
May 
Tun 

Jul 
Aug 
Sop 
Get 
Nov 
Dec 

700   rob 5 00   mb 

N 0 Vr N 0 Vr 

512 
537 
509 
504 
546 
399 

604 
637 
552 
597 
590 
580 

088 
091 
084 
038 
101 
097 

099 
101 
102 
099 
096 
088 

14.4 86 
12.5 84 

9 
3 
2 

8, 
7, 
8. 

13, 

67 
66 
72 
88 

12.1 89 
13.4 91 
11.2 84 
11.2 83 
15.0 88 
12.2 75 

.14.4 

.12.5 

. 8.9 

. 7.3 

. 8.1 
13.0 

.12.0 
13.2 
10.9 
.11.0 
14.9 
12.1 

16.7 
14.9 
13.2 
11.0 
11.4 
14.8 

13.6 
14.8 
13.3 
13.5 
17.0 
16.3 

505 
533 
489 
491 
517 
362 

523 
598 
521 
572 
573 
558 

084 
086 
061 
076 
109 
092 

09 5 
099 
096 
095 
092 
082 

16.7 
14.0 
6.8 
4.4 
1.9 

10.1 

9 
12, 
9, 

10, 
13, 
13, 

82 
77 
45 
39 
18 
77 

74 
89 
74 
71 
74 
64 

-16, 
-14, 
- 6, 
- 4, 
- 1, 
-10.0 

- 9 
-12, 
- 9, 
-10, 
-13, 
-13 

20.4 
18.1 
15.2 
11.4 
10.7 
13.0 

1* .3 
14.5 
13.1 

Jan 
Feb 
Mar 
Apr 
May 
Jun 

Jul 
Aug 
Sep 

14.0 Oct 
18.9 Nov 
20.6     Dec 

300  mb 200  mb 

0 Vr Vr 

494 069 6.7 42 - 6.3 15.8 479 111 1.4 08 - 1.3 16.9 Jan 
522 050 3.6 26 - 2.7 13.8 503 252 2.0 13 1.9 15.4 Feb 
467 297 6.7 43 5.9 15.5 435 260 12.4 65 12.1 19.2 Mar 
468 273 13.6 57 13.6 23.8 445 266 20.5 72 20.5 28.5 Apr 
464 264 15.1 70 15.0 21.5 426 263 24.5 81 24.3 30.3 May 
317 292 2.8 17 2.6 16.4 296 264 12.2 54 12.2 22.7 Jun 

463 284 4.5 34 4.4 13.2 427 264 10.9 54 10.8 20.1 Jul 
548 120 3.6 29 - 3.1 12.4 512 247 1.3 08 1.2 16.6 Aug 
479 109 0.7 06 - 0.7 11.6 454 269 4.1 24 4.1 17.1 Sep 
531 017 1.7 11 - 0.5 15.4 512 299 5.5 26 4.8 21.U Oct 
552 055 0.7 04 - 0.6 17.4 523 268 6.9 34 6.9 20.5 Nov 
527 034 3.5 19 - 2.0 18.4 495 271 4.8 26 4.8 18.5 Dec 

3.60 



mm 

91275 

Mean  resultant   winds   and   otcadi. 
ness   ut   standard   pressure   Icvclsi 

N 

Station: 

Period; 

Johnston 
16903rw 
Jar.    )950 

Island  (91275) 

•Aug.    1958 

585 
63Ü 
709 
720 
771 
6(11 

772 

N • number of observations 
0 ■ oean resultant wind 

direction 

Vr» pean resultant wind speed (kn) 743 
S - steadiness (percent) 525 
u ■ oean zonal wind speed       533 

(kn, E-) 620 
c •*  mean wind speed (kn)        622 

108 
039 
083 
039 
006 
080 

009 
08 9 
086 
087 
090 
097 

Vr 

0 
10, 
10, 
14, 
IS, 
17, 

16. 
16, 
13, 
14, 
15, 
13, 

850 mb 

S 

73 
70 
0 9 
9 4 
9 5 

95 
9 5 
92 
89 
87 
7 3 

.. 7.8 
-10.9 
-10.6 
-14.8 
-15.6 
-17. 3 

-16 
-16 
-13 
. 14 
-15 
-12 

15 
14 
15 
16 
16 
18, 

1 7 
17, 
14, 
15, 
17 
17 

Jan 
Fcb 
Mar 
Apr 
May 
Jun 

Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

N 0 

700 mb 

Vr N 0 

589 
632 
704 
7 24 
773 
662 

746 
627 
640 
622 
621 

147 
065 
043 
089 
087 
090 

769  089 
091 
088 
087 
087 
096 

1 
4 
2, 
5 
5, 
3, 

09 
36 

10 
7 
8, 
9, 
6, 

8   24 
5   47 

55 
74 

0, 
4. 
1, 
5, 
5, 
8, 

87 
67 
67 
67 
45 

-10.2 
- 7.1 
- 8.3 
- 9.7 
- 6.7 

14.8 
12.8 
12.0 
11.7 
10.1 
11.6 

9.0   78   -   9.0     11.6 
12.4 
10.5 
12.4 
14.5 
14.8 

570 
620 
685 
702 
750 
653 

748 
717 
583 
611 
614 
595 

284 
315 
297 
283 
291 
092 

149 
100 
093 
068 
066 
355 

9, 
10, 
12, 
5, 
3, 
2. 

0. 
5, 
5, 
3, 
7, 
4. 

41 
54 
62 
J5 

30 
20 

09 
49 
4 9 
27 
48 
23 

9 
7 

11, 
5, 
3, 
2 , 

0.5 
4.9 
5.3 
3.3 
6.9 
0.4 

22.6 
20. 2 
20.6 
15.8 
12.6 
12.4 

9, 
10, 
10, 
12, 
16. 
18, 

Jan 
Feb 

Mar 
Apr 
May 
Jun 

Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

300 mb 200 mb 

N Vr Vr 

538 292 26.1 67 24.2 38.8 480 287 34.6 79 33.0 43.9 Jan 
566 /:98 33.0 71 29.2 46.3 491 294 40.9 76 37.5 52.5 Feb 
600 283 44.2 85 43.0 52.2 520 284 54.9 3 7 53.3 63.4 Mar 
669 2 73 34.7 81 34.6 42.7 628 275 53.8 86 53.6 62.5 Apr 
720 275 26.5 79 26.4 33.7 672 273 44.5 88 44.4 50.6 May 
631 272 13.9 58 13.9 24.1 585 265 28.0 77 28.0 36.4 Jun 

686 265 18.3 76 18.3 24.2 629 268 32.) 84 32.1 38.0 Jul 
673 257 12.4 67 12.1 18,5 618 260 22. 7 79 2 2.4 28. 7 Aug 
543 257 9.1 51 8.8 17.1 517 263 19.4 70 19.2 27.8 Sep 
564 275 12.3 52 12.2 23.7 538 268 22.8 70 22.8 32.6 Oct 
583 314 7.8 33 5.7 23.9 54 7 288 17.2 56 16.4 30.9 Nov 
566 300 18.4 61 15.9 30.2 531 294 25.0 65 22.8 38.5 Dec 

3-61 



850   mb 

91285 

.can 
•^ s a 

at 
1    04 

ii 

resu). lane   winds   and   stead i- 
at    standard   pressure   levels, 

ion:      H i 1 o   (91235) 
4';!,    ISS^A'W 

. od:      Fob.    195 0-May   19 53 

number   of   observations 
rcean   resultant   'Jind 
direction 
mean   resultant wind spet.-d (kn) 
steadiness   (percent) 
mean   zonal   wind   speed 
(k n,   E - ) 

moan   viind   speed   (kn) 

Vr 

555 135 5.5 52 •» 3.9 10.6 Jan 
5 14 112 4. 2 41 . 3.9 10.3 Feb 
59 6 121 4.0 38 *, 3.5 10.6 Mar 
530 078 4.5 54 _ 4.4 8.3 Apr 
6 14 075 5.4 67 M. 5.2 3.1 May 
537 031 5.8 75 - 5.7 7.7 Jun 

553 070 6.1 77 _ 5.8 7.9 Jul 
553 073 5.9 72 w 5.6 8.2 Aug 
543 0 70 5.2 71 *. 4.9 7.3 Sep 
640 079 5.6 63 - 5.5 8.9 Oct 
653 100 5.0 52 M 5.0 9.6 Nov 
603 091 5.0 45 w 5.0 11.0 Dec 

700   nib 500   mb 

tl 0 Vr S u c II 0 Vr S u 

553 126 3.0 22 - 2.4 13.9 544 288 10.0 43 9.5 20.8 Jan 
513 16 5 1.0 07 - 0.3 13.0 500 278 12.1 57 12.0 21.2 Feb 
392 2;1.o 2.6 21 1.7 12.6 577 267 14.5 67 14.5 21.7 Mar 
507 000 3.4 31 - 3.3 11.0 583 278 7.8 47 7.8 16.5 Apr 
615 031 3.1 30 - 3.0 10.4 609 268 6.3 42 6.3 14.9 May 
538 090 8.4 74 - 8.4 11.3 530 140 1.8 14 - 1.2 13.2 Jun 

551 089 8. 7 73 - 8.7 12.0 540 liO 2.3 20 - 2.2 11.6 Jul 
554 086 5.9 59 - 5.9 10.0 557 139 0.3 03 - 0.2 9.9 Aug 
543 070 4.2 48 - 4.0 8.3 538 082 0.3 03 - 0.3 10.7 Sep 
638 033 5.3 49 - 5.2 10.c 635 083 0.7 05 - 0.7 12.9 Oct 
651 C92 5.7 47 - 5.7 12.1 647 343 1.9 13 0.6 14.4 Nov 
604 0G9 5.0 37 - 5.0 13.4 589 305 5.2 26 4.3 19.8 Dec 

3 00 mb 200 mb 

N 0 Vr S u c n 0 Vr S u c 

508 29 2 35.1 78 32.5 45.2 417 291 48.3 86 45.2 56.0 Jan 
430 279 35.0 74 34.5 47.3 348 283 53.1 31 51.7 65.3 Feb 
457 271 43.0 85 43.0 50.8 362 277 61.5 87 61.0 70.3 Mar 
535 273 33.7 84 33.7 39.9 461 273 57.3 92 57.2 62.3 Apr 
586 264 26.1 78 26.0 33.6 526 267 41.6 85 41.5 48.9 May 
519 257 17.9 63 17.4 23.5 493 264 34.0 79 33.8 42.9 Jun 

531 260 ie ,6 69 16.4 23.9 511 259 26.2 78 25.8 33.5 Jul 
538 264 15.7 77 16.6 21.6 531 262 26.6 34 26.4 31.7 Aug 
527 255 14.5 67 14.0 21.6 50C 260 23.4 78 23.0 30.1 Sep 
627 265 15.9 60 15.9 26.6 605 265 30.0 78 30.0 33.5 Oct 
6 39 2 81 15.4 55 15.2 28.1 608 275 27.4 71 27.3 38.6 Nov 
550 207 23.4 65 22.4 36.2 491 290 36.4 76 34.1 47.8 Dec 

3-62 



■w» 

91334 

050  mb 

Mean resultant win ds and steadi 
I  N S nese at jtandard p ressure level 0 Vr u c 

  

Station: 
07o27,N, 
Period: 

Tr-tk (91334) 
151"SO'E 
July 1951-Feb. 1958 

220 
240 
244 
229 

OP. 2 
03 A 

0B3 
0)2 

16.6 
16.0 
14.5 
13.9 

93 
93 
91 
91 

-16.4 
-16.7 
-14.4 
-13.9 

17.9 
13.1 
15.9 
15.2 

Jan 
Feb 
Mar 
Apr 

N » iiumber of observations 242 097 10.7 81 -10. 7 13.2 May 
0 a mean resultant wind 232 093 12.2 87 -12.1 14.1 Jun 

Vr = 
S «■ 
U  B 

direction 
mean resultant wind spfied (kn) 
steadiness (percent) 
mean zonal wind speed 

251 
222 
219 
232 

105 
120 
124 
116 

9.2 
5.7 
4.6 
3.9 

83 
49 
47 
36 

- 8.8 
- 5.0 
- 3.9 
- 3.5 

U.l 
11.6 
908 

10,8 

Jul 
Aug 
Sep 
Ort 

C a mean wind spee d (kn) 
227 
216 

100 
089 

9.5 
12.2 

69 
75 

- 9.4 
-12,2 

13.7 
16.2 

riov 
Dec 

700 mb 500 rab 

n 9 Vr S u c N 0 Vr S u c 

210 093 13.3 85 -13.3 15.6 207 093 19.3 92 .19.7 21.5 Jan 
232 089 13.9 90 -13.8 15.4 224 089 17.4 30 .17.4 19.7 Feb 
233 087 10.7 30 -10.6 13.3 216 008 11.6 70 .11.6 16,5 Mar 
225 097 10.4 34 -10.3 12.4 217 096 7.0 55 . 7.0 12.7 Apr 
241 097 8.6 72 - 8.5 11.9 231 095 4.9 44 -4.9 11.2 May 
229 098 13.4 90 -13.2 14.9 220 098 10.3 70 .10.7 13.8 .Tun 

243 103 11.4 87 .11.2 13.1 233 099 12.1 86 .11.9 14.1 Jul 
219 106 9.4 71 - 9.1 13.3 217 102 13.3 83 -13.0 16.1 Aug 
209 107 7.5 67 . 7.2 11.2 199 105 10.2 76 - 9.9 13.4 Sep 
223 105 6.7 59 „6.4 11.4 213 099 9.0 71 . 8.9 12.7 Oct 
215 095 10,1 73 .10.0 13.8 206 099 9.7 64 - 9.6 15.2 Nov 
214 096 10.2 66 .10.2 15.4 205 093 15.6 80 -15.6 19.5 Dec 

300 mb 200 mb 

N 0 

098 

Vr 

15.3 

S 

37 

u 

-15.1 

c 

17.5 

N 0 Vr S u c 

200 197 122 15.3 77 -13.0 20.0 Jan 
213 095 11.5 76 -11.4 15.2 206 124 13.2 60 -11.0 19.5 Feb 
203 106 7.7 51 - 7.4 15.2 196 152 10.9 53 - 6.0 20.4 Mar 
209 148 2.0 14 - 1.1 14.1 199 215 6.8 36 3.9 18.8 Apr 
217 223 1.7 13 1.1 12.8 206 247 6.4 34 5.9 10.8 May 
207 126 4.2 32 - 3.4 13.0 204 218 3.8 23 2.3 16.3 Jun 

225 104 9.2 67 . 8.9 13.7 217 091 G.l 47 - 8.1 17.4 Jul 
204 099 10.6 74 . .10.7 14.4 197 0 74 10.4 55 -10.0 19.0 Aug 
192 091 9.8 74 - 9.8 13.3 188 060 10.3 58 - 9.6 17.8 Sep 
211 094 7.2 58 - 7.2 12.4 204 070 5.7 33 - 6.4 17.1 Oct 
203 108 4.2 26 • - 4.1 16.3 201 119 8.2 41 - 8,8 20.1 Nov 
195 094 10.0 61 . -10.0 16.3 191 102 9.5 56 - 9.3 17.1 Dec 

3-63 



91348 

850  mb 

Mean resultant winds and steadi - N 0 Vr s u c 
TA 

Station:  Ponape (91343) 
06o58'N, 158013,E 
Period:  July 1951-Feb. 1958 

181 
296 
302 
308 

076 
080 
083 
088 

17.4 
18.3 
15.4 
16.7 

93 
93 
91 
94 

.16.9 

.18.0 
-15.3 
.16.7 

18.7 
19.6 
16.9 
17.8 

Jan 
Feb 
Mar 
Apr 

N = number of ob servations 250 091 13.7 88 -13.7 15.6 Ma> 
0 a mo a a resultant wind 259 091 14.0 91 -14.0 15.4 Jun 

Vr» 
S a 
U a 

direction 
mean resultant wind s 
steadiness (percent) 
mean zonal wind spec 
/I.         T-*   \ 

pe-d (kn) 279 

d       204 
305 

096 
101 
098 
102 

11.7 
9.1 
7.3 
6.6 

91 
76 
69 
58 

.11.7 
- 8.9 
- 7.3 
- 6.4 

12.8 
12.0 
10.6 
11.3 

Jul 
Aug 
Sep 
Oct 

C a 

V Ml, 

mean wind speed (kn) 
188 
201 

093 
082 

10.7 
13.0 

77 
88 

-10.6 
-13.6 

13.9 
15.6 

Nov 
Dec 

700 mb ^00 mb 

N Q Vr S u c N 0 Vr S u c 

165 087 11.3 81 .11.3 14.0 162 082 19.1 87 .18.9 22.0 Jan 
209 087 12.0 86 .11.9 13.9 283 004 15.9 87 -15.8 18.2 Feb 
287 09 3 7.9 67 - 7.9 11.8 281 036 12.3 70 -12.3 17.5 Mar 
294 091 9.2 75 . 9.1 12.2 230 089 5.1 41 - 5.1 12.3 Apr 
238 094 8.1 70 . 8.1 11.6 232 103 3.4 30 - 3.4 11.4 May 
242 094 12.1 89 .12.1 13.6 222 089 10.3 79 -10.3 13.1 Jun 

272 096 12.1 90 .12.1 13.4 256 098 12.2 87 .12,1 14.0 Jul 
199 096 12.0 88 .12.0 13.6 171 093 14.6 92 -14.6 15.9 Aug 
191 097 10.3 83 .10.2 12.4 166 094 U.5 79 .11.5 14.6 Sep 
307 103 7.0 63 . 6.8 11.2 291 096 8.0 65 - 7.9 12.4 Oct 
175 090 9.4 70 . 9.4 13.4 160 085 10.5 69 -10.5 15,3 Nov 
185 088 9.7 02 - 9.7 11.9 172 081 14.9 83 .14.7 18.0 Dec 

300 mb 200 mb 

M 0 Vr S u c V 0 Vr S u c 

161 089 12.1 75 „12.1 16.2 162 126 10.8 60 - 8.3 17.9 Jan 
275 09 2 10.4 67 -10.4 15.5 276 122 10.1 61 - 8.5 16.6 Feb 
276 097 6.9 44 - 6.9 15.6 274 155 8.8 45 - 3.7 19.4 Mar 
271 235 8.2 51 6.7 16.0 269 240 15.1 71 13.1 21.4 Apr 
214 229 6.4 46 4.8 13.8 208 246 13.9 66 12.7 21.0 May 
214 116 3.9 33 - 3.5 11.8 201 249 4.0 26 3.7 15.4 Jun 

24G 098 6.3 49 - 6.3 12,8 239 074 2.5 15 - 2.4 16.3 Jul 
166 095 12.5 83 -12.4 15.0 161 080 8.4 51 . 8.2 16.4 Aug 
155 094 8.0 60 - 7.9 13.4 152 070 6.4 38 _ 6.0 16.8 Sep 
291 083 4.7 30 - 4.7 12.5 284 030 3.0 13 - 1.5 16.7 Oct 
152 103 2.0 13 - 1.9 15.6 147 228 2.8 14 2.0 19.7 Nov 
161 087 8.0 54 - 8.0 14.9 160 129 4.9 29 - 3.8 16.9 Dec 

3-64 



850   mb 

91366 

Mean  resultant   winds   and   steadi- 
ness   at   standard  pressure   levels. 

Station:      Kw?Jalein   (91366) 
OB^S'N,    167'44,E 
Period:  July 1949-Nov. 1957 

M a  number of observations 
0 = mean resultant wind 

direction 
Vra mean resultant wind speed (kn) 
S a  steadiness (percent) 
u ■ mean zonal wind speed 

(kn, E-) 
c a mean wind speed (kn) 

Vr 

552 085 15.8 91 -15.7 17.3 Jan 
525 088 18.3 92 -18.3 19.8 Feb 
550 093 14.7 84 -14.7 17,5 Mar 
556 089 16.9 94 -16.9 18,0 Apr 
553 093 16.3 91 -16.3 17.9 Nay 
439 092 16.5 93 -16.5 17.7 Jun 

677 096 14.5 92 .14.4 15.8 Jul 
646 098 12.1 90 -12.0 13.5 Aug 
536 097 10.0 85 - 9.9 11.8 Sep 
569 098 10.0 80 - 9.9 12.5 Get 
624 092 14.6 G9 -14.6 16.4 Nov 
489 091 15.6 85 -15.5 ir.3 Dec 

700 mb :.0 0 mb 

Vr Vr 

553 091 11.7 81 .11.7 14.4 542 082 16.7 84 .16,5 20.0 Jan 
526 090 12.2 82 -12.2 14.8 502 086 15.3 77 -15.3 20.0 Feb 
551 106 6.2 52 - 5.9 12.0 548 076 6.5 4 2 - 6.4 15.7 Kar 
567 098 6.9 64 . 6.0 10.7 557 032 1.3 11 - 0.7 11.5 / T 
551 098 10.6 81 .10.5 13.1 517 098 3.2 34 . 3.2 9.5 I .y 
490 095 14.1 92 .14.1 15.4 461 090 7.6 69 - 7.6 11.0 Jun 

683 096 13.9 91 .13.8 15.3 637 098 11.9 82 .11.7 14.6 Jul 
649 096 14.0 91 .13.9 15.4 612 0°? 14.4 91 -?4.3 15.8 Aug 
534 094 11.3 83 .11.3 12.9 510 C'J4 J. 0. 6 81 .20.6 13.1 S^p 
567 096 10.2 79 .10,2 12.9 55n ■• :■ 5 8.7 67 . 8.7 13.0 Get 
627 093 12.0 83 .11.9 14.4 600 017 11.1 67 .11.1 16.6 liov 
494 096 11.3 75 -11,2 15.1 475 089 12.4 64 -12.4 19.3 Dec 

300 mb 2 00 mb 

N 9 Vr S u c N 0 Vr S u c 

513 076 4.1 . 3.9 14.4 477 186 1.3 08 0.1 15.7 Jan 
460 044 4.C 2 5 - I'.S 16.1 407 ;. 19 2.7 14 1.7 18.7 Feb 
493 289 6.4 37 G.l 17.1 441 235 11.9 53 11.5 22.4 Mar 
494 262 15.0 67 14.9 22.3 438 238 25.2 82 24.6 30.6 Apr 
466 260 9.4 57 9.2 16.5 416 :65 1:^.0 75 IS.9 25.2 May 
413 241 3.3 22 2.9 14.9 366 262 10.9 53 10.8 20.6 Jun 

565 125 3.1 25 . 2.5 12.3 49 3 227 5.1 31 3.7 16.3 Jul 
522 101 9.2 67 - 9.1 13.8 440 093 4.5 31 - 4.5 14.4 Aug 
481 091 6.5 52 - 6.5 12.4 425 079 2.3 15 - 2.2 15.3 Sep 
511 096 1.6 13 - 1.6 12.6 437 287 5.2 31 5.0 17,0 Oct 
546 294 1.2 07 1.1 16.1 502 264 9.3 45 9.2 20.8 Nov 
441 275 1.4 08 1.4 16.9 408 250 7.3 37 6.9 19.5 Dec 

3.65 

L 



91376 

350   mb 

Mean   rest 
n' s s   u L 

11 a n t   winds   and   s t e a d i.. 
r .1 n (1 ■■> r H     n r fi c en v o      1 o ^ pi c 0 Vr S u c 

S c .11 i. on : 
0 7o06'n, 
Period: 

Feb.    1' 

Majuro 
17i'J24,E 
Sept.    19 
5 5~Feb. 

r ■• - " ~ — - 

(91376) 

52-Nov. 
10 5 8 

1952; 

154 
234 
242 
254 
256 

078 
075 
083 
081 
039 

14.9 
15.3 
13.5 
15.8 
16.5 

91 
89 
3 7 
93 
93 

-14.5 
.14.8 
-13.4 
-15.6 
-16.5 

16.3 
17.2 
15.6 
16.9 
17.8 

Jan 
Feb 
Mar 
Apr 
May 

M                 ;_ number   o£   observations 19 5 093 15.3 9 2 -15.3 16.6 Jun 
0        ^ 

3   o 
U      es 

C     ea 

in nan   resultant   wind 
direction 
„inan   resultant   wind 
steadiness   (percent) 

mean   zonal   wind   spee 
(kn.   E-) 
mean   wind   speed   (kn) 

209 

speed 0<n) ^2 

227 
d                  194 

117 

094 
096 
096 
102 
099 
081 

14.1 
12.8 
11.0 
10.6 
12.0 
10.8 

9 3 
91 
35 
82 
79 
71 

_14.1 
.12.7 
.11.0 
.10.4 
.11.8 
.10.7 

15.1 
14.0 
12.9 
12.9 
15.2 
15.2 

Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

700   mb 500 mb 

ri 0 Vr        S u c N 0 Vr S u c 

153 083 8.9   70 .   8,9 12.7 145 064 12.6 75 -11.3 16.9 Jan 
233 079 10,5   78 .10.4 13.5 228 078 13.1 73 .12.8 13.0 Feb 
.i3 1 098 5.3   50 .   5.2 10.6 231 067 6.5 40 .   6.0 16.1 Mar 
251 092 3.9   75 -   8.9 11.8 243 305 1.1 12 0.9 9.5 Apr 
251 093 11.6   83 -11.6 14.0 242 080 2.8 31 .   2.8 9.1 May 
193 090 14.0   91 -14.0 15.4 191 0C9 7.6 63 _   7.6 11.2 Jun 

207 093 15.5   95 -15.5 16.4 200 096 13.9 09 -13.8 15,6 Jul 
114 091 14.1   95 -14.1 14.3 no 008 13.4 85 -13.4 15.7 Aug 
126 096 12.2   86 .12.1 14.2 120 091 13.2 83 .13.2 15.0 Sep 
228 097 10.1   76 .10.1 13.3 227 107 0.2 65 -   7.3 12.7 Oct 
195 103 10.0   74 .   5.8 13.6 194 095 9.6 58 -   9.5 16.5 Nov 
123 096 5.2   44 .   5.2 11.8 119 066 9.2 59 -   8.4 15.7 Dec 

300   mb 200 mb 

M 0 Vr        S u c N 0 Vr S u c 

139 023 2.4   17 .   1.1 14.0 139 194 3.1 16 0.7 19.5 Jan 
224 054 6.2   37 .   5.0 16.9 218 145 4.1 21 -   2.4 19.7 Feb 
224 267 4.8   30 4.8 16.0 220 234 11.5 52 9.2 22.2 Mar 
233 252 16.6   73 15.7 21.3 230 251 26.7 87 25.3 30.7 Apr 
229 246 9,2   56 G.4 16.5 220 263 20.0 00 19.9 24.9 May 
133 170 2.5   22 -   0.4 11.5 178 261 10.9 61 10.7 17.9 Jun 

195 114 7.4   60 _   6.8 12.4 159 183 3.2 20 0.1 15.8 Jul 
112 09 4 9.4   70 .   9.4 13.4 109 078 5.2 38 -   5.1 13.6 Aug 
119 090 6.6   49 .   6.6 13.5 116 065 1.1 07 -   1.0 16.7 Sep 
220 216 1.5   11 0.9 14.1 216 273 11.0 53 U.O 20.8 Oct 
190 2 79 3.8   24 3.7 15.7 187 267 11.1 50 11.0 22.0 Nov 
110 281 4.4   30 4.3 14.9 117 251 7.9 45 7.4 17.6 Dec 
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91403 

Mean   res 
ness   at 

Station: 
0 7 0 21' N , 
Period: 

July   1 

N = numb 
9 = irean 

dire 
Vr = mea n 
S «a stea 

u »mean 

c   =  mean 

ultant   winds   and   steadi- 
standard  pressure   levels. 

Koror   (91408) 
134''29,E 
Sept.   1950-Apr 

951-Feb.    1958 
1951; 

er   of   observations 
resultant   wind 

ct ion 
resultant wind speed (kn) 

diness   (percent) 

zonal   wind speed (kn,E-) 

wind   speed   (kn) 

350   mb 

N 0 Vr S u c 

210 079 15.3 86 .15.0 17. 7 Jan 
200 080 15.5 39 -15.3 17.4 Feb 
199 072 13.5 83 .12.8 15.4 Mar 
207 081 8.7 63 . 0.6 13.4 A pi- 

230 100 7.4 67 - 7,3 11.0 May 
226 102 6.4 55 . 6.3 11.6 Jun 

259 151 2.9 28 - 1.4 10.5 Jul 
213 238 5.3 41 4.9 14. 1 Aug 
208 219 3.8 35 2.4 10.9 Sep 
229 251 3.3 26 3.1 12.8 Oct 
195 007 0.6 06 - 0. 1 10.6 H o v 

219 078 8,0 52 - 7.9 15 De L 

700   mb 500   mb 

N 0 Vr S u c N 0 Vr S u c 

194 089 14.1 88 -14.1 16.1 168 095 17,0 90 .16.9 18,8 Jan 
186 085 13.4 83 -13.3 16.1 169 095 17.2 88 -17,1 19.6 Feb 
184 081 11.2 81 -11.0 13.8 163 087 15.3 85 -15.2 17,9 Mar 
195 035 7.7 62 _ 7,6 12.5 186 078 8.9 66 _ 8,8 13.5 Apr 
219 100 7.0 67 - 6.9 .0,4 197 087 7.3 70 _ 7,3 10.4 May 
216 097 8,4 65 - 8.3 12.9 193 096 10, 2 1Z .10.1 12.9 Jun 

242 102 6.7 56 6,6 12.0 216 101 12.1 81 -11.9 15.0 Jul 
187 159 1.8 13 0.7 13,8 150 no 9.9 68 - 9,3 14.6 Aug 
194 127 3,5 33 _ 2.8 10,6 158 108 8.5 66 - 8.1 12.9 Sep 
205 152 1,7 14 . 0.8 11.9 179 102 5.8 50 - 5.7 11.5 Oct 
174 087 1.8 13 1.8 14.4 154 091 7.2 50 . 7.2 14.3 Nov 
197 083 8,4 55 _ 8.4 15.2 171 097 13.9 75 .13.9 18.5 Dec 

N 

300   mb 200   mb 

Vr u Vr 

1 r T 101 16.0 86 -15.7 18.6 132 116 21.4 90 .19.3 23.3 Jan 
103 14.3 88 -14.0 16.3 140 122 22.3 90 _19.0 24.8 Feb 
097 11.8 78 -11.7 15.2 142 125 16.9 80 -13.9 21.0 Mar 

ioi 099 10,8 69 .10.6 15.6 141 111 12.5 63 -11.7 19.8 Apr 
180 111 3.5 32 . 3.3 10.8 170 135 2.4 17 - 1.7 14.5 May 
186 096 7.7 59 . 7.7 13.0 175 073 6.3 40 - 6.2 15.8 Jun 

197 092 14.7 88 .14.7 16.0 182 071 18,6 81 -17.6 23.0 Jul 
126 088 18.5 90 .18.5 20.5 116 070 24.1 83 -22.7 29,2 Aug 
131 087 13.0 84 .13.0 15.5 115 067 20.4 80 -18.8 25.6 Sep 
155 084 8.7 63 . 8.6 13.8 137 075 13.4 67 -12.9 20.0 Oct 
136 093 8.2 54 . 8.2 15.3 125 088 11.0 50 - 11.8 20.5 Nov 
148 098 14.8 81 .14.7 18.2 136 108 18.0 03 -17.1 21.7 Dec 
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91413 

0 50   mb 

-1 ■ 3 u 1 c a n t   winds   and   s t e a d i- 
at   standard   pressure   levcls,- K 

Station:      Yan   (91413) 
O'JMl'M,    1330Ü8'E 
Per.cd:      Jan,    1950-Apr 

June   1951;   Aug.    19 51. 
19 51; 

Feb. 1950 

303 
305 
321 
338 
235 
229 

232 

H   =   number   o£   observations 
0   =  moan  resultant   wind 

direction 
Vr=   moan   resultant wind speed  (kn) ^° 
S   a   steadiness    (percent) 
u    =  mean   zonal   wind speed (kn,  E-) 
c   =   mean   wind   speed   (kn) 

254 
274 
257 
257 

0 

082 
084 
075 
036 
09 5 
092 

117 
172 
171 
150 
088 
084 

Vr 

19 
17 
16 
14 
12, 
11, 

5, 
i.. 

3, 
2, 
n u . 

14, 

92 
93 
91 
85 
86 
01 

51 
22 
31 
17 
57 
76 

u 

-19 
-17 
»16, 
-14, 
-12, 
10.9 

- 4, 
_ 0, 
- 0, 
- 1, 
- 8, 
-14, 

21 
19 
18 
17 
14 
13 

10 
13, 
10 
11, 
15, 
18, 

4 
2 
2 
3 
0 
5 

9 
0 
7 
6 
5 
7 

Jan 
Feb 
Mar 
Apr 
May 
Jun 

Jul 
Aug 
Sep 
Oct 
Wov 
Dec 

700 mb 500 mb 

Vr Vr 

303 036 17.5 89 _17.4 19.6 273 091 19.2 90 -19.2 21.4 Jan 
305 087 13.9 87 -13.9 15.9 29 2 095 16.4 86 -16.4 19.0 Feb 
32. 074 13.5 87 -13.0 15.6 314 081 16.2 87 _16.0 18.7 Mar 
341 085 10.9 79 _10.9 13.8 338 085 9.3 71 . 9.7 13.8 Apr 
231 094 10.0 81 -10.0 12.3 220 085 8.3 72 _ 8.2 11.5 May 
231 094 11.2 81 -11.2 13.8 220 094 10,9 82 -10.9 13.3 Jun 

232 102 9.2 73 - 9.0 12.6 229 098 12.1 02 .12.0 14.7 Jul 
234 129 4.6 32 . 3.5 14.4 227 104 9.7 61 - 9.4 15.8 Aug 
257 122 5.1 41 - 4.3 12.3 244 106 8.0 62 - 7.7 13.0 Sep 
266 105 4.1 34 - 4.0 11.9 251 096 6 • u 53 - 6.7 12.8 Oct 
252 089 9.9 63 - 9.9 15.7 234 087 13.0 76 .13.0 17.0 Nov 
253 090 12,7 77 -12.7 16.5 213 093 16.0 84 .16.0 19.0 Dec 

300 mb 200 mb 

Vr M Vr 

237 099 14.4 82 .14.3 17.5 226 123 15.2 76 .12.8 19.9 Jan 
273 099 11.2 77 .11.1 14.5 261 134 15.2 76 .10.9 19.9 Feb 
290 099 9.2 61 - 9.1 15.2 257 143 15.2 75 . 9.2 20.4 Mar 
307 HI 5.4 39 - 5.0 14.0 271 136 8.0 43 . 5.6 18.6 Apr 
207 154 0.5 04 _ 0.2 11.4 198 235 5.3 34 4.4 15.4 May 
216 096 6.2 45 . 6.2 13.3 206 131 1.0 06 - 0.8 1 7 .0 Jun 

224 090 10.8 74 .10.8 14.6 219 069 11.9 62 -11.2 19.2 Jul 
209 090 13.1 76 -13.1 17.3 201 064 17.9 71 .16.1 25.3 Aug 
233 084 10.3 71 .10.2 14.6 222 067 14.0 69 -13.6 21.6 Sep 
239 083 6.7 49 . 6.6 13.7 230 062 7.7 40 . 6.3 19.1 Oct 
214 002 12.5 68 .12.4 13.3 206 088 12.3 59 -12.2 20.9 Nov 
191 091 14.3 78 .14.3 10.3 190 104 14.7 73 -14.2 20.2 Do c 



ma 

91489 

3 50  mb 

Mean  resultant   winds   and   steadi- 
ness   at   standard   pressure   levels. 

Island 

M 

Stat ion: C 

( 
02o00,N, 15 
Period:      0c 

N = number 
0 = mean re 

direct i 
Vr= mean re 
S = steadin 
u e mean zo 
c   »  mean   wi 

hr istmas 
91489) 
7023IW 
t.    1956-Sept 1959 

145 
130 
156 
176 
174 
170 

0 

093 
092 
090 
094 
094 
095 of   observations 

sultant   wind ^57 097 
on 101 098 
sultant wind   speed (kn)   96 096 
ess   (percent) 125 093 
na 1   wind   speed (kn, E-) 149 09J 
nd   speed   (kn) 145 093 

Vr 

14 
16 
13 
14 
14 
12. 

15 
16, 
13, 
12, 
9, 

12, 

86 
92 
96 
95 
95 
38 

9 0 
95 
89 
86 
58 
82 

-14, 
-16, 
-13, 
-14, 
-14, 
-12, 

.15, 

.16, 
-13, 
-12, 
- 9, 
-12, 

16 
17 
14 
15 
15 
14 

16, 
17 
14, 
14, 
16, 
14, 

Ja n 
Feb 
Mar 
Apr 
May 
Jun 

Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

700   mb 500   mb 

Vr Vr 

145 084 3.3 33 - J.3 10.0 149 319 1.8 09 1.1 12.2 Jan 
130 096 7.1 64 . 7.1 11.1 130 098 2.0 15 - 1.9 13.6 Feb 
156 094 8.8 72 _ 8.8 12.2 155 217 2.9 22 1. 7 13.2 Mar 
176 093 13.5 96 -13.5 14.0 176 111 7. 1 60 - 6.6 11.9 Apr 
176 090 15.3 94 .15.3 16.2 176 094 12.3 83 -12. 3 14.9 May 
169 089 14.0 91 _I4.0 15.4 166 089 14.6 87 -14.6 16. 7 Jun 

167 090 15.3 93 -15.3 16.4 167 084 15.3 91 -15.2 16.9 Jul 
101 090 17.2 97 -17.2 17.8 102 085 17. 7 94 .17.6 18.3 Aug 
96 087 14.4 94 -14.4 15.3 96 088 16.3 89 .16.3 18.3 Sep 

125 092 12.6 91 .12.6 13.9 125 087 11.5 73 .11.4 15.7 Oct 
149 080 4.0 34 - 4.0 11.8 149 007 0.3 03 0.0 10. 7 Nov 
145 086 4.1 39 _ 4.1 10.6 145 130 1.9 15 - 1.5 12.3 Dec 

300   mb 200   mb 

Vr Vr 

149 259 14.0 64 13.7 21.3 149 261 19.3 63 19.1 30.3 Jan 
130 260 7.9 39 7.8 20. 1 130 257 12.9 49 12.5 26.1 Feb 
155 251 15.6 75 14.7 20.C 155 264 23.9 77 23.7 31.2 Mar 
176 251 2.1 12 2.2 16.9 176 274 15.0 57 15.0 26. 1 Apr 
174 210 1.3 10 0.6 13.6 1 74 236 7.6 46 7.3 16.5 May 
167 104 6.6 41 - 6.4 16.2 168 340 3. 1 16 1.1 19.5 Jun 

167 090 13.6 72 -13.6 18,3 167 062 11.9 59 .10.6 20. 1 Jul 
102 088 13.4 76 -13.4 17. 7 102 068 10.5 45 - 9.7 23.3 -Jg 
96 185 2.8 15 0.3 19.1 96 265 1.8 08 1.8 22.2 Sep 

124 100 2.7 17 - 2.5 15.8 124 321 5.1 23 3.3 22.4 Oct 
149 253 8.3 45 8.0 18.5 149 255 15.3 62 15.2 25.4 Nov 
145 264 5.6 32 5.6 17.3 145 244 14.5 66 13.1 22.0 Dec 
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91680 

Mean   resultant   winds   and   steadi- 
ness   at   standard   pressure   levels 

Station:      Nandi    (91680) 
1 7 0 4 5 ' ,S ,    1 7 7 0 2 7 ' E 
Period:      Aug.    1945-Jan.    1946; 

Nov.    1948-Nov.    1950;   Jan. 
1951-Aug.    19 5 2 

M   =   number   o£   observations 
0   =  moan   resultant   wind 

direction 
Vr=  mean   »resultant wind  speed (kn) 
S   =  steadiness   (percent) 
u   => mean   zonal   wind speed (kn, E-) 
c   =  mean   wind   speed   (kn) 

700 rob 500 mb 

I 9 Vr S u c N 9 Vr S u c 

1         521 327 3 25 2 12 514 287 6 40 6 15 Jan 
1          4 20 018 4 30 -1 13 403 301 2 15 2 13 Feb 
E          449 346 7 40 2 18 439 319 6 40 4 15 Mar 
1          405 309 5 40 4 12 377 290 8 55 7 15 Apr 
1          401 317 5 33 3 14 362 282 13 70 13 19 May 

1          409 030 2 15 -1 13 391 311 6 40 5 15 Jun 

f          389 281 5 35 5 14 347 266 15 70 15 21 Jul 
1          39 5 285 10 65 10 15 381 278 21 85 21 25 Aug 
1          349 287 11 65 11 17 315 284 25 85 24 29 Sep 
1         357 289 8 60 8 13 331 280 17 75 17 23 Oct 
|         404 305 4 35 3 11 389 289 11 65 10 17 Nov 
I          353 015 2 20 .1 10 353 295 5 40 5 12 Dec 

300 mb 200 mb 

u c [            M 

I         482 

0 

270 

Vr 

14 t'O 

u c M 9 Vr S 

14 23 425 273 19 60 19 32 Jan 
[          368 238 6 30 5 20 301 235 15 50 12 30 Feb 

413 248 8 40 7 20 370 250 15 55 14 27 Mar 
319 26 5 i 6 70 16 23 282 250 23 75 22 31 Apr 
306 27r : s 85 25 29 267 274 37 85 37 44 May 

1         3 60 - 19 75 19 25 320 256 29 85 28 34 Jun 

31 . 7 31 85 31 36 290 265 41 85 41 48 Jul 
71 33 90 33 37 29 7 262 39 90 39 43 Aug 
's  1 42 95 41 44 246 271 52 95 52 55 Sep 

' -i 2 11 33 90 33 37 237 272 44 90 44 49 Oct 
\t  •) 280 27 85 27 32 345 276 39 90 39 43 Nov 

290 17 75 16 23 324 231 31 90 30 34 Dec 
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91700 

850 mb 

Mean  res jltant win ds   and steadi "   N 0 Vr S u c 
ness   at standard   p res sure   levels • 

Station: 
02046,S, 
Period : 

Canton   I 
171043,W 
Aug.    1949 

s land 

-Feb . 

(91700) 

1958 

504 
442 
441 
416 

081 
083 
082 
089 

9.8 
15.1 
17.8 
15.9 

62 
G6 
93 
95 

-   9. 7 
-15.0 
-17.6 
-15.9 

15.8 
17.5 
19.2 
16.8 

Jan 
Feb 
Mar 
Apr 

N    o 

0    a 
numb 
mean 

2r   of   observations 
resultant   wind 

4 24 
411 

093 
094 

14.9 
16.9 

92 
95 

.14.9 
-16.8 

16.2 
17. 7 

May 
Jun 

Vr = 
S   = 
U     = 

direction 
mean   re s u It ant wind speed   (hn 
steadiness    (percent) 
meon   zonal   wind   speed 

. 416 
' 445 

468 
510 

095 
098 
093 
095 

16.5 
18.0 
16.7 
15.5 

96 
95 
94 
92 

.16.9 
-17.8 
.16.5 
-15.5 

17.7 
18,9 
17.7 
16.9 

Jul 
Aug 
Sep 
Get 

C    a 

(.Kn, 

mean wind spee d   (kn) 
488 
496 

09 3 
086 

9.5 
9.3 

65 
66 

.   9.5 
-   9.8 

14.7 
14.8 

Nov 
Dec 

700 mb 500 mb 

N 9 Vr S u c M 9 Vr S u c 

466 068 2.7 22 .   2,5 12.3 381 190 1.8 15 0.3 12.4 Jan 
408 087 3. 2 33 _   3.2 9.3 350 130 1.9 16 -   1.0 12.0 Feb 
404 091 8.0 62 .   8.0 12.9 325 168 2.2 20 -   0.5 11.2 Mar 
386 089 11.5 88 .11.5 13.1 312 117 2.5 24 -   2.2 10.5 Apr 
392 091 13.0 92 .13.0 14.1 315 100 8.0 59 -    7.8 13.4 May 
385 091 15.2 92 .15.2 16.4 3ir 086 14.0 73 -13.9 17.9 Jun 

394 088 16.0 94 .16.0 17.0 353 092 18.1 92 .10. 1 19.7 Jul 
421 091 16.7 94 .16.7 17.7 362 093 17,3 91 .17.3 18.9 Aug 
435 087 16.3 94 .16.3 17.3 382 091 17.5 91 .17.5 19.4 Sep 
494 089 13.1 89 .13.1 14.7 426 088 11.7 76 .11.7 15.3 Oct 
462 100 3.9 36 .   3.3 10.8 388 222 1.1 09 0.7 12.4 Nov 
456 075 2.4 25 .   2.3 9.7 375 273 3.0 25 3.0 12.1 Dec 

300 mb 200 mb 

N 9 Vr S u c N 0 Vr S u c 

330 206 6.3 43 2.8 14.7 313 198 13,5 55 4.2 24.5 Jan 
295 223 9. 7 50 6.7 19.3 279 212 16.5 52 8.7 31.5 Feb 
266 202 8.7 49 3.2 17.6 256 206 17.1 57 7.6 29.3 Mar 
254 258 9.3 44 2.0 21.1 238 264 18.0 60 18.7 31,2 Apr 
2 54 263 8.0 38 7.9 20.8 246 271 16.4 56 16.4 29.4 May 
258 099 2.7 16 .   2.6 16.3 248 267 6.5 3 4 6.5 19.0 Jun 

320 094 10.8 68 .10.8 16.0 296 087 4.1 22 -   4.1 18.9 Jul 
322 094 6.4 44 .   6.4 14.4 306 003 0,9 06 0.0 16.3 Aug 
338 133 3.4 20   . -   2.5 16.7 326 283 4.4 23 4.3 19.2 Sep 
370 216 1.0 06 0.6 16.5 346 263 7.6 3 4 7.5 22.2 Oct 
328 246 8.9 49 8.2 18.3 304 243 15.4 62 13.0 25.1 Nov 
311 235 9.0 50 7.4 18.1 287 238 14.6 55 12.4 26.7 Jec 
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94120 

Mean   resultant   winds   and   steadi. 
nesü   at    standard   pressure   levels 

Station:       Darwi n   (94120) 
I 20 2 6 ' S ;    L 3 0 0 5 2 ' E 
Period:       1   Aug.    1952-31   Dec.  1955 

{'   =   numbo.f   of   observations 
0   --  mean   resultant   wind 

directions 
Vr=   mean   resultant   wind  speed   Gen) 
S   =   steadiness    (percent) 
u   -  mean   zonal   wind   speed 

(kn,    £-) 
c   a  meai.   wind   speed   (kn) 

850 mb 

N 0 

180 

Vr S u c 

86 4 35 0 11 Jan 
77 180 5 45 0 11 Feb 
81 153 7 55 -   3 13 Mar 
70 112 11 80 -10 14 Apr 
86 101 10 80 -10 13 May 

87 HI 9 80 -   8 11 Jun 

92 122 5 55 .   4 9 Jul 
113 121 12 85 -10 14 Aug 

103 121 12 85 -10 14 Sep 
112 119 10 80 -   9 13 Get 
101 117 9 75 -   8 12 Nov 
112 121 6 55 _   5 11 Dec 

7 00   mb 500   mb 

0 Vr S u c N 0 Vr S u c 

7 5 127 5 40 _   4 13 74 225 1 05 1 20 Jan 
77 143 5 40 _   3 13 76 180 2 15 0 13 Feb 
70 130 8 55 .   6 15 69 135 3 25 .   2 12 Mar 
G3 11 1 8 65 .   7 12 53 090 2 15 .   2 13 Apr 
76 099 6 50 .   6 12 67 090 1 10   . .   1 10 May 
8 4 104 4 40 .   4 10 71 326 4 30 2 13 Jun 

76 112 5 45 .   5 11 74 333 2 15 1 13 Jul 
110 124 7 60 _   6 12 99 360 1 05 0 >0 Aug 
96 119 10 75 .   9 13 70 117 2 15   ■ .   2 13 Sep 

112 107 14 85 .13 16 105 112 5 40   . -   5 13 Oct 
106 101 15 85 .15 18 109 108 6 50   - -   6 12 Nov 
112 099 12 75 .12 16 109 101 5 ifO   - -   5 13 Dec 

300   mb 200   mb 

N 0 Vr S u c N 0 Vr S u c 

71 Calm 0 0 64 043 7 40 _   5 18 Jan 
71 090 3 25 .   3 12 65 046 12 65 _   9 18 Feb 
60 072 3 25 .   3 12 50 054 9 50 .   8 18 Mar 
44 04 5 1 0 3 _   1 20 32 027 2 10 _   1 20 Apr 
6 0 301 6 40 5 15 50 287 10 50 10 20 May 
69 301 12 65 10 18 59 298 15 65 14 23 Jun 

67 304 7 40 6 18 62 300 8 40 7 20 Jul 
9 3 292 5 30 5 17 79 288 6 30 6 20 Aug 
78 270 5 30 5 17 70 276 10 45 10 22 Sep 

104 270 5 30 5 17 95 2 76 1U 45 10 22 Oct 
102 270 1 05 1 20 9 8 264 4 20 4 20 Nov 
108   Calm 0 0 — - 100 360 4 20 0 20 Dec 

3-72 



94203 

Mean   resultant   winds   and   steadi- 
ness   at   standard   pressure   levels.  

Station:      Broome   (94203) 
U^'S;    122013,E 
Period:      1   Jan.   1955-31   Dec. 1955 

N   «■  number   of   observations 
0   = mean   resultant   wind 

direction 
Vr» mean   resultant   wind  speed (kn) 
S   ■  steadiness   (percent) 
u   »mean   zonal   wind   speed 

(kn,   E-) 
c   " mean   wind   speed   (kn) 

700 mb 500 

S 

mb 

u c N 9 Vr S u c N 0 Vr 

110 100 14 80 -14 18 79 105 3 55 - 8 15 Jar 
88 106 15 85 -14 13 62 105 9 65 . 9 14 Feb 

115 102 11 70 -11 16 88 122 5 40 . 4 13 Mar 
112 080 6 50 - 6 12 91 259 5 30 5 17 Apr 
117 322 2 15 1 13 102 272 13 55 1? 24 May 
114 296 3 20 3 15 97 270 16 65 IC 25 Jun 

123 296 3 20 3 15 108 266 15 65 15 23 Jul 
123 315 4 30 3 13 104 264 15 65 15 23 Aug 
148 330 4 30 2 13 138 266 15 65 15 23 Sep 
152 360 5 40 0 13 136 270 11 55 11 20 Oct 
148 040 5 40 . 3 13 129 278 7 40 7 18 Nov 
135 084 9 65 . 9 14 126 C A L M 0 0 -- Dec 

300 mb 200 mb 

N 9 Vr S u c N 9 Vr S u c 

73 260 3 20 3 15 68 279 10 55 10 18 Jan 
85 090 2 15 . 2 13 81 302 5 35 4 14 Feb 

100 263 8 45 8 18 88 272 18 85 18 21 Mar 
86 261 22 75 22 29 79 265 34 85 34 40 Apr 
89 264 31 80 31 39 83 265 44 90 44 49 May 

110 266 30 75 30 40 106 266 38 85 38 45 Jun 

112 266 30 80 30 38 107 266 3^ 80 32 40 Jul 
109 260 29 75 29 39 109 264 28 75 28 37 Aug 
138 257 31 80 30 39 128 261 35 80 35 44 Sep 
127 259 26 7 5 26 34 122 262 30 80 30 38 Oct 
125 262 20 75 20 27 no 265 26 75 26 35 Nov 
113 264 13 60 13 22 101 270 21 75 21 28 Dec 
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94234 

Hear resultant winds and steadl- 
ncsa at standard pressure levels. 

Station:  Daly Waters (94234) 
16 0 16 ' S , 133<,23,E 
Period:       1   June    1951-31   Aug.    1955 

I;   ■»   number   of   observations 
0   =■   mean   resultant   wind 

direction 
Vr«»  mean   resultant   wind  speed   (kn) 
S   a  steadiness   (percent) 
u   "  mean   zonal   wind   speed 

(kn,   E-) 
c   ■   mean   wind   speed   (kn) 

0 

126 

700 mb 500 mb 

N Vr 

15 

S u c N 0 Vr S u c 

1 10 75 -12 20 78 113 8 50 - 7 16 Jan 
88 129 16 80 -12 20 83 120 8 55 - 7 15 Feb 
ma 134 14 80 -10 18 02 147 5 40 - 3 13 Mar 
; n 131 9 65 - 7 14 76 193 5 40 1 13 Apr 
11 J 150 4 30 - 2 13 103 262 8 45 8 18 May 
144 207 2 15 1 13 131 270 It 55 11 20 Jun 

153 234 4 30 3 13 146 275 13 60 13 22 Jul 
153 19 9 3 20 1 15 144 275 13 65 13 20 Aug 
140 169 5 40 - 1 13 101 270 11 55 11 20 Sep 
140 145 7 55 - 4 13 105 236 7 40 4 18 Oct 
128 124 11 70 - 9 16 111 180 4 30 0 13 Nov 
140 119 13 80 -11 16 95 135 4 35 . 3 11 Dec 

300 mb 200 mb 

N 0 Vr S u c N 0 Vr S u c 

6A 279 3 20 3 15 50 286 10 50 10 20 Jan 
80 270 I 05 1 20 72 307 5 30 4 17 Feb 
77 253 8 55 8 14 64 275 10 55 10 18 Mar 
73 255 17 70 16 24 65 259 21 80 21 26 Apr 

104 263 23 80 23 29 104 258 33 85 32 39 May 
143 270 25 75 25 33 104 265 32 80 32 40 Jun 

136 275 23 75 23 31 140 270 27 75 '7 36 Jul 
135 280 22 75 22 29 126 276 24 75 24 32 Aug 
98 275 24 80 24 30 74 275 29 80 29 36 Sep 
87 267 20 75 20 27 91 268 28 80 2 3 35 Oct 

104 270 13 60 13 22 75 273 20 75 20 27 Nov 
79 273 9 50 9 18 96 281 15 65 15 23 Dec 
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94312 

850   mb 

Mean resultant wine a   ar id eteadi 
re levels 

(94312) 

Dec. 1952; 
5 (700 mb 
pt. 1958 

" N Q Vr S u c 

Station: 
20o23,S, 
Period: 

24 June 
belov;); 
(ab ave 

Port Hedland 
118037,E 
1 Oct. 1951-2 
1953-3 1 Dec, 195! 

1 Jan. 1954-3 0 Se 
700 mb) 

36 
32 
37 
3 9 
38 
30 

0 74 
077 
085 
C56 
333 
076 

7 
9 

11 
4 
4 
8 

35 
55 
70 
30 
25 
60 

- 7 
- 9 
-11 
- 3 

2 
- 8 

20 
16 
16 
13 
16 
13 

Jan 
Feb 
Mar 
Apr 
May 
Jun 

N a number of ob 9 er vat i ons 45 360 2 15 0 13 Jul 
0   = mean resu 1 tant wi nd direc :t ion 41 360 1 10 0 10 Aug 
Vr» mean rcsu Itant wind spce d (kn) 36 270 1 05 1 20 Sep 
S = steadiness (percent ) 75 261 6 40 6 15 Get 
u = mean zona 1 wind epee i   (kn, E-) 66 135 2 15 . 1 13 Nov 
c ■ mean wind speed (kn ) 77 117 2 15 . 2 13 Dec 

700 mb 500 mb 

i'. 0 Vr S u c N 9 Vr S u c 

46 066 12 60 -12 20 141 109 3 20 . 3 15 Jan 
40 067 13 75 -13 17 129 111 9 60 _ 9 15 Feb 
38 09 0 8 55 - 8 15 141 143 5 35 . 3 14 Mar 
42 360 1 05 0 20 135 253 10 60 10 17 Apr 
4 5 301 12 60 10 20 138 272 31 85 31 37 May 
30 360 3 20 0 15 134 263 32 85 32 38 Jun 

45 287 10 60 10 17 141 277 41 90 41 46 Jul 
^0 287 10 60 10 17 148 268 31 90 31 34 Aug 
39 308 11 60 9 18 146 259 25 85 25 29 Sep 
68 270 30 85 30 35 148 234 21 30 20 26 Oct 
68 337 8 50 3 16 142 290 9 55 8 16 Nov 
78 009 6 40 - 1 15 117 243 2 15 2 13 Dec 

300 mb 200 mb 

N 0 Vr S u c N 0 Vr S u c 

129 252 6 35 6 17 120 270 17 65 17 25 Jan 
114 233 5 30 4 17 102 270 10 50 10 20 Feb 
13 7 257 9 45 9 20 129 270 21 75 21 28 Mar 
122 264 27 80 27 34 116 263 50 90 50 56 Apr 
123 270 48 90 48 53 no 267 63 90 63 70 May 
122 266 49 90 49 54 110 264 57 90 57 63 Jun 

138 270 58 95 58 61 131 267 65 95 65 68 Jul 
137 270 49 95 49 52 123 270 52 95 52 55 Aug 
132 265 48 95 48 51 126 263 52 90 52 53 Sep 
114 270 43 85 43 51 107 270 48 90 48 53 Oct 
108 266 30 83 30 35 103 273 51 95 51 54 Nov 
113 270 20 75 20 27 107 273 35 90 35 39 Dec 

3-75 



94335 

Mean   resultant   winds   and   steadi- 
ness   at   standard   pressure   levels. 

Station:      Cloncurry   (94335) 
20%0,S,    UO'BO'E 
Period:  14 Aug. 1952-31 Dec. 1955 

N =» number of observations 
Q = mean resultant wind 

direction 
Vr» mean resultant wind speed (kn) 
S a steadiness (percent) 
u » mean zonal wind speed 

(kn, E-) 
c a  mean wind speed (kn) 

N 

850 mb 

0 Vr 

81 090 7 50 7 14 Jan 
71 090 11 75 _11 15 Feb 
79 107 17 90 _16 19 Mar 

' 82 090 10 70 .10 14 Apr 
88 108 6 50 . 6 12 l?ay 
88 127 5 40 . 4 13 Jui? 

92 135 4 30 - 3 13 Jul 
107 108 3 25 - 3 12 Aug 
12C 090 3 25 - 3 12 Sep 
107 063 4 30 - 4 13 Oct 
107 090 1 10 - 1 10 Nov 
104 090 2 15 - 2 13 Dec 

700 mb 500 mb 

Vr N Vr 

85 124 4 35 - 3 11 84 211 6 40 3 15 Jan 
72 111 9 65 . 8 14 71 180 2 15 0 13 Feb 
81 114 12 75 _11 16 81 166 4 25 . 1 16 Mar 
82 090 4 35 . 4 11 82 245 14 65 13 22 Apr 
86 217 5 35 3 14 87 265 26 80 26 33 May 
90 225 7 40 5 18 88 270 29 80 29 36 Jun 

93 234 9 55 7 16 93 257 18 65 18 28 Jul 
111 254 7 45 7 16 "B 264 30 85 30 35 Aug 
120 259 5 40 5 13 120 264 27 85 27 32 Sep 
109 270 3 25 3 12 109 256 21 80 20 26 Oct 
112 _ _ _ Calm 0 0 mm 112 249 14 65 13 22 Nov 
105 153 2 15 - 1 13 104 229 9 55 8 16 Dec 

300 mb 200 mb 

Vr N 0 Vr 

76 265 12 55 12 22 
7« 281 10 50 10 20 
75 270 12 55 12 22 
80 262 34 85 34 40 
80 259 50 90 49 56 
82 271 51 90 51 57 

78 264 51 90 51 57 
100 265 51 90 51 57 
no 264 50 90 50 56 
97 262 42 90 42 47 

100 255 31 85 30 37 
97 248 22 75 20 29 

57 270 18 60 18 30 Jan 
68 290 15 55 14 27 Feb 
68 284 21 70 20 30 Mar 
66 266 52 95 52 55 Apr 
49 260 65 95 64 72 May 
47 270 63 90 63 70 Jun 

43 261 56 90 55 62 Jul 
72 262 53 90 52 59 Aug 
79 265 63 95 63 66 Sep 
76 263 58 90 58 64 Oct 
76 255 42 85 42 49 Nov 
73 250 33 80 32 41 Dec 
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' I'll ■ 

98327 

050   mb 

Mean  resultant   winds   and   steadl- 
nes.i   at   standard   pressure   levels.- 

N 

Station;  Clark Air Base (98327) 
^»lO'N, 120o34lE 
Period:  July 1949-April 1958 

N ■ number of observations 
0 » mean resultant wind 

direction 
Vr« mean resultant wind speed (kn) 
S • steadiness (percent) 
u m  mean zonal wind speed 

(kn, E-) 
c <* mean wind speed (kn) 

686 
591 
637 
593 
546 
5 3'J 

599 
654 
613 
628 
652 
686 

0 

075 
078 
086 
096 
122 
180 

182 
242 
198 
077 
065 
072 

Vr 

11, 
8, 
7, 
5, 
3, 
4, 

2, 
7, 
2, 
5, 
9, 

13, 

85 
81 
79 
74 
47 
41 

26 
55 
27 
49 
63 
86 

.11.1 
- 8.7 
- 7.3 
- 5.7 
. 3.C 
0.0 

0, 
6, 
0, 

- 5, 
- 8, 
-12, 

n 
u 
9 
7 
7 

11 

3 
0 
3 
8 
5 

10.5 
13.1 
10.9 
11.8 
14.5 
15.7 

Jan 
Feb 
Mar 
Apr 
May 
Jun 

Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

700 mb 500 mb 

N 

678 
583 
634 
590 
539 
536 

595 
648 
619 
627 
652 
683 

0 

117 
112 
099 
091 
118 
162 

150 
237 
146 
092 
091 
097 

Vr 

6.9 64 
4.8 43 
5.7 64 
6.2 71 
4.4 46 
4.8 36 

3 
5 
2 
7 
8 

10 

4 
6 

2 
4 

28 
37 

9 23 
5 56 

51 
71 

6.3 
, 4.4 
. 5.6 
6.2 
3.9 
1.5 

1.7 
4.7 
1.6 
7.5 
8.2 

10.3 

10.8 
11.1 
8.9 
8.7 
9.5 

13.4 

12.4 
15.1 
12.7 
13.5 
16.5 
14.1 

N G Vr 

622 
567 
616 
576 
530 
503 

571 
597 
595 
604 
628 
678 

197 
218 
192 
096 
112 
134 

112 
158 
116 
094 
087 
127 

3.2 
2.1 
2.7 
1.2 
3.0 
5.9 

28 
18 
29 
15 
32 
45 

47 
21 
42 
57 
41 
53 

0.9 
1.3 
0.5 

- 1.2 
- 2.8 
- 4.3 

5 
1 
5 
7 
6 
5 

11.5 
11.5 
9.1 
8.4 
9.5 

13.2 

12, 
14, 
13, 
13, 
15, 
12, 

Jan 
Feb 
Mar 
Apr 
May 
Jun 

Jul 
Aug 
Sep 
Oct 
Nov 
Dec 

300 mb 200 mb 

Vr 9 Vr 

636 245 10.1 62 9.1 16.4 610 228 15.7 72 11.6 21.7 Jan 
531 242 8.4 58 7.4 14.5 500 223 13.2 65 9.0 19.1 Feb 
594 253 10.9 71 10.5 15.4 553 237 16.7 78 14.0 21.4 Mar 
561 278 6.9 53 6.8 13.1 535 266 9.6 60 9.5 16.0 Apr 
500 059 3.8 32 - 3.2 11.2 457 042 7.3 47 - 4.9 15.7 May 
4 70 082 8.0 57 - 7.9 14.0 433 063 14.4 69 .12.8 20.9 Jun 

544 082 8.1 63 - 8.0 12.8 500 076 14.3 72 .13.9 19.9 Jul 
557 087 9.4 65 - 9.3 14.4 523 073 16.3 75 .15.7 21,7 Aug 
581 083 7.7 56 . 7.7 13.7 553 070 13.0 65 -12.3 20.1 Sep 
565 085 7.8 57 . 7.8 13.7 539 082 9.0 55 - 8.9 16.2 Oct 
592 097 5.3 36 _ 5.3 14.8 549 116 6.1 3 7 - 5.5 16.6 Nov 
650 191 3.8 31 0.7 12.3 627 202 8.9 53 3.4 16.7 Dec 
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Ship  N 

850  tnb 

Mean   resultant   winds   and   steadi- 
ness   at   standard   pressure   Levels, 

Station:      Ocean   Ship   N 
30°N,    140oW 
Period:      July   1949-June   1950; 

July   1952-June   1957 

N   a  number   of   observations 
Q   =>  mean   resultant   wind 

direction 
Vr«=   mean   resultant wind  speed (kn) 
S   o   steadiness   (percent) 
u   a  mean   zonal   wind   speed 

(kn, E-) 
c « mean wind speed (kn) 

0 Vr 

402 252 6.6 36 6.3 18.3 Jan 
404 288 2.9 16 2.7 18.0 Feb 
418 022 4.8 28 .1.8 16.9 Mar 
413 355 3.4 21 0.3 16.1 Apr 
438 358 4.0 28 0.1 14.3 May 
440 036 10.2 72 -6.0 14.2 Jun 

438 050 11.5 80 -8.8 14.3 Jui 
445 042 8.7 70 -5.9 12.4 Aug 
413 028 7.2 60 -3.4 12.1 Sep 
389 013 3.7 29 -0.8 12.8 Get 
407 278 2.9 18 2.9 16.0 Nov 
421 264 5.1 25 5.1 19.7 Dec 

700 mb 500 mb 

N 0 Vr 0 Vr 

4 20 269 12.7 54 12.7 23.5 390 271 23.0 69 23.0 33.5 Jan 
421 280 6.7 30 6.6 22.4 412 280 15.4 51 15.2 30.1 Feb 
429 342 5:9 30 1.8 19.4 400 300 12.9 49 11.1 26.2 Mar 
453 303 6.8 40 5.7 20.0 438 290 16.4 59 15.5 27.9 Apr 
450 309 6.7 36 5.1 18.6 423 281 15.1 59 14.8 25.8 May 
455 018 9.4 60 . 2.9 15.6 442 328 8.3 49 4.4 17.1 Jun 

447 046 7.4 57 . 5.3 12.9 417 307 1.8 14 1.5 13.1 Jul 
467 020 4.7 39 - 1.6 12.1 447 272 7.6 49 7.6 15.6 Aug 
420 009 4.9 36 . 0.8 13.6 405 278 7.3 41 7.2 17.6 Sep 
422 345 4.3 28 1.1 15.5 414 296 7.5 38 6.8 19.5 Oct 
432 282 6.3 32 6.1 19.8 438 271 13.7 51 13.7 26.7 Nov 
441 268 9.3 38 9.3 24.7 419 269 18.9 58 18.9 32.4 Dec 

300 rob 200 mb 

N 0 Vr Vr 

323 275 34.4 74 34.2 46.6 238 282 41.4 77 40.4 54.0 Jan 
371 283 25.5 57 24.9 44.9 305 279 36.5 70 36.1 51.9 Feb 
342 293 24.1 59 22.1 40.7 275 288 32.9 68 31.3 48.1 Mar 
388 281 27.3 66 26.8 41.6 305 280 34.0 71 33.4 48.1 Apr 
364 274 24.9 65 24.8 38.2 293 277 30.5 68 30.3 45.1 May 
390 299 11.6 44 10.2 26.2 305 289 13.4 42 12.7 32.1 Jun 

353 247 12.3 54 11.3 22.7 272 244 20.6 69 18.5 30.0 Jul 
376 255 20.7 70 20.0 29.6 314 250 32,2 80 30.4 40.4 Aug 
337 260 22.1 62 21.8 35.5 272 250 35.1 78 33.0 45.0 Sep 
332 286 15.5 48 14.9 32.2 261 282 19.8 52 19.4 38.4 Oct 
394 281 21.5 56 21.2 38.1 332 286 24.3 57 23.4 42.6 Nov 
348 275 33.0 69 32.9 47.6 290 280 38.2 69 37.7 55.1 Dec 
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Ship   V 

850   mb 

Mean resultant win ds and steadi 
ressure levels 

- N 0 Vr S u c 
nes s at scanaara p a 

Sta) 
340I 
Per; 

: ion: Ocean Ship V 
/On 

332 
331 

259 
262 

21.2 
22.0 

72 
76 

20.8 
21.7 

29.3 
28.8 

Jan 
Feb 

Lod:  Feb. 1951 -June 1957 
350 
323 

247 
242 

16.2 
U.l 

66 
53 

14.8 
9.8 

24.4 
20.9 

Mar 
Apr 

N a 
0 " 

numb 
mean 

2X   of observations 
resultant wind 

354 
3 39 

246 
260 

14.0 
16.5 

73 
77 

12.8 
16.3 

19.3 
21.5 

May 
Jun 

direction 304 197 9.6 57 2.8 16.7 Jul 
Vr=» mean resultant wind s peed (kn) 300 197 6.4 43 1.9 14,8 Aug 
S o steac iiness (percent) 304 269 2.2 16 2.2 14.1 Sep 
U  " mean zona 1 win d spec d 341 218 5.6 33 3.4 17.0 Oct 

(kn, E-) 320 259 11.9 51 11.7 23.2 Nov 
c «» mean wind spee d (kn) 322 265 15. 1 61 15.1 24.9 Dec 

700 mb 500 

S 

mb 

u c N Q Vr S u c N 0 Vr 

343 264 34.4 87 34.2 39.5 336 266 61.2 91 61.1 67.0 Jan 
340 263 38.4 90 38.1 42.7 328 265 64.4 94 64.1 68.8 Feb 
354 257 28.4 84 27.6 33.8 3 34 262 43.9 90 43.5 48.8 Mar 
335 255 20.7 74 20.0 27.8 328 262 36.9 87 36.5 42.5 Apr 
357 255 21.1 82 20.4 25.6 350 261 31.1 88 30.7 35.5 May 
341 267 25.5 88 25.5 29.1 333 268 35.4 89 35.3 39.7 Jun 

316 209 8.8 50 4.3 17.5 302 226 7.2 4] 5.2 17,6 Jul 
307 206 5.2 34 2.3 15.4 295 234 3.4 24 2.8 14.3 Aug 
312 287 4.7 27 4.5 17.1 295 296 8.2 39 7.4 21.2 Sep 
349 246 8.8 45 8,0 19.7 341 261 14.1 56 13.9 25.0 Oct 
311 264 26.4 80 26.2 32.8 314 263 46.1 90 45.8 51.3 Nov 
329 269 28.6 81 28.6 35.3 311 267 52.3 89 52.7 59.3 Dec 

300 mb 200 mb 

N 0 Vr S u c N 0 Vr S u c 

253 272 97.3 94 97.2 103.3 153 273 99.6 94 99.5 105.8 Jan 
242 269 99.0 94 99.0 105.6 116 274 104.9 94 104.6 112.6 Feb 
281 268 65.2 91 65.2 71.6 219 272 79.2 90 79.2 88.4 Mar 
289 268 54.4 89 54.3 61.3 254 275 61.2 85 61.0 71.7 Apr 
314 268 39.6 86 39.5 45.9 288 274 41.9 80 41.8 52.3 May 
3 04 271 44.0 89 44.0 49.6 263 279 47.3 85 46.8 55.8 Jun 

264 277 5.2 24 5.2 21.6 201 337 7.7 26 3.1 29,3 Jul 
264 322 2.3 13 1.4 17.7 237 015 4.5 18 - 1.2 24,9 Aug 
267 318 11.1 39 7.4 28.5 237 334 14.2 40 6.1 35.5 Sep 
313 271 20.0 58 20.3 34.3 287 281 21.5 54 21.1 39.6 Oct 
258 267 61.3 90 61.2 68.0 195 273 68.2 91 68.2 75.2 Nov 
243 272 84.7 91 84.7 93.5 143 277 90.7 91 90.1 99.9 Dec 
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i.      Introduction 

Over this region it is convenient to identify two seasons, 
Winter and Suminer, each of about four months' duration, separated 
by two shorter transition seasons, Spring and Autumn, of about 
tv;o months each.  The Northern Hemisphere winter (Southern 
Hemisphere summer) lasts from November through February, the 
summer (Southern Hemisphere winter) from May through August with 
transition seasons occupying March, April and September, October, 
In a normal year weather during the transition months alternately 
resombles summer and winter conditions.  However, in abnormal 
years, which are far from infrequent, a transition period may have 
weather indistinguishable from one of the major seasons. 

This introduction contains a warning; namely that averages for 
individual months, except possibly for midwinter or midsummer 
icnt-.h , . often differ from the climatic noruals for those months. 

The climatic picture of the Pacific 
dominated by the Pacific anticyclone and 
Seasonal variations in all the surface el 
t emncr .iture , sea temperature, cloudiness 
over the eastern and central Pacific and 
the equator) increase steadily v/estward, 
southeast Asia in the far west of the reg 
to be expected since the transition is fr 
nentally dominated climate,  Honolulu and 
stations near sea level at about, the same 
comparing the two stations, shov/s that a 
can occur in the tropics and that one wou 
generalize on the basis of only one part 
comparison between Honolulu and Hong Kong 
axiom, nanely, that over the oceanic trop 

and southeast Asia is 
the Asiatic ruonsoons. 
ements (winds, pressure, 
and rainfall) are least 
in general (except near 
reaching a maximum over 
ion.  This is of course 
om an oceanic to a conti. 
Hong Kong arc both 
latitude.  Table 4-1, 

wide  variety of climates 
Id be most unwise to 
of the region.  The 
suggests an important 

ica far removed from 

Table 4-1.  Summer and winter at Honolulu and Hong Kong. 

Mean 

Honolulu 
Jan  July  Range 

Hong Kong 
Jan  July  Range 

Air Temperature (0F)   71 78 7 

Sea Temperature (0F)   74 78 4 

Pressure (mb)         1016 1017 1 

Rainfall (mm)          95 31 64 

60 

63 

1020 

32 

82 

77 

1005 

386 

22 

14 

15 

354 

major land masses, winter and summer climatological charts are 
recognizably similar to one another, whereas over and near the 
continents, there is no resemblance. 
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2,  Surface air teaperaturea 

Although most treatments of cliroa 
pressure and wind fields, it is in fac 
deriving directly from the march in la 
zenith, which determines the distribut 
However, the effect of the sun's varia 
means uniform, since the ocean's heat 
greater than the land's. In the trans 
the land heats more rapidly, and in th 
winter, cools more rapidly than the oc 
explanation for a greater range of air 
where the land effect dominates, than 
oceanic climate. 

tology start with the 
t the field of temperature, 
titude of the sun at its 
ion of pressure and winds, 
tion in latitude is by no 
capacity is very much 
ition from winter to summer, 
e transition from summer to 
ean.  In this we find an 
temperature at Hong Kong 

at Honolulu which has an 

3.  Surface winds and pressures 

A cursory glance reveals that the mean fields of surface 
temperature, pressure and winds are closely related (fig 2-2 of 
PA).  The thermal equator coincides with a pressure trough, called 
by some meteorologists the interttopica1 trough.  This designation 
is usually erroneous for the trough is seldom the meeting zone of 
air from opposite hemispheres.  High pressure centers are displaced 
poleward in summer and equatorward in winter.  Again the greatest 
displacement occurs in the western part of our region.  For 
example, along the meridian of 130eE, highest pressure in January 
is found at 650N and in July at 30CS, whereas along 170oW two 
maxima exist throughout the year, ranging from 280N in January to 
350N in July in the Northern Hemisphere, and from 320S to 20oS in 
the Southern Hemisphere.  This seasonal variation in pressure 
distribution is reflected in the wind regimes.  Over the open 
oceans the trade winds and doldrums shift poleward in the summer 
and equatorward in the winter.  Over southeast Asia the strong and 
persistent winter monsoon flowing around the intense Asiatic anti- 
cyclone gives way In summer to weak and fitful southerlles.  A 
corresponding but less marked reversal occurs over eastern 
Australia. 

4.  Sea temperatures 

Open ocean surface 
seasons. However, over 
In the wind regime prod 
and In sea temperatures 
transports cold water a 
northwest directed sea 
as later chapters show, 
esses over southeast As 
and spring, so much so 
winter meun sea surface 

temperatures v 
the western on 

uce correspond! 
In winter, t 

long the China 
temperature gra 
exerts a profo 

la and the west 
that of all the 
temperature is 

ary only slightly with the 
ean, great seasonal changes 
ng changes in ocean currents 
he strong northeast monsoon 
coast setting up a steep 
dient.  This distribution, 
und effect on weather proc- 
ern Pacific during winter 
climatic charts, that of 
the most important (fig 

4-81 



III-L)*. the winter anticyclone centered over Australia produces 
a siuilar effect: winter sea temperatures off the east coast are 
10 to 120F below those of sutnmer. 

5. Clouds and rainfall 

formal cloud and rainfall distributions are less simply 
explained than distributions of the variables already dealt with. 
To be properly useful, cloud classification must include types 
as well as amounts, and any explanations of the charts must take 
account of the interrelationships of air and surface temperatures, 
wind directions and humidity distribution. 

In other words, one should dlsouss the climatology of clouds 
and rain synoptica 1 ly.  Thus winter distributions can be better 
described and explained at the end of the section on the winter 
monsoon and summer distributions at the end of the section on the 
summer monsoon. 

6. The large-scale features of the monsoons 

Low levels.  Geography and climatology texts often give the 
impresTiTion that, in the Asia-Australia monsoon regions, air at 
low levels flows massively across the equator, from north to south 
in Lhe northern winter and from south to north in the northern 
summer.  This notion is probably valid for the equatorial Indian 
Ocean west of 650E where mean southward flow in January amounts 
to 10 kn, and mean northward flow in July to 13 kn. 

Further east, however, the Asian and Australian "branches" of 
the monsoons are essentially confined to their own hemispheres 
and are not associated with large-scale persistent trans-equatorial 
flow.  A small net flow crosses the equator from the winter to 
the summer hemisphere (means for January and July = 5 kn) through 
the agency of equatorial eddies. 

In July, the southwest monsoon and the circulation around 
the South Indian Ocean and Australian highs are separated, east 
of 650E, by clockwise equatorial eddies. 

The change in sense of eddy rotation between January and 
July would appear to favor ehe theory that the eddies are turbulent 
derivatives of the major circulations to north and south.  However, 
other equally plausible and equally untested theories have been 
advanced to account for their existence. 

There is some evidence that the bold and extensive orography 
of Indonesia may favor eddy development to the west of Sumatra, 

Figure 1 of Appendix III. 
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over Borneo and to the north of New Guinea.* 

Upper levels.  In the upper troposphere the heat low o£ the 
Bunner hemisphere is overlain by an anticyclone while the high 
pressure ridge of the winter hemisphere Is displaced toward the 
equator.  Thus it is not surprising to find easterlies predomi- 
nating over the equatorial portions of the Indian and west Pacific 
Oceans and little evidence of eddies. 

7.  The large-scale features of the cencral Pacific circulation 

The major synoptic features which are reaaily evident on any 
mean resultant wind chart, are the semi-permanent subtropical 
ridge and steady wind regimes.  Migratory ridges or troughs, 
typhoons or tropical cyclones, do not appear.  During the typhoon 
season, a persistent upper tropospheric trough usually extends 
eastnortheast-westsouthwest across the central North Pacific. 

Upper levels.  Above the trades, and separated from them by 
the subtropical ridge, lie the antitrades, the low latitud<> 
extension of the polar westerlies"!  The antitrades are the 
strongest steady winds in the tropics, often reaching speeds of 
more than 100 kn at the poleward fringes of the tropics in winter. 
The equatorial easterlies of the western Pacific may occasionally 
extend as far eastward as 160oE. 
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SYNOPTIC CLIMATOLOGY OF CENTRAL PACIFIC 

TROPOSPHERIC WINDS 

1.  Introduction 

Over much of the central Pacific, large-scale circulation 
features persist for several days without undergoing significant 
changes in position or intensity.  Thus a mean resultant wind 
chart for a period of up to one month is recognizably similar to 
a synoptic wind chart for any individual observing time during 
that month. 

A mean chart at any given horizontal or press 
presents a picture of supposedly normal conditions 
however, if the time period over which the paramet 
is too long, some of the significant features whic 
disclosed are lost in the averaging process. The 
latitude procedure of presenting mean seasonal cha 
followed in the tropics because the major changes 
synoptic patterns do not coincide with the calenda 
seasons. A month is probably the longest period f 
charts can be meaningful without damping out all s 
features. Although this period of time is in mary 
than optimum, data for shorter periods are usually 
Consequently, throughout this chapter, calendar mo 
will be used (with the exception of figs 5-1 to 5- 

ure level 
Very often, 

ers are averaged 
h should be 
usual mid- 
rts cannot be 
in tropical 
r changes of 
or which mean 
igni f1 cant 
cases longer 
unavailable. 

nth averages 
6). 

Steadiness, the ratio of mean resultant wind to mean wind X 
100, provides a good basis for estimating how often synoptic 
patterns resemble mean patterns.  Over areas where steadiness 
exceeds 90 per cent, wind directions on most days are unlikely to 
deviate much from the mean, whereas a steadiness of 10 per cent 
Indicates that the synoptic pattern may only fortuitously resemble 
the mean. 

On a succession of monthly mean resultant wind charts one 
may easily follow seasonal changer which in turn ate related to 
slow changes In the frequencies of various synoptic patterns. 
Mean charts for particular months often vary considerably from 
year to year thus revealing Important inter-annual dissimilarities 
In synoptic patterns. 

The relationships of mean flow patterns to synoptic patterns 
Is discussed In the remainder of this chapter under the following 
headings: firstly, normal intra-annual changes, secondly, inter- 
annual variability, and thirdly, short-period forecasting. 

2.  Intra-annual circulation changes 

A series of six semi-monthly mean cross-sections between 
Nauru (0o32'S,   l66e55'E)   and Ocean Ship Victor (34eN. 1640E) 
(figs 5-1 to 5-6) shows the transition from winter to summer in 
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Figure   5-1.      Mean   zonal   winds    (knots)   near   1650E,    1-15   April 
1958.      (Troa   "A   study   of   the   nean   vertical   wind   structure   over 
the   Eniwetok   Proving   Ground   area"   by   F.   K.   McCreary,    Joint   Task 
Force   Seven   Met.    Cent.,   TP-15,    65   pp 1959) . 

Figure 5-2.  Same as fig 5-1 but for 16-30 April 1958 
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Figure   5-3.      Same   as   fig   5-1   but   for   1-15   May   1958. 

110.000   - 

Figure 5-4.  Same as fig 5-1 but for 16-31 May 1958 
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Figure 5-5.  Same as fig 5-1 but for 1-15 June 1958, 

Figure 5-6.  Sane as fig 5-1 but for 16-30 June 1958 
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wind field over the west central Pacific" by F• E. McCreary and 
J. B. Wharton, Joint Task Force Seven Met. Cent., TP-5, 19 pp. 
1957). 
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r 
1958".      In  early April   the  antitrades  are   very   strong,   the   trades 
shallow,   In  the  Wake   Island  area.     By  late   May  the   trades, 
although   weaker,   extend   to   30,000   ft   from  Wake   southward.     The 
changing   slope   of  the   subtropical  ridge   accompanies   development 
of   the   mid-Pacific   trough,   which by  May   is   well   defined  at   30,000 
ft   between  Wake   and   Eniwetok.      In   early   June   the   trough  extends 
to  40,000   ft,   being  roost   pronounced  slightly   farther  north  in 
late   June. 

Fig   5-7,   time   charts   of   the   wind   sheer   at   30,000   ft  between 
Wake   and  Eniwetok,   confirms   that   as   the   subtropical  ridge  weakens 
and   the   mid-Pacific   trough   develops,   transition   from  winter   to 
summer   in  the  upper   troposphere  usually   occurs  quite  rapidly,   but 
that   probably   the return   to  winter   conditions   is   more   gradual. 

Seasonal   characteristics   at   30,000   ft    »re   also   illustrated 
by   figs   5-8  and   5-9.      In   January   1955   (fig   5-8),   the  Northern 
Hemisphere   subtropical   ridge   lies   along   150N   and   circulation   is 
anticyclonic  west   of   the   Date   Line,     East   of   the   Date  Line  a 
trough   stretchinu  northeast-southwest   through  Hawaii   derives   from 
frequent   winter  "Kona"   storms   in  that  area. 

In  May   195^   (fi^   5-9),   the   subtropical   ridges   of  both 
hemispheres   are   further   north  and  the  mid-Pacific   trough  is   well 
defined,   extending   firom  north   of  Johnston   Island,   south of  Wake 
Island   to   the   area   southwest   of  Guam, 

3„      Inter-annual  circulation   changes 

Circulation patterns,   especially   during   transition months, 
may   vary   markedly   from  year   to  year.     For   example,   fig  5-7   shows 
that   the   change   from  anticyclonic  to  cyclonic wind  shear  at 
30,000   ft  between Wake   and Eniwetok took  place   during  April   in 
1954  and   1955  but   not   until   late  May  in   1940   and   1951. 

Inspection  of   the   30,000   ft  mean resultant   wind  charts   for 
May   1955,   1956,   1957   and   1958   (figa   5-9   to   5-12),   reveals   that   in 
1955,   1956,   and   1958,   Northern Hemisphere   summer   patterns  pre- 
dominated.     Among   these   months,   however,   differences   can be 
detected.     The  mid-Pacific  trough  of   1955  and  1958   is   replaced 
by   two   troughs   in   1956,   one   extending   from  Ocean  Ship  Victor   to 
Truk  and  the   other   from  Midway  to  the  vicinity  of  Wake. 

In  contrast  to  the  pronounced ridge-trough  systems  of  these 
Mays,   the  circulation  of May   1957,   with  strong  zonal  flow north 
of   20oN   resembles   Northern Hemisphere  winter   conditions   (c.f. 
fig   5-8), 

The most persistent inter-annual feature, an anticyclonic 
cell east of the Philippines, appears on the mean chart of the 
four  Mays   (fig  5-13).     The  mid-Pacific   trough  is   also  evident. 

The   changes   observed  along   this   cross-section,   which  is   in   the 
region  of   the  mid-Pacific  trough,   may   not   be  representative   of 
changes   to   the  east   and  west. 
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Figure 5-8.  Streamline analysis of mean resultant winds at 30,000 
Ft for January 1955.  Order of station plotting:  steadiness 
(percent), mean resultant wind direction (degrees from north) 
and speed (knots and tenths). 
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Figure 5-9.  As for fig 5-8 but for May 1955 

figure 5-10.  As for fig 5-8 but for May 1956 
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Figure 5-11.  As for fig 5-8 but for May 1957. 
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Figure 5-12.  As for fig 5-8 but for May 1958 
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Figure 5-13.  As for fig 5-8 but for May 1955-1958 
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Although  the   mean   chart   combines   only   four   years,   reference   to 
Che  data  tabulated  In  Chapter  3  uncovers   insignificant   differences 
between  the  4-year   and   long   period   means.      One   concludes   that   a 
4-year   record   should  be   sufficient   to   define   the  mean   monthly 
resultant  patterns. 
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Mean resultant 30,000 ft wind charts for October 1954 and 
1955 (figs 5-14 and 5-15) are alike in that the mid-Pacific trough 
appears on both.  Apart from this, October 1954 is similar to a 
Northern Hemisphere winter, and October 1955 to a summer configu- 
ration. 

4,  Application of circulation climatology to short-period 

forecasting 

Large-scale tropical circulation features are oftc- long 
lived and move slowly.  Thus persistence "forecasts" of tropo- 
spheric wind fields for periods of up to 24 hours are often better 
than subjective forecasts made by experienced meteorologist , 
That persistence combined with climatology may further imprc e 
forecasts, is borne out by two recent tests. 

The Joint Task Force Seven Meteorological Center conducted 
a simpler test.  They computed daily, a mean resultant of the 
current wind and the cllnatological mean for Midway Island, over 
a two-month period for each mandatory level from 850 to 200 mb. 
The "forecasts" thus obtained, on being compared with routine 24- 
hour subjective forecasts made in a weather station, proved 
•uperior in 90 per cent of cases.  Superiority margins sometimes 
exceeded 20 per cent. 

This procedure can be applied to area wind forecasting.  A 
carefully analyzed (streamlines and isotachs) synoptic wind  hart 
is superimposed on a monthly mean resultant wind chart of lhe same 
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Figure 5-14.  As for fig 5-8 but for October 1954 

Figure 5-15.  As for fig 5-8 but for October 1955. 
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Figure   5-16.     As   for   fig   5-8   but   at   10,000   ft   for   May   1954 

Figure   5-17.     As   for   fig   5-8   but   at   10,000   ft   for   May   1956 
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Figure 5-18.  As for fig 5-8 but at 10,000 ft for May 1958 
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Although such results are encouragi 
that the persistence-climatology method 
mean charts present smoothed pictures of 
features only, the method may be primari 
levels with simple synoptic patterns, I 
a cyclone, the cyclone will be weakened 
lies close to a mean trough axis. High 
strong predisposition for the wind to bl 
direction or to shift toward that direct 
not be so simply interpreted. Fig 5-19 
quency distributions of 700 mb wind dire 
during August, a month of high steadines 
low steadiness. Obviously, large deviat 
roost unlikely in August. The January me 
tion of southsoutheast and low steadines 
symmetrical bimodal frequency distributi 
wind shift during January 1958 was 20° a 
26°, Thus a persistence-climatology for 
in January should give more weight to pe 
tology. Summing up, the method is promi 
tional work on it seems justified, 
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THE SYNOPTIC CLIMATOLOGY OP THE CHINA 

JEAS AND SOUTHEAST ASIA SOUTH OF 30° 

(A)  THE WINTER MONSOON 

1.  In Croducrion 

The wincer monsoon, cIimatologically speaking, Is part of thf 
cirrulation around the incense Siberian anticyclone.  It generaliv 
reaches Lropicol southeast Asia early in October as a burst of 
dry cold air   from north or northeast.  Within a month the monsoon 
has attained full strength except over the China Sea south of 
I0oI! where the maximum occurs in January.  The monsoon may in 
this month extend as far south as Singapore, 

Although the monsoon is astonishingly steady (table 6-1), 
especially in November and December, it possesses a definite 
rhythm, dying away and strengthening in a series of surges with 
a period of about 10-12 days. 

Table 6-1.  Percentage frequency of N or HE winds at 

Pratas Reef (46810), 20° AZ'N; 116° 42,E. 

>25 kn 

Oct 

88 

50 

Nov 

83 

63 

Dec 

80 

52 

Jan 

78 

50 

Feb 

71 

38 

To trace the or 
winter weather we mu 
levels. During wlnt 
gradient exists over 
Siberian anticyclone 
1065 mb can scarcely 
level polar weaterli 
The Himalayan-Tibeta 
quasi-sca11 onary jet 
the mountains, the Y 
of the mountains wea 
and 700N (fig 1-1). 

iglns of monsoon surges and of 
st first consider the situatio 
er a strong northward directed 
the continent and west Pacifi 
in which central surface pres 
be found at 10,000 ft, for at 

es prevail everywhere north of 
n massif channels these winds 
-stream lying along the southe 
angtze Valley and south Japan. 
k and ephemeral jet streams oc 

the region's 
n at higher 
temperature 

c.  Hence the 
sures may reach 
and above that 
180H (fig 6-1), 

into an intense 
rn boundary of 

To the north 
cur between 45 

South of the southern jet stream and probably intimately 
associated with it is a zone of subsidence with a sharp inversion 
as its lower boundary at between 7000 and 12,000 ft (fig 1-4).  So 
great is the subsidence that it produces a thermal equator in the 
middle troposphere between 14° and 180N.  The near-vertical sub- 
tropical ridge aloft coincides with the thermal equator and 
separates baroclinic westerlies in the north from slightly baro- 
clinic easterlies further south (fig 1-5).  To the west, persistent 
upper tropospheric southwesterlies converge with the clrcum- 
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Himalayan westerlies near 110oE and probably contribute signifi. 
cantly to the subsidence. 

Cyclogenesis is associated with je 
when it breaks down completely, the Sib 
surface cyclogenesis over the southern 
Often, only when disturbances reach the 
China and Japan Seas do surface cyclone 
explosive suddenness.  A deepening cycl 
northerly flowwcst of it" center and ca 
monsoon.  As the cyclone passes away to 
gradually weakens until the next depres 
cyclogenesis gives far too little warni 
monsoon freshens almost simultaneously, 
Ryukyus and south Japan.  However, the 
in the polar westerlies can usually be 
days previous. 

t streams.  However, except 
erian anticyclone inhibits 
part of the continent. 
strongly frontogenetic 

s form with almost 
one accelerates the 
uses a "surge" of the 
the. east, the monsoon 

sion develops.  Surface 
ng of a surge, for the. 
especially over the 
triggering wave disturbance 
tracked over China for somi 

The major region of cyclogenesis lies beneath the southern 
jet stream at about latitude 30oM (fig 1-6),  First signs of 
development are usually given by the sudden appearance of high 
and medium cloud and then in the space of 24 hours a fully fledged 
cyclone with marked warm and cold fronts may spring into being. 

Warm fronts seldom develop within the tropics or if they do, 
quickly move north.  However, cold fronts, the leading edges of 
monsoon surges, may move far into the tropics. 

The quasi-stationary jet stream, anchored by the Himalayas 
significantly modifies cold fronts.  Whereas over North America a 
vigorous cold front is often accompanied southward by a jet stream 
aloft and does not undergo too much intensity change, over south- 
east Asia fronts move under the jet stream and then leave it 
behind.  While beneath it, they are vigorous, but as they pass 
further south and move beneath the subsidence layer, cloud depth 
rapidly decreases and rainfall becomes insignificant (fig 1-3). 
Despite this change in cloud and precipitation, surface changes in 
temperature, pressure and wind at the fronts often remain marked 
and may be detected well east and south of the mainland. 

Over the China Seas, col 
the surface as long as the ai 
surface isotherms from cold t 
are rapidly added from below, 
stratocumulus cloud forms and 
over the warm Kuroshio curren 
stream, the subsidence invers 
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Away from the jet 

raits cloud tops, which 
passage, the monsoon 

oasts, such as north 
g releases considerable 
g front, air is 
ea surface and contains 

Eventually, as air behind a southward moving front begins to 
flow parallel to the sea surface isotherms, convective processes 
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die out and the clouds dissipate.  Horizontal density disconti- 
nuities vanish and the front ceaset to be a front.  However, 
shear and gometimes convergence may persist and be reflected in 
a line of cloud near where the old front would be expected to lie, 

2.  Early winter (mid-October to mid-January) 

During October the subtropical ridge aloft, now moving south- 
ward reaches the same average latitude it occupied in June 
(fig 6-2).  By January it has reached its normal winter latitude 
a long about 150I!. 

North of the ridge, eastward moving disturbances or recurred 
tropical storms account for most of the precipitation; south of 
the ridge, typhoons or easterly waves follow west or sometimes 
westsnuthwest tracks. 

From this superficial description one would expect the 
weather patterns of October and November to resemble those of May 
and June but this is not so.  Whereas in early summer west Pacific 
typhoons are few and ill-developed, in autumn they are numerous 
and may reach their greatest intensity. 

This period, south of 30oN, is one of ebb and flow between 
the northeast monsoon and typhoons; the latter dominate at first, 
but by January only feeble storm remnants or weak easterly waves 
penetrate west of 1250E. 

Monsoon bursts are generally from north or northeast, giving 
fine weather along the continental coast but considerable convec- 
tion cloud and some showers offshore where heating and moisture 
addition reach their maxima for the year.  Onset of the monsoon 
coincides with establishment of the normal winter flow pattern 
aloft.  South of the jet stream subsidence flattens the cumuloform 
clouds of summer into the stratiform clouds of winter. 

The China coast north of Amoy is typhoon-free during this 
period, but typhoons, especially in October, frequently pass 
across the South China Sea,  They present a difficult forecast 
problem.  If a storm heads across the northern part of the South 
China Sea during a monsoon lull, it may give the coast prolonged 
battering (the two longest typhoon gales at Hong Kong occurred in 
October) and may even recurve nearby.  On the other hand, storms 
approaching the south China coast frequently lose intensity and 
occasionally completely fill.  This occurs when comparatively cold 
dry air from China enters the storm, causing the air circulating 
around the center to lose potential energy. 

For a source of cold dry air to exist over China, the Siberian 
anticyclone rauet already have spread south into north China and 
become fairly well established.  Thus one would expect an approach. 
ing storm to lose intensity if pressure over central China were 
above normal.  This usually happens, but occasionally when central 
China pressure is well above normal, an approaching typhoon shows 
no sign of weakening.  Surface pressure indications are therefore 
not always reliable. 
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6-2.  The subtropical ridge aloft in the Far East and 
rn Paci f1c. 
edian monthly recurvature latitudes of tropical disturbances. 
"Tropical cyclones in the western Pacific and China Sea area" 
C. Chin, Royal Observatory, Hong Kong, Tech. Mem. 7.  1958). 

aximum northerly latitudes to which easterlies extend at 8 km 
the meridian of 780E,  (From "The general circulation of 

tmosphere over India and its neighbourhood" by K. R. Ramanathan 
. P. Ramakrishnan in Mem. India Meteor. Dept., 26, 189-245. 
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In this period, low level flow across the China Seas has a 
dual character.  In the north it forms part of the circulation 
around the continental anticyclone, in the south it is part of the 
üci.r easterly stream o£ tropical maritime air south of the sub- 
ircpical ridge.  Easterly waves, often the remnants of storms 
move in this stream.  In the south, weather is typically fine 
ahead oC a wave and unsettled to the rear; in the north, particu- 
larly if a disturbance in the polar westerlies is present, weather 
may become unsettled some distance ahead of the trough line and 
worsen somewhat after its passage (figs II-2, 3, 4).  Tropical 
storms heading west to the south of the subtropical ridge aloft 
may influence weather north of the ridge in the manner of a 
vigorous easterly wave. 

Over the South China Sea the subtropical ridge aloft seldom 
possesses a marked cellular structure and storms moving westward 
on its southern side normally do not recurve.  Should they do so 
weakening is usually so rapid that there is little chance of L>  r 
retaining destructive winds.  Because of the generally stead\ 
movement of storms and waves, extrapolation based on previous 
tracks gives adequate results.  However, storms in December or 
January may have their westward progress across the Soutt China 
Sea suddenly checked by a surge of the northeast monsoon.  Movement 
is then slow and erratic and filling often ensues. 

Ey mid-January (except rarely, south of   l)   the winter 
monsoon is so dominant that westward moving vvopical disturbances 
never affect the region, 

3.  Late winter and spring (mid-January to end of April) 

This period is one of steadily increasing rainfall over roost 
land areas.  Exceptions are the   east coast areas of Annam and the 
northern Philippine Islands.  There, orographic rain diminishes 
as the winter monsoon weakens. 

Aloft, the polar westerlies, the southern jet stream and the 
subtropical ridge domincte the circulation, particularly in 
January and February. 

More and more often from February onward this well defined 
distribution breaks down and divisions between dry and wet areas 
become increasingly blurred.  The westerlies weaken and the sub- 
tropical ridge fluctuates considerably, sometimes moving well 
south of 150N, sometimes jumping north of 250W,  Its axis often 
slopes equatorward with height.  Although "normal" conditions 
occur on a high proportion of days in January and February, the 
norm in April, is one of rapid weathei changes. 

All precipitation-producing disturbances north of the sub- 
tropical ridge move eastward. 

Monsoon surges. During late winter, surges of the monsoon 
A northerly surge, which develops behind a 1 ternate with lu1Ts 

a cold front when the center of high pressure remains stationary 
over Siberia, may be dry and free of low cloud along the coast of 
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China and inland, south of the jet stream.  As the air moves out 
across much warmer seas convection clouds rapidly torn. 

When, in rear of a cold front, a high cell moves eastward 
from China, the monsoon surge reaches thß tropics as an eastnorth. 
oa.-.c wind.  The ;• i r having first been warmed and moistened by the 
Kurosbio Current is then cooled as it moves over cold coastal 
woTers; should turbulence be sufficient, stratiform cloud which 
may give driazlo, quickly forms above the lifting condensation 
! : • '■ i '!::.;: IV1-2).  Further at sea, of course, convection is less 
''.'::<.rous   •■um "; n northerly surges and clouds are scattered. 

Most surges fall somewhere between these two extreme examples 
A knowledge of trajectories and normal sea surface temperature 
distribution v?1'L i help foretell cloud and weather distribution. 

Lulls betwocn surges occur when the continental anticyclone, 
or a ce'll split oTf from it, moves eastward.  Winds south of the 
high pressure center veer, convection clouds over the   warm seas 
decrease and cooling along the coast may produce stratiform 
clouds.  Little change occurs in short lulls but when they are 
prolonged, high pressure over China may break down altogether and 
a v/edge from the Pacific anticyclone extend acros., the area and 
on to the mainland.  Weather over the sea area;; becomes almost 
cloudless, but in the cold coastal water zone, rapid cooling may 
lead to the development of low stratus cloud and drizzle, or even 
sea fog, the crachin of south China. 

T 
moi s t e 
s teadi 
in the 
a lull 

the ri 
from " 
a v e r a ": 
s tcady 
point 

he long 
r the a 
ly lowe 
rest o 

.  If c 

er a lull in the monsoon persists the warmer and 
ir reaching the continent becomes.  Cloud base 
rs and eventually sea fog forms.  At Hong Kong (and 
f the crachin zone) dew point rises steadily during 
he air is moving around a high centered near Japan, 

se averages 30F/24 hours; should it be moving around a wedge 
he Paci 
es 40F/: 
over si 

i. n d sea 

fie high, (more common in March and April) the rise 
24 hours.  Since sea temperature tends to remain 
;uch intervals, one can often estimate the time dew 
temperature will coincide and sea fog form. 

The trend in surges and lulls is toward an increasing number 
of easterly surges, increasingly long lulls between surges and 
more persistent crachin, as the year advances.  Turbulence, 
topography, diurnal heating and dew point/sea temperature dif- 
ferences, all play important parts in determining when and where 
crachin will develop and what form it will take.  The inter- 
relations of these factors along the coast may be extremely 
complex.  For example, if wind speed decreases 5 kn as the 
temperature maximum approaches, an apparently permanent layer of 
thick stratus may dissipate,  A slight change in wind direction 
and a previously fog-free bay is rapidly enveloped.  A range of 
hills more than 1000 ft high can greatly modify stratus distribu- 
tion while even lower lying land can hold up advancing sea fog. 
Each area has its local peculiarities.  Since vigorous crachin 
usually occurs in the col or trough region west of a surface high, 
it is associated with local winds veering with height.  Conversely 
it is unlikely when winds back with height.  Surges of the 
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A temporary lifting in cloud 
sual.  Particularly in the Formosa 
chin can be modified without any 
st flow, air reaching the south 
down the Formosa channel over a 
encral easterly flow, the air 
ugly have swung around south 
ing surface.  Thus, when general 
ute disturbances can switch the 
nd coastal weather from cloudy to 

Sometimes in January and February, general high pressure over 
China breaks down.  Frontal systems extend from west to east 
across north China and south of the Yangtze and small high cells 
move eastward across south China,  Apart from some Ac when 
troughs between the cells pass, coastal weather stays fine and 
westerlies occasionally reach the surface.  Marked lowering of the base 
of the westerlies and general weakening of low level winds presage 
this development.  Coastal areas south and southeast of a cell 
center may have moderate or fresh southeast winds but with the 
air having so recently passed over land, no significant dew point 
rises or low cloud occur. 

4.  Interruptions of the normal winter monsoon cycle 

Tropical trough (figs 11-3 to 18).  "Tropical trough'' is a 
name given To a~cl5Td..core disturbance which may first appear 
around mid-January over southern India at and above 30,000 ft. 
The trough, moving eastward, sharply interrupts the prevailing 
upper tropospheric southwesterlies.  The lower troposphere is 
little affected until the trough reaches the Andamans but from 
there on it intensifies and colder air moves in from north. 
Bangkok rawins provide a good warning.  High level winds there 
turn westerly, veer and strengthen as the trough passes. 

Rarely, the trough continues eastward at more than 20 kn 
having little effect on surface weather until it reaches the 
strongly fronto-genetic region east of Formosa. 

Tropical troughs generally intensify, slow and stop over 
Thailand or Indo China.  When this happens, weather to the east 
deteriorates, usually along the line of a previously quiescent 
polar front marking the southern limit of the most recent north- 
east monsoon surge.  As long as the trough remains stationary, 
wave disturbances move along the polar front, producing highly 
variable and unsettled weather to the north.   Eventually, as the 
upper southwester lies re-establish over India and the Bay of 
Bengal, the tropical trough weakens.  It may then move east but 
usually dies in situ,  India observations are essential for one to 
detect onset oT  this phase. 

Tropical troughs become more frequent as the year advances. 
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Most of the rainfall of March and April, south and west of the 
Ryu ley us, can be af.tr ibu ted to them, and their activity largely 
determines the precipitation pattern of these months.  In April, 
and at times in Marchj the polar front usually lies over the 
northern part of the S o u •: h China Ssa and through the s c u t h e r a 
Ryukyi-s with true Tro instead of modified Pm air to the south. 
Then, when the front is activated, thunder31orms arc common. 
Ironical troughs originate and intensify in the tropics and seem 
to exert little effect on the mid-latitude waster lies. 

West China trough.  in winter the major Far Easte 
mid-latitude wes r. er ly~t r ough lies along abouc 12 5 "E an 
cyclones usually develop east of this longitude.  Hove 
times every cool season v'rarely more than four) the tr 
12Z0Z   dissipates or moves rapidly eastward.  A warm we 
westward from the Pacific anticyclone bringing fine we 
the Ryukyus and China and sea fog to the China coast. 
Siberian anticyclone retreats northward and westward a 
south China dew point and  temperature rise and pressu 
At this state, a trough in the westerlies moving east 
will intensify over west China.  This results in the r 
surface cyclogenesis being displaced about 23 degrees 
As long as the trough remains over west China, central 
sea areas from the Formosa strait northward experience 
unsettled weather. 

rn long wave 
d surface 
v e r , a few 
ough along 
dge extends 
a t h e r to 
The 

ni over 
re falls. 
from India 
egi on of 
we s t ward, 
China and 
extreme iy 

When hemispheric flow returns to normal vhs   v/est China 
trough moves eastward.  The wedge from the Pacific anticyclone 
has earlier brought tropical maritime air far inland and warm 
front and cold front thunderstorms are common.  West of the 
trough line there is vigorous rubsldence, an intense anticyclone 
builds behind the surface cold front and normal conditions return. 
Just ahead of and at the trough the surface front and depression 
system may travel sufficiently far south to give rain to south 
China and northern Indochina although weather stays fair south of 
20eN. 

Occasionally ' 
from ten to twenty 
may move eastward, 
west of the trough 
and upper winds bac 
moving trough weake 
west China.  While 
disturbances travel 
track, south China 
unseasonably warm a 
moves eastward the 
usual position. 

fig 6-3) a west China trough situation lasts 
days.  The trough and its associated depression 
However, there is no rapid anticyclogenests 
line.  Instead, pressure falls again over China 
1; from northwest to southwest.  The eastward 
ns as a new deep cold trough intensifies over 
it remains stationary it is a source of shallow 
ling cast northeast.  South of the disturbance 
experiences persistent southerly winds and 
nd humid weather.  When the trough finally 
continental anticyclone is restored to its 

Toward the end of April, heating of the continent flattens 
temperature gradients and the west China trough ceases to be of 
s i gni ficance. 

Major displacement of the subtropical ridge.  Only one type 

of situation seems capable of giving prolonged clear weather 
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Figure   6-3.      The   West   China   Trough. 
Tö"^      Tö"ö"~iib   chart   for   03   GCT   23   February   1946   (pres sure-height 
contours   labelled   In   hundreds   of   feet).      Indian   observations   an 
fnr      10 in     P.fT for    1030   GCT 
400 mb wind arrows are dashed.  Surface fronts and areas where 
rain fell In the previous 24 hours (stippled) are also shown. 
Left:  Hankow (30,25'N, 114,17'E) nirae section for 20 February to 
4 Ma^rch 1946. 
Right:  Canton (23,10'N, lU^O'E) (upper winds) and Hong Kong 
(2TSTS"'N, 114o10'E) (surface observations) time section for 20 
February to 4 March 1946.  Measurable rain fell at Hong Kong on: 
22nd 1.5 mm; 2nd 35.1 mm; 3rd 21.2 mm; 4th 7.6 mm. 

A trough after moving eastward from India, Intensified over west 
China, generated a surface depression and rain area by 23 February, 
and also crossed Hankow and Canton on that day.  A second trough 
developed shortly over West China and renewed vigorous wave 
activit" on the polar front.  Weather at Hankow, north of th0. front 
was very unsettled, while Hong Kong, south of the front experienced 
peralstert drizzle or fog.  The second west China trough moved 
east on 1 March and gave thunderstorms at Hong Kong.  The sequence 
was repeated when a third trough intensified over west China.  Not 
until 7 March did a burst of the winter monsoon accompany re- 
establishment of the Siberian anticyclone and normal conditions. 
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over south China ana ehe Ryul.yus in Ilarch or April.  On an average. 
once every two or three year:; 'in response probably Lo a sharr) 
change in the hemispheric circulation), the southern jet stream 
disappears and the sub t r op i :.. ] riciga alofc shil'ta several degrerg 
northward.  The easter;i part of a ridge cell overlies south China 
where northwest winds at all heights bring in phenomenally dry 
air liberally laced with Tib 2 can dust and possibly ßurtna sroke. 
This situation may last a woek with southward moving fronts 
rapidly dissipatin; 
and without rain. 

over southern Japan,  It breaks d j 'A' n 8^ 

5,  Cloud and rainfall 

The foregoing d i s c u T s i 0 n helps explain the distribution of 
winter cloud 'fig 6 _ 4) and rainfall.  Cloud amounts are greatest 
along the axis of the southern jet stream and along windward 
coasts.  At sea, skies are cloudier in December with heat and 
moisture being added Lo vigorous monsoon bursts, than in March 
when a i r-s e a temperature differences are less.  Along the China 
coast, however, the crachin causes March cloudiness to exceed 
December's (see also fig III-C). 
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[?)      TKH   SUMMER   MOI'SOOI' 

6. Introduction 

Everyone in southeast Asia cnows what the winter monsoon is, 
and its surges feature in casual conversation and in the press, 
I'lo such recognition is accorded the summer monsoon.  Whereas in 
India people treat it as a topic of life anddeath and follow its 
"bursts' with anxious concern, east of Burma, the summer monsoon 
is a rather negative phenomenon and might almost be defined as 
absence of the winter monsoon. 

7, Early summer 'May through late June or early July) 

As spring 
develop over so 
extends its cir 
ridge of the Pa 
10,000 ft and h 
south Viet Nam) 
southwest flow 
the island of L 
experienced by 
the subtropical 
comes to an end 
devclops (table 

merges into early summer, a heat low begins to 
uth and southeast Asia, and at low levels gradually 
culation cast and Bouth, eventually displacing the 
cific anticyclone from the China 3ea 'although at 
igher the ridge is frequently  found to extend to 

One consequence is the extension of south and 
across the south China Sea, reaching during May to 
uzon.  At this time the prolonged dry spell 
the western Philippines, which have lain beneath 
ridge aloft and on the lee side of the mountains, 
and orographica1ly reinforced precipitation 
6-2). 

During early summer, surface air mass discontinuities 
disappear.  Diminishing temperature differences between coastal 
waters and the open sea spread steadily northward.  Crachin is 
almost unknown south of 25CI: after early iiay.  However, the strong 
southerly flow over relatively cold coastal waters in rear of a 
May tropical storm moving westward across the south China Sea can 
bring dense fog to the south China coast. 

Over the oceans, air and water are generally in temperature 
equilibrium with one another and scattered cumuloform cloud is 
the rule in undisturbed conditions. 

In May, over coastal and inland areas of China, Korea, and 
Japan, there first appears the peculiar early morning rainfall 
maximum typical of all the summer months (fig V-2) .  Usually the 
morning maximum occurs about dawn inland, but sometime later 
along the coast, where it probably coincides with onshore movement 
of a sea breeze convergence zone.  Inland, a second maximum, which 
occurs in the afternoon and evening, reflects convection resulting 
from intense surface heating, 

8,  Early summer disturbances 

Tropical trough.  During early summer the region of tropical 
trough intensification shifts from Thai land-Indo China to the Bay 
of Bengal.  The transition occurs most oft^n in either the first 
or third weeks of May,  Thus when the first trough intensifies in 
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a s r s ate a d i1y ^ f i p I V -L ) , and not abruptly as in Burma, 
ugh surface t einpera t ur e gradients flatten as summer advances 
d wafer remnant persists along the China coast which becomes 
ferred region for the polar front.  Thus when the front is 
at'.'J, south China often experiences heavy rain.  Development 
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md indicates subsequent (not too long after  deterioration 
T east, the "spring" or :plunv' rains of Chi   and Japan. 

3y June, surface frontal discontinuity alo: 
is hard to find, but at higher levels, t e m p e r a( 
still exist.  Disturbances on the front can be 
at ri00o or 10,0 00 ft than at sea level.  Proper' 
front at this tin0 of year are not well understood 

iolar front 
rasts may 
ily located 
the polar 

Occasionally in Kay or June the polar front lies across 
south China.  The coastal region then suffers from the hot humid 
but relatively rain-free 'southwest monsoon.■' 

Active tropicai troughs displace the subtropical ridge aloft 
well south and east of its normal position over the South China 
Sea,  When this happens in May and June, true tropical storms 
neither form in nor rnovs into the South China Sea.  When tropical 
troughs are absent, the ridge moves west and north and tropical 
disturbances have room to form in or to move into South China Sea. 
Often these disturbances have no surface closed isobar but one 
can sometimes trace a rain area and a wind-shift line around th 
subtropical high cell and onto the China coast.  Tracking a rain 
area is not too hard, for at this time of year weather over the 
Cnii.n Seas is usually very fine and rain shows up well. 

It is instructive to compare mean monthly rainfall amounts 
for Hong Kong and Manila listed in table 6-2,    for these reveal 
that although the southerly monsoon reaches Manila before Hong 

Table 6-2.  Mean monthly rainfalls for Hong Kong and Manila 'mm). 

Jan  Feb  Mar  Apr  May  Jun  Jly  Aug  Sep  Oct  Nov  Dec 

HI'.   3 2   4 5   7 3  136  23 5  " ' " ^ou  386  363  264  110   43   26 

;,     f   D   21   33  113  234  439  406  363  170  133   77 

[\ o n g, precipitation at the northern station increases signifi- 
cantly, more than two or three months earlier.  The reason is that 
Hong Cong is affected by disturbances stemming from tropical 
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trough activity while Manila in early summer, although experi- 
encing low-level cyclonic southwesterly flow, is olten overlain 
by the rain-inhibiting subtropical ridge, 

Hybrid storms of the South China Sea (usually in June but 
occas i onal ly Tn^JuTyT ATTgUTt öY" September) .  3y June, the south- 
north temperature gradient has weakened sufficiently for easterlies 
to appear just below the tropopause south of 2bDi'.  During this 
month, tropical troughs often activate the polar front or its 
remnant shear line across the northern part of the South China 
Sea.  Rather meager evidence suggests tnat at such times, a high- 
level westward moving cyclone may slowly extend its circulation 
to the surface, where strong winds are firsr confined to the 
eastern semicircle and then spread around the center.  The winds 
seldom exceed 45 kn possibly because of ehe considerable initial 
shearing between layers and proximity to the coast.  During 
deve j-opraent the storm is stationary or moves slowly and errati- 
cally; when finally the circulation extends throughout the 
troposphere, the center moves westward. On  an average one such 
"hybrid" storm with characteristics of both warm- and cold-cored 
lows, develops every June. 

A similar initial distribution of westerlies in the lower 
and middle troposphere and easterlies above is found over the 
South China Sea when a typhoon is filling over south or southeast 
China.  Thus hybrid storms may form (although rarely) in July, 
August or September. 

9.  Mid^summer (late June or early July to mid-July) 

In June, the subtropical ridge aloft tends to move north. 
At times during the month the ridge axis may move north of 208U. 
South China then lies in the western part of a ridge cell and 
experiences fine weather and light winds.  However, such a 
temporary axis shift exposes the coast to westward moving storms. 
Statistics show that the rislc is slight; only two June storms 
moving from east have given gales in Hong Kong in 70 years. 

Available evidence indicates that early in July in most years 
the Northern Hemisphere subtropical ridge aloft 'jumps" northward 
(fig 6-2).  Over southeast Asia the shift occurs so regularly 
that it produces the most important weather singularity of the 
year. 

In June, the ridge axis usually lies near 
however, the ridge Is usually found along 230r! 
to the south are overlain by deep easterlies. 

210K.  By mid-July, 
and all the areas 

As the ridge moves north, weather over south China becomes 
fine and the land dries out as it passes (fig IV-2).  The season 
of westward moving disturbances begins and the region lies open 
to the great typhoons of the western Pacific.  (Hote the sharp 
increase in Manila rainfall). 

10.  ^at6 summer and fall (mid-July to early or mid-October) 

This is the typhoon season.  Storms forming anywhere east of 
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the   Philippines '.-nay now move steadily we s t nor thwes t and eventually 
l^uch up ov.   I he coasts ol   China and Ir.do China.  Llain comas from 
t y n hvO ■> n g , tropical s t or ma and easterly waves. 

1 • ■ ■ n •■ r,; ! 1 v , r .• i ",;" a 1 1 i ;i m o ir >-   c o n c e n t r y i. e -1 than in early 
;-!■ w. c,    all a11!;1!! totals j^ay about the jame.  There may be more 
rainluad day;; tor ther.: is always a fine clear day or two in the 
divergent :•, vnj ahead oi cho rip,ht. t'ront qnidrant of an advancing 
~. t: > r ;ii,  r h 1 ;i n c a n s that valuable u n p 3 r wind observations can 
olton be mado and nreliminary storm precautions carried out with 
m J nur in c o uvon i o n c c , 

äste w a v c 3 ,Ui I al.ly    in   early   summer    and   fall) 

jV u t h   of   the    subtropical   ridge    line,    in   the   region,   of   deep 
easterly   flow,    disturbances   may   move   westward.      Easterly   waves   as 
they   are   known   have   had   about   as   frantic   a   vogue   in   the   tropics 
as    fronts   bei -ire    them,    being   used   by   many   meteorologists   to   account 
for   every   niece    of    otherwise   inexplicable   bad   weather. Dis. 
i 1 lus i onment has of course see L r> but the waves should not 
d i s a p p e a r 1r o m charts for they arc one of the most useful tropical 
rao do 1 s yet devised. 

As the name implies an easterly wave is a wave distortion of 
eastarly flow.  It moves westward in the general stream but rather 
more slowly,  The classical model seldom closely resembles actual 
waves but one should become familiar with its characteristics 
(fig 6 - .r.) , 

There may he little temperature or pressure variation across 
the wave, in tV . t t ■ .-per a t ures or pressin-as are as likely to rise 
as fall with i ^ t    pe.:"at;c.  It can most readily be detected in the 
wind tie lei for vin'.;, back ahead of the w:ve and veer behind it. 
The wave is generally most intense at arcund 10,003 ft but can 
seldom be detected above 2 5,300 ft. 

Using the following definitions, 

q » relative vorticity 

f => coriolis parameter 

Ap ~ depth of a column of air 

let us consider the dynamics oL an easterly wave.  The Rossby 
vorticity theorem states that q + f a const,, if one makes the 

^T— 
important assumption that the atmosphere is an ideal, frictionless 
homogeneous, incompressible gas in purely horizontal motion. 
Surprisingly, considering these assumptions, the theorem seems to 
be generally valid for many tropical disturbances,  In an easterly 
wave moving more slowly than its surrounding flow, air east of 
the wave axis moves into an area of increasing f and increasing q. 
This means that individual air columns stretch and convergence 
with upward motion takes place.  Ahead of the axis, air moves into 
an area of decreasing f and decreasing q, individual air columns 
shrink and divergence with sinking takes place.  Thus the moist 
layer is deeper east of the axis and precipitation tends to be 
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,'    n.       a n d   d i '.■'; r r, o r. 
1    a nd   q .       ! n   t hu    ?. 

: u ". n t 1 y    ob ge i" v r 1    a 1 

1   move   faster    than   the   general   winds,    changes 
o,\-noite    rip, ns   and   distribution   o£   con- 

'c    ■,.'TJIJ   depend   on   the   relative-    magnitudes 
i c J. i'i c ,   had   weather   appears   to   be   as 

id   ■■>.    as    in   the   rear   of   easterly   waves. 

i i a go 
an   t.h' 

i s t c r 
i r a r:.    C 
polar 

Iy    waves 
: he    Paci 

I r o n t . 

crossing   the   Philippines   may   curve   around   the 
ic   anticyclonp   and   eventually   appear   as   waves 
During   the   period   of   re curvature   they   are 

hard   to   detect    In   the   wind   field   hut   their   associated   bad   weather 
a r .; i   usually    persists. 

Although   some   easterly   waves   may give   severe   rains,    particu- 
larly   over   mountainous   islands,    many,   especially   over   the   open 
ocean   are   accompanied   by   nothing   more   troublesome   than   a   few 
shawcrs.      Nevertheless   they   should   all   be   carefully   vatched   for 
some   may   be    nascent   typhoons,    phenomena   no   one   ignores. 

In   July,    August   and   September   a   well-marked   surface    low 
n r e s s u r e   trough   extends   from   just   west   of   Guam   to   central   China. 
£ a." t c r 1 y   waves   moving   into   the    trough   rapidly   change   into 
vortices   and   no    longer   resemble    the   model, 

I ?..      Typhoons.       (these   are   the   subject   of   separate   reports) 

13. Cloud and rainfall 

The cloud and rainfall patterns of Way (early summer) differ 
from those of August (late summer) (fig 6-6).  Considering only 
cloudiness, since the rainfall charts exhibit similar features, 
we find that in May a minimum occurs along the subtropical ridge 
and a maximum in the region of the polar front beneath the jet 
stream remnant. 

In August, the northern location of the subtropical ridge is 
reflected by a cloud minimum along about 30*11, while south of 
20°i! clouds have increased with the increase in tropical dis- 
turbances.  Orographic effects due to a predominance of south or 
southwest surface flow show over Indo China, the Philippines, 
Formosa and Japan. 
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TROPICAL CLOUD PHYSICS 

1,  Introduct i on 

Condensation, growth and precipitation usually occur simul- 
taneously in clouds, with each process continually merging with 
and transforming into the others.  Although in this short dis- 
cussion of tropical cloud physics it will be convenient to treat 
them separately, one should remember that the separation has 
nierely pedagogic and not physical justification. 

2 .  Condensat1 on 

In air free of aerosols and ions, condensation of water vapor 
occurs only if the supersa t ura t i on reaches several hundred percent 
In the atmosphere, abundant foreign particles serve as ready-made 
nuclei for condensation and prevent these large supersaturations 
from being achieved. 

Ionized particles 'not filterable by ordinary methods) can 
act as c o n d erTs a t i o n nuclei if the ratio of the vapor pressure to 
the saturation vapor pressure 'saturation ratio) = 4  for negative 
ions; " 6 for positive ions; i.e., relative humidities of 400 
percent or 600 percent.  Except in the laboratory, these degrees 
of supersaturation are never observed and hence one must conclude 
that ions are not important nuclei and that much more effective 
nucleating agents are always to be found in the atmosphere. 

Consider a droplet of pure water introduced into a just 
saturated atmosphere.  Since the   equilibrium vaoor pressure over 
the drop exceeds that over a plane water surface, the drop will 
e v a f   t e , 

A nucleus of an insoluble particle serves to facilitate 
condensation at a degree of super sat urat ion v'-'^h diminishes with 
increasing nucleus aize.  If the nucleus is porous or contains 
recesses, capillary condensation will be able to set in at 
relative humidities below 100 percent. 

If a droplet nucleus is wholly or partly soluble, condensa- 
tion will begin at a lower supersaturation than on an insoluble 
particle of the same size.  This arises from the fact that at the 
soluble surface, equilibrium vapor pressure is reduced by an 
amount depending upon the nature and concentration of the solute. 

There are thus two effects.  The equilibrium vapor pressure 
is inversely proportional to the drop radius and to the solute 
concentration.  Hence nucleus droplets must be larger than a 
critical size for a certain supersaturation if they are to grow 
to form water (cloud) droplets. 

it has been found that all sodium chloride (l!aCl) nuclei with 
mass > 10-15 gm and nonsoluble nuclei with radiu3> 1 micron 
(1/1000 mm) require supersaturations of less than 0.1 percent for 
them to act as centers of continued condensation. 
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In addition Co solid Insoluble parclclm, and soluble matter 
giving rise to pure solution droplets, aerosols may also consist 
)f tnlxu-i nuclei which arc partly soluble, partly insoluble«  The 
latter two groups boiag hygroscopic will obviously be preferred 
as centers of condensation. 

Whether or not non-hygroocopic particles play a significant 
rols in cloud formation dependo largely on the number and slses 
of the hygroocopic nuclei present, since In general these will be 
favored.  Moreover, in view of the fact that insoluble particles 
may obtain a hygroscopic film, either by capturing small solution 
droplets or by acting as condensation surfaces for trace impurl- 
ties, it may be that non-hygroscopic particles are rare in the 
free atmosphere.  They can certainly be ignored over aid near all 
the tropic oceans and probably elsewhere as well. 

Generally, nuclei are most heavily concentrated over cities 
(appro):. 140,000 cm-3) and least over oceans (approx. 900 cm-3). 

Hygroscopic nuclei, which are among the largest and most 
efficient, are believed to originate from sea salts and from 
combustion processes.  There is no doubt chat condensation nuclei 
are produced by the disintegration of sea water.  Sea.salt 
particles have been found in the air over the sea up to heights 
of 10,900 ft, their numbers increasing In strong winds, and they 
are also advected over land. 

However, sea sale nuclei are only a minor constituent of 
atmospheric aerosol.  Even over the ocean where spray is being 
produced, their concentracion may not greatly exceed 100 cm-3. 
Of the nuclei involved in cloud droplet formation, perhaps one 
tench consist of sea sale, and Che rest of mixed nuclei and the 
produces of natural or man-mads fires. 

3.  Growth 

There are two conceivable processes by which nucleus droplets 
may attain radii of several microns and so form cloud or fog: 

a) diffusion of water vapor to and its condensation on their 
surfaces, 

b) growth by the coalescence of droplets moving relative to 
one another. 

Since the rate of increase of droplet radius by diffusion is 
inversely proportional to the radius itself and since coalescence 
rates depend upon droplet size we should expect diffusion processes 
to contribute most to the growth of very small cloud droplets and 
collision processes to contribute most to the growth of large 
c loud drop lets . 

Obviously, both processes operate at once and their contri- 
butions cannot be measured or separated outside the laboratory. 
However, many theoretical computations indicate that collisions 
contribute very little to the growth of droplets with radii of 
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less than 15 to 20 microns. 

The size distribution of cloud droplets Is controlled not 
only by the micro-physical processes of droplet growth on nuclei, 
but also by the larger scale processes of cloud dynamics which 
will determine the cloud dimensions, the degree of mixing with 
the environment, Che distribution of vertical velocity, the scale 
and Intensity of turbulence, and the period for which individual 
droplets will remain In the cloud. 

4.  Precipitation 

Since we are considering tropical clouds, we can restrict 
ourselves to only one form of precipitation - rain.  Although 
hall does occur in the tropics it is sufficiently rare not to 
warrant treatment In the space of a single lecture. 

Droplets moving downward from the base of a cloud Immedi. 
ately begin to evaporate and of course the evaporation la 
proportional both to the height of the cloud base and to the 
dryness of the air beneath.  As a rough rule a radius of about 
100 microns may be regarded as a lower Holt to the size of 
precipitation elements.  The condensation process alone cannot 
produce droplets of average radius i 30 microns and since these 
evaporate completely after falling a few feet in unsaturated air 
they cannot reach the ground as precipitation. 

What then is the mechanism operating to Increase cloud 
particle sizes? 

a) Bergeron In 1935 (supported later by Findeisen) was 
quite positive he had the correct answer.  Having concluded that 
hydrodynamic attraction forces, differences of capillary and 
hygroscopic forces, temperature differences and collisions result- 
ing from turbulence were all Inefficient or much too slow, he 
announced categorically that the only factor which could account 
for the release of precipitation was the appearance of a few Ice 
crystals among a much larger population of supercooled droplets 
in those parts of the cloud where the temperature was below -10oC, 
Since water saturation represents supersaturation with respect to 
Ice, condensation would take place continuously on the ice, liquid 
water at the same time evaporating from the droplets until the 
liquid phase was entirely consumed.  Bergeron therefore claimed 
that almost all raindrops originate as Ice particles which grow 
copiously In this way and hence, that all rain clouds roust extend 
well above the level of the 0oC isotherm. 

b) Of course it has been known for many years that in the 
tropics at least, showers often fall from clouds with tops many 
thousands of feet beneath the 0eC level and in recent years care- 
ful visual and radar observations have shown beyond all doubt 
that in tropical regions heavy rain may fall from clouds which 
are entirely beneath the 0*C level. 

We must conclude then that at least for the tropics, Bergeron 
and Findelsen are wrong and that some sort of coalescence process 
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most   effectively  produces   precipitation   In the   troplci. 

Three   naramotors  having  an   Important  bearing  on which 
mcchanlair   dotnlnatcs   In  releasing  precipitation   from  a  particular 
cloud   or   cloud   nystetn  arc: 

1) temperature   of   cloud  base, 

2) cloud   thicknesa   .   together   these  two   largely  control   the 
liquid water  content   of   the  cloud and  whether  or  not 
raindropa  m.iy be   produced by  coalescence, 

3) temperature   of   cloud   top   .   indicating   the   likely presence 
or   absence  of   ice   crystals. 

Mot   merely  is   there   good  evidence   that  drop   growth by 
coalescence   is  the  predominant   mechanism  for  releasing  showers 
from   tropical   clouds  but  by   using  radar,   researchers   found  In  the 
central  United  States  that   In  60  percent   of midsummer   clouds 
reaching   the   .20oC  level   en  Initial  precipitation  echo  was 
received   from regions beneath   the   0*C  level.     These  echoes  must 
have   returned   from raindrops   formed by  the  coalescence  process. 

In  order   for  the  coalescence  process   to  be  effective,   the 
growing  droplet must  remain within  the   cloud   long  enough to reach 
the   size   of   a  raindrop.     Time   lapse photos  of   tropical   cumulus 
and  measurements  within  tradewind   cumulus   show  these   clouds 
growing   in  a  succession  of bubble-like  spurts,   mostly  observed 
to   occur   in  a   central   cloud   column protected  by   surrounding  cloud 
from  evaporation  or  entrainment  erosion by unsaturated  cloud-free 
air. 

For   a   cloud particle   to  become  a precipitation element   It 
must   reach  some  rather   critical   size  during  the   time  taken  for 
cloud  air   to   rise   from   the  base   to  the   summits,   such  that   it   shall 
have   settled  some hundreds   of   feet  relative   to  the  air,   gained a 
fall   speed  about   equal   to   that   of   the  updrafts   near   the   cloud  top 
(approK,   1  m  sec-l),   and  have   the   capacity   for   falling with  In- 
significant   shrinking  through  several hundred  of   feet  of 
unsaturated  air  and hence   the   chance  to  survive   even  if  caught  In 
the   general  evaporation  of  a   cloud turret  -   and   so  resume  Its 
growth  by   settling   into   a   newly   rising mass   of   air   within  the 
cloud bulk.     The   critical  drop   size  seems  to  be   about   ISO microns. 
Whether   this   size   Is  reached  depends   on depth  of   cloud traversed, 
updraft   speed  and  liquid   concentration which   Is   largely  determined 
by   the   temperature   of   the   cloud base  and the   degree   of mixing  of 
the   cloudy  air  with the   drier   environment.      If   the  entire   cloud 
is   small,   its   life  may  be   only   a   little   longer   than  the   time   taken 
for  particles  to  reach  the   critical  aize  -   thus   they  are prevented 
from  growing   into  precipitation  elements   -   if   the   cloud  is   large, 
a   shower   is   almost   certain   to   develop,   although  a   strong wind 
shear   may   intervene both by   reducing  the   life   of   the   cloud  and by 
causing   large  particles   settling   out   of   the   cloud  tops   to   fall 
into   clear   air   rather   than   Into   succeeding  bubbles   where   they  may 
continue   their  growth.     Fig   7-1   follows  two   cumulus   cloud particles 
through  a   20-mlnute  sequence.     One particle   grows   to  a precipitation 
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Figure 7-1.  Schematic representation of the structure of cumulus. 
The approxlaatIon of the liquid water content (in gm «-3) t0 t^^t 

in air rising fron the base unmixed is indicated for two successive 
riling "bubbles" of cloud aiF.  The successive positions of two 
cloud particles, one of which (white dot) grows into a precipita- 
tion element are also shown.  (From "The production of showers by 

the growth of Ice particles" by F. H. Ludlam in Q. J. loy. Meteor. 
Soc, 78, 543-555.  1952). 
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d added 
Figure 7-2.  Various stages in the formation of cumulus. 
A--old ring of original cloud elements greatly expanded an 
to minor eddies. 
B-_decaying ring. 
C--active ring of the growing top. 
D--neighboring primitive cloud element, with secondary eddy Just 
passing through. 
(Fro« "An indirect aerology of the tropical Pacific" by C. E. 
Palmer et al, U. of California, Inst. of Geophys., 131 pp.  1 956) 
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element,   the   other   does   not. 

For   a   cloud bubble   to   move   upward   it   must   bs   lesR   dense  thtn 
its   environment.     However,   at   least   in  the   trade   winds,   cloudy 
areas   are   colder   than  surrounding   eleer  areas.     Malleus   explains 
this   apparent   anomaly  by  pointing   out   that     \   cloudy   a-ea   is 
composed   o£   a   small   fraction   of   actively  buoyanc   rapidly  rising 
updrafts,   a   comparable   small   traction  of   strongly   sinking, 
negatively  buoyant   downdrafts   and  a   great   predominance,   area-wise 
of   decaying   cloud mutter   and   vreakly   subsiding,   slightly   nega- 
tively   buoyant   air." 

Although  many   laboratory   experiments   have   been   designed  to 
determine   coalescence   efficiencies,   results   to   Jai:e   are   somewhat 
contradictory.     We   can be   sure,   however,   that   coalescence, 
especially   in   the   tropics   is   a   much  more   effective   precipitation 
initiator   than Bergeron  Imagined. 

Palmer  has   suggested   that   tropical   cumulus   grow  as   a   succes- 
sion  of   ring  vortices   instead   of  bubbles   'fig   7-2),   and   certainly 
time   lapse   photos   lend   an   much   support   to   this   i:heory   as   to   the 
bubble   theory.     For   our  purpose,   either   seems   to   fit   the   obser- 
vations   pretty   well  and  to   account   adequately   for   the   very  short 
life   cycle   (a   few minutes)   of   individual   cloud   elements,   the  prime 
importance   of   the   central   ascending   column  protected   from  entraln- 
ment,   and   the   inhibiting  efrecc   of   vertical   shear   on  precipitation. 

There   is   little  doubt   t 
cloud,   the   larger   it   should 
we   find  a   close   connection  b 
upcurrents,   and   large  raindr 
maritime   regions   an  extremel 
few  drops   of  quite  enormous 
around   giant   hygroscopic   sal 
apray.     These   nuclei   have   ma 
times   as   heavy  as   the  averag 
exceeding   20  microns.     Even 
rapidly   grow  to   conoideriü'le 
trations   are   low  (lO-Scm-^ 
on  them   Is   small. 
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become before precipit 
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Since  very   few measurements   heve  been  made   in   tropical  middle 
and  high   clouds,   any  discussion  of   their  physical   properties 
would be   largely  conjectural, 
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LOCAL EFF2CTS 

1.  Introduct i on 

The discussion in Chaptor 3 of ?A provides an excellent batit 
for further consideration oE the local effects of topography on 
the meteorological elements. 

Synoptic meteorologists must work with observations.  In the 
tropics, as elsewhere, tnese observations are made in canters of 
population and not usually where local effects are least and 
where conditions are typical of a wide area. 

In one respect tropical synoptic meteorologists are better 
off than their high latitude colleagues.  A good number of ocean 
observing stations are sited on tiny coral Islands which rise 
only a few feet above the surrounding ocean.  It is reasonable to 
assume that local effects In these spots do not significantly 
distort the overall oicture. 

In the tr 
specks a foot 
of Borneo and 
measurable eff 
enough for an 
has a lagoon 2 
of temperature 
108F whereas t 
Temperatures o 
those in the c 
higher than th 
islands exempl 
exposed coral, 
distortions. 

opical 
or two 
New Gul 
ect on 
airatri 
4 miles 
Inas 

he rang 
f insho 
entral 
e open 
ified b 
produc 

Pacific the island spectrum ranges from coral 
above sea level to the great rugged masses 
nea.  Th3 smallest coral Islets exert no 
any meteorological elemeutt islets large 
p do affect temperature.  On Eniwetok which 
long and 18 mile's wide", the diurnal range 

tandard shelter standing on coral amounts to 
e over tha center of the lagoon is only S'F. 
re lagoon waters are often I'F higher than 
lagoon which are never more than 1/2*? 
ocean temperatures.  Large low-lying coral 
y Christmas Island with 160 square miles of 
e correspondingly greater local temperature 

Somewhat larger Islands with peaks below 1000 ft such as 
Tinian and Yap, distort surface winds as well as temperatures but 
appear to have no apprecilTble effect on clouds or rainfall. 

Larger aad more mountainous Islands about the size of Guam 
and the main Hawaiian Islands distort winds up to considerable 
heights and sharply modify the distributions of clouds and rain- 
fall. 

The very large islands of the Philippines and Indonesia 
besides causing sharply defined local variations, so modify the 
large scale distribution of meteorological elements over a wide 
area that the effects are easily recognizable on small scale 
synoptic charts. 

2.  Temperatures 

By ignoring the effects of precipitation, well covered in PA, 
improved represent-at iveness may be obtained by using the dew 
point as an air mass indicator.  Of course its value is limltei 
to fair weather, for it becomes quite unrepresentative if moisture 
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has   been   extracted   by   up-wind   precipitation   or   added   by   evapora- 
tion   from   local   precipitation. 

3.     VMn^s 

Surface winda in t 
island;i OVL   notoriously 
observed surface wind i 
wind, the local orograp 
wind.  The proportions 
even on either side of 
wind Is far stronger ti. 
case in a typhoon circu 
covering it among the m 
at least for major stat 
tion of the effects of 
to notice those shifts 
significant changes in 

he tropics, except over low-lying coral 
unrepresentative.  At any one time, the 

s the vector resultant of the synoptic 
hie wind and the local thermally Induced 
are never the same from hour to hour or 
an airfield.  Except when the synoptic 
an th'j other components, as is often the 
iation, a meteorologist despairs of dis- 
ess of local wind components.  Nevertheless, 
ion3, one should have sufficient apprecla- 
local winds and their diurnal variations 
in the surface wind which can only betoken 
the synoptic wind. 

Upper winds, especially when measured at stations on rugged 
coasts, often show diurnal varlati?n8 in both speed and direction 
to appreciable heights.  For example, in Hong ICong where hills 
are from 2000 to 3000 ft high, mean 5000 ft resultant winds for 
the summer months show increasing offshore directions between 
morning and afternoon as follows: 

Hay 

036° 

June 

024° 

August 

OGi 

One expects the sea breeze circulation to cause surface wind 
distortions while often completely Ignoring the upper branch of 
the cell.  As these figures show, the return flow may be far from 
negligible.  Although generalization is dangerous, a fair rule 
would indicate that low-level observed winds are likely to be 
least distorted by local effects an hour or two after dawn and an 
hour or two after sunset.  Thus, over the western Pacific, synop- 
tic situations should be better reflected by the 00 and 12 GCT 
observations than by the 06 and IG GCT observations. 

4. Clouds and rain 

Since local variations in the distributicn o^ clouds and rain 
are usually closely connected to wind anomalies., we are faced with 
the same problem posed by the winds - how to deduce the synoptic 
large scale picture from the distorted local picture?  The problem 
can be most successfully attacked by first determining the dis- 
tribution of winds and weather under different synoptic situations 
jsing either aerial reconnaissance, time lapse cloud photography, 
radar scanning, or a dense station network.  Figs 7-1 and 7-2 are 
examples of this method, 

5. Diurnal curves 

The diurnal variation of pressure at all tropical stations 
and the diurnal variations of temperature, wind, cloud, and rain 

G-127 

^UMMMBMaMBMBMi ■MMMBi MM 



8-128 



125 130 135 140 
—r — 145 150 155 

..   .9 L r. G l N D 

■• ASSUMED FLOW DlRfCT.ON »T 1^00 FtET 

'///////M'A   OBSf «VtO CONVtROCNCI  ?0N[ 

Figure   8-2.     The   zone   of   convergence   which  was   ob 
cCIeur   Gulf   when   an   easterly   stre 
In   of   New Guinea.     Also   shown   are 

under   conditions   of   eastioutheas 
zone   was   observed   to   be   of   great 

on   of   the   stream  was   eastsoutheas 

Ceram sea and Ma 
the mountain cha 
winds at 1200 ft 
This convergence 
when the directi 
was IS kn or mor 
to October. The 
direction and th 
up in it reach m 
early morning cl 
in phase with th 
Infrequently hav 
of topographic c 
and leO'E" by A. 
1949). 

e,   conditions  which   obtained   most 
zone   extends   about   300   mi   in   an 

e   cumulus   and  cumulonimbus   clouds 
axlmum   development   shortly  before 
oud   structure  usually   dissipated 
e   normal   cumulus   cycle   of   the   reg 
ing   more   than   scattered   cumulus, 
onvergence   in  the   equatorial   zone 

H.   Glenn   in  Bull.   Amer.   Meteor. 

served   in   the 
am   flowed   around 

the   assumed 
terly   flow. 
est   intensity 
t   and   the   speed 
often   from   April 

east-west 
which  build 
dawn.      The 

during   the   day 
ion,   the   afternoon 

(From "Examples 
between   95*E 

Soc,   30,    50-55. 

8-129 

MM ■MMM 
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over all but very small islanda generally exceed all synoptic 
variations except these produced by tropical cyclones.  In order 
then to deduce the synoptic picture from the observations, a 
meteorologist must be able to refer to the following diurnal 
curves for each important station: 

a) Surface pressure. 

b) Wind speed and direction - surface and aloft. 

c) Rainfall frequency, amount and duration. 

d) Low cloud bases, amounts and possibly types. 

e) Visibility and frequencies of visibilities below 
operating limits. 

Near the equator, one or two sets of curves wculd probably suffice 
to describe the whole year.  Further from the equator where 
seasonal influences become significant, at least four seta of 
curves (one for each season) would be needed. 

Marked deviations of an observation from normal curves, 
indicate corresponding deviations of the synoptic situation fro« 
normal.  For example, along the southeast China coast summer 
rainfall possesses a sharp morning maximum (.iig  V-l).  Thus rain 
in the morning la usually less likely to persist than rain in the 
afternoon.  Spring sea fog in this region also shows a pronounced 
morning maximum.  In a stagnant synoptic situation, a meteorolo- 
gist would be most foolhardy to forecast that a fog which 
developed in the afternoon would dissipate before the following 
afternoon. 
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WEATHER HECOKHAISSAWCE 

1.  Introduction 

Aerial weather reconnaissance has been conducted on the 
present scale since 1944 when the 5äth HeconnaI stance Squadron 
was established to support the 20th Air Force in the western 
Pacific area.  Since that time many weather missions have been 
flown over most of the llorth Pacific to reconnoitet potential 
storm areas, track hundreds of typhoons and help fill in vast 
■ ceanic gaps in the world-wide weather observational network. 
For example, since the first typhoon penetration made in October 
1Q47, the 54th Weather Reconnaissance Squadron has flown some 
1000 typhoon missions on 200 or more different storms. 

In recent years there has been an increasing trend toward 
flexibility in reconnaissance tracks and altitudes flown.  This 
trend is in part due to a desire to cover larger areas of the 
Pacific Ocean with fewer aircraft of the WB-50 type.  In recent 
years, meteorologists believing that the mechanisms which "trigger" 
depressions into typhoons may be readily identified at high levels 
(30,000-40,000 ft), have placed greater emphasis on reconnaissance 
at these levels. 

2. Areas of reconnaissance 

The majority of reconnaissance conducted in the Pacific area 
is done by squadrons of the Air Weather Service, USAF, The U. S, 
Navy usually undertakes reconnaissance on request. 

Australia and perhaps Russia may also conduct weather recon- 
naissance in the Pacific»  Australia has undertaken reconnaissance 
In the Timor Sea near northwestern Australia on a research basis. 
However, a more practical area for reconnaissance would be the 
ocean expanse between New Caledonia and the Queensland coast. 
Economy considerations restrict any extensive programs. 

3, Tracks 

Fig 9-1 Illustrates the routine reconnaissance tracks for 
1959.  These tracks are generally defined by agreement between 
Air Weather Service meteorologists and reconnaissance squadron 
commanders.  The tracks are changed from time to time.  Missions 
to explore suspicious areas and missions to reconnoiter known 
typhoons hold precedence over missions conducted along the routine 
tracks. 

As a matter of interest, the reconnaissance tracks are named 
after birds native to the area.  Petrel and Loon flights are based 
on Hawaii, Buzzard flights on Japan and Vulture flights on Guam. 

Host of the AWS reconnaissance flights are made either at 
700 or 500 mb.  However, flights which are aimed at Initial 
detection of typhoons are flown entirely at 700 mb every day 
during the typhoon season.  Several flights are now being flown 
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at 250-200 rab level £rom Jaoan and McClellan AFQ. 

Dropgondea and weather observations are made at regular 
intervals throughout the trac'.; Csee fig 9-1),  Weather observa- 
tions are usually made at intervals of 100-203 mi but most 
commonly at 150 mi intervals, 

4.  The reconnaissance code and its application to the tropics 

Early code forms for weather reports from aircraft were 
developed from codes used by surface weather observers. 

The fact that the observation taken from an aircraft differs 
markedly in scope from the surface observation prompted recon- 
naissance representatives to develop new codes taking Into account 
the basic differences between surface and aircraft weather reports. 
Fig 9.2 describes the reconnaissance code tables in their present 
form (1959). 

In the RECCO code, the aircraft Is considered to be located 
at the center of a cylinder of air 30 nautical ml In radius. 
From this position, present weather, cloud types and amounts, 
flight conditions, and other observational elements are observed 
and reported as occurring within the cylinder. 

Outside the cylinder, the quadrantal concept has been Intro, 
duced to report prevailing conditions In the four major quadrants. 
In the event that a phenomenon of Importance exists but is not 
predominant in a quadrant, It Is reported as weather off.course. 
As a further extension of the observational range two groups are 
Included for reporting radar echoes.  Fig 9-3 Illustrates the 
basic observational concept of the RECCO code. 

The present reconnaissance squadrons now have the capability 
of covering any area In the Pacific In which tropical cyclone 
activity is suspected,  However, there Is some difficulty in 
applying the RECCO code to tropical regions.  This Is a result of 
the code originally being developed for mid- and high.latitude 
regions.  Evidently some disagreements in encoding and decoding 
the data have developed.  It tr.ay be worthwhile to point out those 
parts of the RECCO code inappropriate for tropical weather recon- 
naissance. 

Present weather (W) and past weather (w).  The greatest 
difficulty here lies in encoding weather conditions typical of 
the tropics.  This is one section where special weather codes, 
which are more applicable to the tropics, would be desirable.  In 
some cases it would be desirable to encourage weather reconnais- 
sance observers to use the remarks section more frequently where 
the encoded weather group does not adequately describe existing 
conditions. 

V 
These same statements also apply to quadrant weather (Qw, Qg 

Quadrant weather reported accurately is very important V- 
to the tropical meteorologist because through such reports the 
analyst can often detern-ine the extent or intensity of a weather 
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Figure   9-3. connalssance   observational   concept.      (Fron  "Recco 
code'TÄWSM   105-34),   Air   Weather   Service,   55   pp.      1953). 
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r 
condicion.  For examp  , the lact   that a liua of convergence 
accnti'vanied by cumulus congestus lies aloa^ !"ho track and regions 
to L n 2 i: i g h t a rul left arc relatively clear, can only be conveyed 
properly through accurate ireporclnj, oi   quadrant weather. 

Cloud u-oups ,;C, hh, HI!).  There is very little difficulty 
in rep'or,;f   cTcTud bases and LOOS provided the obsarver can 
properly n asure or catitnate .hem.  Hovjever, in the tropical 
Pacific, cloud formctiona are olten complex and many layers and 
types may co-exist in the same area. 

It is often difficult for 
Lena from the encoded message 

observed. The difficulty usual 
ing outlined in AWSIl 105-34, P.E 
designed to fit general conditi 
impossible for the aerial obser 
shear in clouds, orientation OL 
whether stratiform clouds are d 
mokes liberal use of the remark 
aerial observer reports chaotic 
and types of clouds are observe 
to the weather analyst. 

the analyst to picture cloud forma- 
in the same way that they are 
ly lies in the procedures for encod- 
CCO code I August 1353, which were 
ons in higher latitudes.  It is 
ver to encode such features as 
cloud lines or ''streets" and 

ependent or independent, unless he 
s column.  Quite frequently the 
&Uy conditions when several layers 

d.  This technique is little help 

Significant weather changes (Wg) and weather off course (Wc), 

These codes could be modified and amplified to report tropical 
conditions more accurately end completely. 

d I f f I 
code . 
he ca 
dea 1 
o f we 
excel 
and f 
norma 
is qu 
c i a t e 
may a 
r epre 
from 

Radar groups (0e, Ce, le) 
to interpret and diff cult 

Ra 
n pi 
more 
athe 
lent 
orma 
1 tr 
esti 
d wi 
ttcn 
sent 
the 

Unfortunately t 
icult to encode 

dar information can be of great value 
cture cloud formations through radar r 
work should be done in both encoding 

r data.  The new APS-23 radar (3 era) e 
for receiving reflections from signif 

tions for distances up to 200 mi and e 
opical weather. However, the effectiv 
oned whenever it is used to scan heavy 
th intense storms. Heavy rain-bands n 
uate the beam energy to the extent tha 
ationa may be given of other rain-band 
radar. 

hese reports are 
with the present 
to the analyst if 
eports.  A great 
and interpretation 
quipment is 
leant cloud lines 
ven greater during 
eness of this radar 
rainfall asso- 

earest the radar 
t inaccurate 
s a greater distance 

Wind data (hhhd d ,ddfff). 
--■■-■- Co 

Flight level winds are reported 
as either a iTport or^average wind.  The symbol dj. indicates the 
distance over which the wind is computed to get an average reading, 
The reliability of the wind observation and the method used in 
obtaining it are given by code through symbol da. 

Spot winds are obtained by the Ail/APlI-C?. Automatic Navigator 
now standard equipment on WB-SO's,  The A11/AP1I-G2 while primarily 
a navigational Instrument can give accurate spot winds at any 
altitude when the sea surface is rough enough to reflect the radar 
beam-  "riot only does it provide accurate winds, but its precise 
navigational capabilities allow observers to pin-point the posi- 
tion of a typhoon regardless of poor radio reception conditions 
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or lack of visual check poinco. 

Average winds are obtained by several navigational methods 
of varying degrees of reliability. Multiple drJft methods have 
greater reliability than other methods, such as, fixing, single 
drift or LOPs (three liner, of position). 

The analyst should always consider the dt and da data when 
analyzing wind reports. In fact, the data should be plotted on 
the map for reference. 

Interpretation of the ddfff groups is straightforward and 
will not be discussed. 

Summary.  Since it is unlikely that the r.^CCO code will be 
changed to   meet the requirements for accurately renoitlng tropical 
weather, It would be worthwhile for aerial observers to: 

1.  Use the remarks section of HECCO form frequently. 

'A, Make up detailed flight cross-Tect ions enroute and put 
remarks on sections. 

3, Make a complete debriefing for the duty forecaster on 
interpretation of reports and unusual weather along route. 

4. Disseminate a summary of important weather information 
on a specific reconnaissance mission to other forecast units via 
teletype. 

5,  Typhoon reconnaissance 

Flight procedure and a 1111 u d e limltat ion. 
coo hazardous for an aircraft to 

If conditions 
reconnoiter a storm. appear 

modifications in the reconnaissance request are submitted to the 
warning center. 

Reconnaissance missions are not planned for altitudes below 
the 700 mb level.  However exceptions are allowed only if the 
following restrictions are adhered to:  in no case will recon- 
naissance be conducted below 1''.00 ft radar altitude; whenever 
excessive turbulence or winds of 50 kn or greater are encountered 
a climb to the 700 mb level will be initiated; in no case will 
penetration of a typhoon be attempted at an altitude below the 
700 mb level; all flights near land areas are to be avoided if 
data can be secured from other sources. 

En route weather observations.  Complete weather observations 
are taken at 150 mT intervaIs en route to, and recurning from 
tropical cyclone and suspect areas.  Observations are made at 30- 
minute Intervals when the aircraft is within 300 mi of the actual 
o  " 
s 

ilnute intervals when Che aircraft is within 300 mi of the actual 
r forecast position o^ the cyclone center, or ths center of the 
uspect area.  Additional observations may be made at any time at 
he    «UnrrefJon    of    (■ hp    aerial     ueather    nh <: f>r\i r>r . the discretion of the aerial weather observer. 

En route weather observations, particularly 0 1 the di stances 
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middle and high clouds radiate out from the storm center, the 
number of linos of convergence encountered as well as their orien- 
tation and width, and the intensity and frequency of rain and 
shower activity in various quadrants can all give clues to the 
size and intensity of a typhoon. 

Penetration of eye. 
cane eye vary. When the 
low-level penetration is 
eastern Pacific. With t 
at an altitude between 5 
toward the center of sur 
estimates of the surface 
is reached. The low-lev 
but can be very dangerou 
turbulence and low visib 
limited. However, the a 
possible to follow the s 
altitudes where there is 
case, low visibilities a 
presence of clouds does 
of the navigational equi 

Methods of 
winds of a 
sometimes e 

his type of 
00 and 1500 
face wind ro 
wi nd ve I oci 

el method is 
s in well-de 
ilities,  Fo 
utomatic nav 
ame "eye-see 
less danger 

re no longer 
not decrease 
pment, 

locating a typhoon or hurrl- 
storm are relatively weak, 
mployed, especially In the 
penetration the aircraft flies 
ft.  It crabs across the wind 
tation while continuous 
ties are made until the eye 
perhaps the simplest  one, 

veloped storms with severe 
r this reason its use is 
igator AN/APN-82 makes it 
king" procedure at higher 
from turbulence; in this 
an obstacle because the 
the wind-measuring capability 

For aircraft which are not equipped with the automatic navi- 
gator, the principal method of finding a storm center is by 
techniques which employ the radio altimeter.  Usually the aircraft 
is flown at 700 or 300 rob by the aid of the pressure altimeter; 
i.e., the aircraft is maintained at a pressure.altitude of 9880 or 
18,280 ft and the radio altimeter provides the geometric heights 
of the pressure surface.  Since the aircraft does not remain 
precisely on  he selected pressure surface at all times, the 
difference between the pressure-altimeter reading and the radio, 
altimeter reading, or "D" value, is used as the primary parameter 
for pressure measurement by flight personnel.  For all practical 
purposes the gradient« of "D" are equal to the height.gradients 
on the pressure surface.  When a definite rise of "D" is noted the 
course of the aircraft is altered 135° to the left (in the North, 
em Hemisphere) until another rise is noted, and the procedure Is 
repeated until the aircraft enters the eye.  This type of penetra. 
tion requires more time than the type in which the aircraft crabs 
across the wind, but it can be used in darkness and without radar. 
Nevertheless, there are occasions when it is very difficult to 
locate an eye because of gently sloping height gradients.  Radar 
is then especially useful in directing the aircraft into the eye. 

Quite frequently in the Pacific, "Loran" is used to locate 
storm centers.  This type of locating device depends upon fixed 
radar beacons situated on island or mainland coasts.  Whenever a 
navigator or rniar operator desires his location he dials his 
receiver to t\      frequency of a set of stations.  The strong pulses 
of radio en- gy sent out by the master station trigger the trans, 
mitter of     slave station and the radar operator receives two 
transmit  i pulses at different times.  The radar operator locates 
his position on a Loran line by noting the difference in arrival 
times of the master signal and slave signal.  By switching his 
receiv** »o another set of Loran stations at a different frequency 
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and repeating the procedure he fixes his location by the inter- 
section of two Loran lines or by referring to Loran charts. 

Other location methods such as dead-reckon1-ng, and astro- 
navigation can be utilized when Loran facilicies are unavailable 

We 
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cript io 
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liable, pr 
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foil 
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es o 
d ve 
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owing information is transmitted 
time, navigationdl method and 

f center fix, diameter and des- 
locity of maximum flight level 
stimated surface wind, minimum 
and flight level temperature and 

inary minimum sea level pressure 
rt; iarormation regarding the 
d changes in eye shape between 
the intensity of the storm. 

Maximum surface winds.  The condition of the ocean surface 
servei aT an indicator of surface wind speeds.  The following 
categories are utilized when the flight altitude is at the 700 mb 
leve 1 : 

Wind Speed (kn) 

Calm  

12   

40 to 50   

65   

100   

130  

150  ...        

Greater than 150 .  ... 

Appearance of Water 

Glassy smooth. 

First detect white caps. 

First detect green patches. 

numerous green patches and large 
white caps. 

Large areas of green; large white 
sheets. 

50 to 75 percent of surface white 
and green. 

Entire surface white and green but 
white sheet still distinguishable. 

Solid white-green churning appear- 
ance; foam-like. 

A more elaborate breakdown of the categories below 100 kn is 
given in AWSM 105-34 RECCO CODE 1 August 1Q53. 

The subjectivity inherent in surface wind estimations may 
possibly be the reason for such wide fluctuations in reported 
maximum winds in typhoons or hurricanes.  Especially it appears 
very possible that considerable errors could occur when the 
surface wind is above 100 kn. 

Circumnavigating a typhoon.  To determine the distributions 
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iot   cyclonic  clrcul.tlon.uch... 

t 
nd 

of wind and weather about a major cyciomc u«...«......... 
typhoon, reconnaissance aircraft may circumnavigate the disturb, 
ance. This is usually done near the outer limit of the strenges 
winds and Is a means o£ determining the extent of SO kn winds an 

region of maximum winds. 

Circumnavigation also provides Information regarding "false" 
or "open" eyes which could be mistaken for the true eye. 

Often the quadrant of maximum rain can be observed and 
reported; some meteorologists believe this can give  an Indication 

of the general direction of typhoon movement. 

Reports on the orientation and number of marked convergence 
nes (radar or verbal reports) are useful to the analyst in 
llneatlng streamlines and forecasting the movement of the lines U 

de 
toward the station. 

Pressure and wind data collected in a circuit about the 
storm center canbe used foi an estimate of the location of the 
storm center.  The accuracy of this estimate depends upon the 
degree of circular symmetry of wind and pressure around the 
center.  Normally, this procedure does not lead to excessive 
errors, since typhoons or hurricanes are fairly circular in their 

Inner portions. 

The use of radar permits aircraft to remain outside the 
strong-wind regions of a storm and still provide position fixes 
of the eye.  Radar-equipped flights can be of the circumnavlga. 
tlonal type, but more often the aircraft flies back and forth near 
a known land area to keep navigational errors to a minimum. 
Locating the eye is often difficult, especially in the case of 
"false"or "open" eyes.  There Is a rather considerable short, 
period variability in the positions of hurricanes determined by 
this method.  Therefore the motions derived from successive fixes 
determined in this manner are of greatest value only when the 
fixes are very frequent.  As better methods are developed for 
interpreting radar-scope information, such flxea will no doubt 

increase in value. 

Another type of peripheral reconnaissance is the so-called 
"large-scale synoptic reconnaissance," in which aircraft are flown 
over a large area around the storm.  Flights of this type are 
aimed at providing reliable data for large-scale flow-pattern 
analysis.  As no single flight can possibly provide the large- 
area coverage desired, the typhoon forecasters select the areas 

where aircraft data are most needed. 

Normal reconnaissance requirements. 

a. Suspect area:  One investigative flight per day, planned 
so that search Is conducted during the hours of daylight. 

b. Tropical depressions:  One fix per day, normally at 
0200 GCT on tropical depressions which are not forecast to develop 
into tropical storms within 24 hours of fix time.  If the 
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depression is forecast to develop into a tyoplcal storm within 24 
hours of fix time, the requirements for tropical storms will 
apply (see c) . 

c. Tropical storms:  Two fixes per day, normally at 2000 
GCT (first priority) and 0800 GCT (second priority) on tropical 
storms not forecast to develop within 12 hours of fix time, in 
which case the requirements for typhoons will apply, 

d. Typhoons and hurricanes:  Four fixes per day, normally 
at 2000 GCT (first priority), 0800 GCT (second priority), 0200 
GCT (third priority) and 1400 GCT (fourth priority). 

6. Future reconnaissance plans 

High level (50-60,000 ft or more) reconnaissance of weather 
systems is just in a budding stage.  Recent examples of this type 
of observing technique were described in two articles in 
UEATHERWISE, June 1958 and April 1959.  A high altitude U-2 jet 
aircraft fitted with a Perkin-Elmer Model-301 tracking 
flown by the Air Weather Service over three typhoons in 
photograph the cloud patterns of the centers in addition to 
getting high-altitude meteorological data.  One of the main 
purposes of this research is to gather photographi" i"» r. , 
storms which will aid in solving some of the futur 
satellite photographic problems. 
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ABSTRACT 

As a first step in a study of cool-season (November through April) weather over southern Asia and the 
western Pacific, an analysis of the relationship of the general circulation to normal weather has been 
attempted. 

In October, a jet stream suddenly appears along the southern edge of the Himalayas. Thereafter it 
varies little in position until April, when it begins to waver prior to disappearance in early summer. This 
sequence, and also the fact that no comparable jet is found north of the Himalayan-Tibetan massif, are 
explained in terms of mechanical lifting and the effect of snow cover on insolation. Nearly all extra-tropical 
depressions form in and move along the jet stream, while even rapidly moving cold-fronts are temporarily, 
though strongly, intensified as they pass beneath it. The increasing velocity of the jet stream after it leaves 
the mountains seems due to confluence, over northeast India, between the westerlies and upper south- 
westerlies of the Bay of Bengal. 

Vigorous convergence In the southwesterlies over Burma, and between the southwesterlies and the 
westerlies of the jet stream over northeast India, probably results in the intense subsidence and aridity 
observed downstream. The subtropical ridge is displaced northward and becomes nearly vertical, and 
south of it deep baroclinic easterlies prevail. 

Kast of the Philippines this distribution, and over the southwest Bay of Bengal a combination of low- 
level trough and high-level divergence, are thought to favor the formation of tropical storms. 

1. Introduction 

The purpose of this study is to explore the major 
factors controlling normal weather-sequences and -dis- 
tributions over the subtropical and tropical regions of 
Asia and the western Pacific during the cool season 
(November through April). In a later paper, an expla- 
nation of exceptional distributions will be attempted. 

Since the war, the now well-known concept of the 
jet stream has formed the basis of a number of papers 
on the winter weather of North America. Recently 
Chaudhury (1950) and Yeh (1950), using cross sec- 
tions, have investigated the character of the jet stream 
over southern Asia and the western Pacific during 
winter, while Yin (1949) has correlated its movements 
in early summer with onset of the monsoon over India. 
Bolin (1950) and Thompson (1951) have also touched 
on the same subject in more general studies. All em- 
phasize the importance of the relationship between the 
jet stream and weather in this region. 

In general, these writers agree with Yeh's contention 
that two belts of maximum westerlies exist, one flowing 
around the southern and the other around the northern 
edge of the Tibetan plateau. The position of the south- 
ern and stronger jet-stream (November through Janu- 
ary) remains almost stationary. Its onset is abrupt, 
first becoming evident over northwest India in late 
September  or  early October, and then advancing 

down-stream at about 3 deg long per day. The fact 
that its speed increases downstream, beyond the China 
coast, is attributed by Bolin to the effect of a reunifi- 
cation with the northern jet-stream. This, according 
to the "confluence theory" (Namias and Clapp, 1949), 
results in acceleration of the flow. Yeh, however, con- 
siders the two jet-streams to remain separate. He 
and Chaudhury demonstrate coincidence between the 
southern jet and the mean winter precipitation-maxi- 
mum over India and China, deducing from this that 
the inter-annual variation in position of the jet is 
slight. Yin associates the surge of the summer monsoon 
across India and Burma with the sudden movement of 
the southern jet north of the Tibetan plateau. 

These papers comprise a valuable introduction to a 
study of the general circulation of the region. How- 
ever, some questions are left unanswered, and diver- 
gence of views exists on others. 

In the remaining sections of this paper, an attempt 
is made to explain the peculiar nature of the general 
circulation of the region and its influence on weather. 

2, The southern jet-stream 

Bolin (1950), in a theoretical discussion of the effect 
of mountain ranges on large-scale flow, derives equa- 
tions based on a homogeneous barotropic atmosphece, 
unaffected by surface thermal changes. From these 
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ABl IS 1   Frop-air temperature over Peshawar (34',00'N, 71°37'E) 
minus mountain temperature at Cherat (33°50'N, 

720orF.)   (Monthly means, deg C.) 

FiG. 1. Position frequency of jet streams at 500 ml) (1W and 
lf'5Ü) and topographical section along 80"lv 

equations, he deduces that over Asia the licit of maxi- 

mum westerlies is split by the Himalayan-Tibetan 

massif (H.T.), one branch flowing around the southern 

and one around the northern side. An examination ol 

500-mb charts (U. S. Weather Bureau, 1WJ) alon« 

80oK confirms the existt ■ ce of a most persistent jet 

usually less than 200 m. mth of the ranges, but at a 

similar distance north of H.T. no corresponding maxi- 
mum occurs (fig. 1). According to Quency (1048), the 
effect of horizontal thermal gradients on air flow be- 
comes significant for mountains of the dimensions of 
the Himalayas, although mathematical difficulties have 
prevented an adequate analysis. Thus it is not sur- 
prising that Bolin's assumption of harotropy, though 
leading to reasonable models for smaller systems, f.iils 
when applied to the greatest mountain-range in the 
world. 

An alternative physical theory, in harmony with 
the observations, can be based on the residts of com- 
parison between conditions at mountain stations and 
those in the free atmosphere. Many investigators (e.g., 
Schell, 1934; Bhatia, 1942; Hide,  1944) have found 

Jan. l-Vb. M.u Apr May    Jun. JMI. Aug. Sep. Oct. Nov. Ore. 

2.6 2,2 2.1 1.1 1.2    0.0 0.6 0.8 10 2.2 2.0 1.9 

ili.it air temperatures measured at mountain stations 

are lower than f inperatures in the free atmosphere at 

the same height. The reason given is that air lifted 

over mountains is cooled adiabatically at a rate greater 

than the free-air lapse rate It has been found that the 

stronger the wind or the higher the mountain, the 

greater is the temperature difference, and also that 

insolational heating from a snow surface in winter is 

very much less than from an earth or rock surface in 

summer. The results obtained by Bhatia for Cherat 

11 .,< km) are charai teristic (table I;. 

h'.stuhlishmcnt of the jet.—In autumn, the zonal 

westerlies begin to intensify and spread equatorward. 

Thus, along the northwest face of H.T., King athwart 

the How, strong lifting develops. In view of the experi- 

ence of glider pilots, it is probable that lifting con- 

tinues to well above the mountain tops and may result 

in intensification and concentration to great heights of 

the temperature gradient between air over the moun- 

tain and that over the plains to the south. The fact 

that isotherms up to 14 km over northern India nearly 
parallel the Himalayas supports this (Venkiteshwaran, 
1950). Thus the normal temperature-gradient, locally 
intensified by adiabatic cooling from lifted air over the 
mountains, may lead to establishment of a jet stream, 
although the precise dynamic mechanism involved is 
not clear. An added factor in maintaining the jet is 
the reduction in insolational heating due to the in- 
creasing area of snow on the high country. The jet, 
once established in the northwest, rapidly produces 
conditions along the mountain barrier to the south- 
east  which are favorable for its extension  in that 

FIG. 2. Mean conditions over India for February. Left: resultant wind-flow at 12 km (after Venkiteshwaran, 1950); isovelt in knot*. 
Center: divergence at 12 km in units of fractional outflow per 12 hr; Bellamy's (l949) method. Right: rainfall in inches. 
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(iinTtioii, am! it is soon Imnly .nuliori'd to tlic southern 
t,u.-nf H.T. 

l)iirii\n October aiul Novi'mlxr, .1 rhan^c is .ilso 
Liking ()lart' over lilt' Imliaii [H'tiiusula. 1 liis rapidly 
cools to IHTOIIU- loldcr than the Ha\ of Bengal, and 
isotherms up to at least 12 km reorient parallel to tiu- 
east coast with inaximutn crowding at the head of the 
Hay, Such distribution may account lor the persistent 
upper-level southwesterlies, increasing with height, 
accelerating downstream, and reaching a maximum in 
mid-winter. These meet the jet stream over northeast 
India (tig. 2, left), and the resuiiing vigorous high- 
level "continence," should the theory lie correct, could 
account for the marked increase in velocity of the jet 
stream further east. Namias and ("lapp (PH1)) say: 
"The semipermanent solenoid field between the cold 
Asiatic continent and the Bay of Bengal and the 
Indian Ocean probably revitalizes the jet stream." 
It seems likely that this continence, always occurring 
in the same restricted area, is a major factor in the 
immovability of the jet-stream axis as far east as 
1S00E. 

Whereas along the southern edge of H.T. the me- 
chanical effect of the mountains locally intensities the 
normal north-south temperature gradient, along the 
northern edge (with air over the mountains probably 
colder than that over the plains) the gradient may be 
destroyed or even reversed, and a minimum rather 
than a maximum of zonal flow may result (fig, 1). 

Direct effeit of the jet on weather.—As has already 
been mentioned, the jet axis coincides with the axis of 
maximum rainfall; for not only do nearly all the extra- 
tropical depressions of the region form along the jet, 
but they also travel for most of their life along it. 
[See tig. 6 and also fig. t of Miller and Mantis (1()47).] 
Miller and Mantis say; "There can be little doubt 
that the topography of the coastal region of Asia is 
intimately related to cydogenesis." In fact, cyclo- 
genesis is more directly related to the position of the 
jet stream, although development is favored in that 

FIG. 3. Mean rainfall (mm) of five undistorled cold-fronts. 
Earliest 30 October, latest 21 April. Dashed line: maximum axis 
of mean cool-season rainfall. 

section of the jet overlying a surface with considerable 
moisture and temperature gradients. 

Over North America, the jet accompanies the polar 
front in its movements north and south; over southern 
Asia and the western Pacific, except at times in April, 
it does not, Moving frontal systems intensify only 
temporarily as they pass through the region of the jet. 
This is well demonstrated in fig. 3, which shows the 
mean rainfalls recorded during the passage of S fast- 
moving undistorted cold-fronts. The selection was 
determined solely by availability of rainfall data and 
the requirement that preceding and succeeding weather 
should be fine. 

Dissolution of the jet.—In March, the Indian penin- 
sula begins to heat and the isotherms trend west-east. 
Although the jet stream maintains its strength along 
the Himalayas, vigorous confluence no longer occurs 
over northeast India; and as the jet weakens over 
China and the western Pacific, rainfall zones become 
less marked. 

During April, the zonal westerlies tend to move 
tiorthward but this is resisted by the mountain effect. 
The jet suddenly disappears and reappears south of 
the ranges, the disappearances becoming increasingly 
frequent and prolonged as the season advances (fig. 1). 
Each successive disappearance coincides with a surge 
northward of the summer monsoon (Yin, 1949). 
Finally the jet ceases to exist, and summer conditions 
prevail throughout the region. 

The sudden and permanent establishment of the jet 
by November, in contrast to its comings and goings 
in April, make the weather of autumn much more 
stable and predictable than spring weather. In Hong 
Kong, in November, only stratiform clouds are ob- 
served, and precipitation accompanying cold fronts is 
insignificant. In April, however, stratus alternates with 
cumulonimbus, and cold fronts may produce anything 
from light drizzle to severe thunderstorms. 

In India, for a great many years, there has been 
intense research on seasonal forecasting. Some of the 
factors found significant fit well in the above theory. 
Banerji (1950) states: "The westerly current over 
Northern India . . . makes its appearance at the 
higher levels even as early as the close of September 
and the beginning of October. . . . The strength of 
these westerly winds over Agra in the later half of 
September and the first fortnight of October (gives) a 
good indication of the coming intensity of the winter 
rains. . . . This factor has a correlation coefficient of 
0.48 with January to March precipitation in northwest 
India." Again, "The first among the factors useful for 
the prediction of Indian rainfall was discovered about 
sixty years ago when it was observed that some great 
droughts in India appeared to be preceded by excessive 
winter or spring snowfalls on the mountains to the 
North and Northwest of India. This is to say, excessive 
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snowfall on the I limalayas h.is on the siihw(|in-iit i ,iiii- 
fall .111 advi-rsf ctlri i which I.M^ for as Iniii; •l>- l"1" 
months," 

3. Subsidence south of the jet-stream 

Widt'spri'Uti sul)si(|cn( c (»uurs almusi i \ii\\\iurt' 
south of the jet strram. I in- explanation ^m-u Im IIM- 

condition in North Aincrii i (i IIIMI-IIX O| I lu ..LI'. 

1947) is that part ol thf air in thf in ixinium \u M-\\ iiiil 
belt is llnnn soutli\\anl, slll)siilc'> aiui thin ninvi' 
northward towatds the polar Iroiil   ii low 1'M N 

Over our region, suhsulcnce is hotii mun   iniftiM' 
and more lonlincd than over North Anifriia   Nmiital 
subsidence south of the jet stream occurs over nmtii- 
west India, hut over northeast India .iml Hurni.i juxta 
position of jet stream and convergent  ujiper sdiiih 
westerlies seems   to   icsult   in   nuuli   more   xi^cirous 
sul)si(lence downstream Mi^   2).   1 In  IAII>N nl ,iir   ii 
hi^h levels, which can escape neither north imr south, 
must subside downstream in a zone with rather ri^id 
latitudinal limitations, 

That the southwesterli.'s contribute potently t( sub- 
sidence is substantiated b> the 1 lon^ Koni: soundings 
There, on 90 per cent of mid-winter d.ivs, strong sni)- 
sidence inversions usualh' extendtnjj from H(M) 70(1 nib 
up to 3(KI mb are observed (%■ 4). Since little more 
than 10 per cent of the winds at either 2<>n nr M\0 nib 
are from directions north of west, the southwesterlies 
rather than the jet stream are a much more probable 
source. This is supported by the following 

First, siihsideiicc is niDst persistent in mkl-winter. »hen the 
Hay of HtiiK.'l soutbwesterlies .ire slrniiuvst. In SiivemlM-r .mil 
April, though wimls frcim nnrtli of »< ^1 arr nmt,- frii|i|. •, -nl. 
suit int-(Kcurs less oftfn itiy,. 4i, 

Second, ilistances bclwitMi isi'iilriijiii I.IMI- nw llmin Kntin 
are less than near the jet stream I K.ipi-liim.i . Siiue. tm curi- 
sp<in(liiiK points in the liiileil Stales the rever«e i- tmr, I'.ilmeii 
and Newton (I'MKi »ere forced to postiiiile a SOUMII id.il i in n 
lation exteiidiiiR south from ihr jet »trrain lli.it -IN h an expla- 
nation is not needed for HO'.Y Knuy may indicate that the 
meridional circulation associated with the jet stream - ranlv 
effective there 

The region of strong subsidence is usually confined 
between 170.\ and 240N, and 'Ml0!' and l,S()0r, I itn- 
per.itures in the southern part, between the upper 
surface of the northeast monsoon and MH) nib, are 
markedly warmer th in those further south  Thus the 

4, Wind roses at 200 ml) and percentage frcij 
subsidence inversions at Hong Kong (.! year 

In. 5 Surface and up)HM wind oliscrvalioiis made by M,M,\.S 
SviiMV on p.i -,i^e l.iiuein llon^; Kong and Singapore from 
0700 (id <> |e|,ri,.,i\ to 1200 (XT 12 Kebruary l'^2 (Wind- 
in knot-; fur!, is 111 kn, soli,! triangle .SO kn ) 

subtropical ridge is well delined, lies north of its normal 

latitude and, as Vel 1105(1) lias pointed out for the 

( .inlMii-M.inila (inss section, has ,i rie.irh' vertical 

axis. li^. 5, which is typical of the region south of 

lloni; Kong, shows such a distribution; examination 

indicates thai along HOT. a similar distribution pre- 

vails. On the other hand, mean cross-sections along 

7(i(T. Crhaudhurv, 1950) and 7X°|', (Wnkiteshwaran, 

1950), ami sample cross-sections along about 17U0F,, 
all show the subtropical ridge in normal latitudes with 
normal slope 

Over the Chin,i Sei. cold fronts on the advancing 
ed^e ol northeast monsoon surges can sometimes lie 
detected as far south as I()"N. They give little pre- 
cipitation in the region of subsidence ih^. j), but may 
intensifx as they pass south of the subtropical ridge. 
I his is well illustrated by serial rawin soundings made 

by M.M..VS, Synsi v on passage betwei n Hong Kong 
and Singapore during February 1952 (fig. 5) At the 
time the ship was leaving port, a weak drv cold-front 
was crossing Hong Kong. The front slowed thereafter, 
and at 0000 (if I" on the UUh the ship passed through 
it just south of the subtropical ridge, recording appre- 
ciable precipitation and medium as well as low clouds, 

4. Tropical storms 

I he only part of the tropics in which winter storms 
are known to form lies in the Northern Hemisphere 
between 7(,0F and 16ü°K. In this region, three distinct 
sub-areas ran be distinguished (fig, 6); two where 
storms form  (east of the  Philippines and southwest 
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I'll. (). t if.^r.ipliiiMl IriMjucni-y i>( fnrmatiim of ilcpressums Value i)f isopk'th at any point rcpresenls mimlicr of cyclones that 
furnuMi within radius of 2 5 den Lit from that point in months November through April, 1W2-,T7, [Incorporating fig ,? of Miller and 
Mantis (l'»47).l 

WAX (it Ik'iigal), .sfpaniU'tl by one where little or no 
«lexflopnu'iit (icctirs. 

China Sen and western I'mifu . -\\U (1950) sui^ests 
that the northward displacement of the subtropical 
rid^e relative to other regions iiia\' account lor the 
formation of winter tropical storms. Certainly, intensi 
subsidence results in a secondary "thermal equator" 
associated with the ridge and favoring formation of 
baroclinic easterlies to the south. These often have 
horizontal cyclonic shear and are ot sulticient latitu- 
dinal extent to allow storms to develop within them. 
Such a distribution between 14° and 9°N is recorded 
in fig. 5. Over the China Sea, however, successive 
surges of the winter monsoon maintain persistent, cool 
dry anticyclonic nortluasterlies below 1.5 km. 1 hus, 
although high-level conditions are favorable, forma- 
tion of tropical storms with thuir intense low-level 
circulations is impossible. 

Hay of Bengal. As mentioned before, the slope and 
location of the subtropical ridge in this area are similar 
lo other parts of the tropics, ml yet the southwestern 
Bay shows a higher frequency of tropical-storm forma- 
tion than anywhere else in the world. Probably due 
to the configuration of the surrounding land-masses, 
a weak semi-permanent trough usually exists below 
?> km over the WAX. while at around 8 km over the 

\\ 

r - r-  -i 1  

•—• WKT MClFIC 

\\ 
•—i W* Of WNSM. 

[^ 
H 

1 1 
• 
xJ 

NOV OCC JAN        Ft» 

Fio, 7. Average monthly frequency of tropical-storm 
developments. 

southern Bay the effect of southwest-northeast iso- 
therm orientation is to produce divergence in the 
easterlies underlying the subtropical ridge. Fig. 7 of 
the paper by (haudhury (1().S()) shows a layer of baro- 
clinity centered near 400 ml) at 150\, 780K. His 
analysis does not extend south of this, but it is possible 
that this layer becomes increasingly baroclinic towards 
the southeast. Rainfall distribution (tig. 2, right) tends 
to confirm this. Such a combination of low-level con- 
vergence ami high-level divergence would make this 
small area a most favorable one for storm formation. 

In fig. 7 are drawn curves of average monthly fre- 
quency of tropical-storm development over the west- 
ern Pacific (from Starbuck, 1051) and the Bay of 
Bengal (from Newnham, 1922). Though for differing 
periods, the curves are remarkably similar, points of 
note being the minimum in February (when surface 
air of polar-continent.d origin extends farthest south) 
and the much higher frequency of storms in .November 
and December than in April. Although sea tempera- 
tures in the latter month are higher, in early winter 

the \\A\ of Bengal southwesterlies are vigorous and 

persistent; but by April they are almost non-existent, 

conditions then more closely resembling those in other 

tropical regions. 

5. Conclusions 

1. Over «southern Asia and the western I'arific, the general- 
circulation patterns aloft during the cool season, and their asso- 
ciated weather distributions, are remarkably stable. Mean con- 
ditions are very similar to actual condilions on a high proportion 
of days. 

2. A possible reason for this stability is found in the topog- 
raphy of the region, the great Himalayan-Tibetan massif and the 
Indian peninsula at first profoundly modifying, and then fixing 
the general pattern. 

V The sudden onset of winter weather with the appearante 
of '.lie jet stream south of the Himalayas, as well as the more 
; -r'liial disappearance of the jet in spring, are explained as effects 
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of Miechaniral  liftiii); at  the mnunlain face and  snow on  the 
plateau. 

4. The comhination of the jit stream ami |> .^i.iti-Hi UPIKT 

southwesterlies over the Hay of Bengal may cause downstream 
suhsidence so vigorc/tis that the subtropical ridK«' is displaced 
northward, and may account for the south-north tfiM|>cr Hure 
gradient observed to the south of it 

5. The resultant deep barocliniv (•asterlit's ovir the »estern 
I'acilic, and high-level divergence assixiated with low-level con- 
vergence over the southwest Hay of Bengal, lend to fa\ "i di'vi lop 
incut of tropical siorins. At low levels over tin- China Sea, 
however, the jxTsistent northeast nionsiHUi fiullifies this clletl. 

6. Kroni the e. Her discussion, it is pos^iMr to visualize the 
moditication impo'-t'd in this region on the normal three-rell 
meridional c iri ilation pattern The central cell is .f limited 
extent, over India and China it covers little more than S deg lat, 
ami along 90°K much less It o|)crales intermittently, w.th the 
(wssage of depressions along the jet-itream axis, and h.i>- lillle 
direct effect south of 2.i°.\. The ei|u.itorial cell is more vigorous 
than elsewhere and varies little in intensity or position I hrei 
dtinensionally, it resembles one turn of an enormmi-. spiral. 
I'pper-level poleward flow takes place across the n,i\ o| Heiigal 
and Hnrma-Si.im, and sinking occurs in the /one around I'^N' 
from Burma eastward. Lower-level ei|Uatorward flow, preclomi- 
nanlly across the China S<-,i, extends east of tin- Philippines, as 
well. The fre<|uent IMC urrerue of southerly »iiuls U-tween I and 
.< km over llong Kong indicates that s..iiie of the subsiding air 
north of JO'N How* into the central cell 

Atknowledgmtnt.- Thf writer wishes to rwur'l his 
apjjreriation »I the valu.ihl»' oliscrxaliotis tti.tdc \i\ 
I.I. (dr. K. ITIUUSSN atul the radar st.ilT of H.M A S. 
SYDM.Y. 
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THE COOL-SEASON TROPICAL DISTURBANCES OF SOUTHEAST ASIA 

By (,'. S. litimagi' 

Royal Otwmatory, HOIIK Kon^ ' 

(OriRinal mamiscrii)! roccivi-d 17 M.iv 1954; revised nuimscript reifived 1.5 AiiKUst 1().S4) 

ABSTRACT 

During the ((ml -icisoii (Nivvomlior through April), twn types of tropical disturbance«XMsionally briun 
r.iin to ,i norTii.dlv drv part of southeast Asia. The area, ( uclosed approximately between l.S'N and 25'\, 
and 95 K and 120 I'., iru hides south China and the northern portions of Indo-C'lrina and Thailand. 

In early winter, tropical storms or eastcrh waves, moving westward to the south of the subtropical 
riil^e, may cause sufficient convergence north cf the ruiuc to ni\e rain. 

In I,ill' winter and spring, tropical troughs in the hiv;h-level (above 400 mb) southwesterlies cross southern 
India Moving eastward, they link in the region ol Hurnia with the low-latitude polar westerlies further 
north, then intensify and become stationary over the Thailand Indo-China region. 1'ast of the trough line, 
disturbances with cttensive rain areas develop on the China Sea polar front. 

1. Introduction 

In an iMtiicr article (Ramagc, 1052), an analysis 
was made of the relationship of the general circulation 
to normal weather for the rool season (.November 
through April) over southern Asia and the western 
Pacific. Because of great persistence of the high-level 
pattern, well-defined wet and dry areas can he de- 
lineated. Over an area of about 106 mi2, enclosed ap- 
proximately between 150\ and 250.N, and 050IC and 
120°K (tig. 1), tropospheric How above 4(0 mb is 
usually strongly convergent, in compensation, air sub- 
sides vigorously through the middle troposphere in 
this area, and rain is inhibited. 

On occasion, subsidence ceases and the area experi- 
ences considerable rain. This can occur during tropical- 
storm or easterly-wave situations, or when a  'tropical 

1 This work was completed at the University of Chicago during 
tenure of a Commonwealth Fund Fellowship. 

trough" moves into the area and intensifies. Ensuing 
sections of this article contain examples of these situa- 
tions as well as tentative explanations and suggestions 
on forecasting procedure. 

2. Data 

I'. S. Weather Bureau northern-hemisphere sea- 
level and 500-mb charts and synoptic tabulations com- 
prised the basic material for the initial synoptic classi- 
fication, which was made for the 1949-1950 and 1950- 
1951 cool seasons. Detail was provided by 6-hourly 
surface and upper-level charts for the Far Hast, plotted 
and analyzed at Hong Kong, and by aircraft post- 
flight reports. Extensive use was made of synoptic 
and rainfall data published by the national weather 
services of India, Thailand, Indo-China and Malaya. 
Observations from China are lacking for these years; 
but Chinese surface observations for the years 1929 

IG KONGV/ 

KOREA   J^yb&iSMU 

/ 

JS^IMSTR« 

K 80 90 100 no i^O rJQ 140 

Tio. 1. Map showing places mentioned. Dashed line is 10,000-ft contour of land topography. 
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and 1935, and published data and analyses for 1937 
(Air Ministry, Meteorological Office, 1943), helped 
complete the picture. 

Heterogeneity of material has made impossilile uni- 
form presentation in the examples. A working rule 
has been to reproduce 300-mh analyses if feasible, or 
otherwise 700-mh or surface analyses which (an be 
supplemented by time sections. 

In the examples, normal plot I inu proc cd nre has been 
followed. Winds are in knots, one full barb mein .itii,^; 
10 kn, a triangle 50 kn. On the time sc( turns, isolines 
of 24dir changes in the heights ul isobarii surfaces 
are drawn from difTerences plotted in the middle of 
the interval over which the change was mcasureil 
(I.op^z, 1948;. Oenerally speaking, this ensures that 
zero isolincs coincide more closely with trough or ridge 
positions as given by wind shifts than would be the 
case if changes were plotted at either end of the 2-1-hr 
interval. \ allies of isolines and contours on the time 
sections and constant-pressure charts are given in 
hundreds of feet, (harts show the position of surface 
fronts and, by means of stippling, areas in which rain 
was observed in the 24 hr previous to (hart time. 
Where possible, the upper limit of air with relative 
humidity above 50 per cent is shown on the time 
sections, to give an indication of moisture distribution. 

3. Tropical storms and easterly waves 

By November, typical winter flow-patterns have 
been established over south and southeast Asi.i 
(Ramage, 1952). In most parts of the world, during 
winter, the subtropical ridge slopes equatorward with 
height and usually reaches to within 10 to 12 deg lat 
of the equator in the high troposphere. Over the China 
Sea and the Philippines, however, the ridge axis above 
700 mb is almost vertic.il and is found between 15 and 
17°.\. South of the ridge, in the region of deep easterly 
flow, disturbances typical of summer continue to be 
observed. Tropical storms or typhoons may persist 
there for several days, usually dissipating when a 
strong monsoon surge feeds cold, dry surface air into 
the circulation. Waves in the easterlies are not un- 
common. They propagate slowly westward, with low- 
level divergence and fine weather ahead, and low-level 
convergence and precipitation behind (Dunn, 1940). 
North of the vertical ridge axis, the monsoon is over- 
lain by polar westerlies. Any effect that tropical storms 

or easterly waves have on regions to the north is lim- 

ited to the lowest layers. Nevertheless, they often 

cause sufficient convergence in the relatively shallow 

easterlies to the north to produce rain even as far 

away as south China. 

Riehl and Shafer (1944) show that superposition on 

a wave in the easterlies of a trough in the polar wester- 

lies often results in mutual intensification. Certainly 

TAHI i   1   Trfipical-stdrm il.iv^ over the China Sea 
(1HK4  1X%, IWS  I'm and im  l()47). 

M,, Month: N.iv, I Kr Jan. Ffb 

Days: ')<) 18 .? 1 

Apr. 

when ibis is observed over south China more rain is 
experienced than would be expected from either dis- 
turbance alone. 

Monthly variation. \ tropical-storm dav is defined, 
for present purposes, as a da\ when a tropical storm 
is centered oxer the China Sea between 15r'.\ and 
25 N and west ol UOT,. Table 1 lists the monthly 
int.ils of tropical-storm days for a 50-yr period. From 
November through Februarv, the subtropical ridge 
aloft shifts onlv slightly southward. Thus, conditions 
in the middle and high troposphere, south of the ridge, 
star favorable for tropical-storm development. How- 
ever, as the season advances, surges of the winter 
monsoon extend farther southward, making surface 
i onditions more and more unfavorable to storm devel- 
opment or persistence. In March and April, the sub- 
tropical ridge aloft is frequently displaced soutn of its 
normal winter position. Then the belt of deep easterlies 
extends insufficiently far north from the equator to 
allow development of major circulators' systems. East- 
erly waves are relatively more common than storms 
in mid-winter, but they seldom produce rain in the 
region of extremely shallow low-level easterlies north 
of the subtropical ridge aloft. 

Example, 2 to 5 January 1951 [figs. 2 to 6).—On 
30 December \()r'), a typhoon crossed southern Luzon 
fin a west-northwest trick. Weakening, which began 
at this stage, continued when the storm moved out 
across the China Sea, as surface monsoon air was in- 
jected into the system. By 1200 C.CT 2 January 1951 
(fig. 2), onlv a vestige of the circulation remained; 
winds near the center did not exceed 25 kn, and pres- 
sure rose over the China Se.i as a fresh surge of the 

Fie. 2. Surfare isoliaric chart for 1200 GCT 2 January 1951. 
Daily positions of depression center are shown at 0000 GCT. 
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I'u,. v lliiuu Kmiv; nirti'nrcn^r.ini tnnn l-HO ('.('1' 1 j.imi.iry 
I'l^l t.i l.:i>(i(,( 1 < J.iiiu.ny ('»SI. ['ri-sMin'is .uijusti'ii for li- 
mn il \.iii.iliiHI  K.iiiilall .iniiuiiils .ire plcitti'i) fur IKMilly inters,i!s. 

nKHisdoii ln'i;,iii in atlVit tlu1 iirea. Dcwpilc tlu- weak- 
iu'>s dl tlic (iniil.ii ion, ,i tniUKli extending north from 
tiic (CHUT, willi i h.ir.u lenMics of an easterly wave, 
was suttinentK arti\e to give rain at I'ratas on tlio 
.Ust ami l>t. I'atlie, l\iiiv; just south of the depression 
traik, recorded 2() nun of i.iin; and line, where the 
disturliauee entered the Indo-Ciiiiia roast, recorded 
10 nun. 

The ilinig Kong surface ohservaliims (fig. i) dearly 
show westw.ird passage of the easterly trough. Direc- 
tion of low-cloud movement changed from northeast 
to east between 201)0 and 2100 CCT on the 2iid, 2 hr 
after minimum pressure was recorded. Shortly there- 
after, measuralile precipitation set in. The passage 
was accompanied by a veering of northeasterly winds 
below 80Ü mb and a pressure-height minimum (fig. 4). 

Simultaneously with the easterly trough, a well- 
marked trough in the polar westerlies was approaching 
Hong Kong from the west, its passage at the station 
is represented in fig. 4 by the portion of the zero isoline 
of pressure-height change above 800 mb. This isoline, 
and the layer of maximum wind veer in the westerlies 
from 800 to 650 mb between the 2nd and 3rd, indicate 
that by 0000 (iCT on the 3rd the trough line lay over 
Hong Kong at about 630 mb. As is general in this 

290 

280 

Fie,. 5. HOUR Kong radiosonde soundings for 0000 GCT 2 
January 1951 (full line) and OOuO GCT .? lanuary 1051 (dashed 
line). 

region, where normal high-level flow is from west- 
southwest rather than west, the trough passage pro- 
duced a wind shift from south-southwest to southwest 
in the middle troposphere and from southwest to west 
in the high troposphere. Rain started as fhe trough 
in the upper troposphere was still approaching, and 
ceased with its passage at approximately 0Q00 GCT 

on the 3rd. 
At Hong Kong in the lowest 100 to 150 mb, between 

the 2nd and 3rd (fig. 5), temperatures fell an average 
of 3C and humidity increased. The surface dew-point 
at Hong Kong is very sensitive to advective tempera- 
ture changes, and since it stayed steady (fig. 3) there 
could have been little intrusion of colder air from the 

1 2 5 « 5 

FIG. 1. H'niR KOHR time-section for 1 to 5 January 1051. 

»o 
Fio. 6. Hodograph plot of Hong Kong rawin soundings for 

0000 GCT 2 January 1051 (full line) and 0000 GCT 3 January 
1051 (dashed line). Pressure-levels are shown in hundreds of 
millibars. 
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north. The changes could have been due to ascent, for 
lifting of the surface air present on the 2ii(! would 
have resulted in predominantly moist-adiahatic cool- 
ing (dotted line A, fig. 5) and in an average tempera- 
ture in the layer close to that observed on the 3rd. 

Above the friction layer, temperature changes from 
the 2nd to the 3rd (fig. 5) were in accord with the 
westerly trough passage, but were inverse to what 
would be deduced from a geostrophic holograph cal- 
culation (tig. 6). The hodograph indicates that, at 
0000 G('T on the 2nd, warm air was advecling up to 
450 ml). Since no geostrophic cold-air advection was 
present in this layer 24 hr later, an assumption that 
warm-air advection continued for tiie first 12 lir of the 
period leads to the conclusion that a temperature rise 
of at least 2C should have occurred. In fact, a fall of 
2C was observed. Thus, any explanation of the change 
in temperature and in particular of the increased depth 
of the moist layer must take account of vertical mo- 
tion, if non-geostrophic horizontal advection may be 
regarded as small. It can be seen from the dotted line 
B in fig. 5 that, were air from the top of the moist 
layer (700 nib) on the 2iui raised without entrainment, 
condensation would soon occur. Then, as cooling pro- 
ceeded at the moist-adiabatic lapse rate, the air would 
arrive at 550 mb possessing the properties of the top 
of the moist layer on the 3rd (although containing 
slightly more moisture). For the 24-hr period, this 
gives a mean rate of ascent of about 1.5 cm/sec, which 
corresponds to mean convergence of only 0.5 X 10 5 

sec"1 in the layer beneath. On the other hand, one 
may assume warm-air advection did result in a 2C 
rise in temperature before lifting started. In this case, 
the air would have ascended as shown by dotted line C 
in fig. 5, and between 550 and 500 mb would have 
reached the same temperature as observed on the 3rd 
in this layer. One concludes that ascent of air above 
700 mb, with or without some prior warm advection, 
can account for the temperature and moisture changes. 

Since the air possessed no latent instability, lifting 
must have been continuously applied. The moist layer 
not only increased in depth by at least 160 mb, but 
penetrated 70 mb above the freezing level. It is thus 
possible that ice-crystal nucleation materially assisted 
the subsequent development of rain. The stable nature 
of the lifting process is reflected in the layer-type 
clouds and the steady rain (fig. 3). Frontal lifting 
cannot be postulated to explain the observed changes, 
because humidity tended to decrease rather than in- 
crease through the inversion located between 920 and 
880 mb. 

Ascending motions, as deduced in the preceding 
discussion, can be related to the coincidence of two 
factors acting to produce convergence in the lower 
troposphere: 

1. The tropical disturbance to the south. Since mid- 
December, a relatively steady monsoon current had 
dominated south China and the northern part of the 
riiina Sea (fig. 2). This current, part (A the circulation 
around the continental anticyclone, was of completely 
different origin from the ml' air moving around the 
disturbance. Tropical air in the easterly trough never 
extended north of 20c\'. However, the trough induced 
sufficient distortion in the easterly flow below 800 mb 
over south China   ippreciably to affect the weather 
liiert'. 

2. The trough in the westerlies. If normal distribu- 
tion of convergence and divergence with respect to 
the trough line is assumed, high-level divergence over- 
laid low-level convergence as the trough approached 
Hong Kong. Ascent ahead of the westerly trough coin- 
cided at Hong Kong with ascent in rear of the easterly 
trough. Hence, moist air reached a greater depth than 
would have been possible had this coincidence not 
occurred. Although the disturbances together pro- 
duced considerable rain, separately they may have 
given little or none. The example furnishes some in- 
sight into the means by which "superposition" brings 
about an increase in the depth of the moist layer, and, 
in many cases, an amplitude increase in the superposed 
disturbances. 

By the 4th, weather had improved at HongKong. 
The easterly trough was no longer effective, and sub- 
sident warming behind the trough in the westerlies 
had rapidlv depressed the top of the moist layer 
(fig. 4). 

Forecasting.—Throughout the cool season, low-level 
flow across the China Sea has a dual character. In 
the north, it forms part of the circulation around the 
continental anticyclone; in the south, it is part of the 
deep easterly stream of mT air south of the subtropical 
ridge. In the south, weather is typically fine ahead of 
an easterly wave and unsettled to the rear; but in the 
north, particularly if a disturbance in the polar wester- 
lies is present, weather may become unsettled some 
distance ahead of the trough line and worsen somewhat 
after its passage. 

Over the China Sea, the subtropical ridge aloft 
seldom possesses a marked cellular structure, and 
storms moving westward on its southern side normally 
do not recurve. Should they do so, weakening is so 
rapid that there is little chance of their retaining de- 
structive winds north of the ridge. Because of the 
generally steady movement of storms and waves, ex- 
trapolation based on previous track gives adequate 
results. However, storms in December or January may 
have their westward progress across the China Sea 
suddenly checked by a surge of the northeast monsoon. 
Movement is then slow and erratic, and filling often 
ensues. 
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4. The tropical trough 

In tlu' iiiul MMSun, tsvo ^it.ii .HI--I iciniN (luminati' 
llii' II|I|IIT ln»|His[)lu'iv civtT Miutli ,uul suutluMsl Asi.i 
(\ fiikiti^hw.ir.in, I'lSn ; KotcswaiMiu r/ a/, I^S,?), Oiu1 

sliiMin, til lovv-Ialiliult' |uil.ii" ursi'ilics, sknts tin- 
sdiillifin inn i>l tin- 1 liin.il.iv ,is, tlli'll sweeps e.isl- 
luirlhi'ast ,u russ central ( hina aiul [apan. I lie «tlu-r 
stieam i|)|iears In lie equalciial ill origin. It flows 
Irnni the sdiithwesl or uesl-scuMliwesI aeross soullu'in 
India ami the l?a\ nt Hcn^al, ami llieil with little 
at c v-lei at um across soiilli (lima ami the l.uoihoos. 
Ilie two streams euiiveri;e over the northern portions 

ol liunua, IhaiLiiul ami imlo-t hina, ami over south 
( iliiia. It has Ween su^eMed (Kamage, iy52) that the 
cool-season aridity ni these eountries res, is trom eoin- 
peusatiiij^ sulisideme anil low-level iliver^t'iue beneath 
the upper eonver^eiiee. 

[•\. 7 lor (WOO (.( T 21 March 195.^ typifies the 
normal three-ilimensional ilistriluitkvu of temperature 
ami wind prevailing over India and the Uay of Bengal 
during winter. These charts show that both contour 
ami thickness patterns above and below 500 ml) differ 
markedly. The trough near (M)0K is in the same posi- 
tion as a mean trough in the low-latitude polar wester- 
lies (kamanathan and Kamakrishnan, 1937), which 
Yin i I'M') i considers to be a rellection ol the south- 
ward bulge of the Himalayas. Since the trough has a 
nearly verticil axis and dies out with height, it is hard 

lo connect it with existence of the upper southwester- 
lies. The south westerlies, at least in the Indian region, 
seem to be a phenomenon ol the high troposphere, 
apparently independeiu of low-level temperature dis- 
tribution or of surface topography. Over southern 
India, the lower boundary ol the southwesterlies lies 
near 400 mh. Wind directions at that level are ex- 
tremely variable (//. fig. 14), alternating rapidly be- 
tween southwest and dir (lions similar to those at 
lower levels. 

Appearance of the tropival trough. An adequate ex- 
planation lor the existence and maintenance of the 
high-tropospheric southwesterlies is lacking. However, 
an attempt will be made to describe their occasional 
abrupt breakdowns, which profoundly affect the 
weather of tropical southeast Asia. Breakdown occurs 
when a trough, which may have been stationary or 
have developed over the observalionally blank Arabian 
Sea, moves eastward. Designated henceforth as a 

''tropical trough," its eastward movement across 

southern India can be traced by the change in high- 

level winds. Above 500 ml), there is a sharp veer from 

southwest to northwest. At this time the trough is too 

weak to have an appreciable effect either on wind or 

on the distribution of divergence below 500 mb, and 

weather remains fair. The trough continues eastward 

in the southwesterly stream. When it reaches the 

region of the orographical trough near 90oE, the two 

H     ^. 

O^v TV  

FIG. 7. Charts for 0000 GCT 21 March 195.?. Tup, left to right: 900-ml) contours; 900- to "00-mb thickness; 700-mb contours; 
700- to 500-mb thickness. Bottom, left to right: 500-nib contours; 500- to ,300-mb thickness; 300-mb contours, winds at 400mb 
indicated by dashed arrows. 
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troughs seem to link. After the junction, the tropical 
trough is no long« ccifined to the relatively homo- 
geneous southwesterlie». It receives an inllux of colder 
air from the low-latitude polar westerlies and deepens. 
More important, as a result of this linkage it becomes 
part of the great system ol westerly winds sweeping 
across north Africa and Arabia and to the south of 
the Asiatic mountain mass. 

Intensification and slowing of thr trough. As the 
tropical trough progresses, it usually intensilies. Ahead 
of the trough line, increased low-level convergence 
gives rain to Thailand and Indo-China. In almost all 
cases considered, the tropical trough intensitied about 
two days after trough intensification in the Asia M innr- 
Iran region, and about one day after strengtiiening of 
the high-level ridge over India. Such a sequence of 
events suggests that some form of downstream energy 
dispersion, similar to the process outlined In Rossby 
(1945), might have taken pi,ice. 

Once over I'hailand or lndo-( hina, a tropical trough 
may remain stationary for a week or more. The reason 
for this may lie in the long-wave pattern of the low- 
latitude polar westerlies. A chart of the mean SOO-mb 
topography for the northern hemisphere w inter iScher- 
hag, 1948) shows a trough in the polar westerlies in 
the Asia Minor region, which others (Bolin, 1950; 
Sutcliffe, 1051) have concluded from orographical and 
thermal considerations is a favored location for a 
long-wave trough. It may be that Thailand or Indo- 
China lie downstream from Asia Minor a distance 
which usually approximates the stationary wavelength 
of long-wave troughs along about latitude 20o.\. Were 
this so, a tropical trough, once linked with the low- 
latitude polar westerlies over the hav of Bengal when 
a long-wave trough lay across Asia Minor, would 
begin to slow. Recognized authorities (llanrwitz, 
1940; Petterssen, 1952) disagree on the correct for- 
mula for determination of stationary wavelength in a 
current ol finite width Consequently, there is no point 
at this stage in trying to check the above conclusion 
by calculation. 

When the tropical trough has become stationary 
over Thailand or Indo-China, the subtropical ridge is 
displaced 5 deg lat or more south of its usual position, 
and the polar front across the China Sea is activated. 
Disturbances with considerable rain areas extending 
to the north move east-northeast along the front, and 
often develop into closed surface circulations near the 
southern Loochoos. This activity results from the 
tropical trough's behavior as any deep, cold trough in 
the westerlies, with high-level divergence and low- 
level convergence east of the trough line. West of the 

trough line, fine weather and some surface anticydo- 

genesis result from the high-level convergence and low- 

level divergence. 

Weakening and dissipation of the trough.—First sign 

of the eventual dissipation of the tropical trough comes 
with re-appearance ol the upper southwesterlies over 
southern India. Spreading northeast, they re-establish, 
with the low-latitude polar w sterlies, the normal pat- 
tern of high-level convergence in the region of the 
tropical trough. The trough weakens, and the sub- 
tropical rid^r moves northward, presumably because 
high-level divergence east oi the trough line decreases. 

I he polai front i^ also displaced north, and the dis- 
turbance track then lies across south ("hina. Coastal 
areas to the south experience humid, cloudy weather 
Imi little rain. The trough usually dissipates in situ, 
altlionuli it ma\ sometimes move eastward if the low- 
latitude portion of an Asia Minor trough has already 
started east. The subtropical ridge moves north to its 
usual latitude, and weather returns to normal. 

Monthly variation. This sit nation occurs froiti three 
to six times in a cool season, but has not been observed 
to develop much before mid-January. I'rom then on, 
it is increasingly common, being the major rain pro- 
ducer lor the dry belt in March and April. The 
monthly variation in occurrence probably results from 
increasingly frequent breakdowns in the upper south- 
westerlies to the south and west of India as the season 
advances. The reason for this is not known. 

Example, 21 March to 3 April 10\1 (figs. 7 to IS).2 

At the start of the period, the upper southwesterlies 
broke  down   as   a   tropical   trough   moved   eastward 
across southern India. The trough became superposed 

2 Over smith and southeast Asia, pressure-heiKht date» are 
seldom sufficiently accurate or dense to enable definitive pressure- 
rontour analyses to he made. Kxcept for 21 March, this was true 
in the period of the example. Both contour and streamline analy- 
ses were made, and inconsistencies between them reduced to a 
minimum. The streamlines have been reproduced, since they 
(live a more adequate Idea of flow, especially south of 15°N. 
Data were iusuflicient to allow constnu lion of charts at the 
MV) mb-levei over the whole area. The time discrepancy between 
the fOO- and 70()-mb charts is accounted for by the fact that 
observations over India are most lre(|iient at (WOO GCT, but over 
the rest of the area between OOOO and fHOO GCT. Lack of data 
prevented delineation of ram areas south ol I0°N and over China. 

TO 80 90 

Fie. 8. 300-mb flow chart for 0900 GCT 23 March 1953. 
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on a disturhanre in the equatorial tastirlics over the    rain developed. The salient features of the situation 
Hay of Bengal, It had intensified liy the time it reached     are grouped under separate headings: 
Thailand, and at the same time the subtropual ridge 
had weakened. Over Indo-China, the tropical trough 
absorbed a trough which had previoush retrograded 
near Hong Kong and soon became stationary off the 
Indo-China coast. Kast of the trough line, depressions 
lormed on the China Sea polar front, and widespread 

The upper southwesterlies.On 21 March 1953 (fig. 7, 
bottom right), the southwesterlies dominated southern 
India and the Bay of Bengal, and converged with the 
polar westerlies further north. The convergence zone 
lay above the low-level subtropical ridge. By the 23rd 
(tig. H), .i tropical trough had begun completely to 

t-'io. <) Omrts for 2.S March lOS.V Led : WO mh flow fur 0000 GCT. Riv;ht : 700-mb flow fur 0000 0.W0 OCT. Double lines show trough 
positions at .(00 ml), with tropical trough lyiiiK across Hay of rtengal. Dashed arrows show 48-hr movement of centers. 

Fu.. 10. Same as fig. 0, but for 27 March lO.S.t. Tropical trough lies across Indo-China. 

to 10 JO 140 

FK;. II. Same as fig. 9, but for 2*/ March 195.V Tropical trough lies across western part of China Sea. 
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disrupt the flow, which gave way to an antiryc lotiic 
circulation west of the trough line. Not until the 2'Hh 
did the southwesterlies reappear over southern India 
(fig. 11, left). They then extended steadily northeast, 
the chart for 2 April 19.S3 (fig. U, left) showing them 
once more rc-estaldished in their usual area 

The tropical trough. The trough which moved east 
ward from the Arabian Sea on the 2.Vd (fi^; 8) atTected 
winds only above 500 ml) over southern Imii.i Mi^   14 
It gave rain  neither over  India  ii'ir  ,it   l'ort   Blair, 
which it passed at 1200 (".(T 25 Man h I9.v? ilii;   15 
On the 26th at l'ort Blair, northerh  wind- Ireshened 
and spread to lower levels, indicating that the trough 
had |)rol)al)l\■ linked with the low-laliludf westerlies 
to the north. By the 27th, extensive rain over Thailand 
and  Indo-China  (fig.  10, right), and presMire-height 
falls and  lowering of the  base of  the  westerlies  at 
Saigon (fig. 16), indicated intensification of the trough 
It was now moving only slowly eastward. The trough 
line, accompanied by a veer in wind throughoul  the 
troposphere, passed east  of Hong  Kong on the 27tli 
(fig.  17).J At Saigon, its passage early on the 28th 

•The radiosonde sounding at Hong Kong tar (MKH) (■ T 27 
March 195.1 appears dcdrlivc almvc 5'H) mli, reconling iiii|imli- 
ably high  tctliporature!.  (- 4-l(' at  2(H) mli).  Kroni lln   «ind-, 

produced a wind veer in the middle troposphere. 
Above 400 mb however, winds backed, then swung to 
east It seems that retrogression and possible dissipa- 
tion occurred in the upper troposphere there. After 
the 27ili, the tropical trough -topped moving east and 
retrograded west of Hong Kong In-low 650 mb (fig. 
1 7 i. Then it stopped again and, sloping eastward with 

height, lav oriented southwest-northeast from east of 

eastern Indo-China to the vicinity ot Hong Kong. 

Last of the trough line, the subsidence inversion dis- 

appeared. WeM of the trough line, there was subsi- 
dence and line «vealher. \t Saigon, slackening of the 

kvesterly How dig. 16 signified that on the 2''ih the 

trough was beginning to weaken. Weakening contin- 
ued as the- upper southwesterlies spread northward 

IIHI the normal pattern ol high-level convergence was 

restored (fig. M. left). The trough finally passed east 

of Hong Kong on the 2nd, and weather there cleared 

itigs. 1 7 and 18,). 

the gcostrophk advective ti-mjwr.iiiirr change between tin- -''iili 
and ^7lh was coniputed. Ihr It-nilH-ratnres so derived arc innir- 
[■•irali-d in the isolmes of oressiire-heiKht change in h^. 17. Siure 
no aiioiint was taken ot letnperature change due to vertical 
motion, il i- probable the trough was more sharply defined than 
shown. 

Ftc. 12. Same as fV. 9, but for U March 1953.  Tropical trough lies across western part of China Sea. 

Flo. 1,1. Same as fig. 9, but fo.' 2 April 195.1.  Tropical trough lies across central China Sea. 
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i _-L_       _l L  

^^ .'S 24 z*i .'t, 

11,.n Ini   I'l In ,'(, M.urli  l')5f. 

IliuTuv transmission On tlif J4ih. sajviTjiosiiion ol 
low- .miI iniilillc-l.uluuji' iroii^lis on MI icd .ilnii^ 50°II. 
K\ tlir .'Mil, tin- luv;h-lr\cl riii^i'uwi nnritii'in Imlia 
ti.ul liuilt up. I lie liillnw mi; (lav, ilcvfliiiuiU'iit ot .in 
exU'iisiw rain area tM>t ot the tropita! trough liiu- 
(tii;. lit, rii^in iiuiiiatcil markvii intfiisituMtion. This 
scquciuc ran lie artounti'ii for liv ilnwnstrt'aiii enorny 
ilisp.i>iiMi. n-siihin^ Invin troiluli iiilcnsitu ation over 
Asia Minor ilue to siipvr(«)sition. I he (iispvrsion rate 
ol 20 df); lon^ pi'r ila\ apices will w ilh tli it caliulated 
troin the fonnnla loi 25 N iKossln , I'M?),«,, «|-1.7 
(/,■ ,U)()i, where (•„ v;roii|i veloeitv, it speed of 
li.isic zoiiitl (iirreiii, /, - waveleii^th of lonn waves, 
mil the (listattce ne.Msnreineiil is in decrees longitude. 
Over western India, persistent soutliwesterlies .n ,^00 

nili, ovcrKinv; .i stationary depression (IIKS- 11 and 
12 i, indicated the trough along 5l)0i" was stationary 
and vigorous. On the 31st, the low-latitude portion of 
the western trough began moving across India (tig. 
12, lift). It was weakening and soon became insignifi- 
cant as an energy source. 

The trough in the polar westerlies. On the 21st, a 
weak trough in the low latitude westerlies was moving 
east across northern India (tig. 7, bottom right). The 
southern end of the trough crossed l'ort Blair at about 
2100 (".IT 23 March l1),^ (tig. IS), causing a wind 
shift above 500 mb but giving no rain. By the 2^\.\\, 
after moving eastw.ird at about 25 kn, the trough was 

Hearing ilong Kong. Pressure-heights there (fig. 17) 

tirst fell and then began to rise, although winds did 

not veer. The trough presumably had reached the zone 

of stable wavelength relative to the Asia Minor trough, 

and retrograded. It was probably absorbed later, over 

Indo-China, by the approaching tropical trough. 

The subtropical ridge. On the 21st, the subtropical 

ridge at 700 mb lay along 1() to 20oN, showing negli- 

gible cellular structure. By the 25th (fig. (), right), it 

had broken down into cells over India and east of the 

BOO 

■»OO 

1000 

N 

T»~H     T»-l\     \J       J 

\    /-,-  rr r r   ^-^^  ^   ^   .., „, 

_L. _1_ _!_ X _1_ ^i_ -J_ ^- _L. 

FlC IS. Port Blair timi'-section for H March to .? April 195,1, 

ZA !•> 21, 21 29 29 SO 51 I J 5 

FIG, 16, Saigon time-section fur 24 M.irrh to 4 April 1954, 
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*        ■   *■ v> 

■ » k* k fc 

\ 

I'M.. 17. Hun.' K- i.- IMI.. \1 in ii ■ ■ ;   \iiiii l1)^ 

I'llilippiilfs,  The  iflls  IIIDM-II  ■.niilliw .nil  .ili'l  -luiiul, w.-tu.il'l   |ilivri--  u.i-  miii MI| it'il   ^CMIIIKM-I   ol   the 

as llie tropir.il trou.uli intnisidcil. !• ir-"! sii;n n| n r d-, crv AIHI.IMI.UI-    I IH-II' ilir irninril  irmiv;!). nunini: cist- 

is tniniil ill t llr S.iitMin 1 illH-M-i 1 inn   il'u    I 'i ■    Al S.ii^nii. w   IKI  1.1 I In- i ' ■] I li.  !rlli|H i; .II ||\   I iccmic MiptTpn^'d OH 

tile pri'SSlin'-lH'i^hl riM'S .iltovr -lOH mli, -l.n I m^ mi I In tllf In«    Si li-lvt hi-nin^ nl  1 lir m HI hr.i-I  w illils .llnft .It 

2Xtl), loulil  haw  Inen  i .ni'-cil  li\   w i.ikr niiu: nl   i!ii' I'HI  Ulm    iik   1 ^   ml n| ilu- -i mthw c^t «imN over 

tropical  trough ami  wc^iuanl r-xlcn^inn nl  a 'ill "I M,il.i\a    lu-   in, ruin, anil 1 '. riclni, a- «rll a- ijc- 

thc sulitropiral riikc ( )II  ilu   ^"'ili    In;    Il.riulii    a vi Inpnii-iil nf a rain .IHM, arc si^n^ thai ^up<Tpositi()ii 

lliinl cell .ippcared ai   70(1 nil» DMI   l'ii|(i-('liina    lt\ intcii-ilicil ihr In« I ni u nn i In- .Vn Ii  uul j''i h   In this 

the,MM   ihy,.  12,  ri^ht i   ihe tropicil  trough u.t^  no C.IM', a-in the ea-tnl'.-w ivc exainiiie, a trough in the 

longer the clnmin.uil leal m c. All three i ells hail mil n vve-tcrlie- I'll .mil   -.nprri HIM'II mi   i I|I--I in IMIH e in the 

sil'ieil .mil tnoN'eil north. Al  llie eml nl ihr -el n-. u n h ea-terlie-    There   ui-    i   -trnll^   ea-I-IinrtheaM    u nul 

return  of  general   lii^h-U'Vel  imiseicim e,   the    -till- -ln-.n helou ;iiniiili ii I'm i Blair from the 27th to tl«' 

tropical riil^e IIIIC<' mure 1.1\ almii; l'> to 2l)  \  llii;    1 .\ SUl'i.  imln  ilcv  '"M  air  to  the  wnithea*!    I'rolialiK' 

ri^ht). -uperpo-ition resulieil in cold ,iii   hein^ fed into the 

The e(|uatorial disturl     KT.  I'Or some da\s on  ihr ei|ii.ilm i.il di-I m IMIM e.  I hen, u hen the iropii al trough 

e'|uatorward   side   ol   the   suhtropical   ridue,   a   low- moved a\\a\  i .i-iw.ini. an extensive pool of cold air 

pressure area resemNinv; an castcrK   wave had lieen wa-iiii oil -niiiliea i ol the   \nd.im.ms.    (n the 2,'th, 

moving; slo\vl\  westward. • *n the 25tli il'iy, '), ri^hii, tin-di-t in IMIH r le-miu-il its westward n')\ ement.  I he 

it    was   centered   lietweeii    Horneo   and   Malasa     At timi^li line . ro—»ed   l'orl   Blair ln-tueei  the ,?<)th and 

Saigon (tig. I ft), freshening and veering ol the easier- ,^1 si  with  I luim In --Ii I'AI r- and a wind veer 'tig.  15', 

lies and a positive pressure-height  change helov   Sou while over Malaxa u ind< decreased (tig. 12, rightK 

ml) indicated the low had passed west ol the station's Ihe  ('hina  Sea   polar  Iron!.   A   cold   front   moved 

longitude by the 2f)th. On the 27ih  dig.   10, right  . -nnilie.M  aim-- China mi the 24th and 25th (tig. 0, 

\   .        I«! ".. W( 

.. *■'     . T ^    . *      • • •*• 
• ■■•; •-#, -4. 

1'ic. 18. Hong Kong meteorograni tur 2.? March t" } \pril I^.S.!. Pressure is ailjiMed fur diurnal variation. 
K.iinf.ill .iiiiniiiil^ arc pliilteij fur f-hr inti-M.iI- 

11-157 



26-' ii r K \ A I    O I-'    M I. I I O K 0 1. or. V VOM MI:  12 

nun     Ii li i'l .i IIIIIIIMI p.i---,rKf ,ii lloiiv; I\IMIC, «lu'if 

I.Ill, llli-l\ WiMtlltT ^.iM' \\,i\ nil ihr 2:Mli ID If-li 

iM~t,i In ~    mil   mMr,i-r(|   i IDIIII.IU
1
^    \\\£,    IS       I  luler 

in ii m. il i m .Ii in ui--. i In- ( In i i.i Sr i [ml.ir I roni l.i. i in I 

in .i nvmn ''I Mili-iilnii c ln'iHMlh tin- ii|i|iti ~iiii;li- 

u i -hi I.i - i- w r.il. .uul inn la r In I Ih' n >. , nr ln'hiiui 

i hi -!l im m-. mil -ill u' . i u i i-i. " ,il in \ n 11. in -Innv. i - 

i|i-\ I'II '1'    \l. " .   lllc piil.n   lluilt. lArh W lu'il Irjm I'll.ilcil 

hi'in i In   in ii I Ii, I line i- lii i Ir ii| -lii|u' nun II »ii ur i .mi 

I hi'   i', i- ihr ih-U ilml inn pi i \ .iiluv w lu-ii llli' IrnpH  il 

i,.ui. ;i H  H hnl  Iniln (  Inn i    \: nni'ii ( ,(   1   Jd M   i, ii 

ll|; V ill. |ilr —lllr il I InliJ Kmi. I'.-.Ill |i) I.ill, ihr 

ilru p..: i lii-r. Hnl llirilllilil . Iiuhl .Ipl»' mil lu I ^ 

I ill 11. Il In lllr -iilllll hnl i ll'\ rlopi . I I \\.l\i' lllil \\,l- 

lllii\illw liillll, I -i-JI tll.ll lllcll I'Ail i 1 IS I'l ^rll. i' lilr.nl 

. i| I I'. ippl . M. Illli^ Ilinuh hnl IT. . 'lllr rlli. I 1\ r \- 

i'n     A   i\r   ill-lllili im r  .li'\iliip.'.|     lie     111,   lli;hl     |i|r- 

-iii .■ runt in lift! I.ilhne ,il  Ih HU IVHIL; .Hit I inn -I .n in I. 

I In U .11 111-Il mil pnlllnn. plnnlnl li\ ,i M'Vt'lV lllllll- 

ili'l-tnllll, pi—nl nvcr ihr -I.iln.n .il (l,llt(l (',('!' 27 

M  11. il    I'l.-'S   lll^,   IS        I hi'  rnlil   llnlll   ^.IVf   lllllc   1.1111 

ulu n il p.i—nl 12 hr Liter. Siiirt' ,il lii.il innr ilu' -ta- 

I inn I i\ \\i'-l nl lllr III.lieh lliu- illi;. I"1. Ilij^h-ti'Wl 

i miv ii cini i pii-niii.il'K inliilnlnl i liniil i|r\ I'lnpnuni. 

Ihr polar llnlll i mil innnl .utivi', .111(1 ilnne Kdlli; 

lApcl I .in nl   lllln    lllnlr   -pill-  nl   u  Hill   llnnl   I.nil   (ill 

ihr 2Sili, MHh and 1-1   ili.e.  ISn   I lu'-c ilillnrnl limn 

ihr lll-l -pell ill lll.ll lllf tiniil Ill'Vff liaillnl lllr 

-l.ilinn at lllc -Uli.lie, lllc W.ivrs lllnv inu ca-IUalil In 

I In- -on ih 1 he polar Iron I was also act Ivt' I ur tiler IMNI . 

A \\a\c il('pu,s>inn tnrnu'd oil north I'oriiiusa on ihc 

27ili du; Id, ri^liti ami intcnsitifd as il moved nortli- 

ea-i. The Irmii lapse«! into (iiiicsceiuc after the Impi- 

i al 11 mich iiinM'd a was eastward on the 2 ml Iti^. 1 7l. 

I hi> e\. mi pie demonstrates that, alt hoii^di the origin 

nl iinpual trouglts is unknown, tiles can he puked up 

nvcr India, and their downstream movement and mil • 

break ol weather can lie followed. The upper south- 

westerlies seem to he the controlling influence : as thev 

break down, a tropical trough appears; with their 

return, the trough dissipates. While a tropical trough 

is ci^orous it differs 011K in latitude from the major 

lon^-wave tron^hs ol middle latitudes. The disturb- 

ances il initiales do not, because ol the loss latitude, 

possess the closed ein illations of the northern systems, 

hut ilits are potent rain producers lor all that, 

/•"(irrias/jHj;. Premonitory si^nsot a tropical trough 

are inntmed In the Wi^h troposphere; an adequate 

.WC.-mb chart of the region, supplem'-iited by time sec- 

tions, is needed to detect it and follow its eastward 

movement. When the trough has passed east of WE, 

deepening of a trough over Asia Minor, followed by 

intensification of the high-level ridge over India, give 

about a 24-lir warning of intensification of the tropical 

trough. 

North of the subtropical ridge, everywhere west of 

the iimieh line, weather is I iilli.niils tine, Kasl ol the 

liniis;li line, aller the trough inlensilies, rain develops 

in the jmlar Irnni /nnc, Ii lluctuales wideh boih in 

extent and in tensitv ss il h passage nl d ist url MI ices along 

the Iront, lltese disturb,im-es are mosl iraihls huated 

and ir.ii knl bs their rain areas, since tin's may cause 

hilli' ilisiniiion in the casi-imri hra-l or northeast sur- 

face llnw. 

Kr .ippr.ir.iiiri' ol lllc upper sniltlnvolerlies over 

-I'liilirin India presages weakenim; nl the tropical 

lim ich When the sollt hv\ esterlies approai Ii I hr polar 

uesterlie- -mil h ol I lie I I im.il.p a-, an 1111 na-c in hieh- 

IrSi'l i nns ricrlli i' is ill 11 il il H'll 1 , ,111(1 ill —Ipalmil nl the 

Mnilijl -llniild be forec.isl, 

Intil World War II, I'ar I a-i ssnoptii weather 

ill nl- rMrmlnl nn lurther ssc-l ill.in \\r-l ( lima: 

-nl .-ri|iii'iills . some services increased coverage in in 

.hull' India. I sen dial i- nol ciinneh, lor happciiine- 

in ilu \i'ai I,a-i mas , bs means ol enerus dispersion, 

-ii;i ilicaniK liimlils bar I'.astern wealhei within 4S hr 

Aiknowlnlgntt'nl. The writer wishes in record his 

appreci,.! inn oi the valuable advice and sUK^'slions 

eisen him bs   I'rof. 11. Riehl, 
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Non-frontal Crachin and the Cool Season Clouds of the China Seas 

C. S. HAMAGE 

Knyal Observatory, Hnng Kong * 

Ansi RAC'I 

Mi ttaihin ti{ the coastal rcuinns of south Cliina and nurthern Indochina dcvelcips durinp 
the cc"il season whcncvir rflativcly moist air is crmled siiffiv'ieiitly hy Cuntact with tli? cold 
cuastal waters to lower its i'.ti'l'i.'ati"!: level hilcw the level of turlmlent üiixir^ Inter inensal 
and diurnal variatii n üf (laihin are discussed as well as its coincidence with '"W-kvel winds 
veering with height. ForciastiiiR prmedures are listed Over the China Sea? I« y-'d th( 
crachin zone, convectivc cloud predominates, hut a^ '■laair tmiperaairc difF<retices 'tcadily 
decrease through the latter part .,f the ci^il  season, cloud amnunts alsn diminish 

1       N'ON-KRONTAL CRACHIN 

BRL'ZOX niul Carton (1930) tietinc the 
crachin nf th ■ coastal rc^inns <if nnrthern 

Fnrlncliina an<i M nth China as ". . . a hu 
mid period of fogs and drizzle or liglit rain which 

sets in at about the time of the normal annual tern 

perature ninimum. gcncrallv toward the end of 

January, ard interrupts the dry season, . . . 
Then, even though temperatures rise, the crachin 

may persist into mid-April, gradually merging 

with the rains of the rainy season proper." 

Crachin, the most important had weather regime 
of the cool season. i> a low level stratus phenom- 

enon, most clearly marked in the arid belt he 

tween the jet stream center (2S0N) and the suh- 
fropical ridge (170N) where indeed it predomi- 
nates in late winter and spring Though there 
may be prolonged precipitation, the amounts re- 
corded are small. Visibility is rapidly and seri 
ously reduced at its onset and it constitutes the re- 
gion's greatest aviation ba/..ird. Since 1945 no 
fatal airline crashes in the Hong Kong area have 
been due to typhoons but a proportion can be at- 
tributed to crachin. 

It has been suggested that crachin may develop 
in two ways:—(1) As the result of mixing of two 
nearly saturated air masses along a frontal sur- 
face. Mixing occurs only during or after passage 
of a cold front, and, as Petterssm (1939) points 
out, raises the cloud base to near the top of the 
cold air which is usually far from saturated. 
Lifting of the warm air may result in precipitation 
and some lowering of visibility and cloud base, 
but the effect is usually short-lived and weak. 
(2) Ry surface cooling of a warm moist air mass. 
This is almost always the cause of the worst and 
most persistent crachin. 

• This work was completed at the University of Chi 
cago during tenure of a Commonwealth Fund Fellowship. 

Either of two readilv identifiable synoptic sc 
f)iiences may be associated with this non-frontal 

crachin One which is most important in late 
winter, begins when a continental anticvclonc 
previoii'dy consisting of polar continental air 
moves eastward from the mainland Air r.n its 
eastern side follows a track across the warm wa- 
ters south of hipan before swinging west to cross 

the cold waters along the China coast (Fir,. 1), 

There, rapid cooling and turbulent mixing often 
result in crachin development hirst, a layer of 

stratus forms beneath the turbulence inversion. 

Then, as the moisture content of the incoming 

air steadily increases, the stratus builds down- 

ward, drizzle sets in and eventually sea fog may 

Fie. I     Mean sea-surface  temperature  for   February  in 
deg. F. 
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fnnn. Should the anticyclone center become al- 
most stationary to the south of Japan, intense and 
persistent crachin develops which can only be 
dispersed by a fresh surge of the monsoon. The 
other sequence which becomes iivreasingly im- 
portant ;is spring advances, begins, when with 
flat pressure gradients over the mainland, a wedge 
HI the Pacific anticyclone extends across the i'hil- 
ippines to Chin i. Thu bring-- tropical maritime 
air tu the region Temperature contrasts between 
the advected air and the coastal zone are sharp and 
crachin often takes the form of dense sea fog. 
Over land, as is shown later, marked diurnal vari- 
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FIG. 2.    Situation of 4-5 February 1952. 

A. Surface chart for 1200 GCT on the 5th Thick full 
lines show trajectories of air reaching Honp; Kong at 
0100 GCT on the 4th (I) and at C100 GCT on the Sth 
(II). Daily position circles arc at 1200 GCT. Areas in- 
dicated by ship observations as having less than 3/8tlis 
low cloud, ir.ore than 6/8ths cumuliform low dnud and 
more than 6/8ths stratiform low cluud arc shown in linht, 
medium and heavy stippling, respectively, 

B. Hong Kong rawinsonde observations made at 0100 
(JCT on the 4th and 5th. Winds in knots; one barb is 
10 kn. Relative humidity values are entered at each 
significant point. 

C. Variation in February mean sea-surface tempera- 
ture along the trajectories I and II shown in A. 

D. Hong Kon^, surface nuUorngram fur the 4;h and 
5 th. 

ation of crachin may occur, for when the anticy- 
clone center lies far to the east and pressure gradi- 
ents are slack, mechanical turbulence is insufficient 
to counteract the effect of increasing temperature 
during the day and the stratus cover may be tem- 
porarily dispersed. 

Nou-frontal crachin develops only in air which 
has first been strongly heated over warm seas 
and then cooled near the coast. As would be ex- 
pected it is confined to the coastal belt of cold 
water (Fid. 2A) being seldom observed more than 
100 miles offshore. Sverdrup (1045) and Burke 
(T'MS)   have reported that  air heated  over the 
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oceans usually attains a fairly stable surface rela- 
tive humidity of about 80 percent after some 500 
miles of sea track, and a surface temperature but 
little different from the sea surface temperature. 
Thus, through a normal crachin period when tra- 
jectories (if air reaching the coast swing progres 
.sively further southward over warmer and warmer 
waters, a steadily rising surface dew point is ob 
served along the coast. At Hong Kon^' this rate 
usually amounts to about 4I'''J in 24 hours until 
the dew point approaches to within JF of the sea 
temperature. This and the fact that the dew 
point varies little as the air crosses the coastal wa- 
ters indicates that no significant condensation oc- 
curs at the surface until the fog point is reached. 
Since at the same time the dry-bulb temperature 
reacts rapidly, falling to within a degree or two 
of the sea temperature, the condensation level 
drops, reaching the level of turbulent mixing, and 
crachin forms. 

An example demonstrating the speed with which 
a synoptic situation may become favorable to 
crachin development is illustrated in Fic.rRE 2. 
It includes (A) the surface isobaric chart for 1200 
GCT 5 February 1952, on which are shown 24-hr 
positions of the anticyclone center, areas of cumu- 
liform and stratiform clouds over the sea, and the 
trajectories of surface air reaching Hong Kong at 
approximately 0100 GCT 4 February (I) and 
0100 GCT 5 February (II) (based on winds ob- 
served by ships). The trajectories are timed to 
coincide with rawinsonde observations made at 
that station, results for the 4th and 5th being 
shown in B. In C the variation in February mean 
sea surface temperature along the trajectories is 
shown and in D the Hong Kong surface mcteoro- 
gram for the 4th and 5th is plotted. (Hong Kong, 
situated in the middle of the crachin zone, is reck- 
oned to he a representative station.) 

By 1200 GCT 2 February, a southeastward 
moving cold front had crossed China and the 
China Seas which were dominated by a vigorous 
anticyclone centered near Lake Baikal. A strong 
monsoon was blowing along the coast. The front 
and the anticyclone continued southeast, the latter 
at 1200 GCT 4 February being centered over 
north China. Although ceilings at Hong Kong 
were relatively high at first, the air reaching there 
by 0100 GCT on the 4th had travelled across an 
increasingly warmer sea surface, relative humidi- 
ties were in the eighties and there was considerable 
cloud. By 0100 GCT on the 5th air reaching 
Hong Kong possessed a different trajectory from 
the previous day, having first crossed the western 
section of the warm Kuroshio current and then 

the colder waters.1 This change is reflected in 
the Hong Kong soundings by warmer air below 
the subsidence inversion (700 mb) and moisture 
concentration below a turbulence inversion at 950 
mb. As the anticyclone continued to move east 
conditions along the coast became more and more 
favorable for crachin development, drizzle setting 
in at Hong Kong at 0800 GCT on the 5th. By 
1200 GCT on the 5th the center of the anticyclone 
had moved east to the Shantung peninsula with a 
wedge extending southeast toward the Marianas, 
and stratiform cloud covered Chinese coastal 
waters. 

Simultaneous observations during aircraft me- 
teorological ascents at Hong Kong place the upper 
limit of low-level turbulence at nearly the same 
heigh' as the top of crachin cloud, and seldom 
above 4000 feet. Thus crachin has little direct 
connection with the persistent subsidence inver- 
sion observed throughout the cool season (ka.n- 
age. 1952), for on fewer than 14 percent of occa- 
sions does the latter drop below 5000 feet. It is 
usually found between 7000 and 14,000 feet and 
the layer beneath it and above the turbulence in- 
version is mostlv free of cloud (sec for example 
FIG. 2B). 

Seasonal Variation.—Vrior to 1947, detailed 
low-cloud observations were not made in Hong 
Kong. However, since drizzle almost always and 
fog frequently, are features of crachin, their vari- 
ations are typical of crachin variations. In No- 
vember, drizzle is observed on an average during 
7 percent of all hourly intervals (TAHLE I) and in 
March during 17 percent of the intervals. Simi- 
larly, on an average, fog is recorded some time 
during the day on 3 percent of Xovembcr days 
but on no less than 28 percent of March days. In 
FICLRF. 3 are plotted 5-day mean frequencies of 
sea temperature higher than air temperature as ob- 
served at Waglan Island, a tinv precipitous rock 

TAHI.F I.    DRIZZI.K AND For. KRi-yuiscy THROUGH THF 
Coot, SEASON AT Hose KONG 

Month 

Mean percentage of 
hours with drizzle in 
each month {26 years) 

Mean percentage of days 
with fog in each month 
(60 years) 

Nov. Dec Jan. Feb. N ar. 

i 8 10 15 7 

.? 7 n 18 28 

\pr. 

17 

25 

1 The available ohservatiutis for this period indicated 
that the actual distribution of sea surface temperature 
did not differ significantly from the mean February 
values. 
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just (iff tli<' H"u^ Kung cnust i I- ii;. 4).   ( hie cnti 
cliidfs that .i i-<>iiiu'ctii>ii  CMMS hctwcrn tin,' in 
trcasiuj; crachin frequency fruin January onward 
and the prnli ni'.iaiu'c of in\a inn- nf sea tenipcni 
Hire liclnw  ur tiiniicraturc. 

Since the Silierian iii^li and the Aleutian \u\\ 
doinm.iir cool seasuu svnoptic patli'ins, it was 
thought shifts in tlu-ir mean monthly po.sition.s 
nii^ht provide a clue to this variation in crachin, 
hut these have relatively little efTeet, for not only 
are they slight from month to month hut the pnsi 
tions and intensities of the two centers of action 
are almost identical in Xovemher which has a 
minimum of crachin and in March which has a 
maximum. Analyses of variations in mean 
monthly storm frequencies and tracks gave simi- 
larly negative results, hut on the other hand the 
steady westward extension of the Pacific anticy- 
clone after Fehruary contrihutes to the spring in 
crease in crachin.    ( )ii a monthly basis no verv 

■"' .- 

I'll,. 3. 5-day mean frequencies of sea temperature 
higher than air temperature at Waglan Island (1947-52) 
at 05h and 14h Hong Kong Standard Time (GCT + 8). 
Air temperatures obtained hy adding IF" to the screen 
temperature to compensate for the 20(1 foot difference in 
height between the screen and the sea surfai'i. 

definite link between large scale anomalies in the 
positions of the main centers of pressure and 
crachin frequency is noticeable, probably because 
the range of locations of the centers correspond 
mg to crachin along the China coast is so large 
as to be impossible to connect with monthly 
anomalies, 

Any adequate explanation of the inter-mensal 
variation must take into account two important 
factors. The winter monsoon established in Oc- 
tober with its strong persistent north or north- 
east winds along the China coast induces a cor- 
responding surface ocean current which Hows 
steadily until February, transporting water from 
Shanghai to Hong Kong in about two months. 
Though the current weakens in February and by 
April is almost non-existent, no significant cur- 
rent develops in the reverse direction and the 
cold water brought south earlier in the season 
tends to remain there. The other factor, and this 
is probably more important in the (iulf of Tonkin, 

.A V ^ 

)      [' 

li     '-J' 

I 

>    vf 
, .si.. iS- Vt'^kiK. 

n 
I.     ' ,1 h    ,        <-n   A ." HM/iN'.ONDI   MMiON 

-'3 I      r' M ^lii.^T/.u.nnrnH 

A) "       4 WAfiL UN iM Ar4D 

lrio. 4.    Map of Hong Kong showing places mentioned in 
the text     Levels above 1000 feet stippled 

is the ocean's great heat capacity which causes 
the sea surface to possess a marked temperature 
lag relative to the lower atmosphere. The factors 
combine to the following cfTect. Till the end of 
January steadily colder monsoon burstL sweep 
across the area. Coastal waters cool but with a 
lag of almost a month. During this period sur- 
face layers of the atmosphere are usually cooler 
than the sea, convection develops, mixing takes 
place up to the sul sidence inversion and low ceil- 
ings are rare. From the end of January onward, 
though air temperatures rise, the coastal seas coo! 
still further before beginning slowly to warm near 
the end of February. As the winter monsoon 
weakens, the sea is more often colder than the air 
and crachin development is favored. In FIOURE 

5 are plotted the variations of mean sea surface 
temperature along the same path (II of FIG. 2A) 
for November and March, It can be seen that 
identical synoptic situations in autumn and spring 
could produce very different coastal weather. 

Diurnal Variation.—In the Hong Kong obser- 
vations once again variation of drizzle was con- 
sidered typical of crachin variation. Royal Ob- 
servatory   mean   hourly   drizzle   frequencies   for 

Kyushu Honq Ktyn] 

hie. 5. Variations in March and November mean sea- 
surface temperatures along a path from southern Kyushu 
via northern Formosa to Hong Kong. 
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FIG. 6. Mean hourly values for March of Royal-Ob- 
servatory drizzle frequency, screen temperature, and wind 
speed, and of Victoria Peak screen temperature and wind 
speed. 

March, the most active crachin month are plotted 
in FIGURE 6 as well as means of screen tempera- 
ture and wind speed for both the Observatory (100 
feet above MSL) and Victoria Peak (1800 feet 
above MSL) (see FIG. 4). Drizzle occurs least 
often in the afternoon at around the temperature 
maximum, but although the temperature mini- 
mum is not reached until dawn, maximum drizzle 
frequency is reached by midnight. This is not 
inconsistent, for the Victoria Peak winds show 
that in the cloud layer itself, turbulence may also 
be at a maximum at midnight. Unevenness of 
the curve between midnight and dawn may be due 
to intermittent development of a land breeze with 
perhaps increased convection within the cloud also 
contributing. It is probable a sea-breeze effect 
also exists but the extremely uneven coastline has 
prevented its evaluation. 

Investigation of numerous cases, besides con- 
firming the representativeness of the mean curves, 
showed also that a cloud-base height curve would 
closely parallel the drizzle-frequency curve. Rapid 
clearances took place when the general wind-flow 
began to slacken before the temperature maximum 
was reached, for then the trends of mechanical 
turbulence and temperature both favored a de- 
crease in cloud. 

A marked diurnal variation of fog occurrence 
at Waglan Island with a maximum around dawn 
and a minimum in late afternoon, just over land, 
is reported by Hung (1951). 

Crachin Fortcasting.—Four years' rawin sound- 
ings made at Hong Kong showed crachin con- 
fined to those days with net veer of winds be- 
tween 3000 and 7000 feet, while 6 to 8/8ths low 
cloud base 3000 feet or lower was observed seven 
times as often with veering as with backing 
winds. In addition, veering winds are usually as- 
sociated with occasions of sea temperature lower 
than air temperature at Waglan Island (FIG. 7). 
Since crachin is usually observed on the western 
side oi a shallow high or on the eastern side of a 
shallow trough, veering winds would be expected 
to accompany the phenomenon (FIG. 2). 

At well-equipped meteorological centers, de- 
velopment of a crachin situation can best be fore- 
cast by the use of prognostic trajectories which 
depend on the accuracy and frequency of surface 
analyses. The insignificance of short period 
changes in sea temperature, stability of the dew 
point until near saturation is reached and the prob- 
ability that air over the warm waters closely ap- 
proximates the convectional model, make the 
method a practical one. Forecasting dissipation 
is a matter of timing the next cold front passage. 
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FIG. 7. Frequency of veering winds from 3000 to 
7000 feet at the Hong Kong rawinsonde station as a 
function of sea-air temperature difference observed at 
Waglan Island (1949-53 cool seasons). Number of 
observations in each interval shown in italics. 

III-163 

mamamamtm^itm ^mmmmmmmtmmmmm mmmmmmmm 



V 3?,   \''i    '',   NoVFMHF.R,    1^54 400 

Fur lncil ti'T', ca^is livcal parainctiTs must lie 
ilftcruiiHi'il 1 In- stable turluilcnl naturi' of thi' 
phciuntiriuiti rciiilcr.s it snisittvc in nrn^raiihii' ;tiiil 
thctiiial inlliii i.ir-, an«! in aii\ hilt) ri^ii'H, uidclv 
ililTcntit iMtulitiiPiis in.IN' |i!c\ail iiuh a lew milf-. 
apart Slalistnal -lining tiftcn (iniviik' UM'ful in 
tnnnatinii "U thcsf saiiatiniis, A^aiit, the fart 
uf i HIIK iilciu'c ni iiarlim with tow level veering 
XMIHIS inav l«' iiM'il ami t" this nul c,ireful oh- 
M'rvatiiuis uf cluinl mnvt'tuitit shnulii hi' made at 
regular intervals. 

On ships at sea ei|uipped with iimiithlv mean 
s<a surface temperature charts, etTeetive slmrt- 
peiiml fnreeasts sluHlIil he possihle. usiii}; these 
eluirts in conjiiiutieiu with sea temperature, dry- 
hulh ami dew point oliM'rvatinns. As Imi^ as sta 
teuiper.iture remain-, higher than ilrv-hulh tem- 
perature the risk nf uperatii mally hail weather 
frmii er.iihin is .slight. Kven withnut instrument.s 
smue asse.sMucnt of pmhahle conditions can he 
maile. Wimilcuck (1''40) from ohservatioiis over 
the North Atlantic of the tli^ht respmise of lierr- 
in^; ^ulls, reports that »ID continuous free soaring 
was ohserveil when the sea surface temperature 
wa.s lower than the air temperature or when the 
surface wiml exceeileil 25 knots. Minis accum- 
panuuj; a moving shiji alternate between wing- 
tlappinn lli^ht and resting on the water. He 
citncluile.s soaring lli^ht is only possible when 
cuiivectinii prmluceil by surface heating occurs. 
( onsiilerable use can be made o{ these facts by 
mariners in the crachin zone. As long as sea 
birds are snaring, crachin is unlikely to be en- 
cnuntered for some hours but if the birds are not 
soaring and the ship is heading tiwvanl colder wa- 
ters, crachin is likely. 

J    ( ooi. SKASON Cj.orns oi- THK CHINA SKAS 

rhroughout this section, "along the coast" is 
taken to include the coast and a 100 miles wide 
strip ni coaxal waters extending from the region 
of Shanghai to the southern part of the Gulf of 
Tonkin, i.e.. the crachin zone; while the term "at 

MM" embraces the remainder of the China Seas 
smith of M) X. 

Over this second area, although sea tempera- 
tures do fall slowly as the season advances, they 
are never mure than 1 to _'F below air tempera- 
tures, and for much nf the time, when the sea is 
in contact with polar air. are considerably higher. 

Value? of monthly mean cloud amounts at 1° 
latitude and longitude intersections fur I'Ml to 
I'M? are published by the imperial Marine Oh- 
MTvatory, Knbe il'M7i, Though no differentia- 
tion is made between low, middle and high clouds. 

the observations are prnbahlv representative of 
low clouds, which predominate in these parts dur- 
ing the cool reason. FKU'KK S shows the change 
in mean aiuoiints from December to March, 
I'lii re is little change along the warm Kr.roshio 
current, positive change tihniij the coast and nega- 
tive change elsewhere. Clouds d/ Stil are convec- 
tioiial throughout the cool season but amounts 
are greater when sea-air temperature differences 
are greater, that is during the early part of the 
season or with vigorous polar outbreaks. As 
Sverdrup (I'1-!?) points out, where ihn tempera- 
ture difference is small, clear skies are often ob- 
served. ( hilv aiomj the coast do the relatively 
lower spring sea temperatures result in more 
cloud, for the reasons already given. 

During the crachin season, an air mass moving 
from the northeast quadrant is wanned at sea and 
cooled alonij the coast. One would expect the 
seaward limits of crachin to be sharply defined 
and this is coniirmed by observation. Quoting 
from Weather in the China Seas (Meteorological 
Oflice, I'W), "This dividing line is often quite 
well marked and the state of the sky as observed 
mi hoard a vessel proceeding northward in the 
China Sea frequently changes from perhaps less 
than half clouded to completely overcast in the 
space of a few hours when the vessel reaches a 
position near the 20th parallel." 

Suwiiiary of Month to Month Changes.—In 
Xut'ember at the beginning of the cooi season the 
Siberian high is established and frequent surges 
of the winter monsoon pass over sea surfaces with 

Flo. 8. Difference (March minus December) between 
llio mean rlntid amounts nf spring ami early winter over 
the ( hina Seas  (1911-35),    Isoliaes in tenths. 
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temperatures rather characteristic of late sum 
mer. Heating from below is a maximum and 
turbulence inversions are rare. Along the coast 
polar continental outbreaks give clear skies and 
even modified polar continental air has little 
cloud. At sea vigorous convection and rapid ad- 
dition of moisture to the air make the month a 
cloudy and showery one. 

In December the Siberian high and the Aleutian 
low intensify and move toward each other. Fre- 
quency of polar continental outbreaks increases 
along the coast but a tendency to reduced cloudi- 
ness is counterbalanced to some extent, because 
with sea temperatures falling, modified polar con- 
tinental air is somewhat cloudier than in the 
previous month.   At sea there is little change. 

In January the main centers of action occupy 
the same positions as in the previous month. 
Along the coast polar continental air is usually 
cloudless but with temperatures continuing to 
fall, turbulence cloud may form in modified polar 
continental air. At sea although the surface is 
still warmer than the air, the difference is not so 
great and hence convectional addition of moisture, 
and cloudiness are less than in December. 

In February the Siberian high is rather weaker 
and the Aleutian low further east. Along the 
coast the sea is slightly colder than in Jannarv and 
with reduction in the number of polar continental 
outbreaks and an increase in the frequency of 
modified polar continental incursions, crachin 
becomes the dominant weather type At sea con- 
vectional addition of moisture and hence cloudi- 
ness further decrease. 

In March the Siberian high and the Aleutian 
low, still weaker, are moving further apart, while 
the center of the Pacific high, almost stationary 
since November, moves west. Thus along the 
coast not only is polar maritime air often observed 
but tropical maritime air also appears and the 
crachin intensifies. At sea cloud continues to de- 
crease. 

In April the Siberian high and (V Aleutian low 
continue to weaken and move apart while the Pa- 
cific high continues to move west. Along the 
coast, although tropical maritime air frequently 
appears, conditions arc not much different from 
March, for the increased power of the sun more 
often "burns off" the crachin than in the previous 
month.   At sea cloudiness reaches a minimum. 

lively warm moist air is advected and cooled suffi- 
ciently by contact with the surface to lower its 
condensation level below the level of turbulent 
mixing. This occurs when these areas lie under 
the south or southwest section of an anticyclone 
moving eastward to the north, or under a wedge 
which has extended westward from the Pacific 
anticyclone. 

2. Favorable condition-, for crachin development 
occur most often in late winter and spring, for 
during this period the cold coastal waters are 
warming much more slowlv than the atmosphere, 
and the contrast between the two intensifies. 

\ Over rugged coastal terrain, diurnal varia- 
tion of crachin is affected by the fact that maxi- 
mum turbulence at cloud level may occur around 
midnight and this coincides with the crachin maxi- 
mum. There is a normal afternoon minimum. 
Over coastal waters a diurnal variation also exists 
with a maximum around dawn and a minimum in 
late afternoon, 

4. The coincidence of crachin with veering 
winds between the subsidence inversii n and the 
turbulence inversion can he accounted for by the 
fact that crachin usually occurs west of a shallow 
high or east of a shallow trough. If trajectories 
can be forecast, there is a good chance of fore- 
casting development of a crachin situation Local 
topographical and thermal influences and wind 
shear must also be considered, while the relation- 
ship among sea surface, drv-hulb and dew-point 
temperatures and even the behavior of sea birds 
help in making short-range crachin forecasts at 
sea. 

5. Reports such as that of Parson n(W) con- 
firm the belief that wintertime stratus of the lower 
Atlantic coast and the dulf coast nf the United 
States is formed hv much the same processes as 
non-frontal crachin and anv warm-front theory 
of its origin seems to be nniustificd. 

6. Over the China Seas two distinct cool-season 
cloud repimes can be recoeni7ed The crachin 
7one has a minimum of cloud in earlv winter and 
a maximum in spring but over the remainder of 
the region where sea temperatures are usually 
higher than air temperatures, convection cloud 
predominates, and since the temperature contrast 
is greatest in earlv winter, cloudiness gradually 
decreases throughout the season. 

3,   CONCLUSIONS 

1. Non-frontal crachin develops over the coast d 
areas of China and northern Indochina when rela- 
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Variation of Rainfall Over South China Through the Wet Season 

C. S. RAMACK 

All^iKAfT 

I'ivi" ilay iniai'^ ^Imu lli.it 'AM -IüI! I IHM I',I, an iirlain pii-.-tri.i variati'ili^ in ttic 

marcli of raitifatl ilurinn tin wit ■•..•• i 'M.aili \-\in-KMi Tln^c an cMiIaii-.iil HJ ti-rtn^ iif 
■I'avimal iiiftfi'riilni'ii al tiiii'- iti tl'i 'irrnni'!! .■ 'iv,,i^ I 1:, VH u is ailvaiac!. Mi|i|inrti'il 

liy an am tent < liif.i ^i far in r»' , a'< m'ai, tl at ' 11 i mil a II patti m "I -^ ml i I'ira 'a- rlianur«! 

littlr in the iia-t JIKIH >■ .it- 

INTRODUCTION 

IN a recent paper (Kainagc, I''?!), iiiciition 
was made of a significant sccdivtary mininnini 
in Hong Kong rainfall. This usua!!,\ octtirs 

between 4 and 15 July and is revealed in the 5-da\ 
means for 60 years. Tie mean rainfall for the 
interval 10 to 14 July is 35.5 mm as compared with 
70.0 mm for 30 June to 4 July and 88.5 nun for 
15 to 19 July. This apparent anomaly in the mid- 
dle of the wet season marks the transition hctween 
two different types of rain situation. The lirst, 
designated the "Bai-U stream," predominates din- 
ing May and June when slow-moving depressions 
in the area hounded by Korea, the Ryukyus the 
Monins and north Honshu initiate convergence 
lines or surges in the prevailing upper -<iiitli\\<Mi r 
lies of south China. The second type is associated 
with a maximum frequency of trnpical siornis in 
the region of south China and laMs from mid-July 
to the end of September. 

The purpose nf the present paper i- f 1) to 
discover whether this secondan ntiniinum incurs 
elsewhere in smith China, (2) to attempl a gen- 
eral explanation of the normal march of ran.i'a1! 
over south China during the wet season, using 5- 
day mean values, and (3) to make some ittfi nnn- 
on the secular stability of the present rainfall 
pattern. 

DATA 

Five-day means (if rainfall were extracted fur 
the following places (length of record in paren- 
thesis) ; Hong Kong (()0 years), Tainan, Kosyun 
and Hokoto (22 years), Swatow, Canton, l.ung 
chow and Fort Bayard (15 years), and Wuchow 
(5 years) (see Fie. 1) To reduce or eliminate 
minor deviations, the values were smootheil 
by an overlapping method using the formula 
(. / I- f< f Cl '3 - H', where the letter-- repre- 
sent the precipitation for successive 5-da)  mter- 

vaK, /.' being the amount for the middle interval 
and ./ and ( the amouni inr the interval tiext 
preceding at.d following Values of H' for Tainan 
(typical of south Formosa), Hong Kong (typical 

j 
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I'll.   I     inritial map , I ana "liuwinK places nu nti'Mu il 

Tntjiiial  »lurmv i ■utirvil in Ann A usually Rive ram tu 

Miiith l Im a      riii)iiial  '•tnrtiiv crniiTetl  in   Ana   H  H-M 

all)  en i   i .tin ii   -, intli ii it lit, -a 

ni eastern s-.mlh China) and I.ungchow (typical of 
westerti south I hina ) a^ well a^ the mean curve 
for all nine stations are plotted in FIGURE 215. 

L'sing 50 years of storm tracks showing dailv 
positions of Kilters (Starbuck. l''.:;l), the ■.itim- 
ber ni occasions in each 5-da\ interval on which 
storms were in a position likelj to give rain either 
over "-outh (hina (Area A. I'"ii;. 1 | or south For- 
ino-a t \ria !', !■ u. 1 i was determined, the values 
smoothed and then plotted in I'H.IKI   215 

I'lotted in IMI.IKI l.\ are the mrans of 5-da\ 
mean pressures atnl rainfall for live stations in 
tin Hail' ■tream initialing region -X'aze, Kua- 
moto,  I'okvn. Mi\ak(i and Titi/ima 

Ibe tinier recommended h\ the ancient Chinese 
farming calendar, l.ootig l.ik, a> suitable for sow- 
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m^, planting out ami harvesting of the two rice marked in other places than in Hong Kotig.    It 
crops of south China are entered against the ap sets in earlier in the west than in the east but ends 
prupriatr ilates nti l'ii.im  2H .it  inucli the same time everywhere.    When one 

considers the differing length of records and the 
Disci SMUN considerable smoothing it seems certain that the 

i / ■   A sevotulan  sntniuer ininiiiuim of rainfall inter-annual  variation   in   the occurrence of this 
incurs througlmut south I hina, being even more drv spell must he slight 

MM 

I  I' .■( )   Mean funcs "i Sday mean prissiucs and rainfall  i'ii   Naze, Ktiainuto, Tokyo,  Miyako, and Titizima 
i/()   >niootlied curvi-b uf 5-day mean  rainfall  and tropiial storm frequencies for south China 
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(2) The wet season may he cunven'ently di- 
viilcd into the following five periods, each corre- 
sf)Onding to a certain normal distribution of 
weather and [ires'- re over southeast Asia and the 
western  Pacifie, 

First period. Miirdi and Aprd Ihr dxiii'i 
winter numsooti ( )id\ at this time of the \i-:ii 
is most of the rain of truly frontal origin, u> laity 
falling (Inring surges of the monsoim i-.arl v in tl.i- 
period, polar air replaces air of the same origin 
which has heen modified to a slightly greater ex- 
tent hy a longer sea track. As the season ad- 
vances and the seas to the east and smith warm 
rapidly, air uplifted along a frontal surface is 
scarcely (itstinguishahlc from tropical maritime 
air and tluis thunderstorms are more frnjuent and 
rainfall itureases steadily Since the predominant 
low-level How is K or KSK, the Kormosan sta- 
tions are iiiuih more sheltered than those of south 
( hina and show no comparalile increase 

Second period, .\fa\ und June --The Hm i' 
stream hi late April the winter high is retreat- 
ing northward, frontal activity diminishes and 
there is a temporary drop in rainfall. This i1- 
often of some magnitude hut as it varies in time 
from sear to year, the mean curves are little 
affected. 

In early May the summer heat low hegins to 
develop over south and southwest China where air 
mass discontinuities decrease and heiome insig- 
niiicant. A wedge from the Pacific anticyclone 
extends to the China Sea and in conjunction with 
the heat-low circulation maintains a hroad deep 
southwesterly How over south (hina 

Temperature gradients to the north are highlj 
favorable to cyclogencsis. Depressions cross the 
{•".astern Sea and Japan and if one of these shows 
up or becomes stationary and the Pacific wedge 
retreats eastward, zones of convergence develop 
in a hroad low-pressure trough in the southwesterly 
stream and move upstream, accompanied liv heavy 
rain. These disturbances are usually upper level, 
and only rarely do corresponding surface circula- 
tions comprising more than a single isobar appear. 
As summer advances, pressure and rait.,',11 at the 
Japanese stations reflect growing depression ac- 
tivity in the north. This coupled with more avail- 
able moisture results in steadily increasing rain- 
fall over south China. 

Tropical storms make their appearance but are, 
in general, ill-developed and contribute little to 
the total rainfall. 

Third period. I ate June und the first luil\ nj 
July- The mid sionuier dry spell. With the ad- 
vance of the sun the Pacific anticyclone has been 

moving north and, interrupting the Hai U stream, 
soon dominates Japan and the seas to the south 
where pressure rises ami rainfall decreases. De- 
pressions arc forced to the north and there is a 
sudden and significant decrease in rain over south 
China Relative to the rest of south (hina, rain 
fall in the west hegins to decrease ahout a fortnight 
early. The west is directly infUienced hy the sum- 
mer heat low which h) mid June has developed 
st'fTicienth to induce a ■ emi permanent antic\clone 
aloft. Tims, over this area, -urges m the upper 
southw« sterlies mas In- prevented from developing 
or he deflected 

Although tli<-  ntuuhei   o|   tropical  storms con 
timies to increase  the\  li\  no means make up the 
rainfall   deficietus.  lor   then   unportaiue   as   pro 
din eis ii| earlv summer ram is small relative to tin 
Hai U stream. 

Toutth period Mid-July lii early Odoher 
I he txphmm teiisan. The pressure svsteins con 
tinue advancing nnrtli, with the zone of maximum 
typhoon frei|iienc\ (called In .some the Inter- 
tropical Converguuei reaching south (hina at 
the Ugmniiig of the period. \'ot only doe- the 
ninnher of tropical stonns increase rapidly, hut a 
high proportion are major tvphoons which have 
formed over the Carolines. Karlier in the sum- 
mer such storms usually recurve heforc reaching 
the (hina Sea, now they travel WNW to the 
(hina coast. Thus rainfall usually reaches a 
maximum in the second half of July. 

The   mtertropic  convergcuce   continues  nort' 
ward, and in earls  August pressure in the Japa 
ncsc area reaches its lowest point and a secondars 
rainfall  maximum occurs.    < )ser south China a 
secondary storm minimum and a sharp decrease in 
rainfall occur 

The intertropic convergence shortly begins to 
follow the sun equatorvvard and moving across 
south (hina in late .August is accompanied by a 
secondars tropical storm maximum This is re- 
flected b\ the rainfall hut rather less than might 
have heen expected Hy this time the heat low of 
southwest (hina has almost disappeared and 
tropical storms as they approach the China coast 
tend to initiate surface surges of cool dry polar- 
continental air which on entering a storm circula- 
tion insariahly causes the rain to diminish. 

Ftfth period. Eorlx October to end oj Novem- 
ber.- The rrinter monsoon. High pressure is 
now estahlished over (hina and the drs NK mon- 
soon hlosvs with great persistence along the China 
coast Tropical storms take a much more southerly 
track across the (hina Sea and rainfall decreases 
ahruptls      Typhoons   forming   in   the   Carolines 
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iiuf inun   nuinc r;ij>iill\ .uul ]i.i>--ni^ amiss the 
|.i|i.iii(  c ana acuiuiit i^r thf -fcdtnlarv minimuni 

HI   prrs-mc :iii'I  MrnndHr)   m.ixinuim m   rainfall 
■ '■M rvi-ij tlifre. 

i .'I   Trathtinn   has  it   that   tn   _'-'.;4   B.C.,   the 
• liini-c   Kn.]iriur   Y.iii   ^.uc   titiltTS   In   his   as 
irniii)tiur> tu I'stai'lish the snlhtiifs am! aiici i'i]iii- 
iin\t'> and MI m-tnu'l faniUTs mi tlir iiiii>t favur- 
.ilil<- tmirs i"i  agricultural (i|i<Tatiiiiis.    In ahont 
_''!' I !'. < ' sniitli t liin.i wa- 1.1 .in IUI Ki! h\ the ( h'ill 
(hna>t\ ami fur the lir^t ima' \\.i> ni.ulc part uf a 
iinitccl C liina. I hi' i'M'-tiii^ lartiii'r.s' lalcndar \\a^ 
aiiplii'i' tu tlu^ rt'^iiin, and. apart from corrections 
"i imnnr iii'its made in the 17th ccntun to bring 
it into hm with iiinK .iriiir.itc Western a>tronniiii- 
i ,d tahle-, has nut hecn changed situe. Its close 
agmifenl with the rainlall ciirvo, especially the 
i nincidence nl the tirM harvi -t \\ t\\\ the end of the 
mid siiinnuT dr\ spell, siigge^t^ ih.it in historical 
tin.ev over south China, little change has taken 
place not onl\ m the inarch of rainfall in the grow- 
ing season hut also in the aiuoiuit, for much varia- 
tion from present values would make the growing 
of two crops of ric a year most difficult, 

Thi^ deduction apparently contradicts ( hu 
(I'L'dl and Brooks (I'M'»), who quotes ( hu's 
figures for the dry and wet periods of China since 

o()(l Al), as paralleling major tluctuations in 
western Asia. However, since 74'; of the 
droughts and 75',' of the lloods listed h\ Chu oc- 
i mied in pr v inces north of the \'angtze Kiver and 
ohservatintis from south China were almost non- 
existetlt, his conclusions cannot he considered valid 
i' ir this region. 
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DURNAL VARIATION OF SIMMEK RAINFALL OVER 
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u illi. 11 i lii' li.i .iiinn i-. f.ivur.ililr    ill .il ii i m ■■ i. in.m innii   i- A. II 

1 In   lilinlcil  \ IT In .ll i'\t( 111  <  I   1 In    nn -n   i ii >11 . in    ll.l tlnll. n     U '-'l ,i ■ I.n k  "f  t ur tnln-Il- •'    t,l\ "f     the .i'Kf'ITintl 

ni ».um .in .il In» level'. Iietween inn I m^iii .tml -;.itri-e    I In- i .m^e- imlr -i.n-.i'l nviT Hirninn: i ninei tive 
i i nu «I- (|i\ rlnji. i nti.ii inn 1 inin  the n .[>- .i --i-i - t In   [ ■  ri es-   ,in i| .t nn rmti^  f .tin I .ill  iii.ixinnitn r«    ill-    ' In- 
11-11.ill\    '"till-    .11    nt    l.elnli     il.twll    iul.mil     llnl    in    teillJM't.lII    I n.i    T,!    rr^n-n-     Injt    -ninewll.il    .tllt-l    i),i»n   in 

IIn|lH   .ll    i il     -lil'I|n|,h   .|l   I n.|-!.|l    MVlnl; - 

I In-  i It IT m M .il in.i viininn i- line t-. i nmei f inn pin.li,. rij |.\    nr I n " he.itMi^ 
Snrrniiniliin; n-i'inti- -Im«  im     n h tn.itke'l pattern 

I     Introduction i(   II<T .mtf niu mu .   ih.il   i llnnnl   nlits umiM  h.iNt    In 

\~    1,11    .1-   1,111    In-   llrln llllllnl,    lllllf    .it litllMitl    111-- li'Mi''! 
IM.-M uiu-ii m tin  ^•,,Ut,i|,lii,.il iliMril.ulion nl Mtiiunrt '" '|i-"^'. 'I  l-issililf, 'Im limits .if tins rvnion ot 

tlimti.il i.mil,ill iMilnnsmviMMsl   \-i.t   Am-.tiK m.t.--     |,|"",l'^ iti^simum, .ill .tv.nl.ilile IPMHK, tlinT-hourlv 

UMiKviM-   ,1    S.lUUf   MSMl.tlplinn   fMM.    Ill,It,    Itll.lll.l.   .1        ■in'1   l'"H--ll"inlv     MUlMll.T    - .11 tl 1.111   .1 Ver.^t-   for   ChilM, 

Mtejr   t.iinlall-p. ,1    ....  tt^ tiimni;   lit.    .ilttt r     K""M'   ''I'"'  "1,|  'llr ^irrnim.lin.w  i-l.tmis unv i„|- 
r.llK     .M-tllllL     .1-    .1     tiMlll    nl    rtitU.-.  Il..tl    ..UIMTJ     l,X ''■'"■■|    "|l1     I'l""-'.!       A-     «ill     \'<■    lAnlrllt.    -,,; MI HtM tl t 

ml.MM- -ntl.Hf luMli.ic. ulnl.-on lll.-i.uM tile iMltntl I1"'""- 'I"1 ■MM"'.". f..r wllit h .t («i.sililr r\pl,in.it inn 

ini.N   In  he  iiitm   iiim|il.\. unit   |iii--sil.i\   .i   iiiniiiin^ |s stii;i;i'.Ifil 

Unix I'll Uli I.  I lie . .tllse n|  \v Im h  is nl.s! iitc 
SIJI li   .i   iiini tiim;   iti.iMininii iKiiit'.  in   llnni;   Kntiu, 2.   Data 

.tml i> l(.ll(.uc.l l,s .i in.irk.'.I mimmiini in ilie fVfiiim; 1,, tins niM-Htiy.ition, suiimK-i .s, ,msi<lm.,| to !)<■ the 

.Mi;    h    In ihc i.nirsc ,il ,i ^IHCIMI siiiM\  nl smnniiT ..„„nhs   \\.ts    u<   AUKUSI,   in.liisivi-    Local   si,mil,mi 

torn ,ist iny nvn  sout h ( liiii.i i K.im.iKf,  l1',^!), il  was tim,-is u.s.'tj tluoiiKlnnii 

iliniiL'iit   iti'sital.ir   in  titstovfr  li<i\\   far   inlaml   tin- Sim c |,u rcinni, ot .tiurn,iili.'(|ii<'iu \ ol r.nnlall af 
ass(iiiic<l (o.i-t.il clln I CMCIKIS,  \S was IA(H'. Inl, ( .HI . 1X., il.,| ,],■, ,|ii   variation nl  ramlall amounl  u,,- ana- 

">".   ',,,   "ii   "P   ''"•   •'«••"■I   Kivi-r   Irnm   II..nu   Knut, |, ,,,,1   j ,ir M.uinns t.t.s.Tvinw  l.mli Inniih   fr.-qurm i.'s 
sliowcil l.oilitnoininK ami afternoon tiiaxiina, the Lit I.T all,| ,,„„„,,, s,, nrvvs plot teil ini |,nili vanahl.--show,'.! 

Iinnu  larger.  When, IIOUCMT, Hrn^van«, ('lian^slia. ,|i.   same . Ii.ua. t.-t istii s, alllmnuh hv   n-inv ai mis 

(hat^trli and Wmham;, all ni.itv than MM mi  Irmn t|l(. „^niln  in, .■ ol   ihc alu-rnnnn m.umumi .,.  inlaml 

stations i- --liyliip  cxa^v;«'1 aicl 
llu' nliscrv itions art' of ihir.  kinds 

I      HniirU ,   in nie  l,\    lll-i   , Ll»-.  -I.,Imii-, 
J     I In, e limn |\ , iinnle |i\   -,. ninl-i 1,,-- ( linn -,■ .|,it mn-, 
>    l-.itir li.iiirlv, m.nle hv   -e, nml , l.,-- ITp.nm--,   -MI;.in- 

Wlu'llcvcr |tossililf, ,il lr isl ll\.' \e.lts of MTTirds 

were used l linailsc ol rhan^cs. nnl ,ilua\s the sanu' 

live   V.Mtsl,   slinllct    p.Tinds   liciiu;   I in I u .1 tc( I   li\    small 

nnmht'rs iicsidc the slaiinns inin erncd   \\^   ji 

I In- titr, I ol sin^lf, sharp Ii caw  talk on the hourlv 

values \^.ts mminu/cd li\   usiny  three hourh   running 

m. .ms, 

Ii,,,   I    A    ilinrn.il  v.iriali.in (if nie.in mnntliK   summer r.nn- |n   Hotly   Kon>;,   a   Milele  tlaih   me.ill   m,i\inuim   nl 
f,ill ,it   llonv;   KntiK.   It:  iHTCPiifagc (list rihli lion  of  r.iin   pt'ritxls in , u ,   ,, i   ■        i 
lM'Kiniiiiin m ,1 niven limir ,it linn« Kmi« rainfall oicnrs lictucn 08110 and   110(1. and  is nl  an 

the sea,  were Inimd  to have doiiMc niaxiina as ui 

with  ilie niorninu one as si^niluani as IIOIIL;  KOIIL; 

V-171 

MMM 



M in K N A i   OK   \i K r i: o K o i oc, v Voi.l'MI   0 

.inuMiiri .' > imii-  :!iii HI tin- niiniinuin   tii;   li   \"\<\-    i.  Discussion 

l-  ill i mn i'   -I ll I--I M   il I'll i-i ! .   I Mil   .i   red  .im I   111 It irc.lt'!r 

11 11 n:i- nl .l.i' in «la' ■'iminn-i w i- 11 lii i MM iins |.,i-,i^, 

i -I ill. -i - . i M-:. In .'I '. i ll i\ ' i »K min .1111 ililli II.'I 

I -. 111 i II 11.. l \ 11' 1111 n :' i I, i \ 1111 - ■ . ' I 1 111 ■ I' 1.1 \ 111! 11111 I - 11 

li' i^l I \v n i' lli 11 nl ; in 1. .\i i i 11; in mi inn li H In mi |\ 

i it i-rl \  11 ii Ml-,    m I     i'    li' ,-1     I   'I   I mil  ■   !■ i|    I hi ri      ,illii 

'.in luiiiib   .il-i^ iiimi-    \ li-- ~;^II,II.  mi m.iMtimin 

P-   i  ' l--illii i     l-   li.l\ 1IU     l    V   lllii     liflU i ill     I   (I     illil    .' II 

imii-. 'in- imniiiiimi  '..i   IHHIII' ,   mil In iwi'i-n   1  S   mil 

1 '> l mu- Im   llnri      ii   luiii   lin'ii l\   . il'sri \ ,il imi-.   st,t 

i'..ii-   v\iiti   iii.Aiuimn   mmmi'im    i iliii>   lu-luu    IIICM' 

Imii! '•  i: i- i l.i—-ilinl   i- li i \ m.  Hi i -i.' mil.  ml m,i\mmm 

Mil      lliliil-    till      lIlllT llhl     !l 1111     111 Hll l\      1 '1 i-M  I \ ,ll Hills 

witr linliii eil tniiii plui- nl  liuiirh , ihrer limiih   .mil 

li m  hu iil\   v.ilr.i-s  nl   -t iii.MIS  iilisi-j\mi;   inniih.   As lr» in.ukfil i|ri;rrr  ihiisr  in ,irr,i   2   irxri'pl   IMI   suli- 

u.'iiKl   1.1    |.\|.i.iii|    iiuvrs    ii,.    iliiiii    tm    UUMICI .n r.is .\ .mil  U, lit;.  21, h.ivr .i moniini; iii;i\iimmi nl 

  i \ n- i .iml.ill, in rsprct i\ r ut \\ luilui  tlii'v   ,iri' on I hr rn.isl 

In h.    .'. : .ml ill ii...-.Is   Hi' .in.iK/eil .u run h in; in m   ml,uul, Niii r   nnsiilfr.ililo ilmiiii  has IHVII cisi nn 

n   -   i l.issitii  limn    'A  lii    i    luiihri    ihsi mi i H HI   liriii^ tin1  \.ili.lil\   nl   ihr niu i- |iii|iiil.ii l\   liclil  r()|irf|>!   '' 

n   nli   I" I u rriinnr inn^   imi ,il In in mn m IMIII.I   Xiniii IMI li.i I ii in   11 mil   tile  lnp ul  ,1 liniid  laviT   ,il   ni-, '       ,i- 

in.I   mnlmjil   . i .ll\ rllHlil l\    il;\i.li'   ihr   , il I ri ni M m   .mil ri'iMSfS    llir   l,l|isr   r.ilc   .illil   su   prninoti,,s   I'm linll 

'   ill',   i '. < ililli; i mm rtimi.ll   pi i'i ipll ,ll lull   ll mil pirripi- . M iMIls.  1'l-H ', It  is lUTcss.ii",   In Srrk sunn   nl li. i   i misi 

i 11 ii HI mil Mini I IN  ni i. I in n.i 1 pi i ii I'ssr-    I hn-,, im  ihr fivr this ilisliiluiiinii.  11 sirms rcasi >>• .' 1.   in supposi' 

pm pi isrs  nl   llir  .lis, U-SH in ,   "mi ii niu     is i Irl mn |    is ill,it   stull  unilortiiitv SJ)ritlUs trmn i;r M-.iit',  ptT- 

tlir 12 In  pfiiml limn IHIIKI in 1 2nn, mil "nliri nnnn" sisti'iil   iMiisc   with   limits  pi      il. \      ..mridini;   with 

,is th.il  lium 12ntl in 24im. those nl   these areas.   I'le        inieiii.UeK   snunests  the 

in   tiu.   2.  leilani  Inn.id  geoyr.qihir.il  patterns n| 

islriliiitioa are apparent. 

I    l-,!si (.'hiihi. ,'«•'   IV/.'i'.r .v.; iihtsllmf mui  Kyushu   Sii; 

min ,IIU  mi .i mm. in.iMiiiiiin, -ii;iiilUMHI aUriuoun U14M- 

iinim ml.mil .mil ,il   •.mu'  -l.il -l.il nm- 

'     /\,"   .■   ^ \./H,/.'>/i: llf   ..'■>/ ,i..M/),   //nui/iH  .nut  Shtkukii. 

1 ess .iniiitiiMiii i nn II i ni; in.i \IIII in II ; le-- -ii; ii ihr.in I .iltn 

lim HI iii.i\iiiniiH ml.mil, 
;     \lilni hwin 'Uul I/.I'.'/I JafHtn   l.il llr .lim ii.il \ .ii MI i.HI, 

1    /I/.IMI/X ;,. ;«.' c.jif iiHii M.»//I nj Chitm unit ./.I/JI/K. I.e-- 

-UlHllll ,1111   \ ,11 Ml lull-,  l.llliliilll  |l,llll'l"H, 

>       /'...'/    Kl    lllf    I   .M,'    ,.I,M/    lit'    Ki<'i:i.     WIlllllllSl    lloinhu      .'III 

Hi'rth'''H   /'.IMIMM   SHII .II'IM- «ah .i  uriMler  u IIIIIMII'\ 

l.'U.llil- .III   ll UTHIinll III.IMHllllll ill.Ill llll'il   slln IHlllllillSJs. 

Ait;i.\   I iiHtl -'.     The stations in  area   1.  ami  In a 

^        - -     '   3      I 1 

Qnvn 

■a VA\      0        / / 
'  '    0 

© |J   ^/* MA 
.   ^--v-^^r ■-' 

'                    \ 
yNlACgSMIMA                                 1 

AN6HAI 
mCHANSTE 
'     0CHANWHA                     ' ,' -    .        4 

0HEN6TAN«                         / 

CANTON        _,>    /.   $■ 'C 
• 

O | 

LEGEND 
SIGNIFICANT MAXIMUM 
MORNINGO AFTERNOON -f     j 
UESS SIGNIFICANT MAXIMUM 
MORNING O AFTERNOON 4 

1 '    i NO SIGNIFICANT MAXIMUM A 

I |.    ,'   '.(i'ii.ii'liu .il i|:-;t ilmiii.H 1.1 v.in.ii- i\[)i-i| »imimtT diurnal raiiifiill-patterns, together with stations meivtioned in liM, 
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dominating summer-monsoon of the region, particu- 
larly since distribution of diurnal-variation patterns 
for the other seasons was found to he completely 
haphas-ard, Significantly, 5000- and 10,000-ft daily 
flow harts for the Kar Hast indicate that the boundary 

Acen areas 1 and 2 and area 4 lies in a transitional 
■ in-, with southerly or southwesterly monsoon to the 

north and the western portion of the North I'arific 
anticyclone to the south. There are, ot course, day- 
to-day Huctuations, but the monsoon rarely extends 
as far as Kormosa and the l.oochoos, and when the 
Pacific hi^ii intensifies sntfirVntiv to dominate south 
( hina and Japan, subsidence inhibits precipitation. 

lileeker and Andre (I()51), discussing the nocturnal 
maximum of precipitation over the midwesieni United 
States, aver that topo^raphv is important. They sug- 
gest that cooling and heating processes during the 
night and <lay, caused by the distribution oi mountains 
and plains, set up a large-scale circulation system east 
of the Rockies, resulting in convergence over the plains 
at night and divergence during the day. Their argu- 
ment is well developed and seems toaccount adequately 
for slimmer conditions. However, it would be equally 
applicable to other seasons when this particular geo- 
graphical distribution of precipitation does not obtain. 

Means (1<H4), dealing with the same topic, thinks 
that increased advection ol warm air between 2000 
and 8000 ft can result in nocturnal showers over the 
midwestern I'nited States. Though producing no de- 
tailed argument, he considers that the western moun- 
tains and plateau region of America and the Arizona 
heat-low play a significant part in causing such advec- 
tion. It is noteworthy that areas 1 and 2 occupy the 
same position relative to a more intense heat low and 
to the vast mountain and plateau expanse ol west 
("hina and 'Tibet. 'To check the applicability of Means' 
theory to this region, upper-air soundings are neces- 
sary. Unfortunately, in area 1, where the morning 
maximum is most pronounced, data are available from 
only Hong Kong and Kagoshima. Despite the broken 
nature of the records, it appears that at both places 
advection of warm air below 10,000 ft occurs more 
frequently in the early morning than in the afternoon. 

A heat low and the monsoon circulation it produces 
are of limited vertical extent and may, especially when 
turbulence is at a minimum, restrict warm-air advec- 
tion to the lower layers. 'The fact that area 2, further 
from the main heat low than area 1, shows similar but 
less marked diurnal variations, supports this view. 
< ierman meteorologists (e.g., Sprung, 1885) have lone, 
recognized the trend towards night rains during the 
summer monsoon. More recently, Indian authors (lye r 

and Dass, 1()46; her and Zafar, 1()46; Narasimliam 

and Zafar, 1()47; Ramaswamy and Suryanaravana, 

1()50) have remarked that in their country the well- 

defined afternoon rainfall peak of the pre-monsoon hot 

perioil becomes very much less pronounced, or is even 

replaced b\ a morning maximum (Ramaswamy and 
Sun maravana, I'^.SO) during the summer monsoon. 
K or example, Narasimliam and /afar M'M?), analyzing 
the rainfall ol Poona, sav: 

I'lie i h,ii.irirrl-lir li.iturc nl tlir ilinrn.i! vuriation of 

r.tinfall i- .i marlvfi inenstsc in llu1 .itifi n'"ni finin-, nf 

fintli th,- raiMlall .iimnmt- ,itul iieiM-ions nf  r.niif:ili  in .ill 

lllr   iniMlI1!-   "M f))l    [llU    .IHt]    VliM)   I   W'lvt'tl   'llr   ninllMKHI   1-. 

-IraiiH- 

The idea ih.it the simmier-mniisoon circulation is 
tin- main contributorv cause oi the rain distribution 
observed in areas 1 and 2 is not inconsistent w'th 
Means' or with Hleekei ami Andre's theories. 

( < im] i. in Min ol fig. ! (t vpieal nl the (ropiral or sub- 
tropical coastal stations ot areas 1 and 2) with the 
cot responding i urver, tor Omaha (Means, 1(' 14) reveals 
that, although the percentage distributions of rain/ 
thunderstorm periods beginning in a given hour for 
the two stations an' signiheantly similar, maximum 
precipitation occurs 4 to 5 hr later at I long Kong than 
at Omaha. Similarly, 10 ot the 16 tropical and sub- 
tropical coastal stations ot southeast ("hina and sc-uth 
Japan have maxima between 1)700 and 1000. ()n the 
other hand, none ol the 21 other stations in areas I 
and 2 have maxima later than 0700, and 14 of them 
have pn--dawn maxima 

Rraak (1,>24) and Palmer (1W) state that, in Indo- 
nesia and the Solomon Islands, a post-dawn increase 
in precipitation occurs along the coast, especiallv if 
the hinterland is rugged. Palmer gives the lollowing 
explanation; 

Al iii^lil the I.mil lirt-i'/i- CIUM'- the rlcnids to huilil off- 

shore ami particularly in the ehanncls. A '•li^hi shift in the 

wiml iliri'diim .irniinil (lawn nr even the sea brce/e may 

hriiiR the elninl inl.inil producing mnrning shower- along 
the coasts. 

It is most unlikely, in view of the high frequencv of 
rain periods commencing well before dawn, that this 
mechanism is the prime cause of the morning maxi- 
mum in the coastal regions under consideration, but 
it is probable that onset ol the sea-breeze convergence, 
occurring when the air is already unstable and highly 
charged with moisture, results in intensification of the 
rain and its prolongation for some time after the 
nocturnal effect has diminished. 

Must probably, the afternoon maximum is due to 
normal convect ional development as a result of intense 
smlace-beating over land. The more marked maxima 
ol area 1 relative to area 2 can thus be explained in 
terms ol its greater coni mentality. 

Near the coast, alternoon showers seem to lorm 
inland first and then drift seaward. Kor instance, when 
afternoon showers occur at Hong Kong, they fall from 
clouds which have drilled over from further inland. 
'The base is csuallv above 5000 It. 'The extremely 
irregular coast line ol the colonv makes detection of a 
surface sea-breeze component impossible, but never- 
theless  there  must   be a considerable  landward  flow 
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(luriiii; the .Utcrnnun llc\wii()(i I'iSSi toimil ill,it, morni'ig, hut acting ,is .in ideal source ot afternoon 
HUT ill'' M'.it-. l'H> in l'i., n linn- Kmiu, Mic,in slunvers vvliidi liave little trouble moving seawards 
iiMih.ini  Mm'1    ii   MHKI  ii   im   ilh-  .iimnn i   moiitlis     under the tnniluned influence oi the general flow and 

1111 I i ■ i -1;;.   i 111 -. 11111 i ■ i I linn   1 i I'A n n nun iimi' (lie upper tt'tuniiiii; sea-hrec/c coir-ponenl.  It isohvi- 

,iui I ,i( in in Mm .i- i. 'Ii, ■ A      M.i\    M)  .  | mie. .' 1  .  | iil\ , tu is thai ,i denser network ol observations COM Id well 

do     Vu.'ii-l   Ss     I hi -r , hui-i ,.II.    uiii  iriil, en iiio^l lesult   in   the   discovei\   ol   other   small,   aiiom.ilous 

-nmriri   'Li' ■   in  ii-pl '  '■   i   ihiiiiiin.   nii-linii' 1A   an leyiuns in llie leeward ol mountain r,lilies. 

.ill. . n,"in   II"-!,,,,,.   i). ,A     ii    Minn   ii      | I,,.,   Mini, |j,|v 

1: i|'; u-ii .il' 'it. 

I tie up;»el lr\i 

i in ill il mil   iii. 

n i -1-. nl ihi IM " .u '■ i-. and ihn- 

r i i illipnlii-ill nl the MM I 'I n /i 

It-,   III' I 1\    111,11 km I.   ll   i i ilii 111 lull- 

.ue l.i\' H il i|e. In i   n i \   i i, lln- i i '.i-l  s!|i i\u'l •• w Im 11 li,i\ e 

Iniinr'l   -I'lni' ili-l .in. i1   illl.illd    I-  .i   i'-'iill   nl   .llletltooll 

i ollVei I :- HI    11   I III- I et 111 11  ill ll I   dm - 11"I   i lev i Inp -nlli 

iieiillv,   iheii    inniiun.'   -hnwri-   li.isin.;   nttee  ceased, 

lllet e   i ■  111 I lr  i ll.illi e  nl   pi ei | pi I, it mil   alntl^   the  , n M 

mil il ill'1 ii 'll u HI., inni n . 

I n mi   tin-   ill .i n- -H i|i.     i   'Inn ll.ll   I Ulll.lll-V ,11 i.ilimi 

model i - -uuuestvd tm   n i  i- 1 and 2 

1       \l 1,1   lllllllllvjht.   u'li'.l   tin     lllllllllrlll   rllril-  nl   .illrr 

11, ',ill lu- tlUli: l'.i\ i- illr.i ■ I i A '1, \v .11 111 Mil 11-I illllim Irllil- 

l,i In i mllr i ll CIIIHIIIII |,rl » ri-n ihr -iiil.u i- .ii|,| ihr uppT 

liiiiil nl ihr iii"ii ,,,'ii i Hi I iiH'ii liv-t,lliilu\ ami wiilr- 

I'lrnl .tr.i'h Mil".'1 in.,!i,ii ,lr\rliip. ('I,mil- Innii. 

ii-ii ill» in liirlnilcM! I i\ i i-. .mil ii.'.''i,^ /' in/r.iili.tliim.il 

, »i! i Hi; 'I'l" 'I"' I'M1- '" iv -I "' ■'■"•I .u i I'li'IMir il'Vrl'ip- 

II.ml ll ihr .nl .iluive i- i nil. In nil.ilK un-i.il'lr, nrr.i 

■ IMIMI I i |,ii il. lln, i-irli m. I. .1 -ulln i, ill 111 ii-liiii' i - 

n nl i'l, . I.i n "1 \- mil V l"!iii r.i].iill\ K.iin -i ' ■ 
in (-rr hv 1), I'tirn Itii'iiinit: i mil imitiii- .unl with-- 

-|>ir,nl .unl inn.ill\ rearhifi^ .i ituxlllliim ,il m lirlurr 

il.iun nl.unl .unl in tile ii'iili. lull i"'i unlil ' nr I hi 

.ihn il.iwn alniii; In 'iiii'.il m  -ulilmpii'.il 111,1-1 •. 

.' \\ nh -imii r, tin- i'\|i ui-e nl l.r. rinl rl'Hi'l .ili-"il'- r.nll i 

I i,.n. -I il'ihl \ -inr.ul- ,|,,u nu.U'l -. 1 he i'l« nn I "tun ii- "II," 

.tinl tin' inn cliiuiiii-lu- 

i Irhii.l VtiiTttu i I'i'i'l tm .ik . llie-url.u'c he,!!-; I'.iiiiilly 

.nn I n, inn.11 .U let III "Ml i ii|i\ iM'tmii riiliiiin.il r- in .i -n "int 

i.unl.ill in iMiiiinii lirl urni I ^110 .nnI I'll 10 Niter -i;n-ri. 

ilmiil- iti-jirt-r innr inmr, HKI ,I -riiiiiil iilillilililin 

IHIIII- ii'iiiinl iiinliii^lil. (hi Ihf nun/.' ll ii" "ll-h"ir 

'I nit -ri- in. I tie i Ii nid emit in ue- in ill --ip ur ittriiiiyhuiil 

ihr .illn n""ii. .im I i.iiii' ill i' u hr- .i ml in inn in in r.uK 

fveniiti; 

The  dntimi.iti!   teature   i>-   llie   inorniny  maximillil. 

1 lie .itlcriionti  niasimuni.  althimmli  in  pLnes yivin^; 

4. Conclusions 

I llie iliunul v.iri.iti'Hi nl siniuuer mini,ill over e,i-t 

(Inn,i, Kme.i ami japan -eein- tn lie iletermined 1>V tin" 

mmi iiniiat eireiilation nt the rr^nni. t'tii- [irohahlv if-nli- 

in iinira-nl inieliirnal Inw-levet ailvrrl inn nl warni air 

wliiih. r'ltnliined vvith laili.n ii'iial ennlm^ (ami, on the 

i,i.i-I. «illi llie ninvi'iiirnl in-time nl the -ea-h ee/e eon- 

\ rii;riii r). pinitiu e- a imiinini; preeipil.il imi-iii.ixiiiuiin. All 

.il linn" in iiiaxiniiini ilr\rl"p- inlainl in llie nornial \\.i\ 

I In i iiiuri -<■ 1- iml nn r--.iril\ I mi', -im e innrniilj; lll.ixiin.l 

ill» iirriii in e\I ra-niiiii-ii"nal rei;iiin- !' mav 1M^ that in 

iiianv nl ltie-e i .i a- (a- Xeiiniann (I'l.^l) ha- -imwn i"i 

tliera-iern Meililei i anean ) 1'ital topuvtrapln i- an inipor- 

tant l.n lor 

.'. Nn e\pl.ni,ii um ha- lieen Iniini! Inr «hat nitt-l lie a 

rmi-iilrratilr iliurnat vari.n ii m in In.ill Ihr -pnil of linw 

ami illn ii\ rnr-- nl I'tiaiiiiellini; "I lire \v,n m air Miero- 

-ynnplie iii\i' tiiiainin- iniiterlaken eillier in Imli.i nr the 

I  ii lln I Stales mav prnviile a -"till inn. 

A Ihurnat ili-lritiiilinn over tile -ea area- to the -milti 

anil ri I sniyfe-t- thai. allliiiin;li noeturnal railiatimi from 

I'ltnnl inp- iii,i\ a--i-l in inlni-it \ iii^ eoiivrrlimi once 

-laiinl, a prior and dnilliiialiuy ai;i'iii >■ nui-l operale n. 

pniiliiir the initial in-tatnlilv and elnud cover. 

Ai'hii>lL'!ei!v,»ie>il. The writer wishes to record his 

appreciation cf the helpful .uU'itc given him by Mr. 

I,. Starbuck, Assistant Director of the Royal Ob- 

servatory. 
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