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INTRODUCTION

The following lieather Officers of the fir Weather Service participated
in this project: Captain Newton M., Rurgner, Captein Verl D. Dotson,
Ceptain riugh W, Ellsaesser, Captain Herbert W, Greham, lst Lt. Stenley J.
Kirball, lst Lt. Emil E, Renberg, CWO Richard H, liilier. During the period
between the end of the 1947 hurricane season and the berinning of the 1948
season, & groun of weather officers working in the Air Force Hurrioane
Office, Miami Air Force Bese, Liiami, Floride, wes engaged in the study of
certuin features of the hurricane-varning service as it concerns the Air
Forco tnd Arry requirements. This program was initiated by the Jir Weather
Service, when it placed the operation of the Air Force Hurricane Office
on & ycar~round basis,

The Hurricane Office was given three specifio operstional problems
for study during the non-hurricene secsoni

1. Improved utilizetion of aecrial reconnaissence in the hurricene-
“warning servico;

2, fnalysies of the past hurricane~foreoasting performnncq with a
view to selcction of the best tschniques; and

3. Suoplemcntcl enclysis of tropicel stormis of the preceding
scasen in crler to determine what problems reguire basic re-
scarch by epproprizte eagencies,

Rether than to sttermpt to cover the entire field of hurricane fore-
casting, the group was sivised to concentrate on forzscesting direction of
motion of tropical cy:zlones, forecusting chenges in tropicel storm intensity,
oend determination of & reneral synoptic medel of e tropictl cyclone. This
report presents the prinzinel rosults of the study conducted by the Air
Force Murricene {7ice éiring the period of the first off-sofson operation,
Yiovember 1947 - Loy 15:i2,

Detniled supplementsl unclyses of the storms of the 1947 season will
not be included here but rre on file for refrrence use in the Murricene
Office elonpg with the ruxiliery charts, maps, cross scctions, and the

reports of Air Forece end Navy hurricenc-reconneissence flights of the 1947
sceson,

UTILIZ!TION OF AERI};L RECOVNAISSANCE

One of the primary purposes of the first off-seéson program wes the
study of the utilization of reoonnuissence in hurricane forectsting, Two
mein gorls were kept in mind for this project -- to study the eccurecy of
reported fixes of storm locetion and ntvipction technicues end to investipate




the possibilities of expcnded applicetion of reconneissence to hurricene
reseerch, In view of the close relrtion between the efforts of the person-
nel of the Hurricane Office rnnd the Wetther Reconncissrnce Scuadron, e
Plan to indoctrinate end familiarizo the forecasters of the Hurricanc
Cffice with the techniques tnd procedures of reconntissance was estcblished
by Hetdquarters, 8th Wecther Group. A progrem of training, including ground
tnd in-flight instruction, was established et the 373d Reconneissance
Squcdron Heedouarters at Bermuda., Ground treining included study of the
purpose of weether reconnsissence, the duties of the weather observer, end
releted sub jects of navigntion. In-flight treining comprised &n cetual
-mission with the foreocaster flying as a student,

Besidcs the valuable results received from the indoctrinttion program .
oertain other information has been assembled and will be presented hero,
Particular attention will be given to the matter of nuvigntion technigues
and the aozuracy of fixes of storm location,

It should be pointed out that the mejor portion of Atlentio hurricene
reconnaissance by the Air Forces during the 1947 sncson was performed by
B=17 aircraft with some use of B-29's, The B=17 ciroraft were used for
low-1levol reconn:issance end for penetration to the storm center, whilc
the B-29's were usually flown at high levels, Plans for the 1948 season
inolude use of only B-29's in hurriceno reconnaissanoe,

Low-altitude flyinr in & hurrictne it cherocterized by high winds,
low ceilings, poor visihility, heevy rains, and turbulence vcryings from
light to serious. It is generclly egreed thot the south side of a hurri-
ceéne is the least sctive while the northesst sector seems to be the vorst.
Most penetrestions cre thereforc mtde from the south,

After © definitec treck to the storm center hes been teken ond winds
of hurricane force ere cncountered, various precoutions ere token. The
superchargers are turncd up, propeller pitch is increascd slizhtly, and
the fuel booster pumps crc pleced in the ON position., When encountering
heavy rain the power is usuclly increesed in order to keep oil and cylinder-
het:d tempcraturcs at = level sufficient to prevent engine feilure. It is
quite often necessary to lower the landins genr to keep the airspeed from
building up above ressoncble limits,

Yeer the eyc cf the storm wiuds of meximum velocity increase drift as
ruch as 47°. Some B-17 pilots hsve noticed difficulty in rmuking turns
during thesc conditions. At such times & constant check mst be kept with
the weather observer for the correct cltitude readings, With these the
pressurc tltimeter is adjusted, usually being set 100 foet lower then the
actual altitude to compenstte for t“: repid drop in pressure.

Methods of crew cooperntion when the storm is encountered mey very,
but it is noteworthy that no penetration is sttempted without a set
policy of crew coordination bteirg plenned beforehand.




Low-level penetration of & hurricene cannot be judged by experience
in any perticular storm since the degree of turbulenco varies from storm
to sterm end for various penctrotions of the same storm. In one isolated
czse the downdraft near the eye was so strong that the eircruft dropped
450 feet, to 100 fecet altitude, elmost instantly. Full tekeoff power wos
quickly cpplied but for some seconds the B-17 meintrined only 140 mph air-
specd at 100 feet. In encther storm with winds of similsr intensity only
mnderate turbulence was encountered in small erees, end et no time did the

sircraft devicte from its intended eltitude of 500 feet by more thon 50
feet,

The two mein techniques of navipgation vhich were used for low-level
penetration by B-17 planes during the 1947 senson were the 270° method and
the single-track method. Explanntion of thesc techniquas will be presented
as ¢ means of eveluating the observetions mudo by these methods.

1. The 270° Lew-Level Metkod

Contact flight conditions rust ¢xist for absclute eccurecy of
navigation, but instrument conditions for very short perinds of time (2 or
3 minutes) do rot hamper accurccy to uny grect degree, The storm is entered
from & southerly direction, snd throughout the pcnotration the wind at all
times is kept at un engle of 270° to the nose of the eircraft,

The navigetor takes double=drift readings regulrrly as en zceureto
check on the groundspeed and position of the aircraft. Drift, comptss
heeding, indicated sirspoed, tnd time tre read every 2 to 4 minutes ecnd
recorded, After euch correction € new drift rending is teken simultene-
cusly with observations of indicated sirspeed end compess heading, Time
corrections ere ncde end roted in the navipgrtion log., #s the center of
the storm is approeched the winds shif't counter-clockwise moro reopidly
und constant coursc c-rrections are neccssary.

Comparatively calm conditions end the lowest barometric ~ressure
irdicate penetretion end locotion of the center of the eye. HNntntion of
the time of arrival ot this point is mede, The times cre also nnted &s
the eye is peretrated and ws it is left. Thus the time taken to fly the
dirmieter of the eye is provided end the dieneter of the eye ern be
coleulated,

If the storm is in an area of good Loren coverage, &n exact fix of
the location cf the center can be mode by thet method, 1f nc Loren fa-
cilities arc uvrileble the navizator plots the position of the center of
the storm irmedintely upon leeving the vicinity, by using the dute from
his log.




Immedintely after leaving the eye of the storm n double drift is
teken to obtuin maximum wind velocities. The navigetor then plots the
position of the aireraft in the eye of the hurricene cs quickly as time
and turbulent conditions permit sccurate ohert work. This information
is furnished to the weather observer for inclusion in his report.

2. Mnrle-‘l‘mck Mothod (Low Level)

Sinoe the excet po-ition of the eye is unknown beforo ponetretion
and beoouse & track flown ocontinuously pervendioular to the wind bocrmes
curved, the quadrant of entry will depend on the distence flovn tc reach
the eyc. Furthermore, asince it has been frund thct certain qurdrants of
the tropiocel cyclones are mcre violent then others it is sometimes prefeor-
sbla to enter through the less sctive sectors. In order to sooomrlish
this the "single-track method" has been developed,

Assuming that the direction of epprocch is from the scuthwest, the
coursc is flown from the bese ¢t "A" to point "B" (Seo Fipure 1), 100
miles to the wost of the estimnted position rf the €ye, If .the center
proves to be oloser than:-predicted, the ocurge cen be. c}-ungod to sclect
"B" further west sc that ths aircraft will be kent out of the more scvere
weather., The choico of "B" usuully deponds on reachiris ¢ position where
the winds are directly from the north znd the oourse is then chenped to
the southeast or perpendiculer to the path of desired approech to the
center, By constant chocks on the winds und pressures & point "C" will
be reached where the winds htve cherged direction from the left rear of
the aircraft to ‘direct tcilwinds;.the rressure will. remain constant for
2 moment end then begin to incresese., This point is noted and the track
is continued to "D" where the winds heve shifted to the right rear cnd
the pressure shows ¢ definite incresse, The beerinz of the center will
heve been estcblished as being perpendioular to track "B-D" ct point "C."
The aircraft is then turned &nd headed back townrd "C" end, since allowance
for Gtorm mevement must be mude, the plane is flovm to "E" wherc o turn is
rede on the perpendiculer treck established by the pressure-psttern bearing.
Drift is read as long £s it is possible to keep on the singlo treok,
During the lest few minutes beforo reeching the eye the plrno is kept with
the wind coming from ten o'c¢leack in order to insurc thet the eyo vill nrt
be missed,

Varietions of peth end upprot.ch arc possible with this ncthod ond
the pressure pcttern is calculsted mutside the eree of meoat severe weather,

Navigetion tccurecy at low levels is no problem during the deylirht
hrurs, Drift is usually ecagy te read end the wind 2irection end velccity
reports are eccurate becnuse of the double=drift readings, Loren rives
the most nccurtte fixos pnssible end its recoption in the eye is excellent

BT




FIGURE I
SINGLE TRACK METHOD OF TROPICAL CYCLONE PENETRATION
BY AERIAL WEATHER RECONNATSSANCE




in the arees covered by Loran stetions., (Loran coverege does not extend
throushout the Caribbeen and Gulf of Mexico,)

Then radar fixes &re talen the fix is considered as accurate ss the
instrument end the aircraft position from which the observation is made.
Radar observation of the center from high-level B=29 flights will be
studied during tho 1948 season. Observations from the 1947 seuson indiotte
no perceptible tilt in storms between the surface &nd 10,000 fcet.

3. Proposed Circumnsvigation Method (Low Level)

Flens of the 372rd Reconnaissance Squadron (Weather) for 1948 recon-
neissance essume the use of B-29 plenes, While successful low=-level penc-
tration was acoomplished during the 1947 season, preceutions are being
considerod for low-altitude flight of these planes in hurricenes. Such
measures will include recommended techniques of observetion to provide
freater detail end veriety of data. 3

In the proposed method of hurricane investiention by B-29 flights at
low levels, the storm is approsched along & line prrallel to the storm
track in the southerly section of the storm but at a greater distence from
tho center then in the 1947 penctration method. (Seo Figure 2.)

If the course is flomn from the bage £t "A" the direction of npproach
in this method would be from the southetst, to cstublish a basc line paral-
lcl to the storm track, assuming thet tho storm is moving towards the wost.
Points "B" and "D" on tho base line would rgain be estublished with tho
wind having veercd upproximrtoly 90° between then rnd vith equsl pressure
recdings observed at their locetions., Point "C" would 1lie at the pressure
minirum between these roints, and theoreticelly along a perpendicular to
the center. At "D" a 90° turn to the right would be madc and a true course
meinthined until lurriocnc winds (75 mph) were encountered, estublishing
point "E", Sclection of this point would clso depend on the cefling en-
countered, since contact flight must be rr.intained and flight below 1,000
feet is concidered hazerdous., In cetses of immature storms some other
troitrary veluo of wind velocity would serve as an index,

Having resched tho region of hurricone winds, enother 90° turn to the
right would be mnde at "E" and continuous observrtions, porticularly of
pressure, would be teken, Point "F" would be esteblished as the point of
minimun pressure elong this new course rnd the track would be followed
until a point "G" wrs recched where the pressure would be the same rg ot
print "E" but the wind direction npproximately reverzed,

At "G" a 90° turn would be made to tho left rnd subsequent cstrblish-
ment of points "H," "I," "J," "K," and "L" would follow ts the ctorm wns




FIGURE 2
PROPOSED TROPIC.LL CYCIONE CIRCULMAVIGATION UETHOD (1O IEVEL)
BY LERIAL E.THER RECONMN.ISSANCE




circumnnvigated with "E L] "G ledteh g tmd "K" being loctted on the scme
isobar and "F;" "H,* "J," and "L" being the minimum-pressure points on
the successive right-nngle trooks around tho storm center.

Observations token at the strategio points would be trensmitted as
soon £s possible so that the storm oenter oould be determined by the fore-
custers at the Hurricene Center,

This method would facilitate better dead-reckoning nsvigation, supply
valuable information conoerning rll seotors of the storm, tnd enninato
the hazardous operation of entering the extrcmely v:lolent nrea of the
hurrioane.

4. Examples of the Problem of Reoonnaissanoe Aocuresy

in 1947 Scason

The problem of acouraoy in reoonnaisssnoe reports is not oonfined to
‘the rattor of oenter location. During tho 1947 secson several reports
were noted to be questionable with regard to multiple centers, felse ‘contors,
" and olosed cyolonio oirculution:
.. .Woxler points out thtt en observer viewing the local weather from @
mioroscopio point of view, espcoially during bed weather, has his vision
greatly reduced. Even when good visibility exists, this point of view
reveals "only £ few thrords of the large fobric of the atmosphere and some-
times this microsoopio view gives misleading information ooncerning tho
design and speed of the approtching weather."

Storms Dog and Easy are disoussed in enother part of this peper but
it should bo noted here that the report by Weathor Rooonnaissanoe vhioh
was used as tho basis for foreoasting movement of storm Dog inlend appears
on re-enalysis.to htve been & roport of a strong trough lino rather thean
a storm oenter, tnd that the apparently subsequent storm Eesy wes in
reality the continuation of tho original storm Dog.

Again, in the disoussion of storm King, it will be ‘'seen thet the ° .
previously held theory, that & separate storm formed with radicel westwrird
movement into Georgia, hos been disoarded in favor of the idea that the: .
original storm underwent the process of recurvature to:thc west, In this
connection, tho reoonneissanoc redar report of the locttion of two centers
has been disregarded beocuse the weight of evidence indicetes thet the
allopedly seperate storm area reported to the north wes'acturlly & rerion
of squally weather, while the true centor wts locatod to the socuth., It

. is considered that this or:lgtnel storm center continued on its ecourse into
Gcorgiu. i I &




In the reconnaissence.-on storm Love, the'enrly report of cyolonic
circulation appears questiontble beceuse of the subsequent failure to
find such oirculationh until two deys later when it was located in £n erea

definitely removed from any antioipated movement of the origincl olosed
oirculati.on.

It is not intended to discredit tho'rosults of reoonncissance by these
examples, but rather to peint out particular instenoes of probloms that
have arisen end to stross the importcnce of the utmost nmocuracy in the
reporting of sué¢h'dbservations from the "microscopic” point of view of the
aorial weather reconneissence obscrver. The use of the circumnevigntion
method of storm location mey well prove or disprovo the tyvro of entlysis
outlined above,

6, . ‘Amplification of Tropioal-Cyclone Analysis

Thraugh Aerial Reonrnaissenoe

Speoial attention was given by the off-season progrim to the possi-
bilities of expended epplioaticn of reconmaissanoe to hurricene rosearch,
Attention was first devoted to the reports themselves, Observations takon
oboerd reconns issence plancs usually are encnded and trunsmitted by radir,
Rather than turden the observer and redio operator with sdditionel oodo
groups tc be provided and sent under difficult flight conditions, it is
recommended thet s _log end report of supplementel dete be prepared by the
crew during or os scon es possible eftcr flizht. These reports should
inolude an overnll description of the storm system with special reference
to the oye end how the storm may differ frcm previous dsys or from othor
storms. Reoord should be mede of criterie by which tho eye wes identified
and of the estimnted aocurncy of navigetion and ¢isucl end reder fixes of
the storm location, Comments on the charecter and distribution of cl-uds,
winds, turbulence, verticel currents, preoipiteti-n, end sea swelle would
be of value. Perscnel oomments of the weether obscrver and other crew
members concerning tho operaticnesl behavior of the oircraft in the storm,
failuro of instrumonts, or incbility to make obscrvrti~nz alsn ere suggestod
for inolusion in the flight report,

Mochenical meens of recording such inforraticn were undergeing ex-
periment during the past socson. Wire recording mrchines wero installed
in planes 8o thet weather officers oculd record thoir observations end
provido & descriptivo running coocunt cf storm fenturos even when extreme
turbulence made writing impossible, Reoording devices which provide con-
tinuous traces of prossure, temperuture, relutive humidity, a«nd rirspecd
were ‘introduced as snother attempt to provido nugmented data, ° Continued
trial of such deyices is definitely reoommenied, :

Prompt dolivery nf this informetion would be of value t» the operation
of the Hurricano Warning Service. Its collecticn wnuld provide importent
date for future rosearch by £ll interested metecrclopical apencies,




fbsence of upper-air cbservine stations in nreas of hurricene
frequency mekes it virtuslly impussible to verify, Aisprove, cr develep
therries ~f hrricone Corecasting involving the use ~f data ot upper
lovele, The cnly solution t~ this prablem likely tc give results in the
naor future is for reconneissenes eircreft to fly specicrl rissi-ns onil
tracks at lew ond high levels in definite patterns fcr the specific purpose
of ncourmlating such information,

Vnen a gterm is far €rom lend a continruous check of the lrentirn end
intensity of tho center i3 n-~t tec essenticl end hishe-level rission= 4o
cnllect resrsrch fcta wruld be feesible without endinrering populsted
arcra, Circummavirnting a storm and lnceting the corter pravides deta
vhich arc necessary but yet will probrbly not greetly rivrnce our becsic
knawledge ~f traopical cyelones nnd their movement. More fecurnte snd

* longer-rance foracasts of cyslone movoment will 1ikely result only vhen
we are tble to give grentor uttention to the eir mezs in which the sterm
is irbedded,

Following are the tynes of observations oonsidered necessary to test
the hurricane-forecasting theories:

1. Tracks of constant true eltitudes (by radio altimeter) from
15,000 to 40,000 fect, norral to the peth of the ctorm, through
its oenter und extending te £00 miles in advance end to the
recr of the center with resurnte tempernturo rocordinys at
Seminute intervels;

Aircreft soundings in the eye, at spproximately 100 miles

ahend, to the rear, end to either side of the eve, und to

either side of the nrobable storm path as far as £00 miles
in advenco of the storm center; nnd

Tracks sirecling the storr centcr ot constant redio altitudes
below 3,000 feot, obtaining vind observations in each of the
four cardintl dirrctions from tha storm center ms nenrly as

possible on the sr-me isober,

Such trasks would supply daia fcor investipetion of the thenries of
wern=<oncue and isotherm steerins, ard stronrast wind ecr isnbariceshennel-
transpart steering, &s well a3 provide datails for Lhoorotienl nnd empiri-
eul cnalysis cf hurricones,

Considerchle attention in hurriecsne forecnsting hes heon niiven to
the theory of loctting & staering level whichi controls the course of 2
storm, ' The aasigment of B=29 nircreft to hurrirene reconneisssnce mekes
it possidle to imvestirate uprer stecring-levels snd to oxerine storm
phenorene at hign altitudes,




In this connection, it would be desireble .to have available the
results of traverses made simultaneously et different altitudes in &
hurricane., It is reelized that storm hazards and limjtations of navipgating
techniques make such & project impossible at this time, but the value of
data which would be provided by intensive sempling of all levels and
scotions of individual storms should be emphasized, It is hoped that
progress rey be made towards the accomplishment of this gorl end th:t the
concerted investigations recently made on thunderstorms mey hove their
counterpert in the study of the hurrioane,

_Accumlction of photographs taken in storm sreas and intonsified
effort to take such pictures mre additionnl projects reoommended for de-
velopment., Documentation of the photogrephs with reports of perallel
observetions rnd experiences would be particularly profiteble, Pictures
of radar-scope observations should be given speoiel attention for the
additionnl purpose of improving the teclinique of reder recomnaissence.

Use of rader to investigete tropical storms introduces the concluding
reconmendation for the further use of reconnaissanoe, Experimentsl norisl
rader coverago of hurricenes during the 1947 scason in the Yorth Atlentic
and Gulf of Mexico gave promising information, especielly during nirht
observetions, Continuod development of this focility is considered cs-
sentirl to provide thorough tracking of storms. It will, for exemple,
permit sdequate warning of sudden recurvcture toward the lcnd when a hurri-
ctne is a short distance offshore. Furtherrore, it will meke possiblo
the dofinitive cnelysis of storms tnd their trejectorios et times when
they seem to bo erratic &nd unusual.

Vhilo it is obvious thut certain of the recormmendetions end sucgestions
thet heve been medo here ere dependent upon ¢ much greater concentration
of personnel and nircraft in tho hurricene reconneissance progrem then
is now possible, and thrt others rust weit for basic technicel improve-
ments, these ideas aro presented es & guide to the functionzl expension
of the perinl reconnaissance program £s8 it concerns the Hurricenc Werning
Service,

1947 HURRICANE SEASON

1, Summary of 1947 Trepical Cyclones

The Alr Forco ilurricene Office ¢t ¥iemi, Florida, iesued AF Bulletins
en 12 Atlentic storms durinp the 1947 senson. Cne of these was definitely
extratropicsl, a second was probably cxtretropical, &nd ¢ third wns the
continuotion of e storm which was believed to have passed inlend &nd dis-
sipcted, This leaves 9 storms for considerction during the post-season
period, as compared to the 7¢ ennuel averape for the Atlantic area,
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Of these 9 storms, 5 reached hurricene intensity at some time during
their 1ife history and 2 of these passed within 40 miles of Miami . 2
short account of the life history of each of the 9 trepiosl cyclones is
given below; special information on the life and intensity of each storm
is oonteined in Table 1. The storms have been assipned phonetic alpha-
betical designations, but since storm Able wes extratropioul the summary
. which follows will start with the second storm of the season, storm Baker.~

BAKER. Sterm Baker developed from an ecasterly wave.us it moved into.
the sem I-pemnent trough in the Oulf of Campeche, The eesterly weve oen
be followed across the Atlantio and Caribbean for 10 deys prior te its rmove-
ment under an upper trough and the davelopment of ¢ tropioal oyclone ap- .
proximately 160 miles WiW of Campeohe on 31 July. Cnee formed, Beker moved
KNW, ourving to the left in en arc until it passod inlend ebout 20 miles
south of Brownsville, Texas, on 2 fugust, Navy eseriel reconnaissance flights
on 31 July and 1 August revenled that tho oirculrtion consisted of ¢ lsree
elliptical lowe-pressure aree with & oenter of otlms end light winds in e
oyolonic pattorn 160 milec long, delineated by a squall line on the eest
‘and north end with strongest winds on the outside nf the squall line,
Eighteen hours after moving inlend nll olosed isobers ebout the center had
disnppetred, but a larpe flet low-pressure nron persisted in thet port of
the Wostern Gulf travors<d by the storm until 5 August.

CHARLIE. Storm Charlie devoloped in on ecsterly wave s it moved under
a ltug,natﬁg upper westerly trough in the western Caribbern betrecn Swen
Island ond the Yucttan Peninsula. Th: eesterly weve,which otn be followed
-1from its appcoranoe east of Antigus on 7 August, presented some indiention
‘of closed circulation as early vs 9 Ausust. However, continuity consider-
ations deny the existenoe of & tropioul oyolone prior teo 06302 12 Aurust,
Once formed Cherlie moved &oross the Yucatsn Peninsule with 1little cheange
in strength, intensified repidly-on moving into the Gulf of Cempsche,
reached hurricene force on the morning of 14 Aupust, cnd 2t.1300 the next
dny moved inlsnd over Tempico with maximur winds of approximetely 110 mph.
The cnemometer at Tsmpico wes dostroyed when tne wind resched 10C mph,

DOG-EASY. Storm Doz, developed in on custerly vevé which wes first
detected on 15 August moving aoross the Leewsrd Islands. Closed isobers
;.oould be drawn on the wive us eorly as 12302 on 18 Auypst, but ¢ definite
closed circulation oould not be deteoted until 30 hours leter whun rerinl

reoonntissance reported & weuk conter ot 23°6'N, 86%92'W .t 21307, with
mexirum winds of 35 knets r short distance to the northeast, On 20 August
two flights went out for reconncissence, OCne locutéd ¢ definite calm
center at 24°1'N, 86°5'W &t 15302 with maximum winds &f 3& knots., The
other reconnuoissanse flight loceted tho centor et 4°5"\: 87°5'% et 22152
with maximum winds 35 knots and lowest nressure 1007.9 nb ;

The following dey two more reconnsissenoc flirhts were mrde, The
first investigated the extrapolated position as determined from thrce




(1) Able (Extratronical)

(2) Raler

TABLE 1.

DATE

91 July
2 Auy

(3) Charlfe 12-18 Aug

(4) Dog ' 'll-ﬁ Aug

() Easy
(6) Fox

(7) fieorge

(9) !.u-

.

(Part of Do)
8 Sep

2106302

21-2% Sev

00902
6 Oct
6-8 Oct

TROPICAL CYCLONES OF NORTHR ATLANTIC, 1947

PRESSURE WINDS OURATION 1X DAYS POSITION WENT INLAND
MAX INTENSITY STORM MURRICANE OF RRCURVE

8 of Arowns-
ville, Texns

20" 8°N,, 1812302
8 vy Taswmico,
Wo Mex fco
) ﬂll"l'."'n'
Texas
230307

81 wph gust
at Penmmeola,
Florida

VIoxi, Miss,
0818002

160 srh at
Abaco 1s,
947:.2 b at
Hillsboro
1ight

05 moh,
988 wbe

Fte Laudar-
10le, Fla,
and New
Orleans, La.

Cedar Keyn,
Fla 2312302

Brunawick, ,
Gne

(10) Jig (Probably Extratranieal)

(11) Xing

8~18 Oct

57 over Cuba,
150 estimted
at Ory Tortugas
(anemome ter
frozs at G1),
92 at H1llsbarn
Lt.y Pstimated
93 at Savanmmah
110 K, 8681 mhs 3

: (Aropped
s extra-
traniecal)
at 24°N
70° 8'W,

ORIGIN AND
PEMARKS

FEnsterly Wave

Easterly Wav:

Easterly Wave

Easterly Wave

ITC near Cane
Verde Islands

Baatarly tave
beeame extra-
tranfenl 8,
Gn,

Urmor air
statiomary -
trouth and
zone of con-
vergence

Easterly Wawvi
wwing into
deen trough
in Western
Caribboan,
Heavy ratin
fall aver
South Fla,

Southern end
of Jdean west.
erly teouzh
with rossi~
hility of
easterly
wave suonly-
ing trigger
actinn




previous fixecs. Here SW winds were encountered but no center oould be
locutcd. The plene turned-to tho north end 25 minutes leter passed through

t squall line with a 180° wind shift. Apgain no center wns found; only a
scuall line with a 180° wind shift oxtending in e NW-SW direction.

The second plene, 9 hours later than the first, encountored similer
weather but reported ean aret of no low olouds and cealm sea within the
squall line whioh resembled the eye found on the previous dey, This wes
reported as the oentor of the storm with 1004,1 mb, minimum pressure,
loccted at 28°1'N, 88°8'W at 2145Z. This report indiceted en abrupt ohange
in direotion and speod of the storm and it was gonerally sprond that the
storr oontinucd on its new path, pcssing inland nerr Grend Isle, Lonisicna,
at approximately 16002 on 22 fugust, 8inco no cheraoteristio pressure
fells or wind shifts were reported by ooanstal stations, the storm wes
assumed to hove di ssipated from the time of lest observotion by nirr-raft.
However, at 1230Z, 23 August, the S8 SINCLAIR, loonted et 2893'N, 92 Sow
reported s SE wind, foroe¢ oight, and e pressure of 1004,1 mb,, 1ndiu-t1ng
that o tropiorl ltorm vwas oentered a short distence te tho southwest, -
This storm moved northwostward pessing inland et 12002, 25 fugust near
Golveston, Texns, where muxirum winds of £8 mph were reoordod.

At the time of thelr ocourrenoe Storm Dog wes considéred to be the
one that moved inland neer Grand Islo,. Louisirna, end Storm Egsy was the
designation for the ono reported by the S8 SINCLAIR vhich affocted the
Celveston aroe, - However, post-scason malvr.ls nrkos it ret-loncbly certein
thet the storm which struok Galveston is the saro one thet wus loceted
northwest of Cuba on 20 August, tnd thet the purported dissipeting storm
moving inlend on 22 fugust wes tctuclly a strong trough lino associated
with this storm,

Evidently the two reconnrissance flirhts on 22 /fugust did not go
quite far enough west to locite the center of the storm which had cpperent-
ly acoelerated snd probebly decrecsed somcwhet in intensity since last
observed on the 2lst, Durinp the following 24 hours it deoolerctod and -
intencsified oonsiderably as’it underwent ¢ slight recurveture to the left,

FOX, Storm Fox forried on ¢n essterly wave which cen first be deteoted
on 1 Scptember between Hispeniolas end Puerto Rico. Evidenoe of olosed
circulation is not convinecins until the CO30Z map of 8 September. Moving
NW in an ero toward the WiW tho storm moved inlend neor B:llox:l, Mississippi,
18 hours lster, with gusts to 51 mph reoorded at Penscoola, 1/ recoonnais-
sanoe plene reported winds of 30 mph SSW of the center at 1600Z but did
not go into the northern part of the storm sinoe it wes elready over land.

CEORGE. Storm George was a Cape Verde Storm and renks with grest.
hurrictnes of recent yecrs. Lkr, G, 4, Hikulen of the Prn Amerionn ~irways
station at Deker eppears to heve observed its origin end reportod it os
followsy "On 2 Secptomber 1947, the low eloft over the intertropi ctl




canvergence zane wts refloated an the surfece snd ¢ disturbanee develaped,
which, vhile still on_lend gave Deker maderate E ta NE winds, As scon as
the disturbance moved out ta ses, it deepened and picked up maisture,
giving Dekar 86.4 mm. of rain on Septembar 4th. This disturbrnee could be
tracked moving westward until 12002 Saptember Sth when it mcved over the
Cepe Verde Islands &nd ‘wes unreparted until the SS 2RIKAKA repartad it an
the night af September 10th st lat, 16°N,, long.-49°W." .

This rensanmable avti‘age mavement of }7 mph would bri‘nr the disturbenca
observed by Mr, Mikulan to tha pclition reparted by the SS I.RAKAKA sa there
is little doubt thet they ere the stme disturbenece, i

After the repart fram the S8 ARAKAKA Sterm Genrge wns next reparted
600 miles east af Guadaloupe &t naon an 11 September by a reconncissonca
plenc. The starm moved west-narthwestwerd ta o paint 260 miles eust af
Polm Beach where it hesitated and then resumed e course somewhat south’
of west, striking tha Florida cnast line naer Ft. leuderdale, Winds af
160 mph were recorded at Great Abeno Islend,:und 165 mph wes reported at
tho“Hillsboro Light near Pompano. - It continued its westward nourse across
Flaride, arcing ‘ta the narthwest acrass the Gulf af Mexieca, &nd again
passed inlend nesr New Orlesns an the 19th, -

" HOW. Storh How faormed in en easterly wova whinh cauld be follewed
across the Caribbesn far six doys before clased eirculetion develaped south
of Cuba 2s the mve moved through the western Caribbean. Storm How then
movéd ‘almast duc north pessing inlend aver Tampa, curving ta the right
erd moving out ta sen ogein narth af Cepe Hetteras es en extretropical low.
Gusts to 70 mph were reported as the starm moved almast due north thraugh
Florida,

ITE¥, Storm Item vma not ¢ truly trapiacl cyelane; neither did it
possess a\e frontal structuro of cextratropicel ecyalones, From the 2nd of
Ootaber the prevalence of shower ectivity, the wind field eleft end the
cyclania curvature of the isobars indicated en erec of canvergence over
western Cuba, the Florids peninsule, e¢nd the narthern Behemos, There is
also evidnnce af & semipermanent or stegnant trough over this area, /4t

0030Z an 4 October, & 24~hour pressure frll of 2 mb, wes observed in sentral
Cubc., Subscquent 24~hour pressure falls of 2 to 6,6 mbs. wera cbserved in
the scme nreu during the next two duys. By the e¢vening of 6 Qctober &
dee trmgh had appeared in the surfrae issbers extending from. the western
Ciribbesn, through Cuba up to Charlestan, Scuth Caroline, By 06302 ‘on
6 October, clased circuletion wns evident aver the Little Behame ‘Banks.
At the same time & closed low sppecred aloft over the western coast of
Florida, centered neer Tallchusspse, - The surfeac low mcved northwerd,
curved to the west pessing inlend netr Brunswick, Ceorgis, end moved under
the closed low 8laft whinh had intensified &nd aovered the area from
Southern Florlda ta westarn Narth Ceroline, 'The surface low mavad “into
the Culf of Mexico near Apeleshinole, came to & halt and Then moved baak
to the nnrtheast, disappearing over Gaorgle.




KING. Storm Xing developed in the western Caribbean north of Ponema
as an easterly trourh'and moved into the deeo trourh extendinr southward
from Storm Item., Its development wes slow in the eerly stapes, indicating
+het the ITC might have played a part in this area renesis but no evidence
of the ITC beins north of Panama at this time oould be fouhd." £ closed
isobar could be drawn in this ares es early as 123CZ on 7 October. This
low drifted slowly northwestward alones the Nicarapue comstline durinr the
next two deys, Reports from Swon Islend indiocated thet an eesterly weve
passed there et 0630Z on 7 October, and that a closed low from the scuth
posced a short distance to the e¢ast of the statinn st epproximetely 02302
on 10 Cctober. Sixteen hours leter the storm center wes reported 120 miles
north=northwest of Swsn Island with meximum winds of 50 knots ond minirum
surftce pressure of 1000 mbs. The storm moved northwerd curvine to the
right until it pessed over Cuba, where it appetred to teke tn chrupt turn
tc the left end to toculerate until it reoched Drv Tortuprs, A maximum
. wind of 57 wph wes reported at Batiste Fiold, At Dry Tortupes the encmometer
froze at 84 mph due to friction from leck of o0il. The wind volocity con-
tinued to increase and the observer estimnted that it rezched 150 mph., it
Dry Tortuges the storm appeered to meke en ebrupt turn to the right cnd
struck the Florida coast near Cepe Seble, This storm wis observed by the
Nevel redar stction at Key West which reported un erec of strong echo to
the E of the storm center, /s the storm pessed over Floridc it wrs
precocded by spectrculer thunderstorm activity and hecvy reinfell, DBarcsrems
show a double minirum, & week one at the timc of the thunderstorm with a
short recovering beforc the minimum of the storn center itself, The vind
also had e double mexirum with 1licht winds during end for & while efter
the thunderstorms. - A maximum vind of 62 mph wes reported by Mirmi but
Hillsboro Light reported 92 mph,

The storm moved off the ecst Florida ooest necr Pompono end herded
towerd the northecst, i~ht reconnesisstnce flights using redor reported
two conters on the mornins of 14 Cctober, One wrs reported sbout 150
miles off Norfelk, Ve. and the other sbeut 250 miles further south, Doy=
lirht mission leter in the dey could not find & definite oenter nt the
northern position but did find e storm of great intensity centered nbout
150 miles west of the position reported on the 13th, At 02302, 15 October,
e nizht redar reoonnaisssnce plene cnd the tenkor S§ SINCLAIR bath rerorted
e hurricane cbout 125 miles off Sevcnnch, Ge, The storm moved inlend south
of Sevenneh et 11302, 15 October, Il'exinum winds ot Savennth were estimated
ct 85 rph with gusts to 95, Post-antlysis reverls thet only one storm
conter cxisted during the period, The second center roeported further
north by radar wns undoubtedly & continuction of the thunderstorm activity
which preceded the storm center as it moved over Floride,

LOVE, Storm lLove origineted in t deep troupgh lying to the cast of
the intilles, with the eid of the trigrering ection of en eesterly wave.
Ship rcports indictted low pressure and possible closed circuletien in
this storm for scverel deys., Reconneissance flirhts inte the erec on the




15th and 16th of October indicated thet a trourh with possible closed
ciroulation was moving intc the intilles but & olosed low center wes not
definitcly locateé until 12302 on the 17th, about 100 miles north of

Sen Juan, P.R,, with winds of 28 knots &nd a pressure of 1002 mbs, The
storm intensified repidly, rceching hurriecne strength within 24 hours,
It recurved cbout 100 miles NE of Ccicos Islend end out into the Ztlentic,
end p.ssed eprroximately 90 milos W of Bermudea &t 1600Z on the 20th.
Bryond Berruda the storm began to acquire extratropical :cheracteristios.

.

2, Forecasting Storm Movenent

The problem of forecrsting the movement of tropiot)l cyclones wes
approt.ched by re-rnalysis of the storms of the 1947 setson in the Atleontio
eref with speoinl attention to the use of persistence or extrapolodion
mothods, loecution of stcering level, the verifioction piven by use of the
wern tongue or isotherm-steering prinoiple, the degree of ncourancy achieved
by application of the theory of strongest wind or isoberic-chennel-treans-
port steering, end the offeot on storm movement produced by the pressure-
system distribution of the synoptic gituction., Pertinent results of this
study heve been tebuleted in Trdble 2,

It will be noted thet only threo comnutctions were mede of the tech-
nioue of Eobariq-channf:l-tmnspon steering duc to limited datn avnilable,
Cne wns made for storm Mow from 8C0-foot circreft roconneigsence rerorts
st 28° letitude, Computction from the sperse dete in this orse resulted
in- foreoast rovement to VMW &t 5.3 rph, wherers the observed movement wes
NNE ¢t 11 mph. Another computetion for storm Georgo at 12302, 15 Scptember
1947, from 800-foot reconneissence date indicated westwerd movement at
7.3 mph while the ‘ectual movement wus fipwred €8 WNW ot 11 mph, The other
epplicution to storm King on 10 October et 1800Z resulted in ferecast of
NNE at 7,6 rpph vhich wes verifiod by r storm movement of NNE et 7 mph.

Some verification of this method for one ccmponent of the storm
rovement was 6lso obtoined for storm Cherlie., A reconacissance flirht
into this storm on the .afternoon of 14 Jjupust reportod 80-knot wind from
the north to the west of the conter und 75-knot from the south tc the
ecst of the center, While the storrm did not scquire & component to the
south it did recurve to the left ct thic time from o direction of 310°
to 270°

g *

Organization of rcconncissunce flirhts to provide cbservationsl dota
for cpplication of this teohnique will rake further investirmation of the
stronzest-wind-steerine mothod possible during the 1948 setson, This
forecasting tool cppears to promiso well, &

The applicttion of the technioue of wrrm tongue steering resulted
in definitc negrtive findinms with reference to the 1947 storms. Actunl
existence of © cold tonpue wee noticed in study of some of the storms,




TABLE NO. 2 VERIFICATION OF TECHNIQUES FOR FORECASTING MOVEMENT

NAME OF
STORM

RARKR

PERS ISTENCE
FORECASTING

Good 1f zradu-
al enrvature
to west con-
sidered

Gond wntil re-
eurve to west

Excellent

Excellent
but storm
short 1ived

Gond while
strong E-W
elongated
high to north
of storm,
fiond with a
rate of wmve-
ment aver 10

mph

Good for most
of storm
history

finod in first
12 hrs but not
thereafter

STEERING
1EVEL

None for first
12 hours. Winds

from 8,000-30,000

fte excollent
thereafter

10,000 ft until .

westward curvet
13,000 £t therer-
after

Winds from 3,000-

30,000 usables
10,000 ft vos- °
afbly best

20,000 £t winds

Winrds un to
40,000 ft re-
1iable until
curve westward
85 00020, UON
ft windls there=
after

WARN TONGUE

Nezative
(Limited
mg-) -

Insuffioient
data

Nogative
relation

Inconsistent-

no relation
shown

Negative
relatimn

Inconclus ive
results, no
definite ro-
lation

No relation
found

ISORARIC-CHANNEL
(ISOTHERY) METHOD TRANSPORT VETHOD

One tabulation
RAvVe cleso ae
greemont in
direction, hut
velocity in-
accurate,

One tabulation
gave WNW at 3.3
mph actusl move
was NNE at 11
moh

PRESSUIE
DISTRIMUTION

Hgh=-nregsure
cell steored
1t Wi,

Wedee of high
nressure hlock-
ed north moves
monts cavmed
westward path,

Warm~-core anti-
cyelone tn |
30,000 't aver
southweatern
United States
caused mnvemen'
to WNW,

High-nressure *
coll over
Arimnsan foreec
storm inland
with short 1life
history,.

F=W nriontated
Mermyia High t-
north of storm
enincident witi
westward mavee
mente Low in
SE e8¢ cnin=
cident with
mwement of
eyelone towned
1low

Deep anti-
evelone to eas®
between Florid:
and Rermuda an.
approach of
nronmmend
trouch from
west gave steer
inz mattern tn
north and later
tr northeast

Trough to
10,000 ft
steered storm
narth until
Bermyin high
eircviation
intervaned and
maverd it weste
ward,




TABLE NO, 2 VERIFICATION OF TECHNI‘QU.ESM'FOR FORECASTING MOVEMENT (CONT'O)

NAME OF  PERSISTENCE < STEERING ARV TONGUE  TROMARIC-CHAMMEL ~  DHESWUVE
PORRCASTING LEVEL (ISOTHERV) METHOD THANSPIRT METHOD  DISTRINUTION

KING Definitely Formetive stage ¥o consistent Mme tsbulation . Trough from
not usable 20,000-23,000 ft Jrelation with excellent utorm Itow
vinds Vature stage 3 .. varifieation moved storm
23,000-30,000 ft north and
winds Indcfinite f1l1nd, Fast
in latter pariods o wmoving trourh
of storm follawed and
in®luenced
store moves .
ment unt i)
hizh vressure
curved {ts
nath to west

Gond except 10,000-18,000 No relation Semi-rermnent
Aduring ro- ft winds except during Atlantic anti-
curve 1ater part of cvelone cone’
storm trolled stors
myvemants




e ey e 4 AT B i
It muet be admitted thet the rediosonde drte are in most onsos insuffioient’
‘to mke relirble cnelysis of the mesh tempore.turo ‘field outside the contis’
nentel United Strtes.

Study of--the techniques.of seleoting o steering level for tropieal
cyclones shows thit there wrs ¢ definite reletionship between the upper-
wind flow und -the paths or navement of the tropiocl oyclnsnes of the 1947
geascn out selection of &' particular level for sny oertain sterm-is ime
possible. When the direction of flow was constant up to 30,000 feet the
situntion wes smplified but such distribution wes noted only twica (Bakecr,
Dor—Ealy). ; ; F o 0

3. Forecesting Chenge of Intensity

In studying the rroblem of forecestiny changes of intensity of
tropical cvclenes, the storms of the 1947 season were examined for the
effects of the ete of storm movement, slcpe of the cyolone axis, georraphi-
cal location, end the cffeot of the synoptic situsticn. Specirl attention
wes ~iven to westerly and essterly troughs, werm and oold edveotiosn aloft,
blocking hipgh=pressure oclls, and rovement into the reglon of extritropioal
fronts, Teble 3 presents a summery of this study..

Definite relation between slow movement ond storm intensificetion is
evident., Tho relation nf weckening with increased rrte '»1' storm ndvanoe
nlso is to be noted,

In storm Item incrcese of overege sueed from 15 to 28 mph peEve no
eporecictble chenge of intensity, it i+ is thoucht thet the inereaged
rtte &f movement counterancted werreedr edvcetion during tho. seme peried
with resulting leck of intensity change. 2

Storm Love continued to decpen during n perind of ihoreased cverage
rato of movenmt from 12 t> 16 ph but the trouizh of low pressurc under
which the storm moved 1s considered to. heve produced the incressed intensity.,

Geopgraphical looation of the storms illustretes the effeot of the
storr dissipation when moving inland except when the expanse of lend
treversed was relatively smerll, s in the ctses of storms Georpge tnd King
which reintensified after moving ecross scuthern Floride, £nd storm Charlie
vhich crossed the Yucaten Poninsuls during its fermetive steges., Omly the
-lest storm of the cosson (Love) continued:-its mavement over wester tc middle
latitudes where it took on extrntropicul char&cteristicl becsusa of its
gocgrephicel locetion,

Results of comperative reletion of cyclone exis and storm intensity
tre inconclusive concerning the relaticnship between ohense of slope end
chanpe of intensity. The preponderance of westwerd slope of storm oxes
would scem to edd evidones to the thecry thet such slope js releted to
tropical sterm development in the Ceribbern end ZAtlentic orens,

20




NAME OF
STORM

CHARLIE

DON-EASY

TABLE NO 3 FACTORS IN FORECASTING INTENSITY CHANGE

RATE-OF-MOVEMENT
EPFFECT

13 wpht storm
intensified.

20 wpht atorm
weakened while

‘also moving over

land

17 woh slowed
to 8 moh?! storm
intensified

Indefinite speed,
Retsrded movement
resulted in slow
intensification

Average 8§ mnh
movenent during
short 1ife

his tory

20 wph slowed

to 16 sndt 4 moh
with intonsifi-
cation. Increas-
ed speed to 13 sph
with slichtly de-
creased intensity

Intemsiffed with
slow movement of
13 mh. Decreased
over 1snd moving
18 mph

135 mph movemsnt
gave intens{ficse
tinn, 28 wph wove~
ment caused no
change of inten-
sity

SYNGPT IC-SITIATION
EFFECT

Trough 10,000-20,000
£t caused intemnsifi-
cations Steering high
moved atorm inlamd,
Cold sir advection

s ided dus.luuon

Moved wvier westerly
trough and intensie
fied. Bloeking high
enussd retardation

and intensification

Blocking high caused
ratardation. and inten-
siftation, WNovgment
into low preasure area
caused added intemai.
fieation aporoximtely
280 miles offshors

Intens 1fied under
trough 13,000-30,000
ft.

Bermuda High steered
storm movement aver
trovical waters with
intensiffication. Ane
ticyclogenesis in
weatern 1.8, gsve
blocking effeet and
intensifia tion

Intensified mn mwe-
ment into trough in
east U.S,

Intensified under
trough aloft. Warm
air sdvsction dur-
ing ranid movement
with no intensifi~-
cation

. AEOCRAPHICALALOCATION

\ EFFECT

Short 1ife aver Gulf
of Maxtico before move
ing inland with dis~
sivation

Passage over Yucatan
Poninsula had 1ittle
effect in formative
stages. Intensified
over waters Diesie
pated after moving
inland

Intena ified while mwe

ing in Gulf of Vexien,

Nissinated after moving
inlsnd 3

Diesinated ranidly
after maving inland

Intens ified during
movement nver South
Atlsntic. S8light di.
minution masaing over
Floridas Regained
intena ity over Gulf
of Yexiens Dissinated
sfter mwing inland

Increased aver water
Deacreased aver land

Movement inlan caused
rsnid Aeercase

SLOPE-OF-CYCLONE-
AXIS EFFECT

Wesntward alope
while nearing
lal and intensie
fying (1imited
data)

2

Westwsrd alone over
Gulf and intensify- X
ing

Westward slome
throughout storm
history

Westwsrd slone
throughmut storm
history

West snd northweste
ward slope during
mast of storm
historys Short
neriod of asuth and
east alopa, No
relatinon to change
of intemaity found.

Westward slope dure

ing intensification
snl decrease

Wentward slone




TABLE NO B FACTORS IN FORECASTING INTENSITY CHANGE (CONT!D)

NANE OF
STORM

KING

RATE=-OF-MOVEMENT
EFFECT

12 mph decreased
to 6 mph esused
intensification,
increase to 13 mmh
decreased storm,
Drop te 8 mph~
sudden intensifica-
tion, 18 mph-slight
decrease in storm
strength

Slow movement 19
wph intemifica-
tion, 16 mph eon=
tinued to deepen,
22 wpheweakening

SYNOPTIC-8 ITUATION
) EFFECT

Trough associsted
with storm Item in-
tensified storm.
Trough f11ling
caused weakening
wntil movement
into following
trough which moved
out rapidly, caus=-
ing storm steering
west by high

Warm air advection
eaused intensifica~-
tinn~alsn move into
trough caused deeven—
ing

GEOGRAPHICAL-LOC\ TION
EFFECT

Movement over land
wealmned storm slight-
1vs Reintensifind
over waters Dissi-
nated after moving
inland

Northward movement
into middle latitudes
caused extratropical
characteristics and
woakening

SLOPE=(F~CYCLONE=
AXIS EFFECT

Southeast slope
in early stages.
Indefinate there-
after

Insufficient
data




28 in the forecasting:of storm movement, so in determining changes
of intensity, the effect of the current synoptic sitiation is of. the.
utmost importance, The influence of advection eloft cnd of lowepressure
troughs was noted above, Blocking enticyclones with retardation of storm
movement and oonsequent storm intensification were importent festures of
:-.storms Baker, Charlie, Dog-Easy, George, and King,

. 4. Problems Raquiring Basio Research

The post-season enalysis of the 1947 storms reveals definite weak-
nesses in the cyclone theories which have been developed to date, end the
existence of hurricene forecastine rules and preotioes which have little
or no theoreticel support., This laeck of theory mekes hurricene forconsting
extremoly difficult since observetions themselves are at a rminimm., Scenty
observations can be piaced into & reasoneble &nelvsis and en cccurate forr-
oast made only where  the framework of the model end its behevior heve been
previously determined by theory or by statistiorl.oomposition of past ob-
servations, The latter appronch to the problem ceén be tnd is bein~ mede
by this office. The development of the underlving theory, however, is
beyond the mission and orprbilities of this office. For this reeson the
following problems requirine resecarch are recommended for tssignment to
institutions equipped and steffcd to perform such works

a. Development of a besic cyclone throry which will explein the
intensification of weves in the tropicul esstorlies which slobe westwerd
with height, tnd move with & sreed less then thet of the cir-strean in
which they erc cmbedded,

b, Re-evaluation, from £ theoretictcl stundpoint, ef the iders
listed below, now commonly used for forcoasting the movement of tropicsl
cycloness

(1) Tropioal cyclones move 30° to the ripght of the represente-
tive wind &t 10,000 feet in the storm arec,

(2) Tropicel cyclones move in the direction of the wind
directly tbove the closed circuletion.

(3) Tropicn:l cyclones move in the direction of the metn
isotherms (with colder eir to the lcft) of the cirmrss in which they cre
embedded.

(4) Tropienl cyclones move in the direction of the stronrest
wind on eny one isober within the cyclonic circulction efter vroper cor-
rection is made for the differcnce in the coriolis force in the different
parts of the storms,




0. Detcrmine whether the werknesses of the Ceribbern sferics
network cre due to incomplete observetions (i.e, nct covering & long
enough period to record cll possidble fixes), rrther than equipment in-

cupeble of detecting all rrecs of atmospheric turbulence ond electricel
discherges,

d. Blueprint & seismorrsphio network vhich will record tre
rerlitude tnd szimuth of the microseisms oripinating in the Crribbean,
tulf of Mexicn, tnd cdincent Atlentic Occeng eliminatineg, in so faor rs
possible, the effects of locnl csrth structure and microselsric b-rriers,

\A. Develop ¢ reder set which cen be instrnlled in B-29 oircercft
with en eirborne runge of et least 200 miles, ond vhich'con detect pre-
cipitntion end clouds of verticnl devclopment without excessive ctteruction.




APPERDIX I:s OUTLINE OF DATA TO BE COMPILED.

Detormine fellowing for each map time or when data availables

Storm Position == Geographical coordinates;
Direction and Spead == From positions 6 hours boforc and after

map timoj

I, INTENSITY

. A.

At
1,
2.
3o
4,

5e

At
1.
2,
At
1.
26

Surfaco

Maximun wind == how detormined

Surfacc prossure == how detormined

Radius of {oron 12 winds (grcater than 75 mph)
to N, E, S, an1 W at contor

Radiua of foreco 6 winds (grcater thun 25 mph)
to N, E, S, and W nt ccntor

Diameter and prossurc of largost closed isobar
on surface chart

700 md

Maximum wind rcported and distanec and direction
from ecnter
Diamatcr of largest closod iscbar

500 mb
Mazimum wind rceportod and distanes and dircotion from

contor
Diamotcr of largest closed isobar

Chango in intensity dwring last six hours - inercascd,
doorcasod or nono

Elomcnt responsible for change in intensity

1.
2,

Rato cf movemont
Synoptic 3ituation
a. Wosterly or easterly trough
be Temperaturc advoction
ce Blooking highs
d. Movoment into visinity of cxtratropical
fronts
Movemcnt over land areoa
Geographieoal location
Slopc of cyclone axis (Prineiplc of Xrasner & Landon)




II, DIRECTION OF MOTION

Ao Stooring = Dir-otion and Spoecd of roprosontative
wind in storm crca at following olovations:

Surfaoo

850 mb, 5,000 Ft.

700 mh, 10,0C0 Ft,

6§20 o, 18,000 Ft,

307 w2h, 20,000 Ft,

200 wh, AC 04D Foa

I mb, 35,700 Fia

Ths sizeving wand is somotimes considorod to bo tho
wind in L2 stovm orea immediatecly above tho top of
the st or asyeclonio oirsulations Thorcforo, study
&ll wiads aloft in the storm area whioh happen to ecxtond
abovy cyclonio ciroulction. Provious studios indioate
that th> winds to thc wost of ths stom aro vory ime=
portant,. .

Mcan Isothemm Direcotion = oold air to left (Prinoiplo
of Simpson)

Strongost wind stcerinz = (Principlo of llajor Moorc)

as E=W Volooity

bs N=S Velooity
0e Recsultant dirootion and voloeity (lcvel usod)

Eloment rospoasiblc for bost stooring wind

Indioants and cowmtor indioants for persistemco
forconsting

1, Latitudo
2. Synopiio situation
3e Spoad of movamont

GENERAL SYNOPTIC STRCUTURE
Ao Hoight of Cyolonic Circuletion
1, From pibzls or rawins which cppsar to oxtend above tho

stornm circulation, consider diroction and gistanouv of
roporting station from centor,

Using oontral surfacc prossurc and surfacoe temperaturo
in stom aroa follow o moist adizbat to the point of
intorsootion with tho ncnrost roportcd sounding.




Wind Ficld

1, Anglc botweon wind and isobars at various grodionts
2o Variction of strongth of syclonio circulztion with

hoight.
3, Variation of oxtont of cyclnnio oiroulation with hoight
4, Prcasure or cbsonce of air diverging frem the storm

arcg at hich lcvols as shown by rawins or ocloud dircotions
S Varianticn of wind spood with distanoe from tho ceater

Touparature Fiold

1, Surfaco tomporature ficld == does surfaoc air converge
isothormally?

2+ Evidenen of wormor air in coro of cyolone, racord
tompcrature riso and altitudo roportod by Rooone

3« Plot sounding mado in oye and oormpore with nuarest
roported Racb,

Typo, Distribution and Extent of Clouds
Distribution of Vertical Volocitics,

1, Propare composite map of individial storms using dis-
tribution of oclowds of vertionl dovelopment and rooon
reports of turbulenoo,

2¢ Docs distributicn cf wvorticel weiocitics change with
1lifo of the storm? .

3¢ Doos it remaiu the snmc with reforenco to direction
of motion or with rofcronoec to oompnss-dircotions?

Distribution of Procipitation

1, Preopero oomposito chart of rain reportod by airoraft,
ships and surfaso stutions for individual storas,

2« Doos distribution chango with lifc cyolc of storm?

3¢ Docs distribution rcmain tho samo with reforonco to
conpass dircction?

Slopo of Axis

1, Study variation of wind with height in storm aron ==
slope is to the left and pervendioular to th: shoar
with height?

2, Do rcoon positions (eithor visual'or radar) show
systomatio difforcnoe between 10,000 and 500 feotl

Shapo of Surfaco Ciroulation

1, Wero isobars and streamlinos oirculer with a dilfoeront
oontcr or oye or was thc oirculation diffuscd with no
definitc oenter?

2c




2, If isobar and streamlinos were not ciroular in
periphory but beoame 8o ia tho ognter, zbove what
speed did they boodmo so?

SYNOPTIC ELEMINTS RESPONSIBLE FOR GENESIS AND DEVELOPMENT OF
TROPICAL CYCIONES,

Ae

Did tho storm orizinate:

1, In thoe Cape Verdos (prabably in tho ITC) off Afrion?

2¢ In on Bastorly "Wave" = spontanaously or =g, or shortly
after, it passod a slow moving or stagnant trough in tho
wosturlios?

3. In tho Wostorn Caribboan whon tho ITC was north of
Paname end a triplo point was formed with cither a
wostorly or oastorly throush stagnating in the aren?

If an Eastorly "Wavo" was involved in the gonosis, follow
its 1lifc history watohing for:

l, A ohango in slopo with hoight from rearward to forward
as shown by -

2¢ Pinls

be Showor aotivity moving from behind to nhond of the
trough

A rovarsal of tcmporuturc from warmer ahead of tho

trough to worner behind tho wavo,

When the tropical cyclone formed 4id it rove in tho
dircotion of motion of thu castorly wivo front or to
the right of that dircotion?

Study Raobs in arez whero cyclone formed for scvoral deys
prior to pgenesis wutohing for constant inotcascs in:
Lopso rate
ha'lght of top of thc moist layer (trade invorsion)
Mixing ratic and/or humidity at fixod lovels
Tenperaturo

V. VALUE OF SFERICS REFORTS

Cheok 8f:rios maps with continuity map of stom and synoptio
clomonts rcsponsiblo for its gonocsis, Reoord the following information
for onch map tirmes

1.
2,

3o

Total numbor of sfcrios fixcs by type

Number of fixes by .typc originating from storm or its
procoursers

lfm;ber and typo of definite synoptic clcments othor than the
storm and its proooursers whioh do or should give sf.rios fixos
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VALUE OF MICROSEISMIC RETORTS

Make o time graph for onch microseismic station of the
following clomentas

1, Distanse of tropical eycloro cnd/or precoursofs from
miorosoismio station

2, Anmplitudo of microscisms

3. Period of microsoisms

If thorc is not a dircot inverse oorrolztfon, it should be
by changos in intonsity of the storm or by uicroseismio barriors.

B¢ Whorc azimuth angles aro rcported plot tho traok of tho storm
marking positions at six hourly intorvals ‘and draw azimuth
anglcs from roporting stations indieating timo of miorosoiam.
Interscotion of azimuths with track indicatos position at
timo of miorosoism., Chock this with timo storm was aotually
at that position. If two or more azimuths arc roportod,
intorsootion of azimuths with caoh othaor also gives = fix
whioh can bo oompared with the othor two,

Chock tirmo of inoronse of mioroscism amplitude with timc of
gonosis of n tropiorl storme Do microscisms indicato possie
bility of a oyclono bofore it oan be dotroted by other moans?

ANALYSIS OF THE PAST HURRICANE FORECASTING PERFORMANCE 71 T THE
VIR OF TEE SELECTION OF THE BEST TECHIYIQUES, !

A, Foresasting storm movoment

1, Pcraistonce forcoasting

2, Doetocrmination of stecring lovel

3¢ "iorm touguc and isothorm stoering

4, Strong st wind or isobaric ohemncl transport stecring
5, Effcots of pressure distribution

Forcoastinz ohanges in Intensity

Rato of movcmont I

Symoptic Situation (Rofor to cutline I E2u,o,c,d)
Moverent over land

Geogrephiosl looation

Slope of oyolono axis

Sumerizo the forconsting mcthods uscd in the stoms for whioch ysu aro
rosponsible, indioating thu succoss or failuroc cchioved. Speoifically
indicato whioh of tho cbove mothods might have boon employed and thoso
whioh would not have given the corroct foreoast with roferonoe to tho
storms on whioh you are rcporting.

Note outstanding examples as 4o date, tim:., cnd related d tae, Pros-
oribo illustrative m'-.‘.:orinl for such cxwmplcs in detail,,
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VIII. FILE OF REFERDICE DATA

TETTTUUEY T 'LAst gvaildble matérial on file om th Air-Foroe Hurricano
Office

[apa—y

Raw data

‘Recon reports

inalyzod charts and cross ssctions:
Reports or sumiarios

- Photogravhs

RECONNAISSANCE FINDINGS

[I.

From reports on Hurricano Recoonnaissanoe flown by 373d Rocon
Sqd. and Navy, 1947 soxson, list nnd evaluato:

1s

Findings and oonclusions pravidod by rcoonnaissance
‘with reforonce to the spooifio storms for which you aro
rosponsible,

List of eny of youwr cwn findings and conolusions oone
cerning such speoific reoonnaissunoc,




APPBNDIX II DATA FPOR

-
o

! GENKERAL

STORM

HEIGNT »)F CYCIONE
CINUTATION

WING FLIQD

TERPERATUNE FIELD

Able

Due to the fect that storm Ahle did not develop inte a tropical !.N.orm, synoptie

Naker

Flrst ) hours of 11ifo
LeJow 20,000° then nf-
tor 4 hours up to 273,
000°' md down to 20,

000* upon going inlend

Iscbura are mostly parallel to wiwls
except where winds nre 1ass than
40 mph, they uro variable, Slrong-
est winds (Force G) are nerr the
centure and almost due east up to 225
miles from center, The strength
of the-eyclonic ecirrulation remains
almost eonstant to 13,000% The
area of clofud cyclonie circulation
remains alnmost congtent to 25,000°,
The area of closed cyelnnie eire
sulation from the surface to 10,000°
is almost doubled from L0 to 29 thsnd,
There is no evidence of diverping alr
aloft. Tho area of strongest winds
are in the direction of K and £ from
the centuor, Lightest winds nre west
of tho center,

Insuffticient data
near center {10 dew
terrine whethor ur
not surface onir

converpges isothem
mnlly, No evidence
of warmair in the
eore, Isatherms
show warmost air in
NW anad, with cold=
est air in the SwW
and SE quedranta,

Churlto

laek of aota aver ' f
area, cvidewee of ctre
enlation to 13,000 ft,

s fircatest cross inohar 1iu the \NB
and SE quadrsita, least o the W
quadrant,

Cul:’eat terperature
at center of stom
with enld tongues

SYMOPTIC

from ptial reports, No ¥, Surface eyelonie ctreidation:
data alove that level average dlamntep of 470 milex,
available He 700 ¥h evelnunic elrenlutiont
averpage diemoter 450 miles.
4o 500 Nt eyelonic eirecalntion:
rverage diamoter A7) wiles,
3« Average distance af Decotort
force 6 and feree 1S From contert
Faree 12 Foree o
{aversge of 2 Obs) (average of 12 (Obs)
Ne 97 miles N=135 miles
5= 00 miles S= ARG mliles
F= 71 miles - O miles
e 85 nlles W L130t miles
#e Iutensity of eyclonte eirenla-
tion; wable to determine e to
1nck of deta,

extopltng from centep
into NE and NW quads,
A trapped cold erca
11 Sy quadrant,. Wurn-
enl pie in the St
msitront and in the
NE quadrent 50 miles
from the center,




WODEL OF THE TPOPICAL CYCLONE

-~

asn s aem w -

Clath DISTHISUTION

-1 fYpRY

FXTENT

DISTA OF VELYT VEL
CHAXCE WITH CRANGE WITH  DISTRIBUTION

LIFL CYCLE

COEOASS

MEC L ITATION S1UPE ¢F

AN1S

SIAE OF
EUHFACE

. "“mate] 18 not sabmitted,

BIRLCTION

CINCULATION

Vertieally
v iopenl,
1ow clowls

,i-lf.\-“!.'
clonds

nich elowis

In r11 qua's
with aaximim
In A aed XE
analds, Nest
in SW qund,

Grestest a-
mant of
mldille
clouds In
SE quad,
und A3 In
all auanils
leart In
s"'.

Nigh clds in
all qonls,
grestest {u
N2 avd NW,
12asl in 8W

Light in-
termit
teut turb
reported
an 1 JULY
wiih mod-
erate in-
termitteut
on { M-
FURt, Mnpre
tstes ro=-
parted on
4 July

Vertical
veloelties
1o 1l
nuails with
nure tetns
1n 6W and
the least
vertical
valoeities
in the SE
fun !‘.

Neaviest preeip = With very
tn € quud vjth  11tile
‘showers avd In= (ate &
torplttont rajn Nortie
fu £1] qaalrents, wari
ipost raln in the slope is
SW quad, Invlicat=-
od

Center Vso=
Lrr atel wined
field 1Is routhe
Iy elipticul
i shepe with
major exis in
v NNE=USY di-
reetions 180-
1»rs are rors
t1shtly poecked
to the N, NE
aul M, Jonst
pradient to the
SE and SW

Vvertieally
thevelope!
tow elouds

sididle
€ lomis

tizh
Clonts

All querd-
rants af
storm,  Nnxle
mn reported
in MR auud=
rout with se-
cond. meximum
in S% nuarl,
Strongest
cuueentration
of CUND fx-
tends southe
wird fram
ceuter fer a
distunee af
i miles in
\E auaidrint.

A% ent AC In
all aumeis, AS
pra‘oniuate
in \E e SE
aunts, PFowest
in \W gnunil,
Cs el C1 ex-
teurd cutward
to 50 rilcs
in MS and \W
macrants,
Few reported
in S& aw) Sw
qunrle

luerosse

1w tarbu-
1eues with
storm e

©ovelnuent

vl nlsee
st point
where 1t
stertod
to reenrve,

lat to
nnitargte
150 wiles
from cotie
tor, See
vere (it
miles out-
woril from
eenter in
NE quadd
anc 40
miles oule
werd in NW
apireut

Thiuulerstorms
nu! showopg

in 211 gund.
rauts at ¢
rutius of 500
miles from
eenter,, Steaty
preeipltatiog
extewis Crom
eouter or fn
miles fu W
SKoan’' 8F gqunis,
in M quulenut,
ralius of yqunt-
1y veuther exe
ten ' amitwerid
121 m1les ppt
heevy precip

‘mh miles ratlas
f'rom coutep,

Tusulil=
elent data
hut smnil

of « veste
werd slopee

fultleations

The flrst 3

ar 3 elusind
1s«bors ure
clrealar
thraghout

the 1ife of
the starmy, witl
the onter 1%o-
tors Lecombiu:
e1lintier] in
. NEeft e
reetion in the
1nter stuze of
the siorm,




DATA FOR A GENERAL SYNOPTIC MODEL

1 : .

HEIGHT OF CYCLONE

CYIMFIELD e, . TEMPERATIRE FIELD
N TRCUTATTOR s ez =+ o, TR ~.. - TEMENTINE

20,000 ft. during
first two daya be-
“eoming 30,000 to
40,000 thereaftar
mt11 end of the

: 1y Crosa habnr:r-lo' in all quad~ -
ranta with greatest amount occur=.. .
ring in the NE and SE quadrants,

2+ Surfane cvelonic eirenlationt *°

. average diameter 220 mileas - ..

3« 700 W eyclonic eireulation:

4. 500 M cvclonie eirculation!
average diameter 300 miles eati~
mated,

B« Average distance of Beaufort .
farce 6 wind from centers

(Average of 8 obaervations)

N=10) miles

8= 83 milna

E=120 niles

We 72 miles

8. Intensity of evelonic cirenlationt
intense to 10,000 first twn davs and
increasing to 30,000 feet theroafter.

Relative cold air at

.ennter with coldeat

air in the NE quad-
rant 100 miles from

- centers A Am1ll aree
‘of warm air separates

this wedre from a se-
condarv wedze of cold
afr to the ¥, SmIl
closed areas nf c¢old
air in NW and 8W quad
ranta amroximately
150=-200 milas from
eonters Warm afr in
entire SE quadrant
with werm air from
center to 73 milea {ir
the ¥E and SW quad=
rantse Cold air froe

. eenter to NE quadrant

Warmeat afr ohgorved
is 300 wiles north of
center in the N guad-
rants.

tIn to 10,007
sfter first 12
hours then tn
20,000' 8 hrs
Inter then 19,000
upon going inland,

Winda arc 1ight and varfahle cross-
ing 1snbara at all angles except in
area of 80 miles radius from center
where winds nre nractically narallel
to isobarss Cyclonic cireulatinn
with height inerensed eradually to

The aurface nir an-
years to converpge
innthermelly. No
ovidence nf warm nir
in the evelone but
data availabhle {s not ,

8-10 thsnd then fecreaning to 20,000
and remining 1irht and variahle at
higher levels. The area of cloaed

eyelonic cireulation remined almost

the aame size at all Yevels, There
is no positive indicution of diverg-
ing airs The winds are less than
force 4 for an aren of 700 miles
around the storm except within a
radius of 80 miles they are from
force 4 to G,

. eonclusive aa no

aomding was made 1in
the center,




OF THR TROP

ICAL CYC

. .

¢

LONE (CON 'D)

T CLMD DISTATBUT 10N
TVPE

LTk L

PR

EXTENT

DISTA OF VERT VFL.YiTIES

CHANGR WITR

SHANCY WITH

r “LIFE CYCLR CRLed nIv

BEXTAITATION *

DIRITINMITION

“SLOPR
AXIS

SNAFE OF
SURFACE

* " CIRCYLAT ION

Vertically *
Aovalhned -
cleuis

LK)

High Clouds

All quadrants
of storm, mix-
imw muber @
and coverage
ranorted in

NE quadrant

AS and AC in
all qua‘drants,

Naximum rerorte

od in NE quad-
rant and mint-

mm renorted in

SE quadrant

Cl awi C8 ex-

Increase
in tur-
bhulence
with storw
devel on-
ment

tend oautward for
500 miles in all

amadrants

Light to mo-
Jerate inter=
mitt 1t Ax=
tenVing oute
ward 173 miles
from eve,
Hleavinat tyr=
hulénce' re=
mrted wag 60
miles from the
eve in NE
madirant

Tiunderstorms
and shewers in
al) auadrants
at a radius of
500 mis. from
centers  Extent
of "cye® was 30
miles radius
with no rain
raparted in
thia oarea,
Steady precip
extemvled ont-
ward for 173
miles from the
outer ring of
the ®"eyn® in
the NE quad-
rants The mont
inteanse and
greatest numbher

‘Slone wan
te the
west
through=
out the
history
of the
storm.

of thunderstorms

nccurred in NF
quadrant.

The inmer-
ot two
iacbsrs re-
mined clr-
eular throu
ot with th
remnining
ischars as-
suming an
a111ptical
shane in a
NE~S¥ ori=
entation du
ing the 1at.
ter atagn n
the storm.

Vertiepl=
1y devel=
oned
clouls

Hich clonds

In #)) quat=
rants with
large cover-
are in Nw, Si,
ant NE nuads,
Very fow in
W quai,

AS and=AS
mnat in NE
and SE quads,
very few in
W quad,

In all quadss
clmmest to
center in W
amad and furthe
eat Trom center
in ¥E nuad,

Oaly turbu-
lence re-
norted was
mxierate
internit-
tent and
this waa
120 miles
southwest.
of center,
This waa
after storm
moved in-
lande No
evidence

of severe
turb at

any time,

Most tur-
hvlence and
vertical ve=
Tocitins is
away from
the eonter
and in al)
quads with
iess {u the
Sw

Practically all

precin was cone

tiruons within
wmilea of cone
ter in the Np
anl XW qua-is,

Rlones to
W from An

amlysis
of the

wini shear

The presaus
field is
weak showe
ing up only
as a trough
1ine in com
posite 1s0-
hars irawn
for the
neriod nf
the storm,




DATA ,FOR A, GENBRAL SYNOPTIC

.. S S o vummess
S

WIXD ¥IELD " TEMPENATURE FIELD

HETGHT OF CYCLONE ™

CIRCULATION

During early stage 33,
000 fte During later
stage 50,000 ft.

Vore crosa-isobar flow indicated
in SE quedrante Crnss-isobar
flow about the aame on the nuter
veriphery nf storm an it 1s near
the ecenter. Stronz eyclonie
eirculation in indieated to the

*ton® of the atorm, however eir- '

culation gradually diminishes
aloft above 5,000 ft,
winis in general cxtend mut to
about 123 miles Crom center

furricane .

Farly stage},

Warm air near the

center, warm air

northeast of the

center, arvl werm

air at lover lati-

tuden sovth of the
. starm,

Iater stagel

fimal) arca of warm
air to the northeaat
of the center with a
large arew of econler
air to the north and
northwest of center,
Tha arca of cold air
is caused by increas
ed precinitation
evannrated and in-
creased adiabatic
conlinge Surface
air arparently enn-
verges isotherwally
toward the center,

23-30,:00 Fte

YMore cross-isobar flow indi-
cated in the SE quadrant of
the atorme Crosg—isahar flow
aAlso seems tn he more npew
vailant near the centor of
the storme Streng winis are
in general within 200 wile
raltuse Cyclonie eircula-
tion extents un to 330,000
fte with an anparent deeranse °
in etreulation intens ity ae
1nft above 5,60 Pte -

Warm air is nresont
tn the center and on
the northeast site
of the storms Sur-
face air scews to
enverge laotherml-
1y toward the center.




MODEL OF THE

TROPICAL CYCLONE (CON'D)

CLOUD DISTRINUT 10N

TYFE

DISTR OF VERT VELACITIES

CHANGE WITH
LIFE CYCLE

CHANGE WITH
COMPASS DIR.

PRECIPITATION
DISTRIBUTION

SLOVE OF
AXIS

SHAPE OF
SURFACE

CIRCULATION

Vertically -

developed
lawer
elowls

A1l quadrants
of atorm in

., general, most
pronounced in
an area 300
mi in diameter
centered a~
bout 120 mi
NE of oenter.
AC amd A8 in
all quads
with AS being
oredominant
in YR quad-
rant.
Cliamd C8 iIn
all quads out
to 500 mis.

Incresse in
turbhulence
with storm
develon=
ment

Turbulence
all quads
mostly withe
in 200 mis.
ratius (wore
Recon obs -
talgn near
conter of
storm) Re-
ports indi-..
oante slight-
1y more tur=
bulence in-
Srn sector
Vertically -
develoned
clouds in all
quads, mosat
nronounced in
NE auad,.

Area 300 -wi,. :
in diameter, -
ocentsred 128
mi NE of een=- *

- ter contain

heaviest and
most continu-
ous vrecin.
Saualls and
tstm activity
all directions
out to 400-800
milea.

In men=
eral

: slove

to the
Wam

o, var-
ticular=-
1y during
veriods
of inten-
sifica~
tion.

Iscbars. .

and streams
1ines are
nquite cir=
cular out
to 230 mi.
from center
howevar, Ir
genaral, ar
alightly
"bellied?
out to the
southe

Al) aquads of
atorme less
repnrted in
W quedrant
than others.

AC and AS
veported ' in
all auads
with thin AS

being predo=

minent in NP
quad.

CI am CS iIn
all naquads

out to ahaul
400-500 mics

Vertienl vel,
about the
sawe in all
mindne

Arvea of heavi-
eat pemn is
about 400 mi
in A sl s
contered a-
bout 300 =1 X
of ntorm
centers $quall,
shower and
thunder acti-
vity out to
about 300 mi
r center,

Variahle
and mat
indica~
tive

Isnbars and
streaml ines
although
slightly
*hellfied®
ot to the
southy are
quite cir-
cular mt
to about
the foree
five winds,
Tt esvecls
ally clire
enlar out
to the Cor.
severn win!




TABIE 4:

DAk FOR A GBNERAL SYNOPTIC

".HEIGHT OF CYC

CIRCULATION ':.;

WINO FIELD

?

TEYPERPATUE FIELD

1st O brs u,ooo‘. A

24 6 hrs 60,000'

. ,remaining 18 hrs

to 40,000

By RAOR snalynis .
29, 000’

“In all quedrants withtin 100 wmiles of .

the center the winds flow acrons the
iscbars at almost & 10 antle, In
the NY and NE quadrsnt the winds flow
across the isobars at angles uo to
90° ant aversging 60°% The flov s
alwost narallsl in the SW and SE
quadrants, In the first 13 hrs the
winds alaft increasa to abemt 10, M0!
then incrense slowly or remain the
same to 40,000'. The extent of
olosed oyclonie circuletion averages
about 400 mi delow 5,000° and exrands
at higher lavels to 900 mi, The wind
is almet varsllel to the isshars at
all levels adws the surface excent’
for slight indications of divergence

The surface air an-
varontly converges
isothermnlly, The
warmgat air is in
the SE quairant,
the coldnat in the
N,

in the NW quad. at levels ahove 3,000%.
The strongest area of winds are in the
NW to 3100 to 250 wiles from the center.

The greatast area of farce two winds
arn in NW nuad,

Probadly ixtrn.rc"'ienl

1« Pibal ant Rawin
16,000 tn 40,000 ft.
11fe of storm

2 Viami Raod ap-
prox 60 mi ENE of
center indicated
haight of eyclonie
circulation as
29,000, Other ex-
amples well above
30,000 ft dut 123-
210 miles away

from center.

le Qreatest cross isotar in N and

SE quadrants, varied 307-45% less
than 30° in MW and SW quadrants.

2. Intense from surface to 16,000
feet formative stagzes increasing to
10,000 ft. in its mature stage,

3¢ Rurface cevelonic circulation

mdims 23 wiles, diameter 462 miles.

700 W cveleonie eirculation radium
190 miles, diamter 380 miles, 500

W eyelonie circuk tion radius 232

niles, diamter 461 milea.

4e  Negative

8. Averace distance nf Beaufort
foree,

8 or greater from center of

storm

N=131 wmiles

E~171 miles
8-139 miles

W=120 miles

NE-198 wmiles
SE-179 niles
=119 miles
NW=144 milesa

1« Surface air
dorg not converge
isothermally

2¢ There is evi-
dence nf warmer
air in core of
evelonree Temporae
ture fierld not
eonsistente Some
evidence of ecnld
air in ennter of
storm

3 No soomding
svailahle
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MODRL OF TROPICAL CYCLONGE - (CONT'D)

CLOUD DISTRIBUTION

TYFE

DISTR OF VERT' VELOCITIES
CHANGE WITE CMANGE WITH

. . . . LIFECYCIE COMPASS DIR.

PRECIPITATION
DISTRIBUTION

SLOPE OF
AXIS

SHAPE oF * ¢
BURFACE

CIRCUIA TION

Vertically '
Developed

Middle
Clouds

High clowis

‘Oreateat

. area in SE
" quad with

next grost-—
est in NE
In 82 clouds
extend to

Nost turd
reported
after 12
hours of
develop=
ment

675 mi, Lesst

in FW quad,

Almost equal
distribution
in all quads

Greatest n
NE am} Nw °
(AR) quads.
Least in SE

Extend out-
ward to 680
miles in all
quais, Most
cbserved
close to
center in
SE quad,

Severe in NE

quad sfter 13
hourss No
other reports

but clmds in=

Alcate max
vertieal ves

‘' and SE quads

from center to

. 278 miles,

‘lieaviest vre-

eip in NE quad
centsr to 380
mis largest
ares of precip
in MW quad

- center to 400
locities in NE wiles,

Laast
precip in SE
quad and 8W quad
quad and most-
1y showers.
Closed rain

to center in
any quad is 80
milon,

Intica~
tion nf
1ittle
svail-
able
data
point

to a NW=
ward
slone

1st 2 center’
isohars aro al-
most circular
but the rest are
becoming very
eliptical with
major axis NNW=
S3F and isobars
opening to the
south with vary

tight gradient
in SE quad with
8W second in
lenst,

Generally

111 quaids.
Intense in
NE quad

with aecond-
ary intensity

Vrbl ac-
cording
to time
of ad~
vance of
atorm and

Changes with
reference to
direction of
mot.ion Turb
vrhl minly
NE quadrant.

Chnges with
11fe cycle nf
storm and does
not remain the
same with re-
ference to

Variahle
and not
indica-
tive On
alopes
investi=

Ianbars and
streamlines
circulate
with a deo=
finate
center.

8E quad.
Least oxtent
8W quad. This
applies to
all layers

speed of
movemente.
Changes
‘with 1ife
cycle of
storm in-
creased
turbulence
with 11fe
cycla, min-
1y in NE
quadrant.

Isabars aad
streanlines
not circular
in the per=
iphery of the
storm hut
became so
toward the
center with
slwly a wind smad
andat of Beaufort
Dry Tortugzas forco 6 or
area deenen= preater,

ed suddenly

compass df=
rect ion, VMost
intonse oree
cin NE quad~
rant, general-
1y 1n all
quads.

gated
sloves
were SE
indiecat=
ing fil-
1inz, ne-
tually
stnrm
deevened




DATA.,FOR A GENBRAL SYNOPTIC:

T TEIGHT OF CXCLONE

CIRCULL TTON

‘WIND FIELD

: TEMPERATURE FIELD

Love

Reparting statioms
not very close to
storms Evidence
of eynlonie eir-
eulation to over
30,000 fto Then
some lowering to
below 30,000 f't,
in later stages
when passing
Rarmda

te Greatest cross isnbar flew
occurred in doth southern quad-
rants although there was a
tandency for the flow to fol-
low tho fscbars in the SW auad
in the lest veriod of the storm,
20 Foree ten wins axtend to

. 18 milss in all quadrants sx-
.copt BE. Beaufort 18 winds over
38 mils radiue mear and of storm,
3¢ (Greatest extent of evelonie
eireulation (Mesufort) 400 miles.
4o T00 ‘b eyclonie eireulation
of diameter of 400 wmilss.

8. 800 M evelonie eireculation
of diameter sstimted 375 wiles,

3¢ SBurfare air
shows some evidence
of isothermal crn=
yvorgence with de=
finlte ovidance an
10 or 30 October,
2 The mrwest air
is canfined to the
southwest aquadrant,
3s Temmerature
madings in the sye
show {=3 dagree
tamperature rises
with resmact to sur-
ramdling atr.




MODEL OF TROPICAL CYCJLONE:

¢

(CONT*D

[}

CLOUD DISTRIGUTION

EXTENT

DISTR OF VERT VELOCITIES

CMANGE WITH
LIFE CYCIE

CHANGE WITH
COMPASS DIR.

. PRECIPIMATION

DISTRIBUTION

SIOPE OF
AXIS

SHAPE OF
SURFACE

CIRCULAT ION

Low clouds

Righ clouvds

Evident in
all quad-
rants but ,to
a minimum in
the SW. Ex-
tent of this
tyre el -
indefinite

AC and AS
most evie
dent in NE
and NW quais,
This tyve
cld evident
to a good
Aegree in
SE quadrant
in lattér
stages df
+the atorm,
Evident in
all guads
'lt!l mx
*in northern
sectors,
Minimm in
W, 500-00
miles ahead’
of storme

In 1ta early
stage, tbnce
and vertical
velncittes
were chare
acteristic
of the Nw
and SE quade
rantas In
its later
stage these
character-
isties re-
mined in
the NW and
8E qunds

but also

spread to

t‘-“w.
The NE had a

The early
evele of this
storm is orinr
to chance in
direction

while the lat-

ter stare, 12
after change.
Therefore the

adjacent infor-

mation 18 °true
of this toote,

definite lack
of these char=

acteristics,

In its early
staen, preatp

was predoninant

mnly in the
northern quads
with the NE a
bit more ag=
tenstve, In

1t« Jetor stage,

the nreeip
snread to all
four quads and
ammeared to he

almat equal in°

its distributien. *

Insuffi-
efent data

Circulation
bad a de-

to .thormigh= fintte "eya®

1y investi-
mte ‘thls
notnt,

The shepe of
the eireu-
lation was
vary mich

.assymatrical,

In {te early
stage, it
was elVip=
tieal with
axis WNW-SSF,
In 1ts re~
curvature
perind, it
wes belVied
out in the
northern
quatirants.
In ita fingl
stages a
definite
shane enuld
not be Ade=
eited on,




t.* PPENDIX III: REFERFACE MATERIAL

4 workdng library of referonco material for trcpical nnclysis and
hurricanc forccasting is being colleoted at the Air Foroe Hurricanc Officce
The following 1ist shows ‘the items nveailable and reviowed during the first
off=hurricanc sonson oporations (Koto BAMS-g Bullotin of ‘the imericon
Moteornlogical Socioty.)

Buxton, E. B. =« Notcs on Weathor Annlysis in the Trcpicé. Vol, IV, #4,
: June 42, Publieations of tho Weather Research Ccmter. AP

c}nv"ssc. ‘Nicholas H., Lt, Col, = AJ\F Hurricane Reoonnaissanco, Vostorn
P'\cific, 1945' BJS, “:)v.. 1946.

Colon, Josc he = Influofice of tho Magnus Effcct on the Looation of Tropical
Cycloncs, BAMS, May 1947,

Dalcke, Ce Ge = Conditions Existing Prior to the Tropiocal Disturbanec: of
11 Octe.43, Publication from Adr Yeathor Station, Boane Fiold,
Be V1o Is

Deppermonn, Ce Ee = Outlines of Philippine Frontology, Pube of Weather
Information Branch Hq, AiF, Report #0445 Sopte 43.

= On Moore!s "Forcensting the Nature of Tropioal Cyeloncs,"
BAKS, Fob,, 1948,

= Tvphoons and Deoprcssion Originating to Noar E. of‘ Pe 1,
Philippino Weather Burcau,

« Typhoons Origzinating in China Son, Philippinc Weather Burecau

= Is There a Ring of Violent Upward Ccnveetion in Hurricones,
BAMS, Jm,, 1946,

« Notos or’ tho Origin and Structurc of Fhilippine Typhoons,
BAMS, Nove, 1947,

« Cirrus Stripes and Typhoons, BiMS, .ipril, 1948, ppe 166,

Duckworth, Je E, = Flizht Through i Trcpioal Hurrioono, Roport from Hg,
ALF Instructors Sohdol, Bryan, Toxns. (MS)

Dunn, Gordon E, « Bricf.Survey of' Tropical Atlantio Storms, Leoturc Hztes,
University of Chiocnps, 19344,

= Analyses and Foroscasting of Tropiocal Cyclones with Specinl

Referonee on the Atlantic Ocoan, AAF Woathor Wing, fshevillo,

N. C.. uﬂy 1944.

= Aorology in tho Hurriocanc Yarning Service, !foe Wene Reve
Pennol, Le Hy = On the Development & Haintenance of Trspical Cyelones in

tho Far East, Vole IV, #4, Juwne 42, Publication cf the Tonther

Rosecarch Center, AiFe

40




Gallonno, Jean He = Tropiocl Disturbanoo of August, 1940, Lant‘xly Vioathor
Poview, 1940, o

‘ r ‘I‘rop:lo‘\l Disturbanocs of Suptmacr. 1940, Monhtly Weathor

RoviOW. 1940. s . s N

= Tropionl Disturbance of Ootobcr. 1910, Monthly '.’o:.ther Roviow,

1940, . B -

~ North-itlantio Tropical Cyclones of 1940, Mgnthly woathor

Rovie". DOO.. 1940,

Carboll, Mes Ae = Tropionl & Equatorial Mctoorslogy.

Gray, Riohard W, (Rovised by Grady Norton) - Florida Hurrionnes, U. S.
Govt Printing O0ffice.

.

Gilmore, M. He = ilioroseisms Classificd Aocording to 'I'ype of’ storms,
Transeiorican Geophysical Union, 1916,

= Traoking Oocoan Storms with the Scismograph, 'BAM'S. Fobe, 47,

Gutonborg, B. = Miornscisms and Woather Forooasting, Jourml of licteorology,
¢ Fabe 47, ° 9

Harnantas, L. = Extraot from Kotes Derivod from Synoptio Maps & Flights in
tho lianila=Guam Sootor. Pan Zmorioan Airwnys.

Hourwitz, B, = Tho Hoight of Tropical Cyclonos and tho "Eye of tho Storms,"
donthly Y.'oathcr Roviow, Febe, 35,

Hermandoz, Joso Ce e = On the Gon:osis of Hurricanes of the Westcrn Carie
bbeen Sen, BilS, May 1940,

Junznickol, John L., 18t Lte, AC & Roynolds, Ce Ko Jre, 2nd Lt., AC =
Kiorosoisms in Relation to Cyelonio Disturbanocs, (MS)

Kindle, E. Ce = in Applicntion of Kinomatic .‘malys:ls' to Tropieal Weathor,
Publication of A4AF “Toather Ting,

Kidd,' Ke P, Capts, iC & Reod, Ce Ko Capte, 4C = Typhoons of tho Southwost
Pacifio « BillS, Juno 1946,

Klein, ¥, 'He & Winston, Je Se = Tha Path of the .tlantio Hurriocro of Scpte
cmber 1947 irn Rolation to tho HemispherioCirculation = B8AMS, Dcoe47.

‘Krasnor, Tilliam & london, Julius = A lothod of Foréca'sting Develofmont of
Tropionl Cyoloncs, Bills, Scptember, 1948,

ilintz, Yolc = A Rule for Forcoasting the Ecoentricity and Dircotion of
¥otion of Trapiotcl Cyoloncs, B.liS, March, 1947,




Mitohell, Co Ha = Hurrisanss of tho Atlantio & Gulf Stutos 1879-1928. Us Se
Dopartmont of igriculture, Toather Bureaus ° ;

Mro Dougall, Ge He = ATC, alr Wouthor Gfficer Roport, Ccolidgzo Ficld,
intigua, By We I, Hurricdno of fucust, 1943, (l..S)

Moore, Re L., liajor, iC = Forocasting the liction of Trapionl Cycloncs,
B/MS, Supte, 1946, als

Horton, Grady = Roports on Stoms Goorgo & How, 19i7. (MS)
Palnon, Erik = Struszturo of the Tropisel Cyslonc, BAkiS, Febe 19:8,

Riohl, H, & Sohaoht.. E, = Mothods of /nalysis for the Cnribboan Rogionm,
X BAMS, Dcc., 1946,

Sawyer, Je Se = Notos on the Thoory of Tropiccl Cycloncs, Quart, Ine Raye
Licte So0,e, 1947, )

Schacht, Ee Jo = & lMoan Hurrisano Sounding for the Caribbean Area, BiilS,

ST June 1846,

Simpson, Re He = On tho Movcment of Tropical Cycloncs, Transactions,
Amorioan Goophysioal Union, Vels 27, Nue ¥, Oot.. 1946,

Sumer, H, Co = North 4Ltlantic Hurriczno « Tropioal Dz.sturb'moos of 1946,
#onthly Weather Review, D.o., 1946,

Tannchill, I, Re - Hurriocancs,
= Tho Hurricancs (Rcviscd 1938), U, S. Covt. Printianz Officc,
“ashington, 1939,

Wexler, Hy = Structurs of Hurrioanos as Dotermincd ‘by Radar, /nntls of
the New York Aoademy of Scienoce, ‘19-‘:7.

.T)od, Fe B., Cole = 4 Flight int. th: Scptomber 194 Hurricono off Capo
Honry, Va., Bil§, llay 1345, )
= The "leothor & Clinato of Central cmories & South .meriea,
Fublication of ACTS (?), iiaxwell Ficld, Aludam, 1232,
- Yonther Conditions in latin /meriea & Caribbcan ircas,
Publication of ACTS, Maxwoll Fiold, ilabmma, 1942.

Te & We Ao Ino, = T2athor Conditions on a Flizht scross the Tropioal
Storm of Oote, 1943, whilo in Northera Florida, BALS, Juno, 1915.




Publications by tho Chiecf of Haval Oporations, Acrology 3Scotions
= Us Se Navy Rurrionre iliorosoismic.Rescaren Projeot, July 1946,

« U, S, Navy Burricane Miersseismic Recearch Projeot (2nd
Supplemont Maroh 1948)

« U. Se Navy Hurrioano ilicrascismic Rcsearch Projoot (Supple-
ment May 1947)

= Operational .speots of Hurrioano Tarning Servieo, Jmn, 1945,
1st supplemont Hay 1947, 2nd supplement Jan 1948,

« U, S, Navy = Typhoons Reconnzisscnec, lizy thru Novembor, 1945,
= U, S, linvy = Typh>ons Reoonnaissance June thru Septumber, 1645,
= U, S, Havy = Notes on Typhoens, {(iiay 1946).

USAF Roports:
« AFHO on Individual Stormms of 19:7. (KS)

- Hurricanos & Tropicnl Stoms, 373rd Viea, Feo.n Sgd for 1347,
(18)

« Uy Se¢ adr Fordo = Hurriocanos .iffeoting the /tlantis Const,

The Gulf Coast, nnd the Southern Colifcrnin Coast of tho Us 8.,

Tone Division Report #636, Duce., 1943,

= Synoptic letiorology Leotwre = ifotes frem JuF Yenthor 3ohosl,
LPO 832,

= Tropiocal Moteorology, aiF Manual 105«0=2 lay 1945,

Ue Se Woathor Burenus L o : . oo

« Report on Tropical Cyoslones of Colover 1047, "mather Buraau
Office, liami, (MS),
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