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REVIEW OF IBS 1952 TYPHOON PSASCN 

Nature*s vagaries were not so siaply faced in 
Australia,    Monsoon rains sweeping across the north- 
ern hum? of Australia have erected a rich p^toh of 
cattle-raising country about thus aiss of Texas,    But 
in the recent monsoon secson (Noverb^r 1951 to March 
1952)5 for tha first iiisa In iivir^' wjmory, tr-a reins- 
±id not cor*.o.    Hot only the northern pasture iaiid, 
but the whole top halt' of AU3t4;elie began to dry up. 
Within six months there was hardly a blade of vr/iaa 
in an area the siae of Western Europe*  .  .  ,  .  b  .  » 
the aborigi&as. who have been holding nightly roin- 
rfc'king corenpniol drn-ios, gevo up in despair.    Govern- 
nsnt nedicins 5ssn also admitted dsfo&fc- radioed 
northern cettle men that no relief could be? expected 
unitl next November's monsoon (1952) - if it cane. 

Time, May 12, 1952 

Normally,  outside of the inoncocn rogions of the southern hsTrdsphero. 

the ocrly months of the year are considered the dry season in the tropics. 
t 

3ut "dry" is relative to tropic "wfeisgsa8*, vaieh isiDans that the "dry** sea- 

son is usually not very dry according to the standards of tenpercte lati- 

tudes.    However, the experience of w ttle men in Northern Aiistrflio was 

sirdlar to that of all peoples throughout the tropical Western Pacific 

eerly in 1952.    While Los Angelas was recording rainfall in double figures 

and aefi'ei-ing its disastrous floods, Guam had a very serious problen of 

forest firaa*    Loss than six inches of rain foil on Guan during the first 

four laonths of 19521 

In the tropical Eastern Pacific, two tropical cyclones of najor 

proportions were detectad in the area of the Fiji Isir.nds in January end 

•P 
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CAUSES' tSTK'JGT'IsHB ' AKi>'SSttkvXCr. OF TnUrlvmJu 

CVGLDNES OF i HE 'NCRTJr PACIFIC 

A,  INTRODUCTION 

A science may be considered to develop through four phases or periods: 

i.e., Descriptive, Explanativs, Forecasting and Control. Academicians 

would heve it thft the Science of Meteorology has already entered phase 

three,  However, to the typhoop forecaster responsible for a daily warning 

service for military installations and aircraft, Tropical Metoorclcg/ 

seems barely into phase one. 

Accordingly, the Technical Section for this report will bo again 

mainly couched in terras of descriptive information. The authors firmly 

believe that lengthy theoretical discussions ut this point serve more to 

com use then clarify typhoon forecasting. Enough nnrvjrcte synoptic infor- 

mation is not yet available and thoroughly integrated to support or deny 

.almost Gay mathematical theory postulated* 

B. FORMATION AND DEVELOPMENT OF TROPICAL CYCLONES 

A poruscl of past Annual Reports shows a gradual evolution in thinking 

as to the origin of the tropical cyclone. This evolution is attributable 

largely to the influence of Vs Bjerknes streamline nodel3 as applied by 

Ocean. 

Emphasis in the latter techniques is upon low level analyses and 

phenomena.    Consolidated Reports on this year's Tropical Cyclones show 

that 22 out of 27 storms wore immediately recognized as developments* of 



Analyses of cherts oonteining «ir>ds at 14,000, 20,000 arid 30,000 

feet were acconpiishod,    Streamline flow at these. I«voLs were shown.     ... 

The paucity of data covering the area wiwor.rpass.ed by typhoon develop- 

ment made it mandatory to maintain strict continuity from :^ap to map. 

An attempt was r^ade to explain all vertical and horizontal variations 

in the wind field at ecch available station by a logical and consistent 

pattern.    This pattern gradually evolved into a slight modification- of 

the Palmer application of streamlines for singularities in the wind field 

particularly at latitudes below 25 degrees North.    500-and 300-millibar 

heights were added to the appropriate charts to aid in determining 

whether a wind, field singularity was that of a neutral point,  source or 

sink region.    Time Cross-Sections of the vertical wind field were used 

as partiyuler aids in the analysis at each levol. 

Increasing familiarity with this type of chart led to several In- . 

toresting clues about the formation and development of typhoons. Ail of 

thase ideas are empirical in nature. No attempt has been made to relate 

these findings to dynamical formulae* 

In an article on the formation of typhoons published in 1948,f Dr. 

Riehl recognized the presence of individual vortices embedded in the. 

easterly flov- at the 200 millibar level.    Our data and analyses during    . 

this past season have indicated that similar vortices are also present 

at many levels below the 200 mb. surface.    Nine, fourtsen, twenty and 

thirty thousand foot charts show such vortices.    Any unit singularity 

may affect only a shallow layer and be visible at only one of those levels, 



easterly waves or vortices. Of the five remaining, two (ROSS ?r& ELLIS 

appear to be also from easterly waves^ two (IVY-JEANNS} apparently were 

not true tropical cyclones, and one (GILDA) appears to be a secondary 
•a 

development of a preceding atorin (FREDii). Elsewhere, the theory is ad- 

vancod thet the easterly veve is a development of a vertiginous circula- 

tion already present, 

C, E. Dopperraen in an article published in 1941'+ me.de the following 

statements    "That upper-air conditions may play an important part in 

typhoon formation we have  no doubt,  otherwise it would be difficult to 

explain why. with apparently almost identical surface conditions, we may 

in one case get a typhoon,  and in the other, perhaps orily a depression, 

or nothing."    Certainly oxie cannot disagree with this stateraent,    Jfony 

feel that the upper air holds the key..to successful tropics! forecr.stliig- 

During the season just past some empirical information on the re- 

laiionship of upper level  systems has been obtained.    Some new ideas are 
* 

suggested, which, it is hoped, will continue the evolution toward.an 

integration of all information into a single, understandable medal of 

tropical weether systems, 

;-sen Forecast Center found it advantageous to form a separate 

ly design^ 

for more accurate forecasting of high level winds.    It so happened, 

however, that the Officer in Charge of the section wt^ also a member 

of the Typhoon Board*    This proved valuable in relating upper wind flow 

to the formation and devolopitient of tropical cyclones» 

upper air section in August 1952.    This section was priaaril^ iiysigijuu. 

. -i*.:. 



Analyses of charts containing; winds at 14,0oo, 20,000 nrd 30,000 

feet were accomplished. Streamline flow at thase levels were shown, .. 

The paucity of date, covering ths area encompassed by typhoon develop- 

ment mode it mandatory to maintain strict continuity from map to map. 

An attempt was made to explain all vertical and horizontal variations 

• in the wind field at each available station by e logical and consistent 

pattern.    This pattern gradually evolved into a slight modification of 

the Palmer application of streamlines for singularities in the wind field 

particularly at latitudes below 25 degrees North.    500-end 300-millibar 
x> 

heights were added to the appropriate charts to aid in determining 

whether a wind field singularity was that of a neutral point, source or 

Pink region, Tims Csu»a-3eotions of the vertical wind field were used 

as particular aids in the analysis at each level* 

Increasing familiarity with this type of chart led to several in- 

toresting clues about the formation and development of typhoons. All of 

these ideas ere empirical in nature. No attempt has been node to relate 

In an article on the formation of typhoons published in, 1948*.'• Dr. 

Riehl recognised the presence of individual vortices embedded in the 

easterly flow at the 200 millibar level. Our data and analyses during . 

this past season have indicated that similar vertices are also present 

at many levels below the 200 mbv surface. Nlne^ fourteen, twenty and. 

thirty thousand foot charts show such vortiC3S, Any unit singularity 

may affect only a shallow layer and ta visible at only one of these levels. 



However yna:iy eases vill be found with vortices of sufficient vertical 

c-xtent, to show on more than one levels    If a vortex is present in only- 

one siiallow layer, associated waves are generally present above and be- 

neath the layer in which the jre^>x//$.a J4§^4^^»   " 

Once the- existence of these wind-field.singularities was established, 

and it was found that continuity could be naintained, such vorticos con- 

tinued to appear associated in sons fnghion v/ith easterly waves or sur- 

face vortices which became typhoons,   .What is nomally carried as a 

strong easterly wove is eliso generally indicated by an associated per- 

turbation extending as high as 20,000 feet.    This nay be c vortex or 

raerely. a wave perturbation at the upper levels. 

Fluctuations in the upper wind field over a developing surface vortex 

appeared frequently to be best cxplair^cl by sorne type of dual* or double 

vortices, with a neutral point between,    m rare than two upper level 

vortices were noted to be associsted with one surface perturbation, and 

they most often appeared to be oriented in a North-South direction 

Occasionally the orientation appeared to be East-West. 

In the oase of typhoon OLIVE considerable additional woric was done 

in studying the wind field relating to the development»    All available 

wind data, from aircraft and upper air f'mdxngs were used.    The best 

analysis of the 9000 foot wind fisld at or near the tine of the most 

rapid .developncnt is 3hown in Figures 2 through 5.    This K-3 double 

vortex was notice^ also, particularly in the incipient stages, with 

ELAIfcE, FAYE, DELLA, VULVA, YRIX, and HESTER. 

y 
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In addition to the wind field analysis of the streamline chart, a 

careful thermal analysis was added for the 500 and 200 nb temperatures. 

Thit> analysis included the use of shear vectors for isothern orientation 

at individual stations.    The shear vector was deternined by the vartical 

change in wind between levels surrounding the 20,000 and 30,000 ft 

chartss    Specifically, the shear bet-vee-* 16 *rd 25,000 feat was used on 

the 20,OX foot chert and the shear between 25,000 and 35,000 feet for 

the 30,000 foot chart. 

This thermal analysis has also sonfcributed some information on typhoon 

development,    It was observed that the original surface vortex cane under 

the influence oi a pocket of air aloft colder than its surroundings at 

20,000 and 20,000 foet prior to the development, in addition to a double- 

vortex.    Once typhoon intensity was reached, however,  the air over the 

atom irmwidiately be-"~e warn relative to the surrounding atmosphere* 

The mechanism involved in typhoon development when related to these 

upper air vortices has not been thoroughly evaluated.    Some qualitative 

explanations can be suggested: 

1, Twin vortices when close enough to each other nay show a rapid 

I'ujiwhara rotation,    and coalesce and deepen into one systom0    This 

7 mechanism was indicated in the case of OLIVE . 

2. The neutral point between two adjoining vortices can be considered 

as an area of mass diverge nco. This may then be tlie divergent area aloft 

under which a surfr.ee vortex if: theoretically required to move before 

intensification can tuke place. 

. 



It must be pointed out that this is not considered to be the only 

mechanism which may lead to the development of the tropical cyclone. 

Because of the vide gaps in data in tropical regions, s^all bits of 

information must be gleaned frOft e^h situation in which reporting 

stations arc properly located relative to the storm areas.    The evidence 
_    _  o 

obtained from the BL&I2IB«-FAYE situation   strongly imieates that tha 

upper air singularities are not in themselves enough for the develop- 

ment and maintenance of a strong stable vortex or typhoon. 

The upper level double vortex idea appears to be a new thought as 

far as the Board is able to determine. Such an idea may be implied in 

the statement of Riohl's in the Compendium of Meteorology" en tropical 

systems, whore he states: "If a storm is situated as described above; 

it will bo flanked by other vortices east, west, south, and frequently 

even north especially in the upper troposphere- A mean zonal motion 

doas *not exist at high levels. Attempts at forecasting must turn to 

the relation between the upper vortices." 

Actual evidence of North-South oriented double vortices have teen 

found within a height trough in northern latitudes this y*»'ar on Petrol 

flights from Hawaii and Buzzard flights from Yokota. 

C.    MOTION OF TROPICAL CTOLONES 

Deductions in Meteorology are always dangerous.    Invariably the in- 

dicated deduction is made on a period of time too short to be truly 

representative of the total years in which terrestrial weather has 

existed.    The authors will definitely 5e guilty r^ tltls by suggesting 



that the danger areas for tropical cyclone development can always be 

detected by proper use of the Easterly Wave Program and upper 'air stream- 

line charts« Yet the past season indicated this. 

Once a suspicious area was recognised synoptisaliy, an aerial recon- 

naissance aircraft was dispatched to verify the Indications and follow 

the developing atom.. Rarely, did any system develop which had not been 

previously anticipated0 

After a storm, or typhoofi has been detected, the typhoon forecaster's 

problems multiply. He must decide where the storm is, within unu tenth 

of one degree of latitude and longitude, and forecast the 2A hour- nove~ 

tnent within the same Units, He has two aids* reconnaissance fixes aid 

synoptic situation. If the time of fix occurs near the valid time of the 

bulletin, or the storm is affecting one or ,m^re reporting stations, the 

problem of location is relatively simple* If, however, no fix has been 

received for the previous 12-18 hours and no reporting stations are  near 

the storm track, then a proper determination of the system's notion is 

all important. Add to this uncertainty the requirement of a 24. hour 

forecast, and the typhoon duty forecaster seems almost to be gvoping in 

the dark. 

In recognition of this problem the pages written in past Typhoon 

A.nnual Reports on the movement of tropical cyclones outnumber those 

written on the formation and development of such systems.. Likewise, in 

thn limited sampling of technical publications available to the Board, a 

siiriilar trend is noticeable. 

-*>**4K«#*««i^n-^'.^r«?««iM« «(•«•• "  ' HtrxmsB&SWe-i ^-^.^m^ntnt^u  ««m.  rJtk3MR<M ' *   •"' 



Unfortunately, most of th« forecasting rules which have been deduced 

wore developed from post analysis studies and are therefore subjective 

in nature,. In general, none i3 sufficiently objective and quantitative 

to be valuable in the day-to-day requlretasnta of the duty forecaster. 

For example, several past Annual Reports have carried typical upper air 

flow patterns vhieh cause tropical cyclone recurvature9 These are very 

pood as far as thay go. But it is difficult and even impossible to draw 

an upper air analysis teased on one station for every 700 miles which can 

accurately indicpf-o depth and intensity of a system, without some addi-       -*" 

ticnal objective information. 

The authors of the 3.949 Annual Report point out: "Because of the 

lack of data at higher levels in the Pacific, the 700 mh chart is most 

often used to estimate the stealing current. Naturally this sometimes 

.Hflri.? to erroT~?ous forecasts* as with T^^pilooss PATRICIA and ALLYN vho 

were both forecast to recurve in advance of westerly troughs in the 

vicinity of 135 degrees last longitude. Neither did so because the 

troughs were not as deep as th«y appeared on the 700 mb charts'. On the 

other hand the troughs that finally caused both of these storms to recurve 

did not- appear sufficiently deep on the 700 mb chart to effect such re- 

curvature." The ?n^3 problem has been experienced during this season,^ 

It will be the prupose of this section to indicate a possible objective 

method by which recurvcture can be forecast more accurately. As yet, 

the proposed method is a post analysis development and nay be subject to 

sone of the objections already mentioned. It is unfortunate that tins 

10 



ha? not permitted testing the method in actual day to day forecasting 

"before this report ia due. Nevertheless, the concept ie believed to he 

of sufficient value to warrant reporting. 

Elsewhere ue have included a climatology study dividing past typhoons 

into several clashes or types "by means of their <>^veiopment region and 

track. For purposes of this section vs shall further simplify this. 

Roughlyv we can divide all storms into two classes, one in which the 

cyclone mores in a more or less straight end/or slowly curving path in a 

".iW direction from "beginning to end, aad a second o'iase in which the path 

shows marked deviation from such a track* This latter phenomenon is 

generally accorded the name " recurvature''* Actually the term recurvature 

is a misnomer so it is well to define exactly the meaning.assigned it 

herein. J"or the purposes of this report, therefore, recurvature is de~ 

12 
fined to refer not only to a "itsajor alteration of a storm track",  cut 

also to any storm track which has taicen pn an easterly component, even 

though the change may be too gradual to apply the term "major alteration". 

'Tb» advantage to the fercoasxe;: of shiss simplified classification is 

immediately apparent. The first class can be very accurately forecast 

"by use of either plan extrapolation or modified extrapolation which 

10 
takes into account slight changes in direction.  The second class can 

be forecast by extrapolation until recurvature is indicated and approp- 

vie.^B modification made to allow for the alteration of direction. The 

difficulty then is in deciding when recurvature is indicated. 

The probability exists that rr-curvat'oro. prior to or at the lOijgitude 

_.,„ —-• ••*•-   - *—. .1 



of Okinawa can be forecast by using a graph of the 500 ab temperature at 

this station.  Gmpha of the 500 rob temperatures, and heights ever Okinawa 

and Iwo Jima have "been prepared for the 1952 typhoon season. Winds at 

500 mb hare also been included;1 :' tfn$8J readily apparent that the tempera*- 

f-ure change is more representative of the strength of a trough than 35 

the height change or wind Bhift shown at Okinawa. The change in tempera- 

ture appears much more indicative of probable recurvature than does tne 

change in height* This i9 further evidence of the empirical data which 

indicate that the height of the base of the westerlies and/or the 

westerly wind component over tropical or subtropical regions can be 

closely correlated to the depth of the temperature trough aloft at sta- 

tions to the north- 

Portions of the graph are reproduced herewith as Figures 6 and 7„ 

Inspection of Figure 6 which containe the temperature and hoi^t traces 

during the period of TSUI. and. WlIML  shows that very warm air moved in 

at 500 ah over Okinawa* Except lor minor fluctuations of 1 to 3*5 

u-BgfBBs the temperature slowly rose throughout most of the existence 

of TOIX, and slowly i'eli during WIEMA* No recurvature occurred. 

Conversely, th« traces on CAJSKSJ and. BIDLLa. in Figure 7 show the 

appearance of the curves prior to the recurvature of each typhoon, 

Generally, if the temperature change at 500 mbs is greater than minus 

1*5 degrees at Okinawa, and does not warm up to the former ml»e within 

12 hours, thig cold air will lead to a recurvature of the storm path, 

I'he storm must ba in tne sector approximately bounded by 10 N and 20 21, 
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and 1^333 ftxid is^l b-.-- hr rrfe-.tci_    .•£* &» exp^tod that the addition of 

the Hong Kong reports will aid. in forecasting rccurvavurti  of  storms west 

of Gkinawiie     .'.'he saiiio  relationship or vQi; T.« teiSybr&'CUrO ftial storss 3 0U«*jr~ 

». ~-~   —* ^.---.-.-T-.—?••:-.-.. -   is  'i.-if;f,-Tiitii-*  •*-««• t,h»  lftiiatlo«  erf' t^p  si'tonr relative 

to the axes of the "ppcr levcd anticyclones a£*L  ths depth oT the tempera- 

ture trough cr'.ssin*! CScirnvvS.    I'lia closer the center is in the westerly 

flow,  the smaller the tempex'ature chang* necessary to "bring the westerlies 

CLOWn   XO    v.Ue   9vO»2i   ui'CCK. 

Eke Board feels that this Esethod of forecast lug recurvature is of 

value, RM Intends to test ic or./mctivoiy during the 1353 season*    ~y 

watching the uppov air terp-^rat'jy© changes at stations to the northwest 

of.the typhoon track it i» peesible to forecast the lowering of the "base 

of the westerlies ahead of the atoiu.     Only by additional experience with 

this 23 thod can the exact relationship fee determined "nebween the depth of 

riha cold air and the  "&izre iaketi for the hr.*e of the Westerlies to work: 

down to  v!^*r "Dtit—~e of *hs stCE      Tc-G f*?*.-* »*{*"« V>OY? be'i'"  ol?-***^0*"?  sr: 

far to obtain this information since the ideas herein have mainly baen 

developed on post-analysis. 

ITo discussion of r, pr"7-?-20d elective forecast!^ method for re- 

curvature would be complete without verifying its application to typhoon 

14 _ifi?r:,t A* <v»+„>tv\T» • GM *    rI?h.is SvSSS developed tv^hoon "'"itcicitv «.•*•*•»••.»« 

24 hours aftar parsing Gktasu    It- proceeded, on a smooth track of about 

300 degreos for another 24 hours, decelerated and started to recurve. 

13 



This attsqpts** rssuX-vekVus:* faiitm «»«& tfc«3 storm completed a 1 cap and 

continued heading directly for Okinawa,    iii'ter  one more minor irregu- 

larity in thG tr»»ok the storm «<pT>po,xod to be eart&ia of striking the 

Island with full force,   only tb db^v;^iy^?d«V.rvc to the dE within 120 

milwC o*  the base. ; • 

A atnay  of.   tfcu  500 nib  temperature tr6.eo fi*  Ckinc-'^. shows  tha,* a 

temperature drrp of ever 3 degress boourrsd S6 hours in fidmnce of the 

closest approach of AGHS5 to tho island.    $6 information as to the speed 

of this temperature trough is kaotfa in the sssyiii:- of data farther to tho 

"eet.    To be the trough into yhioh AG-M-S r^enrvad  tho cold air vouid 

have had to be moving about 6 knots,    A. normal epeod between Okinawa 

".^d IVC .Tliaa hs.3 been notod  s,u be nearer 15-20 knots;    In this case 

rocurvature vcuid have been forecast- to occur ftboat 500 "mile* East C£ 

•..here i« -idc    II resains to bo efs*»n Whcthsr err<ei-iesce with this fors- 

fflLgt<»j tool will lower this swfor.     It in encouraging to note, howe^er^ 

that the recurvature which did take place v?as indicated in posiaaalyais 

"»»—    i.-— -.    C/Vl   —.K    liMnamlniin    T"»~, •-.— 

-»lS-".--'r- -•- -"~"^«w»ahi»«*«- 
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With  bhe oT>•*SiCtiive of lHpx~-•''.'1*.^,' '.!*•* S}i-~.'•- ~L-.•"'Lzv.l i^v'.1^"-'"'*'"  ••" 

forecasting Ihe oovcss&nt o£ii^o^^&{^o£<$sQ£ an atteiapt has been 

•ado to classify tropical byoloa&a into individual typee or clasees 

without regsurd to the ncntht, 

The patio of all tropical stern?, and typhoons i"ror- l9«?s v»ru 

19t>2 were divided into ffcsra classes and entered on the appropriate 

charts.    «&ft*ir t~nu jiawxs wore entered it Wae apparent that some of 

the olasses could he further suh-d5.vi&ede    figure 6 uhews'-the moait 

track of each class and aub-»clas«. 

When, all the jatha ox «he eight year pc-rion. yer^ entered i*. was 

noticed that several of the tracks coald have "been slassifiod as bo- 

1anting to noro  than Bnc bikes' nr.d that tha're was ~insiderable ii*- 

dividvail interpretation as to just what class a fev of the tropical 

This is understandable in view of tfec erratic and sonetines 

unpre&ict-bia paths th«.t mny tropical sterna and typhoons follow. 

"She 158 tropical  storus and ityyhooua yfi which re&e&AcL -;as a-;?ae 

were separated into the following classes. 

CIASS Is ••   ' 

uXcuSS   A  represents  *5u«oy? u*  ail   *«i«   u-O^.tCeu.   StOiuS  auu. 

typhoons reported duting the past eight yaars. rhsy are the 



tropical stom^ and typhoons that develop beiveon the isastem 

Carolina and M«rte.nas Islands and aove we'ct^northwcstvarw;  i:e— 

curvir.ir generally between 1.6° H and 86*   If '&&& b«tvt**u l^'C4 B Hj;d 

125° 2. •' •" 

This class is sab-divided  into' 1A and IBS     Sub-class IA 

x-aoux»t:B •«iat of 180    il teal J.,i the sailor ity of cases passes 

iCri;tb of Japan.    Sub-class IB recurves wet of 130   2 and in 

the na^ority of cases passe© fbjtr& tks Byukyus and ever Japan, 

CLaSS 2: 

Thcsi; trcpico;! sterns *md typhoons geuoitiVv is thr^ 

Cteu-elino IslaaAs or in ths region between the Bs.st.3m Carolina 

and Marianas Islands.    fh€«y r»ov« on & vest to northwesterly 

oo»irse aisi pass over ox- near the ?nilippiuos.    Thin class is 

Sub—class A consists of t-7"rvr<ie.?l  stoiTis arsd   fcwfcoo*»s that 

generate in tha Caroline I-rlands and nove on a '^st to north- 

west course passing thru the centra.! Philippine! and usually 

moving island be»ves» Hainan Islands and Ilcng Eong, 

,iub-.Gl»i3K T> :', -..lops between 10    Is and the scuthwxri 

.'u^M^MiBt     *.<un>jf i-ivj axuosv jjai:tu—«i.  6o ci^, and DF.CS na^r C-~ 

•-•vcii"  «"ox'iat»sa«    "Froa here they nove over  the eastc;x ceast cf 

China{  into the Yellow Sea,  ovo? Korea,   then intc ths Sea cf 

Japaxi whej-e they disnipate; 

Sub-class C develops ir  the sans tires, ae SB and usually 

pass a short distance south of the southern tip of Jtertv>m. *.»£ 



th.orio« ijj, «<> South&m China. 

Glass £ cuLipidaert i£S*-6# of the total iiaafces,' of tropical stems 

BXA typhocae*    This class pQn.ts\±r-s, hbe largest percent**;** of ail 

the tropical storsus and typhoons* ' 

Eiie cl^ss develops in she Central v&rcliae Islands azid soyas 

oil «. we-st-northwesterly course pa?*sing thru tha northern half p:f 

the Philippines:    It oekefl up lb.3% o£  the total, 

CXa-aa Si? suD-d.hri&ed into sutv-ciasEierJ ZX and SB. 

Sub-class £& passes thru the Central Fuliippitiets i>^d n-oves 

nasrly 9t$sSgh%'westward to fchs branch In&oohim coast,. 

Suw—class SB noyss over I.ui;on and recurves  R*imyp1y8  gassing 

•bab»9©n aor-thera j/uzon «nd Joraasa.    fron uhero the^ ao-y© on an 

east-northeasterly course passing t&ru the xjrukzpu*. «m<3 dissi- 

pate well .pc3uiui of Japan. 

CUSS 4i , 

This ole.es consists pri^ariij- of t-rrpic-al sterns and i^rphoonsr 

that spend cost o*  fch«iir Mfe aftst of 140® E and. occ-cr 14.9$ af 

the tin©,  * • •    ' 

Sraurmture in this class? generally oceans at a higoer 

latitude than in the previous clasr.«s with. She possible e-xcepiion 

nf s*ib«olas» J3B*    The osan tiraek of this clasa is of little signi- 

ficance since there i« !j
-.?><5at variation in fch«  Individual tropical 

stern and typhoons. 



CI4SS Xs 

LT3T.-U  thin uleiBH have 'bean placed all erratic i>ith3 that 

co\ild not he clearly classified hy e.ny o* the prer/i^aa classi- 

ficatioass    As in tnoat 01  fog other classes  it is possible to 

rsclassify eosa of the traa&S*    Xn actual practice, howuv«i", 

this woulc. uti •:;" little ooneeqaonce ainca i>h» Cw^vrover-jiai 

tracks vary considerably froa the o&an track.    Glass X systems 

have been and will continue to "bo difficult to forecast.    Thay 

ar« included pria^'vlly tQ sssaount for this balance of tropical 

sterns and typhoons*    'Ihe fact the* syst-ftEa in thi3 class 

oconr 16; 7$ .'f the tirs   is inpo^tcmt einco the fcrec&stsr can 

anticipate three t«j fo-ux syateca of this olaaa will develop in 

m .._____«•  •« 

Ifiguro 14 shows the nonxhs oi tho joar that G&sh ~£ these clw*;;5s 

and auh-cla^sos 1B nost likely to occur, also tho percentages and i:ean 

values of each type are given. 

5 19 



STATZSTIOvL STUDY FOR 19U5 THRU i?b2 

u study ha?  bee.^ wade ct  sXl the trooiccd. Dtci'ms occurring ctur- 

. v* * -~> w* . • 

-   ••»*;»      w  P^TX"4 

.Uirstj  data were available at;, th?* Yj-fHiioiii Wkrning Center for these 

years  arid secondly;   dot a obtained during t>ese years Siere obtained 

:nt\Tc 'cype re conn ai:; nance,   rvrsc branch of the  serYic<%   :'n^ by 

sisiilfir Quali f i e^to <"*•: s: 

These results of !9h$-!9?? seasons  are compared v;ith the rcsulto 

of 3o sensors described In i.hr. publication "'/feather and C'ii.r.ate of 

China"  Report I!o.  (VyO,   Weather Division.  Hq„  *-•?_.   "arch 19iii>» 

Figiore 17 shows the close similarity among the. seasonal din 

tribilion at  the selected periods. 

During the  3$ yftar period the rnean number cf systems T*hich art-' 

aocSuiTieu itO  bs TJjTGPxcax storms  onn "yp'tioons  7u5 tic*_i, per yc^*    xoi- 

iod the Ulcu-! is 21+0 pu-r year. 

Since 27 named systerno i«ere accounted for in Typhoon Bulletins 

during lvb2,  it would appear  at first that the 1952 '•easnr. "?as the 

- "•— •  -            —••-     x      - — tJ     "   ^ w -** *•' « 

This is not necessarily a fact since upon closer examination it 

C-3S1   uc   ea5>4->   i5iKii-;u   Cli'i'O   j. Vi   oiiCi   Ji^i'Iii-   C""<)ld  CJ±'   ur'iO";il'-i  have   wCCJi 

carried ;
A? one system,    The tropic:il storrv; nuntcH FISD-, CIIDn^   and 

SHI"?.!?7 evil*? hf4""? HO«JJ: tsitix^'i^ disregarded as far .15  accoiur'lj.shi'ip 

the sission of the Typhoon '^rning Center is concerned.    Typhoons 

£L.<SJK 3&d F*C£E wore actually of ifel sasse system and could therefore 
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have been carried under one name.    With these del', ticr.o  a total of 

22 systems could be; accredited to the  195'? season "Mch could make 

the ae-anon normal in the number of systems but abnormal in distribu- 

tion, 

Pi-jure l£ sho;.s  the  corr'arlson of the mean and monthly per- 

centage distribution for   selected periods.    The close   in^ecment be- 

tween the data for the 3S ceaoona  *nd the  i9i;5-19(>2 seasons (Figure 1?) 

apr>eam  to indicate that there h^s been no notice ibid increase in the 

number of typhoons or  tropical storms developing cr being detected 

during the past 8 year pcvirA.      -ctu ;lly the  cojup-.irison is strictly 

numerical,   and in reality they cannot be closely comp-red since  it is 

not pov.siblc to oV.terminc what c-^cgory cr categories  of tropical 

cyclones wore  included  in the  38 year period.    In  any event- the simi- 

larity of the graphs  ir; inter*-sting ^nd probably indicates  just what. 

it appears to indicate* 

Figure 15 gives  a complete breakdown of the distribution and 

frequency of tropical utorms  and typhoons by months for the years Iya5 

thru 195?-    ^'hc figures represent the tctul number <_u tropical istorms 

or  typhoons detcctcc; during the month.    The letter follovring this 

number indicates whether the systems  ./ere tropical  storms (S) or 

typhoons  (T)c    When there were both-tropical storms and typhoons in- 

cluded in  the  frr-+ figure,  the number of typhoons  und tropical storms 

is entered in parcnthesja  foiloi.'lng .the first figure.    The: remainder 

of the chart is self-explanatory. 
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I'iONTH^x IS.^ DISTRIBUTION 
OF TROPIO..L CYCLONES 
ito COii?.ii-£D TO Iv52 

SEASON 

38 Yrs Record "     19u5-.LP52 ~~7S yrs > 3 vrs      1.952' 

MONTH "Mean Jg He an % ifcan J6 No. 

Jzimu?y .9 i*.0 .25     1.1 

February .1* 

March .5 

^.pril .6 

May 1.1 

•fee l.l| 6.1 1,50      7*?             1,U      6.1*               3       11.1 

July 3.4 15.5 2.88   13,8           3.3   15.0            3     11.1 

.mgust- 3.6 16.2 3.50   16S?           3.6   16.2             5     18.5 

September '   !*.! 18.t* It.00   19.0            l*.l   16.5              3      11.1 

October 3.2 iu.ii 3.50   16.7           3.3    U+.7             6      22.2 

November 1.9 6.5 2.50    11.9            2,0      9.1 •            3      U.l 

December 1.2 5.1* 1.38      6.6 1.2      5.6              la      lu.9 

TOT.JL 22,3 21.0 22.0                          27 

1     r> 
i.O ,00 0 

2.2 .25 1.1 

2.6 .25 1..1 

U.9 1,00 ii.8 

6.1 Is 50 7*2 

15.5' 2.88 13.8 

1 *T    0 
1.^ • <- 3.50 16,? 

18. 1* a.00 19.0 

la Ji 1 <o 

8.5 2.50 11*9 

5.1* 1.38 6.6 

.3 1.5 

.1 2.1 

• _- 2.1* 

1.1 4.5 

l.U 6.1* 

3.3 15.0 

3.6 16.2 

li.l 16.5 

3.3 11   •-> 

ii*. 1 

2,0 9.1 

1,2 5.6 
J 

FIG 16 
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ESTIMATION OF TYPHOON INTENSITIES 

The lowest pressure in a typhoon has been accepted as  ouc of the 

indices by which the- relative "intensity" of hre system is measured* 

It is  academic whether the  center of lowest pressure is recorded in the 

center of the eye  (as in   the model) or is  displaced some  distance in 

the direction of movement from .the center of the eye (as  reports:  sug- 

gest). 

However,  it has been observed that some typhoons decrease in "in- 

tensity"  as they move to more northerly latitude?.,   although,   the central 

pressure remains tl«o  same or possibly decreases.    We*are then forced 

into the position of defining thu intensity of a typhoon in termu of 

the maximum surface v.ind speeds,    *in «ir Force installation,   a city in 

the Philippines,   a tropical island,  or  a naval vessel is not affected 

by a so a leve!'  pressure of °?£ millibars,  per cc, but. each of those may 

very v?sil ",c seriously effected by I00"-knot v?inds, 

weather observing stations.    Therefore,  v;c rely almcst exclusively upon 

aircraft veathcr reccnnaissaico to determine  the actual location 

and intensity of a typhoon.    In a reconnaissoice penetration*  the sea 

level pressure is one- of the pair rioters which can be measured A/*CU 

'vdthout introducing the variability of human estimations.    This  is not 

J.—. ...f the measurement of surface v;dnd speeds.. 

The Board has no quarrel whatsoever with the estimations made by 

aircraft vie other observers in the past two years} certainly,  their es- 
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tinations  are well within the accuracy required by the \.'arning service. 

In  fact,  forecasts b^ed upon wind fields described by reccnrtaissaice 

have  borne out very satisfactorily when checked apyinst land ^.tatiou 

anenoaeter reports.    The fact ,reri dins, • Ifcwover, that on reconnaissance 

penetrations,   the surface  wind speeds  ore  estimated by human observers 

-,2nd  3re subject to rone variability. 

In an attempt to develop a more objective r^ethod in wind speed usti- 

r.dtions,   a plot was raude of 230 cases  of, typhoon penetrations in "which 

ndninum pressure  end jsaxirtun winds »ve-re both- reported.    The data con- 

sidered were selecV'd from fiSDRGI^ of 19$1 through HESTER of 1952.    Ibre 

data  are   available froffl penetrations  in ly?0 and previous years.    The 

last two years were  studied bee use it is  ft.lt that typhoon reconnais- 

sance observations  in this period have  reached a higher level of re~ 

,liability.   ..i'urtfie-r,   thu number of cases considered is  ample to show some 
••m 

interesting and consistent relationships. 

Difficulty arose in plotting- winds  which were  reported to be  ''in 

excess of 100 knots".    Eliminating these reports,  the resulting sc'atter 

diagr-.*E assumed significance.    Firstly,  it was clear that one  curve would 

not satisfy all points.    Secondly,  it was obvious  that there was  a direct- 

relationship between the estimated mrxinum surface wind speed and the 

recorded lowest sea level pressure-providing the third variable of 

latitude  were   introduced* 

Various formulae hav. been suggested to relate the rauxinftjri winds 

1 9 ' 
asid lowest pressure.    K. Takah-shi * recently discussed the rtmpWL'cd. 

1    "Techniques of the Typhoon Forecast in Japan.- paoer presented at 
tnc Third -^v-iu-i Typhoon Conference.,  Tokyo, February 1952. 
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formula:    Vnax -. 11.5>\/LoiO*-Pc    where Pc is  the central pressure 

and Vnax is  in knots.    Dr.-  Robert D, Fletcher^ brought tha  attention 

of the Board to  the rao^c  ccriMonly accepted relationship c£ Vraax - l6V1000-?c 

In cheeking a plot of those curves "..1th the. actual reconnaissance 

figures., it appears that the latter i;; nore accurate and best fit.'; the 

observations '.<hich were. nude on penetrations near' 30 M latitude. 

Using this  as a * tit- tint; point, various curve fitting attempts v/ere 

made in which the  cosine function of tho latitude was used as  a factor 

io compensate for the observed decrease in naxinun vinds  as the typhoon 

moved polevard with unchanged eontr-d pressure.    The variation of the 

cosine or the square  of that function does net contribute   a rapid enough 

change: to allot; the compensation  required by observations. 

Finally,   a refinement of the original formula rm established such 

that the governing factor decreased linearly v--st.h an increase in latitude, 

Thi?  family of curves fit  the-  observed data nore closely than dry 

previously considered,    ^ -let of this family of Vnax « (20 - p')VlOiO - Pc 

is seen in Figure 18, 

/is  reconnaissance e:sxrience increases;  the  trend seems to be 

tov/ard the complete, employment of  700 mill-ibar level penetrations on all 

systems of typhoon intensity.    Of ton during 700 millibar pem.tr at ion .3. 

the height of that surface is transmitted immediately v.lth the location 

of tho cyee    Thirty to forty-five minutes la tor  in  the full eye message, 

the forecaster  v^c-ives  the  sr,a level pressure  information  as determined 

?  .'<VS sponsored consultant visit to Guam in July 1952. 
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by dropsonde.    It nay be  two to fear hours later after the typhoon 

has been boxed that the   forocaster has   a clear picture of the v^'nd 

fiel-d and the maximum vrind speed is  reported.    Since time is of the 

essence in any warning service,  it iy evident that the forecaster must 

have pome  other tool by which he can innre-di-tely ascertain the ,(in- 

tensity4'  of the typhoon fror.i the information ho receives from the 

weather observer in high level penetration. 

Since it is believed Ujut -11 typhoons develop in a homogeneous 

air ina&s,  it is reasonable to  assume that,   thcrmodyaamically,   typhoons 

should be similar to each other (the  variations being only in inten- 

sity).    ?hut is to 3Sy,   one v/ould expect that if  u 700 millibar height- 
i 

of ?500 feet were recorded on oenetrotions of tv.o different typhoons, 

the surface pressure computed by dropsonde on both should be similar. 

To cheek  the  validity of this reasoning,   a plot was nude  of  all 

cases in which 700 millibar height  -nd sea level pressure "..ere both 

recorded during the period of typhoon penetrations  as mentioned  JDOVO 

(GEORGIA 1951 through HESTER I$£2).    ... total of l6h case? wore plotted, 

tt copy of this graph is seen in figure Iy»    Inspection shows  that 

j with a very small standard deviation,   tre  best i'ittirg curve  is  a 

straight line such thwt for a decrease of one millibar in surface 
!) 
| pressure the  ?0G siillibar height is 20 feet "less,. 

••• 

In Figure 20,   a working table is  presented chov&ng the latitude 

1 inal variation of maximum wjnds empirically determined.    It is strongly 
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LtiiTTODmriL V..TUITION OF ILJEIUUH WTSDS 

i '-mn 

nan 

rvDcr 

y;5 

970 

Vt.O 

955 

-•p'j 

r.i.r' 

9).0 

935 

920 

OT5 x - -.* 

900 

10130 

QQ9Q 

9850 

9?10 

9570 

?U0. 

9290 

91 SO 

£030 

8870 

r>l  r-V, 

8.310 

OX I v 

oujO 

789 0 

7750 

7610 

TU?o 

mo 

*» *> T^XE til ID 

-* s 2° 10° OC'O u0° H5U 

60 57 5u 51 U8 a? Ul JO 
-.r- 

,J-
J 

7U 70 66 62 55 5o U7 ••I3 

IS 80 76 72 6? 63 3D ..o 

95 90 a5 fp ?o 6* 60 55 

ioU on 
77 93 DO 

50 82 If 71 66 . 6l 

u? 10? 100 95 • 39 83 77 • 71 •    65 

T20 ill* 107 101 9.5 89 82 70 

123 121 liii 108 10:. 9n m 

13$ 1?? "?9r> 113 106 Q0 92 85 78 

iia 13.3 126 119 V i 10U 96 B9 . 

1U8 luo 132 12li 116 109 101 93 B6 

153 lh5 1?? 129 121 113 io5 97- •     89 

159 i5i 1U2 13U .126 117 a.Ux 

i65 156 lii8 139 130 121 in 10U 95 

mi 
*1 r*n 116 2.07 

175 
— y x 
i.OO 

<4|   i   *» 

xiW 133 •i-L 7 
I DO J_£.VJ T 1 "l 1 M*i 

180 171- 161 151 lk2 133 123 in). 

185 175 156 TI.A .i * * * * 13? 127 11Y 10? 

190 180 170 160 ISO li;0 130 "l 'so 
J-Cv-' no 

195 181* 1 71^ lit* 153 143 133 123 113 

199 189 178 16.* 15? H»7 136 126 115 

FIG 20 
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recor.niendad that, rapvoduc• tion ~o~i"'"tilts  t&biu cot be made lest, it be 

oho-?1" to oe in crrcr  at the llirdta by ubservation ana gv££ftf the 

sns fate c^> most p'-utiioritatS va».. information about typhoons,    M** 

mitteilyy the danger of this should bo Icna since this table is unique 

ta ikm it Isi based on d>ta.    The tatle ghouM be checked for several 

seasons and refined as naceswury bafo:re accept-^ce is granted.    In no 

oasis should this table be wed as evidence to refute subsequent obser- 

vations. 
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OK EASTERLY mvss Sii ras i^crr::? 
... J        . .1 

%!a;ior,  TjSiP 

Abstract: 

Easterly waves are dLeseribsed as  they anp.:^r In the.Pacific within 

the ..ayr- ro:«ims.te  limits  j§E   k> 15-",  *3^2   to  If-5CS.     Hie desc rip tion is   based 

on oi;rsx*^"a VJ,on. ^Jiu. oA^/triOiics .vr. poo ^a-nR^^y'siZ; i>  i^ixr*^ *vr^' .is^ivu *...;.' vi.i.» 

ISarjn   $•?   the   COninOIi   EPtODi O^-C-r"- "ftl   "'- V% i.0)   -^   1=   d."i SCUftScQ   b n 6 >"1,,r   13J   its 

relation  tc easier I;-  weveu. * 

The  "^steriy '/aye Pro^rair  of the 2iU3r"  'Sit' Weather Wing is deg- 

cribed-in general   SCJTUB «KU it;9 priory purpose presented, 

, ,    : .?«„,» t % „,„ . 
r.-Li   .  i  V *.i.ia.tj   *'J   Hi '  - 
—    I 1    '-   • '•    •—— 

r.2iis •pfipe-y is *   eI::sple descriptior. of observation,  which hac beer. 

reducec".   to vri tin,:; in  the hope  that it vd.'.I provoke  further i:\WHfciga- 

tinru     It r-ipyrts no  final  reunite of scientific inq.uirj-.grid offers no 

vo:i•=: of authority.     Ihe idet s presented f re based • partly or. unorganized 

experi-:u:C'5 rnd partly on  tiie beginnings of research by the  Typhoon Post- 

analysis .Sar re..  Andersen  ^lr /orcc & so.   Guam. 

!:,-•   this papsr;   the  term  -'lacitorly va.vsw will Bean a wvo-like per- 

turbation,  moviag ir  a westerly diraetionj  in  ino   trnae winde wi thin 

the ureji 2-   tc ipi'j" -'JOS   t'j 15C3.     I'; is jiot iapiied  ibt wither easterly 

v.-av   - or  trade wi&j.t aapa eonfi-cd to  such geographic limits, but only 

i    HaJfe-r cfterrett is currently vith'thc; csvero Weather Naming Center, 
Sniper £18, Cfcis, 
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3a..-'orIy vrvcs vi).l   '&C C^spar^d  to  tossjp«ru ts  latitttC-M   rronti;   iji 

several v--vy« in  fchs  follow*;^ pitX^vsjjrcvphs.     Shis ri«.l "be e.m";C v-.o i   becnasfj 

thocj xhv;n;;~,'!lnf  ere  sljaill r;   Out father in oruur   *co ; o^oi.i^»   uu:   o~ 

suivcd c&M#-.$tcrle-tier wilt!  something more  £Nntlif>r,   -irici;   in psycholog- 

ically j.o'iiii. 
- • .     • 

V*ev«m.-nr. pnd Continuity g£ Sisterly y vu«; 

Mo6i faroo^-tinr,  rnd  urea 383*?^  «* ftrwi1?*i»,   consi«t«  of o^tr.-.po- 

latla& of tb£  krown movBincnt of taawn -perturb? fcisns or Tnrir.ti.or. |« 

vr.-iniis raetcoro'ogical eiener-ts.     Good r.nr.lysts so   losr.tG fronts  tb**t 

their Lwv'mcr.ts appunr rather rc#.ilr.r --ad Steady.    3mm so xn the  tropic*, 

easterly Vnvoa move r.t vrrimiB  speeds, persisting for oc—oral dnys and 

••jr.i,--T"sr,1,,'; f**"on cast   to «**!** r.t n;:"si—uniforn JTutcs.     in tiio jCsseix1** 

of other  inforMftion,   the  forecaster vi^l apply the climatologies 1 

ave*T.*c» of ten kr=ots.  "but <*s   soon, v.%   two' fix*.** ?.re ohtednsd.  it ia 

..„ -.     ...   "-**,+*Mm    t-r,    fnv«i^    a r   •A.-,'-ci fltr-  i""-..    uf    sfet;    OTMPH   f1 P.t.PTTrili£i3     OY    then. 

i^orraaily.   ti>Q trade winds  tr^rnselve* t»iow at ih zo j>J *uioi,&,  with very 

little vertical she;.r,.     Tims,  easterly vavws iaove ct speeds approximat- 

%?» .-ivio   nj-.llf  the iirrdi.cnt wind cpeo^s 

Oust r>y  xronte 1,; i..id-.Lntitudes  often see$  -co  corne r*t semi-regular 

internals-,   SJ easterly «rvOb hi vc r   sort el rl£-llu% usually pis&g a 

stp.tioa -at in*,e.rrpls of rhasttf 3f3 hours.    Ho;:cvsrr &a.$% wrves IMMD too 

wt.r>k rad  til*.-  rliythn.  too irrogulrr for It t.-i "DO. r  rcr>i  nid if practi';rl 

for* ;Sr.^ tin*;:. 

i 



Wina ?f» ttera; 

-   .   -       *•*>*.      £*i    - -   -f^j-       - — • -   -     -      . ; ••  *    L."    — - 

r-;'--^ra\" beccrios  so «*rifb:!e  in  the  neighborhood of the v; v o   the t 

t-lit   liii.o  ef pfssage is he rd to  rix.     Somo tines  the wind,  esp'.-oiedly bft~ 

<T> MIC- 

latter hnppen*;  At both Mgp. n.nd  l-e**   ''••t-ris.   it. hccniics ppRCtlwll? l3B- 

pOSSiMfi   to  dotfjrrr.inv-:   T.'no   .^vc"o   tilt  from   the  vortical.      Then,   too, 

ther^ arc no known limits for  civ71 ireyer coutf iiiing the nind shift. ,  "t 

w-rlr-fl with time end  ST;<-CC.   so   tr-.-rt r  vp.vc   the"  ehove  stStmgly fit  the 

eurf^uu at one  station,  often  lifts  to nff::~t only  the circuittiofc e.bove 

'iOCO foet »t  the  next*     The -oe-per limit of  cho wine  shift is even r/ore 

•v^ri^bie,  rnrigir.5 upward froi". 6 000 few I*     The  shift or l^ck  thereof,  ovsr 

P^OOQ  feet is probpcly of no importencc-     Ihc wi,|tt©BOi?s n;6. indeeision 

of  this  v.'ind paloem,  while not gryntor  th-'ii for  :*riintp.   is more dis- 

'• cr^snin*- "hfic; ugo  drste  r re no re   rv.re   lii   Ihe   tropics- enc!   fSfvutoiMv w/ '••<"•"• ? 

i * 
rvr»      fh:.^ 

""" • 

Sisterly wnS ?-G probhbiy oriented nee.rly eorth-sou'h,  or per- 

pendicular to   the  direction of  the   t~ed..e.     i.c?;u--llj-,  dr.tr  ftj*u   boo 

sperse  to rolirlUy fI v either tise oriuj.tr tion cr  th:   If ti i;u*.i::nl  extent, 

bu* rpprrent speeds between stations  of dif ferine,  ir.tl tasters  .indicrtc 

iittie  verietion. from the  :ioi th-south  re sump tier.     The  vrrietion   in 

c:-j 



?i.i  Si",       t   n'.V: 'Mr)   .jfefi T     &•«*• 4-JS-M r        v,-»v^nch"i w     oTflU'i^ 

200   to -00 miles «it loivfiUu     Shese  limits arc speer>2ativ«  *nr'  SMI  »*•- 

:^ain so until propsv air recoimais5ar.ee is Made.     However,   it if  know,, 

that easterly waves J.»RS 'Sfeiivrtrtok without, U^VJ.II,^ shoyii 8 pessa^S at 

Ilvaj^Ieiii and  vice  r&r«». ... 

Fa?teriy waves ,ars usually embedded in the  isr.sa ctrwoa without 

Rff^cting the doldrums.     However,  occasionally there* arises a "bit of 

evidence  that a wave lias extended to  thf: n&fji of  the  trade sfcyeais  (alias 

Jntertrcpieal Jj'rcnt,  alias Inter tropical Convergence  Zone), meetirrF  the 

do I di-was  Avid perhaps   «"ttir^ off s. vori.^x with  typhoon—siiisd potei.oiwli- 

fei P ft 

Pressure i*jd pressure   tendencies  cec~  to be entirely independent 

of easterly '..ave.5 in the area described.     Of course,   xt ir.ust he  scLraitteu 

-.hat many of r-he kinks in isobars at  front® in temperate latitw'o 

i-u.ui/ses have a paiiiiiU-iy for-ceil look.     Yet,   fronts do  lie in pressure 

troughs,  whereas,  eva- with diurnal variations removed,  eaaterlf waves 

3eem to ocwur about as frequently with rifting jft'-fwisvi** tendencies 53 

with falling,  at ms-cina as at mindna.     Neither is any relation between 

hydru;;«etKor:i pnd pressure evident.. 

Cloud and Precipitation Patterns: 

Cloud and precipitation p».fverns vary widely from front to  front and 

30 



from'easterly wave   to easterly wave,     'ilhe  area of increase ._.,.. --J      rt"' .K,,/} • 
'JL-UAWW 

shape,  tno   \*%Tfiz  of iiamo^CiiiSifcy of this c-.rea HIS unsown,   but a. i'ough 

^tioiss mi^it oe   somewhat oval,   30  to £00 ;.iiles wide,   100  te '+00 miles 

i — ^'   vf-; •>»  the  icr •' P2Cis  c#*i'""•ntuted more ox* l1"'-^^ 7ioT"tii—sovakh*     *vi w-^Xn 

thi*s' e-tB".  cumulus e*ai\  perhaps middle  clouds cevs-" 5/10  to 9/10 of  the 

'?fcr,  enmuius bases are lower and tope /-.i^her th&r. in  the  •»_•"?• irozu^ert 

showers are- header. ayre  frequent,  and Ip-st Tnruver.    Cirrus has no 

apparent correction with enrt&rly ^v?e;     The rftftder should be w?rY:ed   • 

thai other systems with di;"::'-rzer.i; woveme-.-.t?   seen  to  &XUS8 cimilrjr veptV 

p;.twrns  in the tropics and thig fatten:  should rever be used ?.s   the 

sole criterion of an easterly wave passage. 

Other Variables; 

Seusterly w&YSts offer nothing comparable t---  th? &ir density discon- 

tinuity expected across, a front.    Visibility,  surface and upper air 

temperatures and dew points offer r.o help in easterly wave analysis. 

Importance is attached to the "trad*, inversion*  in the Caribbean and 

eastern Pacific, but this feature la lacking in  the Kwajsiein-Gufm area. 

Isenti-.-opic anclysis has  shown some  relation between  the  equivalent 

potential  temperature and 6i<ht.orI;" vaves,   out it hae not yet led  tc 

improved forecasting.     In fact,  differences? in bcth sensible and dew 

•colnt temperatures are ubual-y insignificant by ai. mass standards. 

Easterly waves* appear to be vertical,   lean forward,  or lean backward 

^1 



Or, 

without rhyme or .cecis'.ni, without relation to the associated patterns 

of hydrcw«Tsegrg5 ii id without affeetijag the motion v.£ the wave.    Thus$ 

reraaasters i ind fay fewer significant variubios in tho tropj cs then 

in the tcciperyte ao<nes. • .• .      • ••'.,,. 

There appear to be recognizable diurnal voriuviors  in lev; cloud 

cover and perhaps ir. wind.    Tieso are ouitc small, however,  raid snould 

cause no confusion rith easterly wave pass-j^cs.    Thy probable  sizvc af 

these variations nre less than 1/10 for low cloui cover,  three degrees 

m.d t.-«o tacts for wind, 

£yeaB of Formation .and Dissipation; 

just as fronts ran tho gasmt fxv*n vigorous wet to weak dry,  so do 

easterly warp.;.    Ko rules are offered for generation and d.e^en^ratioai, 

hu* m03t.wr.ves found in or nenr the Phillippines can bo  traced bad* at 

least to Kwojalein, -which  is the eastern edge of routine data*    The 

apparent Intensity of  the perturbations varies greatly along such sracics, 

so that sareful scrutiny  is ofton necessary to trace a vawe through tha 

entire region and achieve continuity,    Ifow,   it- is admitted that raarty 

errors have b^en perpetrated UJIU porpeiuat©^ in the nnttio of continuity, 

but on the other hand, premature dissipation on the sap sometimes results 

in unforecast  storms striking populate I qruas.    This problem of inten- 

sification of seemingly extinct systems is ecasaes. to nil forecasting in 

all latitudes.    The tost rule is to carry perturb at ions autii rather 

positive evidence of: dissipation is found.    Such positive evidence  is 
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f'-cnishod by the dense network uf x-vixiriii^g s%r>tlOiir;  in   !;iio Philippine 

Islands and shovs  that nary,   possibly snostji   caalwrLy   waves  dissipate 

east of tr ..-.e  island";   3Yan wheii the tro.ds winds  extend farphej.   wast. 

Otkor wr.ves rra expected tc dissipate when they rmch   hhe end of thu 

t^ifdo s*>roc2s •    However    fron  tinie "tc  tisp     • •"•  do^-s a.v-'-:V"-r tart  acT'—Ji"- 

butions af sexse  sort weaker than typhoons  ^ross boundaries,   for example, 

frcr.i  doU~zris   i...<  t I.-MIH  svreCUTXj   fivPi  t-mc 

easterly trades to  temperate westerlies. 

The Easterly Wove Program; 

Fox'^east Bulletins 'Pacific  (FE*V»)  arc.the bluua of the Easterly 

Tfare Progrca of tAe £145d i»ir Weathor Wing.    Those bulletins ere  issuod 

t-cvicc doily and serve two aain prupcsios.    They permit on  interchange of 

opinions and inf oruiuticn botwuen stations,  partly compensating for the 

pouoity of data in th« region,  and they focus attention on perturbations 
r 

that may develop into typhoons.    In ndaitinn.   the Typhoon Post-analysis 

Board' is  char-god with rsseGrch on easterly naves and may someday bring 

risw knowledge to boor on this so poorly understood weather system. 

» 



STATUS KEPORT OF 03SEHOKJ ST..TICKS 

•." JL"'J   wie OSTC''iisGPiorLu  or   cats  jLyphoon AQUU&LI t\Qpoit3   lit i'J'i-8,  a 

section has been resorved "for  "Recommendations  for the  Improvement cf 

..Cr*. wiicr   liOxTXOO    vOoUL^ViJU^    f iliCl   2 O'J" riCu o"u .».ii£    X\0-1 CiuiTO    vO    XX~GpXCcAX   'Jjf U-LOIICS 3 ;<T 

All     -,f    *•.*»«    ^.^^^.^-.4:^    H^>~~ 4n<»    ..r-i+h    +h i £ - ••- u - ~"    1'./.. •     •>' • *.? r-i"   -""'    b" 

T.vT;hrjr>n   fo?ecastors*     ruit& naturall"* therefore    the rt'sjult has been 

a devotion  to a discussion of for.'icyg-ting toolg,     To   the. knowledge of 

too Board,  uui;hing has becm propose! for the  improvement  cf the observ- 

ing facilities,    In f ^ct,  the -mlyo and representativeness of the  ob- 

servations has net been considortid- 

'£hon a forecaster  in the Tropical Pacific first comes up against 

the prol/lcsa or detecting and forecasting tha. future nxoTO>r>'*«r>* and in 

•tensity of a  typhoon his reaction  is that of frustration*    He may have 

obedient  tools sharpened   for application;  ho may have a thorough under- 

standing of the pnysical relationshipa and thsrmoaymatic  structure or 

the  bi-opical aT*ac>3phei'o;- however, he  is appalled by the lprk of d..t*. 

I'« ha« bouii suggested in ranny previous *lnuual Reports and at all 

of   th~   IVpKOon Aiiiiunl   CunfnlVsrsc-Ofl   thnt  W£i   at*(?   or.   t.h.e  threshold   of  grettt 

discoveries  in typhoon forecasting,    /ill  that  as needed is more data. 

The Beard.does not feel that  typhoon forecasting would  improve appreci- 

ably as the  result of additional   data;   it  is  obvious,  iiCrsrovcr,  that o. 

greater understanding ol want is tasina pines synoptic-.lly vould bo 

raanifoBt. 

.'.n attempt ha*? been aads during the 1952  season to gather nnd 

i-issariblo information of prime  ?j.p?r,t-~.n&a to tropical  forecasters which 
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ig not Mvail'ivio 12.  one International JSotsoroiogioal Organisation Pub- 

lication No.  0 or the United Statue N?yy %drographic Office Publica- 

tion No.  206.    Some infcxsiJation bus been gained concci.nlag a total o.C 

47  stations  in  til© troticai region icr.own as Micronoeiu.,    Of the  4? 
i 

stations,  33 hare asaigauu International Meteorological Index Numbers. 

SercntGoa of these arc prosoatij' taking srw« form of surface observations: 

12 .iru taking sooo t'orm of upper air observations;  only 3 stations in  this 

ontire  oroo or® taking, ccmplete twenty-four hour surface and upper air 

observations. 

Tho area. incIuGoa in this survey encornpasbes all of the  Islands  in 

the Ellice, Gilbert, Marshaii, Caroline and Marianas Groups and  includoo 

4 Islands which ere not attached to any group.    This area is approxi- 

mately  sir million square sui-lo.a and  constitutes what might bo accurately 

described as  the "Birthplace of Typhoons.* 

Members of the Board have had the opportunity in the past two 

years to visit all of tho stations which, are now (March 1953}  taking 

observatiu.ie   ir. the Tropical Pacific with the; exception of the throe 

stations in the Silica Island Group and Beru in the Gilbert Is.land Group. 

In J'itOirQ 21 a. aucaaaiy. Of  this information in presented in tabular foim.. 

The stxat&Ty includes not only all of the pertinent geographic and physi- 

cal information but: also  the schedule  of observations and  transmission 

routing.    Tho considered opinion of "i>ji'j value of these observations is 

also  indue ,a in  the aumracry. 

Because the recent history at Micronesia ha& entertained influences. 

of the Germans and Japanese as well as the Amor icons,,    t is somoeiines 

difficult to find two naps which agree on the Iccatior. or even the mmoii 



<i£  toss  of the  talaMe,    Therefore*  a  i&;pplssieii"&ary  te»fcls hn$ *:>cc:\  pro-  • 

pared  (Figure S2)   shoeing tho  presemtly accepted station none and tbaees 

alt email* nanios wh^ch have cecH  1'oand on other caps or in Iz taratui'e; 

Fnr 53r:niipi<3?   Axuic bna hgic-n Jen©*® as?  '^uk**  *Tcrak-'ci-i" and  'Koeolcn*  in. 

tho pr\st 50 years,      (The obserTatiems at Truk are actually audt.- cat- the 

Island of Moon in the Truk Group). 

Isl?nd Classification 

Generally speaking,  the Islands in Pacific Micronesia   can bo 

classified a3 cither of an /.toll type or Br salt type.    All of tho "\ 

Talands  in the Silice, Gilbert ( Marshall and part of the Saatur-ii 0*er»ot2aQs 

are of thn Afcoll type,   i.e.,   smaller Islands located en a surface reef, 

surrounding s   shallow lagoon and surrounded by the ioap ocean.    The raaxi- 

nrun height of any Island in this class  is nineteen feet on Hoi Is.land an 

the Ewujaleir. Atoll.    Of course the  coconut trees extend several hundred 

feet abeyc the Island hi sme  caaes.    The  coconut trees on the Kapinga- 

morangl are  equal  to  the height of the Giant Sequois  in California. 

Those Islands in the Central and Western Caroline Group and all of 
j 

the Islands in  fciae Marianas Group aio of the Basalt rcmaticn,  i.e.,  the 

principal Isian&c extend to  considerable altitude inside a nearly 

circular reef.    Tho highest point in this typo of Island  is so?f. feet 

on Pona&£.^    All of th.p.  Islands  in this class extend over 500  feet in 

• 

The only exception to these t-ro  classes of Islands  are the detached 

Islands of fcauru and Ocean,  located 500 miles South of Kwajalein.    TLezc 

?& 
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m imamBmmmmssaaB&isigsami&i 

:r,f.tl:nai 
•;GcroJ ogl cal 

r.iex Number Station Hal ilkrwite Ki=ei; loni; 1 tude 

NaaoEss 
Nurakl".*. Sophia 

08-31 S 
05.-10, s 

10-45 3 

179-1? E 
176-Ci E 
170 30 £ 

IL3EP.T  ISLAK5S 

»i vU3 
>1 6C1 
31 t/YT 

>1 61U 
91 615 
)1 620 
il (*•>' 

None 

Harai-1 
Little K.Mn 
Uakin 
Alaianr 
Tarawa 
Abemama 
Noneuti 
3c.ru 
Bikati 

Barakfil.   Mat'chaws 
Pitt 
Butaritarl,   Touching 
Abfil«rj7,   Ch*-lotte 
KnoT.   Cook 
Apanama.   Hooper, Rorer 
Sydcnhaoi 
Francis 

01-56 H 
03-23 » 
03-02 K 
01-46 N 

00-21 B 
00-/8 S 
01-21 S 
03-11  " 

173-15 E 
172-59 E 
172-48 E 
173-01 K 
172-56 .-. 
173-51 E 
174-28 E 
175-53 S 
172-42 E 

t*0ak  (Sunrise) Croup 
a yti Kajuro 
n ?v. Roneertk 
None Likiep 

Helln   (SunsetyGroup 

91 366 Kwajalein 
91 363 D-4 

91  369 Jal.iit 
91   ?50 Eniwetok 
ess* UJejang 
HOT* Ailinglapelsp 
None Ebon 
None Namorik 
None Bikini 

CARpyHE ISLAMLS 

-•nsterr. Group 

n 156 Kusaie 
91   348 Ponape 
Jl 334 Truk 
None HgatS 
None Uroluk 

Central C roup 

91  317 woleai 

Jestern 1 i-oup 

-1  41 i Yap 
Mono Clltfc; 
None Ngulu 

j alau Group 

91 40B Koror 
nont- Angc.:r 
wore Falau 

HAP. I AS Af ISLAM DS 

J'i -207 Orots Point 
u-211 Agana 
n 218 Andersen Aft 
VI 212 NAS Agnna 
91  23? SaIran 
n 234 Tir.'lan 
U  215 Hanson AFB 

r.TACHED ISLANDS 

^5 Wake 
5.1U Nauru 
533 Ocean 
» Kapinganarang 

Medjuro,   aadjuro.  i--owg»ith 
Radokala 
Count KelJen,   Legiap,   Lekiib 

Kwsdjalln,   Banachikoff,   U*ntschi!cow 

BonhftJfl 
Drown 
(Melon?,   Areoifos,   I'rovitisnca,   Casobc 
A; llnglapala,   Odia,   E''«ore,   Helut 
Boston,  Covtll 
Earing 
Kwrhnoholt ? 

Ualan. Strong 
Ascension, Fuyutpet 
r;uk, Torakku, Hogoleu 
Natikku, Raven 
Bordelsiae 

Mereyon, Ulie, Thirteen 

Uruahl, Uiuthi , Mackenzie 
Kurru, Uatelota?. Lamoliork 

Kororu, horror 
N ' laur. A»>£*urv 
Sahelthuap, Baberudaobu, Arrecifos 

Orote Field 
Affana 
North Field (Guam) 
Guafl 
K.-hlor if 8 
Bcna Viata, Heat Tlr.isn A/B 

fl«e.sant. Shank, Kawori-- 
B», lift un 

Greenwich 

07-05 H 
11-22 H 
09-49 K 

08-'.3 N 
09-24 N 
05-55 N 
11-21 H 
09 it s 
07-16 N 
0/.-04 M 
05-05 » 
11-37 N 

05-20 M 
06-56 N 
07-28 H 
05-50 N 
07-08 N 

07-23 N 

Cl-^l N 
lC-01 N 
GP-17 N 

07-20 N 
06-54 * 
U7-30  N 

1^-28 K 
13-35 H 
13-29 N 
15-07 N 
15-00 K 
13-31 S 

ivi-23 E 
167-31 S 
169-18 E 

167=44 E 
167-28 E 
169-39 E 
162-21 i 
160-59 E 
168-50 E 
1£?"47 E 
16C-07 E 
:.65-32 E 

163-01 E 
156-li E 
151-51 E 
157-11 E 
155-0 E 

143-55 E 

nfi-07 E 
139-48 E 
:.-• -'< E 

134-29 E 
134-09 E 
134-38 E 

144-38 E 
144-44 S 
144-56 S 
144-47 E 
145-42 f. 
145-37 E 
1U-49 E 

19-17 N 166-39 E 
oe-32 S 166-05 2. 
00-52 S 169-35 E 
01-03 « 154-48 E 

F«G °2 
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^«M»S^i^3!?«BKS»<»?!p^==ei5«j?P^ 

Inlands are nearly 100$ phosphalfe in co•po«jr.-*on &vA extend to approxl- 

it sl.ov0.n oe obvious that all surface observaiir-sss taken at Islands 

of the Atoll class arc KXtremsly ^epresentetive of t.'sr^, v?e«thes- in the 

locked w5.fch a good exposure, nearly all stations which are located on 

Basalticexposed Tsiards cannot rrake observations which are representative 

of the atmosphere surrounding the station* 

rHr..-rj.-;3icr  of   Islasde  w GrfRjrtft" ajiM-.iJMii SAtl?j. riA»—gg,~i-T :-•   mi      ta*m 

gllice Islands;    So far as is known, to the Board only f-hr-ee stations in 

this group have aver made weather observations.    These stations, Naromea. 

Funafuti sfu Nui-akita are still tasTing surface observations ct scattered 

tines'anily*    Funafuti takes a Pibal at 23002 dpi3.y. 

Gilbert Islands:    In this group there are at least nine stations which 

have made observations in the past.    Presently, only Tamwa in the 

Torthern Gilberts and Beru in tho Southern Gilberts are taking observa- 

tions.    Tarawa takes a Plbal at 0500Z, 1700Z and 23002 daily.    Occasion- 

ally, Bikati which'hi? no'   International Index Nurnber has been used as an 

observation point during atcr-le. testings in the Marshall Island area,, 

The Gilbert Islapd Group 1« D good example of how little accurate 

information is available about this eritiro oreaj Abemama has the index 

feaber 91454. and Apaiaama has the Index Number 91615-    These are one and 

the same place.    The two narsss are dersly two native Sinldots*    The same 

is true of Alaieng and Abaiar^ "which have the Index Numbers 91447 and 

V 



91607*    feiktiii has a&?.& %'r£ Index tfuatbafrs 91.4i^ end ^1601 which arc* 

f-r%v little Maki.ti r..nd Makin Atolls, two separata IsloAaa and both dif- 

ferent Iron Btkati. 

Marshall Tslaniigs    ?bis Group?f^Ujp^^d&c^infcp' two chain* of Atolls-, 

ron^hly. perallel; oriented northwest to sCiU'thesst.    Tho Rn<?:"Ir  (sunrise) 

c-hain has fever Islands than the Kaiik (sunset) chain,    ?-f'~j;;rc Is tha 

only station in the R6d'± chMVi taking observe, ti^ns al Us present time, 

The observations are made by ona iwiigenoous ob.-jervc/r*    No upper air 

obserfTO tions are available«    Roniarik and Likiep imrR used during tl*i' 

Gorman control, 1875 to 1914. 

In the Ralik chain 3everoI Islands have been used esrtensively in 

the pa&b 75 years*    During the Gorman rulo, Jcluit- WisS the principal 

Itiland and only observation spot.    When the Boston Missionary Society 

moved Into the Tropical Pacific, Ebon became another Observation point, 

I-fenaohikoff, no•'known-as J&mja.Iais, wc-.t; tho site of obsorcaUon^ as 

eer]y as 1394-*    At tho preheat time only Svajaloin and Eniwetck have 

woather observing stations.    In recent history Sikinl, Ujoland and Koi 

ha-/o* been used.    The Typhoon Warning Service would gain much from thn 

introduction of weather observing stations at strategic locations such 

as AilingXaoalap,    Most of these Island locet-fons do not have Inter- 

national Index timbers. 

Caroline Isllaads t   Observations ars presently being taken'in this U, l\ 

Trust Territory Gxoup at Ponapo, Truk, Yap and Xoror*    The koy stetson 

of Kusaio has teen used'during atonic t-sting programs in the Marshall 



WMIgBWgBBB»»iMeB3ajeBBwa«BsiwBii^ -. 

;    r 

c 

T._."i -•. .-4e     -• ~~   -we    >•    ~—.: ...--•   .   ^ L 1 _ _    •        -. >   . .     »»„, , ,„    :--.ri     tr>-rv~, r>.o«Jrt 

networks In this area.    Tvsiay a report iron $uea±s would havw addod 

significance because of tiasa ccrjpleto umscprossiivstlTonssc of the dsia 

fron Ponnpo*    To would be extrenely desirable to hav<| son© fern o** 

surface observation frm Ku?aia and in addition, Mokil or Ant Atoll, 

Ngft+ik nrvi oro.luk (both Atolla) are also-geographically situated to Y-c 

good points of jobsorvr-tlona* . - 

In the Central Group of the Ceroiine Islands, woleai Atoll, :Indcx 

No.91317, would to ou oxtreme^y valuably observation point because of, 

its strategic location with respect to the majority of typhoon tracks. 

In tho western Group, reports fron lap are extreriely valuable.    It 

is regrettable that the observation point thai t«*s Japanese end Geraans 

enployed on. this Isiuiid with excellent exposure has h&crx abandoned; 

Weather reports are nade available upon request from the Ooast Guard Unit 

at Ulithi-    It has been svgg.ested that a detachsent ,of weather observers 

fron Fleet Weather Central Guam be assigned to Ulithi for. continuous 

regular observations,    Kgulu would be a good location for another 

possible point. 

In the.Falau Group., Kprof using the I?sdex Sariber of hhe station of 

Palau, 91A0S? la the only station takiug weather observations a?  pre>seui» 

Its location is such that the observations are reasonably aaaningful. 

Marianas Island^:    On the Island ofGuam there have been five separate 

observi.tioj;; points in the past 10 ye<.;r3.    At  ohe pr^aw.ut ti"w, Andersen 

Air Force Ease observers take the only observations which are given 

39 



lji-OCj.c-iS w "is'Oi'i ouvi on -     ouriuuu  uut^iK-uxcrw  -airo  &J.30  ~     c... ?»•  ^n.ic 

y-^-t-H-,,. rv>vit.?-r.T    N£"4    AMna..    'Ih.'Vco  obas^^+i^msi rr-^.-'W-: distribution 

on iite Island of Guan only.    At y>r*'S'-~t there is no activity at Tinian. 

The observations which worts ta^n &t 3&ipa« by Coast Guard personr.:;! 

have boon t.Artpf>i*ftrily suspended.    It. ia pi.?*-ried that observers will bs 

detached fron Fleet Wctthor Central, Guan, to this location during 1953. 

It would be desiroble to have a wecther station located on come 

Islafld i»? tbo Northern Hurianas, either at Psjfiros or Maug Island, 

Dgtfcchpd Xslcujfls;    wafce Island, recovered fron OLIVE. is still one of 

the principal station? in the Tropic region*    Even if ¥rl:e never bed 

aircraft traffic;, it should be maintained as e Class A wecther observ- 

ir£ station*    with Eniwetok and. Andersen-. Wake ia oron of the three sta~ 

ions in the entire Micronesia which currently take oojtplate twenty-four 

hour sarfioe and upper air observations. 

Nauru and its twin sister? Oceen Islana, both under U.N. Trusteeship 

(Australia), have had observing stations in the past 5 veer3.,    At the 

present lios, surface observetions ore nade at Nauru arvi one Pibal is 

taken at 23002 daily,    it is believed that this service 1-3 provided by 

the enpj-oyeea of the British Fhosphata Gonpany iocaWu on !£a££~£« 

Kapinganarangi is situated on the southern boundaries of Micronesia 

in such a position that the trade routes of the world have never cone 

close  to her.    It ia a eojnpletoly detached Atoll approximately 1,000 

niles Southe&at of Guan.    Regular weet&er observations from Kapihgainarangi 

would contribute greatly toward? a better- understanding of the doidrum 

A a 



rogtoa ox  U* Tropic* ud give us a b,Uar insight inLo tin oro.y- 

equatorial relationships m the d^vslo^nt ot  Typhoons. 

H*» it i5 rb0llaBd th?t the cost for £l, ^^ ^^ 

equip*,.:   and aair.1*^ of the W iai^ 8tetl0M during ^ ^ 

quarts of Fiscal lear 1952 was Ie38 than the cost to complete three 

***** Us*. SMowim, m..iM«t it ^a not Gaoin unr^soncbie 

to eonsid.r the establishment cr4 ^ntenanco of wither observed 
^n-i nfa   «4    • ,-.^-.-    ,-<•-   JLI>_   T_->     _JJ_ ,--.n-_ a. »«„^  ^   w>ao j.a.L:,:jUB ni3.nx.joTv?a above. «"• 
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