Exploring Eye of Typhoon “Marge,” 1951

F. H. siapsox

L8, Weather Burcan, Washingion. L), C,

ABSTRACT

In Avgust 1931 an unusuzl airplane reconnaissance of 4 mature tvphoon succeeded in col-
lecting extensive data from the eve and adjacent rain area of the storm.
clear except for a low stratocumulus wndercast, was circular, H miles in dizmeter, and had
central pressure at the surface of 2643 inches {895 mhb) with a sizahle pressure gradient from
Walls of nimbuostratus surrvunding the eve rose like a huge
Two eve soundings from the surface to 17,000 feet wer
made, the first at midday, the sceomd in late afternoon.

the center to edge of the eyve
colisewm t0 a hetght of 35,000 fect

temperatures, more than 1650 at 17,000 foct, with lapse rates essentiallv isothermal from the

surface to 10000 fect.
F000=10,000 fect.

the eve conter was nearly 8 CF warmer, and at 18,000 fect 18 CF warmer than the adjacent mai
arca. At 900K feet, significant temperature pradients were confined primarily 1o the eve, whilk
at 18,006 feet they were concentrated in the rain area. E

1. INTRODUCTION

IRPLANE flights into the eves of ty

phoons or hurricanes have been common

ocourrences In recent vears, In fact,
planes of the Air Force or Navy usually pene-
trate the eve of most tropical cyclones twice a day
as long as the storm remains a threat to coastal
arcas.  These flishts are made primarily to ab
tain eritical information on the storm position
and intensity for use of the forecaster in issuing
warnings.  Because of the hazard and the com-
plexity of such flights, it 1s rare that an oppor-
tunity iz afforded to explore fully the core of
these severe storms to obtain more particular
information on structure and physical charac-
teristics,

Through the courtesy amd cooperation of the Air
Foree's 2143d Air Weather Wing, the writer was
privileged 1o make an unusual exploration of ty-
phoon “Marge™ in the West Pacific on Augusi
15, 1951, This reconnaissance was not plamned
primarily as a research flight, its main objectives
heing to obtain two position “hxes” from the cen-
ter of the tvphoon 8 hours apart.  This and ather
operational requirements of the fight thereiore
limited the exient of the exploration and the
amount of particular data which could he re-
corded.  Nevertheless, more than 3 hours were
spent in the eye of this typhoon on the day of its
peak intensity, exploring and recording various
characteristics at elevations ranging from 600 to
20,000 feet,  The information gained, while in-
complete in many details, comprizses an unusual

Marked cooling occurred between these two soundings in the lavel
Horizontally, temperature varied little at 800 feer;
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The eye, which w

These revealed exceptionally warn
g

at SO0 feet, howe

documentation of interest and  1mpo

studies of typhoon structure,

2. DescrirTioN oF FLIGHT

We took off from Guam shortly a
an RB-2% of the 34th Strategic Wea
naissance 5q.  The plane climbed slow
tude near 11,000 feet heneath a dull'g
cirrostratus and altostratus clouds. B8
distance, some 700 (statute ) miles from
center, the overcast apparently was a
great shield of high clouds assoel
“Aarge.” The sea surface here al
dence of the energies harnessed by
Brisle southwest winds, probably 25 g
per hour, caused choppy seas upon W
distinctly  superimposed  long  swells
northeast-soithwest.  These unguestion
the remnants of great waves generate
typhoon center,

There was an ominous absence of
random convective cloudiness,  With'
tion of several well-organized lines o
cumulus encountered periodically, th
patches of small stratocumulus and
beneath the plane. " With the devell
early-warning radars during World
was discovered that convective-type
large tropical cyclones such as “M3
to be concentrated in a series of squall
of which spirals cyclonically ahout the
storm almost parallel to the streamlin
face wind. These lines, usually sepa
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path of the typhoon showing 12-hour positions.
gissance of “Marge”

diness tindmum, have been described by
mard [4] and their significance discussed by
ler [11] and others. Six such squall lines,
ble both to radar and the naked eye, were ob-
ed extending [or scores of miles to either side
flight track. (See Fioures 5 and 6.)
ceding toward the storm center, the base
he altostratus shicld lowered steadily until
mally engulfed the plane approximately 150
8 from the eye. From that point on, only oc-
onal glimpses could be had of the sea surface.
igation toward the eve therealler depended
o proper interpretation of the squall-line pat-
B visible through radar, and of pressure (or
value’) variations.

urface winds which had varied little the first
miles out of Guam increased rapidly from a

1. Surface map showing Typhoon “Marge” at 0600 GMT, Ausgust 15, 1951

The heavy broken line is

The light dash fline is the track of the plane during its re-

point about 300 miles east-southeast of the eve.
Twao hundred miles from the center, winds had
reached full typhoon foree (74 miles per hour),
and at 150 miles from the center were judged to
be more than 100 miles per hour,

A word about methods of estimating sea surface
winds from a plane is of interest at this point.
Both direction and speed of surface winds are
usually estimated in terms of the extent and ap-
pearance of surf or whitecaps. With a large
amount of surl present it is not difficult to deter-
mine wind direction.  Whitecaps which form as
a wave occludes are quickly outrun by the wave
and overtaken by the trough which follows.
Viewed from aloit the relative motion of the surf,
with respect to its parent wave, is directly opposite
to the wind direction. In Fioure 11, arrow S




284 BULLETIN AMERICAN METEOROLOGICAL Sa

shows the apparent movement of the surf as there is a relatively large margin for error
viewed aloft, while arrow W, representing the  the higher range of velocities, To begin

wind direction, points to the parent wave crest. very few pictures have been made of seas und
Wind speed is judged in terms of amount of surf  the influence of 00-mph winds.,  Moreover, the
present, and general appearance of the sea. Iere, seas look different under varving conditions
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L 3. Soundings taken in the cye and in the outer vortex of typhoon “Marge” on August 15, 1951
irregular broken lines are dry adiabats ) thin dashed line is 2 moist adiabat,

ht. In general, however, the relative degree
greenish sireakiness of the sea surface which
frelops s whitecaps are blown away by the
uds, is the principal criterion for estimating sur-
e winds of 50 mph or more.
At flight elevation, winds measured by double-
observation increased less rapidly and failed
ikeep pace with the apparent increase of surface
One hundred fifty miles from the center,
sht-level winds were computed (by  double
iit) to be 86 miles per hour. The flight dur-
r this increase in winds was a relatively smoath
. The only significant turbulence occurred
ile Alving through the spiral lines of convective
Even here (at 11,000 feet) only light
rhulence was ielt.
imuing on instruments, radar soon detected
edge of the rainless typhoon eyve directly
gad. A series of heavy rainbursts followed and
en several bumps of moderate turbulence as the
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The thin

plane broke through the walls of the eye into
clear air®

Here was one of Nature's most spectacular
displays.  “Marge’s” eve was a vast coliseum
of clouds, 40 miles in dinmeter, whose walls rose
like galleries in a great opera house to a height of
approximately 35,000 feet where the upper rim
of the clouds was smoothly rounded off against a
background of deep blue sky. The sea surface
was ohscured by a stratocumulus undercast ex-
cept for two circular openings on the east and
west sides of the eye respectively. Clouds in the
undercast laver were grouped in bands which
spiraled eyclonically about each of these openings,
or clear spots, both of which were approximately
five miles wide. This horizontal alignment of
clouds suggested the possibility that (wo separate

* This sequence 15 similar to that reported by Wood
and Wexler [12] in an Atlantic hurricane September
15944,
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Thin arrows represent flow at

ik, Heavy arrows are wind-shear vectors between the 700- and SH-ml levels.

smull eddy cirenlations were present within the
eve envelope,

In the geometric center of the eye the strato-
cumulus overcast bulged upward in a domelike
fashion to a height of 8,000 feet, Light turbulence
in the tops of this dome was comparable to that
in ordinary ocean cumulus,

The walls of the cye on the west side were
steep, either vertical or overhanging, and had a
soit stratiform appearance.  On the cast side,
however, clouds were more a cumuliform type
with a hard cauliflowery appearance. In this sec-
tor the walls of the eve rose with a gradual con-
cave slope to the upper rim.  The overall appear-
ance indicated that the axizs of svmmetry (in the
vertical plane) was tilted to the east or northeast.

The reflection of a late forenoon sun on th
clouds was remarkably intense. A standard W
ton light meter was thrown completely off-sc
on high range by the glare, Many pictures tak
at 1/300th secand 720 and with o Wraten A
filter were over-exposed {using Super XX filn

From the weather observer's position in
nose of the plane, where a view almost vertica
downward can he had, the sea surface could
seen necasionally through breaks in clowds,
the plane skirted close to the north wall of the «
at an elevation of 8000 feet, flecting glimpses
the seas helow revealed an amazing  state
turmodl. Waves were searcely  distinguisha
here and the ocean was almost completely o
scured by the mad rush of greenish streaked wh
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Fug 5 A line of eonvective cloods, the frst ol s etcrtimtered betwesn Guam amd the
typhism center Fhese Tines spiral evclonically toward the eve of the storm, approsimately

parallel to the surface wind-flow. Most of the squalliness and heavy rains of the tvphoon

vilrfes Are imcentrated abea thess % 0l eonyvertion Broken altostratios clowds above air
ptane level are surmoemted by an overcast of eirrostran

Fio. 6. The second line of convective clomfiness. Here, there is greater vertical develop-

metit anid the towers penetrate the altostratos overcast.  Lines soocessively closer 1o the storm
cotisisted of much lurger towering comulos whose towers netther dimnished] 1 size nor showed
signs of spreading laterally as they penetrated the overcast

) |




7 Panorama of eve [rom -t clevation at a
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A\ descent was made in the eve 1o as low i

- fect in order to mensure amd observe more A
curately conditions near the surface,  Muost of this

w level flight, at an averige actual } elevation

ni R0 feet, was through stratocumnlus mils

| nd it was necessary o depend opon T ular o
direct the pline on a course dimets dly across

the eve.  ( Note: The APO-13 radar ordinarily
is capable of detecting and locating the posthon

i only those clouds which contain rain droplets

I'he periphery of the eye, as n vealed by radar, 15
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nimbostratus or rain clouds which surr unel the
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varied less than 114
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with assurance whether
lscalized eddy circulations or oot

\ spiral ascent was next m wle in the eve 10
17.000-ft level, where a drogp wiis reld
e 3). This sound indicated
e [rom the surface to about 630

rtermnmne

3
Mt

i see Fr
the atmospher
while stratified, was essentially isothe riial

it 300 mb the temperature was still more

16°C!  These spectacularly warm temperas
and the humidities with which they were

cinted deserve particular attention and wilk
tscusseil later,  Suffice to say here, to the kg

edge of this writer, such temperatures m the
t the 500-mhb level have never §
_:. CIrCimSANOeER

atmosphere o
ohserved previously under &

Returning to operationil
flight, the plane descen lel amed left the eve t0

requirements of
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b about the vortex from a fight level of
Beet (see track, Ficuvre 1), The boxing
it comsisted measuring the velocities
suriace in each quadrant of the storm

f to determine storm intensity,  Seas along
ek were swept by winds estimated to range
mph on the southwest side to more than
hoom the east and north sides of the vortex

gl example of imilitinins the
ol such winds 1s shown in Froves 11, This
was taken from a position about 60 miles

ol the storm center ( surface winds prohably
85 mph )
east quadrant, the plane again climbed to
deet and hended for the eve o obiain the
f“fix” of the day. Temperatures at plane
measured irequently during this approach
gye, rose less than a degree until the plane

s O unier

E View ol eve

near th
d clowd a
Temperatur

from & padnt
kft. Also note the
Elevatiom of plan

cordeal shaps
16,000 feet

crler
cemter which
1R™
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reached the edge of the eye, 1
three ||.ﬂ"-_'n'h!|-f| degrecs as the II":'III'“I!-’('I
ye. Temperature continued to rise rapidly

as the plane approached the cemter,
peak value nearly 8 C° warmer than the area im-
mediately adjacent to the eve, A nd set of
eve soundings was made at this time which re
vealed that temperatures in the laver 600-700 mb
had cooled markedliv—as —in the
five hours since the first sounding had been made,
although still just as warm at the 500-mhb
With fuel growing short, the plane upon com-
pleting the second ascent in the eve departed for
home at an elevaton of 17,000 feet. As the walls
of the eve were reached, moderate turbulence
felt, somewhat preater and more comtinuons than
had been felt when entering the eye through
the sume quadrant at 9,000 to 10,000 feet. At the

than roge very rapidly
flirmi
the ¢

reaching a

s

much as 7

level

Wiks

lsdkeng
resemhles a
1050 1LST

Nty
tornado v

visihle at

pontal post

uf e northwrest sem surface

rtex in a hos

T
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tvphom cenler, whitch was wider the mifloes ol

per his
the five hours between the two eve soamdings  with those of the dropsonde at 0155 and
m typhoon “Marge.”  The first sounding was  GM]
mutide with the sun overhead, the second in late Fimmlly thns curtous cis i -||1-¢"| have res

alternoon with the sun approaching the horizon,  from adiaba
amd the lower portion of the eve shaded.,  Tow

ic expansion. I for some reason

ever, assuming ideal stratification of moisture Famie 1. Compamarive Data Fos

with the clear arr from 600-700 mb saturated Exe Sorsmisas 15 Tyvemoos M awa, " |
with water vapor, the moaxinmm cooling of that woousr L3, DRl :
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i . Mibda Lat
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1.1 . lad 2 f 1
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" il 3 " Flative
than observed,  Moreover, as pointed out earlier, i e i fie CLREEL -
" T it It
the presence of large amounts of water vapor in . \ 1
thas part of the eve is unlikely if subsidence played e | ML 313 e | M1
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ddle layers of the eye, hetween 7,000 and
feet, were lifted as nmch as 2,000 feet,
ie expansion could account in full for the
ohserved.

ver the true explanation of this example
mg A cursory exumination of eve soundings
in previous typhoons reconnoitered  from
indicates that this is not an isolated case
e divrnal temperature changes in the eye

Homtzostarn TesremaTrry GRADIENTS

warmth of “Marge's” cye was no less
eular than the horizontal temperature gradi-
round the midiroposphere core of this storm,
large temperature gradients have been oh-
previously in the upper troposphere near
e of tropical cyclones (Amkawa [1]), a
of 18 C° in a horizontal distance of 60 miles
wilented, and rarely encountered aloft un-

crcumstances  even in strong  Arctic

is interesting to note that the greatest change

nerature at 18,000 feet occurred in the rain
it outside the eve, while at 9,000 feet very
change was ohserved in the min arca, most
he increase occurred after the eve had heen
& 4 shows the horizontal distributions of
. in typhoon “Marge” and its en-
t at the tme of the reconnaissance.
the isopleths of mean virtual temperntures,
eid fromn thicknesses, 700-500 mb, define
eristic warm-tongue pattern 8] whose
jon in advance of the storm foreshadowed
pral direction of movement,

f. Coxvecrive TumBULENCE

view of the concentration of isotherms in
aren at 12000 jeet, it 1s not surprising
turbulent drafis at this level were somewhat
ger and more sustaimed than those adjacent to
e at 9000 feet.  This coupled with the fact
the plane, leaving the eve at 17,000 fect, was
ed upward 2,200 feet by turbulence temds 1o
the hypothesis of Deppermann [2] that
is surrounded by an intense ring of verti-
s, which extend well into the middle
phere.  Since the traverse of this zone or
of intense convection at 9000 feet required
2 few seconds, the plane did not encounter
d drafis of note, only a pronounced Taomp
o, and was carried opward by vertical cur-
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rents probahbly no more than 500 feet.*  Dased
upon observations of turbulence this zone of con-
vection would appear to be quite narrow probably
less than 1 km near the surface, expanding gradu-
ally to a width of protably 10 or 12 km at
18,000 fect

Wesler and Wood |12], in a research recon-
naissance of a severe Athntic hurricane in 1944,
reported encountering a similar narrow band of
upsdraits near the edge of the eve, which carried
the plane upward some 2,000 feet from the initial
flight level of 3000 feet. O that flight the area
ar prusiching the eve, however, was described as
ome of persistent downdrafts, and the eve itself
as comprising generally turbulent air with per-
sistent updrait.  While it is possible the flight by
Wood  and  Wesler never  completely  broke
through into the characteristic air of the eve, it
should be pointed out that the flight into typhoon
“Marge” described here encountered no recog-
nizahle persistence of downdraits in any quar-
ter, and that the air in the wnelonded sectivn of
the eye was generally gquite smooth, notwithstand-
ing the one example of severe low-level cye turhu-
lence described previously,

7. Hewnt o THE Tyenoos CIRCULATION

In view of the very low central pressure at the
surface aml the exceptional warmth of the eve in
typhoon “Marge,” it is interesting to consider
how high the storm circulation may have ex-
tended.  Theoretical computations by Haurwitz
[ 3] and observations from other mature storms | 7]
[#] [10] have shown that the cyclomic circulation
of the storm in many instances may bore upward
ﬂ'irmmh st o the t'rn],hh-‘llllrriq.‘ |.'1‘1t'l.1!'li1ﬂ.. i mot
into the stratosphere.  In warm-core storms the
pressure gradient which drives the eyclomic cir
culation dimmnishes with height since  pressure
decreases with height at a slower rate in warm air
than in cool  Thereiore, within the storm cir-
culatiom the pressure difference between the storm
center and a point, say 250 miles from the center,
becomes smaller with height. At the elevation
where this difference s redueed to zero, most of
the forces temding to circulate the air about the
vortex disappwear.  Theoretically, this should be
the top of the storm alwwe which circulations
should gradually bevome anticyclonic i tempera-
ture dilferences between the core and vuter vortex
are of the same sign as in the lower lavers of the

* During the few seconds in which the plane traversed
the updraft zonc at 9000 feet, the pressure altimeter rose
L100 feet. However, changes in the radio-altimcter indi-
cated that some G0 feet of this change must have been
due to the pressure gradient in the area




storm.  In Frovme 3 a compurison of the difference
in contour heights in the eve with those of the
vister vortex shows that the pressure gradient
(approximmately 100 mb in 250 miles at the sur-
face ) has decreased by less than 309 1w the lower
17,000 feet.  In estimating the decay above this
level it s convenient to refer 1o the Tarpa hur-
ricane soundings of October 1994 The sounding
made when the storm was approximately 250
miles south of Tampa closely approsimtes the
temperature and lapse rate of the dropsonde made
260 miles east of cemter in typhoon *Marge,”
I it is assumedd (1) that upper troposphere lapse
rates at a point 250 miles from center were the
same in both storms, and (2) that the eve of the
typhoon remained 18 O warmer than the outer
vortex, then the “top of the storm™ would be
reached at approxinorely 49000 feet.  On the
uther hand, ii, as was true in both Tampa horri-
canes, the lapse rate in the eve became steeper in
the upper troposphere, so that eve temperatures
approached the temperature of outer vortex air,
the storm circulation wonld extend much higher.
1M, as indicated a1 Tarpa in 19496, the eve became
colder than its surroundings at some point below
the top of the storm, a re-intenst Acation of cyclonic
circulation higher aloft could be expected. As-
suming eve temperatures al 100 mb were the same
as the outer vortes, then contour heights in the
eve at that level would he approsi sately 200 feet
lower than in the outer vortex 250 miles away,

B Hresrancn Recos Naissaxcs
AT La"aM

et

The typhoon-research reconnaissance  project
at Guarn should eventually provide extensive ad-
ditiomal infornation from which a wach clearer
pactire of  tropical  evelone  strocture may be
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