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AHSTRACT

A photemetnie method for guantifying cloud cover vver tropical cyclones us observed from
sacethte phowographs is presented.

Two gridded photographs of tropical eyeloney are analy zod by this method. On cach photu
gruph, nine coacentsic arcks are drawn. The observed or repoiled centre of the cyclones is used *
as the genre for each ser of concentnw: cirgles. Photometsic estimates of choud cover are mads
along the ine congentrig ¢ircles. The principle of harmonic analysis is apphed W the cluwd cuvee
ostimales along 1he awreumierence of the eircles. The distnbution of cloud cover estimates N
(muasured w aenehs) and the origntation and  developmem of the cioud  patterns  are
yuantitatively deseribed by certain parameters and also by the phase anpies of the hannonic
components considered. These guantitics are computed as Junctions of radial distances. The
parameters allow for the process of symimetricalization of tropical cyclones o be studied as the
cyclunes develop and also provide ah objective means of studying 1he changes in the arcal extent
of the clouwd cover of 1he cyelones. The first two harmonic components are found 1w account iur
must of the cloud cover estimates along the circles. The curves joining the phase positions along
1he nmne circles, fur the irst two components for cach cioud pattern analyzed, provide a means
for studying the changes tn the vrientation of the cloud structures.

By using conventicnal Jata o investigate the vertical structure of u tropical cyclone und by
comparing the results with those from cloud analysis of the same cyclone, it 1s demonstrawed that
the cloud paticrns of tropical cyclones often reflect the thermodynamic processes going on t
beneath the cloud panterns.

L. Introduction analysis 1o estimate ¢loud amounts over the arca of

interest, With this procedure (Clapp, 1964, 1968) |

Photographs  of cloud systems of weather
phenomena taken from meteorological satellite
platforms give more detailed cloud patterns of the
phenomena thian observation of the cloud patterns
from the ground. The probiem hus always been
how [0 guantify the information given by the
photographs for use in the study of the weather
systemns. Earlier rescarchers have either employed
the methods of neph analysis or the procedure of
averaging and compuositing digital representation ol
brightness of clouds (reflected visible radiation
from cloud wps) to estimate the amount and extent
ol cloud systems associated with large and
planelary scale wedther systems, The methods are
espectalty  useful when clovd climatology over
specitic areas is desired. The method of neph-
analysis requires manual {or visual) interpretation
ol satellite <loud pictures 1o produce a neph-
analysis and then interpretation of the neph-
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has made estimates of Northern Hemisphere cloud
cover from neph-analysis from TIROS (Television
and lnfra red Observation Sateliites) photographs
for selecied seasons. Sadier {1968) also used
variations of satellite derived Lotal cloud amount in
specified iongitude—latitude syuares as indicators of
processes in the large scale general circulation over
ocean arcas. As repards the second method
Kornficld et al. (1967) Booth & Taylor {196Y9),
Herbert et al. {1969} and others have made
contribusions. These methods  are, however, not
very suilable for studying weather systems like
tropical cyclones. Because these is 8 need 1o quanuify
the cloud changes of such sysiems a nethod is
presented  here that not only quanufies the
variations in the cloud structure as observed from
satellite pholographs but also gives some insight
into the distribution of clouds in such systems,
Many problems must be overcome to be able o
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obiun  guantitative  information  from  satellite
photographs. Although the recogmoon of clond
features from satellite photographs and the grid
ding of the photographs can present enormous
prabiems, the prohlem of guantitatively determin-
ing the cloud cover frenm the photagraphs 1s of a
higher order of magmitude. Two major problems
arise when viseal estimtion of clouds is made in a
designated area {for example 1% % 19 latitude
longitude area) on a satellite photograph. Fiest, it is
not alwavs possible 10 distinguish hetween a high
cloud and a low cloud within the area. Secondly, it
is usually diflicubt to assign a single cloud estimate
to a designated area i the arca is totutly covered by
clouds of varying degree of brightness. One must
also distinguish the case in which the area is totally
covered by a thick convective cloud, from that case
in which the area is totatty covered by a thin girros

-
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cloud. The situation is Turther complicated f the
arca is partly covered by one type of cloud amd
parthy covered by another type of cloud. 1t is noted
that the variations in the reflection of solar energy
from any ¢loud area may be due to several causes
and very bright arcas may not necessarily indicate
an area of thick and well developed clouds.

In this investigation, the first problem s solved
by avoiding it. There is no distinction made
between high clouds and low clouds. 1t is assumed
that all the cloud clements that make up the
tropical cloud pattern  result from  integrated
motions in the systent, The study of the entire
pattern, therefore, is assumed e be capable ol
revealing some characteristics of the tropical
cyclone system. Errors in the determination of the
cloud cover due to the second prablem are reduced
by careful treatment of the photographic data and

Fie 1 Application weehnalogreal sinelbite (ATS 11D photograph of hurricane Debbie at 12337 on August 16, 1964
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hy the use of the objective method presented in this
paper which takes into account the spatial variation
in the estimation of the cloud cover over an area.
The photograph of hurricane Debbie, August 16
1469 {sec Fig. 1) and that of hurricane Abby, June
3. 1968, (see Fip. 10) arc the two photographs
analyzed by the method presented in this paper.

2. General procedure

The measuring deviee used Lo estimate the cloud
cover of tropical cyclones from  satellite photo-
praphs consisted essemially of a light meter, a 45°
prism. a 100-watt light bulb and a variable auto-
iransformer. These components were assembied as
shown schematically in Fig. 2. The 100-watt bulb
was enclosed in 2 wooden bax which had a hole,
covered by ground glass o act as a diffuser, at its
upper parl to allow a beam of light to pass through
to the outside. A sheet of plexiglass was placed on
top of the box in such i way as to allow a satellite
photograph to shide freely between the top of the box

and the glass sheet. The hght meter and the 45°
prism were arranged on the plass sheet so tia
diffused light from the hole could be totally
internally reflecied and be recorded by the light
meter. The light meter was secured on its sides,
excepl on the side that contained the window (o
prevent its movement  during  cloud cover
estimation. The 45° prism was held down by black
adhesive tape so that cach of its perpendicular sides
faced very closely the window of the light meter
and the hole on top of the box. The black adhesive
tape also served to prevent light rays from the
surrounding area from vitiating the reading of the
light meter. The 100 watt bulb was connected 1o an
auto-transformer so that the intensity of light from
the bulb could he varied as desired.

To make cloud cover estimates over a desired
area of a satelhite photograph, the photograph was
moved in the space between the top of the box and
the plexiglass so that the area was brought over the
hole on the top of the box. The area was then
lluminated by duTused hght from the ground glass.
The light transmitted by the area of the photo-
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seaph diderwent 0 total nucinal retiechion 1he
prismaund wis recorded gl ight meters The
light meter recordead the rosulant of the drans
mitted light from the dilferent parts ol e il
Juminated area ot the photograph. ‘The recorded
fight depended not caly en the degree ol wliteness
ol 1h ©obut abo on the percentage o area
cavered by the cloids, That was an advantage over
the visually determined choud cover. The reading
on the light meter wis converied imo pereentage of
cloud cover by a procedure w be expliained later in
this section. The cloud cover estimates over the
arew by the present procedure therelore sellected
bath the inensity gl the spatial distributsen ot the
cloud over the arca.

The light meter used hid a phota conduetive eell
which ¢hanged its conductivity in the prescace of
light. The indicator needle which showed those
changes  was  deflc
mechamenl levers and gems powered by tiny
mercury  Dhatteries. The dita provided by the
manulactueers of the hght meter indicated that the
amount of light recacded i Toot lamberts by the
fight meter was rebited to the indicator seale by the
exponenial relation, 1. K2>where

cd by a osystem ol small

[ the mount of hght recorded by the lighn meter
in foot famberts

5 Tdicator scale reading: aml

A Constant with (he value 0.00105.

The curve £. - A2 was plotied anabinear seale and
used as the calibrution curve Jor the determination
of vloud « = {see g 4.

Step One: A single frame ol an Appheation
Technobogical  satellite photograph of hurricane
Debbic wus reproduced on aspeeial non stretching
photopraphic paper. An appropriale one degree by
one degree grid (made up of lengitude and latitude
lines} was imposcd on the photograph. In the case
of hurricane Abby, an ESSA (knviconmental
Satellite Survey) photographic mosaic on a mer
cator projection was used. Fhe gewl in cach case
was adjusted 50 that tie observed or estunated
centre of the cycione wis ol the grid point,

Siep Two: Each phiotograph wis inspecied tor
the  darkest  arcas  wsaally  cloudle

ocean
arcas  and for the brighiest arcus. usually arcis
with  well developed camalonimbus clouds with
plewas illuntinated in
the deviee as dJdesenibed carbier. For eacly photo
graph indicator readings v, for, the darkest area
and s, for the brightest arca were recorded. For a

glaciated wps, Each photogra

properly  processed set ol eotopraphs of the
tropical cyclone, the varaton i she s, readings
and e variatiens in the s, readmgs Jid not exceed
vne tenth. 1t was pussible hen 1o use a single
calibration curve for many sets ol photographs of
tropical cyclones tahen vver ihe oceans, The light
from the 100 watt bulb wis hept constant during o
pair of 5, and s, readings. The ransmitied fight by
the photograph in cach cuse is related 10 the
corresponding amount of light £, and L, given in
foer lumiberts by the eapressions

L K
i, K

The difference in transimitied light from these two
areas is therelure

L, L, K@M

The dark area with a reading eorresponding w L,
was aasigned 2era tenths coud cover and L bright
arca with reading L, wis assigned ten-tenths cloud
cover. Once these extremie vilues were established

Density Of Photographic Paper

Tt r [ B sy B
Heiaghve Brightness -——=

Fro 4o Cune illustratmg the relasonship  belween

reliive brghiness and deasity of the phutographic

paper.
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then vialues for areas with intermediate brightness
conld alse be established. However, caution was
taken in assigning values to the areas where the
light meter reading fell between the two extremes.
The foliowing points were put into consideration
when values were being assigned to those areas.
First, ihe density of the photographic paper prints,

that is. the amount of the chemicals deposited
during the exposure of the paper to light, vared
from one arca of the paper o the other. The
relationship between the density of the paper and
the relative brighiness of areas on the paper often
follows the general pattern of the curve shown in
Fig. 3. From the curve it is observed that initially
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Fip. 4. Caltbration curve for the determination of satellite observed cloud cover.

Tellus 29 (149773, 4




RN 1L F BALOGL N

the density does aot merease directly as very dark
arcas hecone progiessively brighier. Then the
density inereases directly as the areas of the photo-
graph become brighter and continues to be so untit
a saturation point 15 reached. At that point, the
density no loneer  increases s areas in the
photograph become cxeessively bright (saturation).
An approximately linear relationship therefore
exninds between the density and the brightness on a
straight ling portion of the graph. Most of the
measurenents made lie on the struight fine portion
of the praply, as the extreme cases of zero-enths
clowd cover and ten tenths cloud cover were much
fewer (han the cases in which the amount of cloud
cover recorded lie hetween the extreme values, The
second point 1o he cmphasized was it a controll
able source of light was used (o illuminate the
photographs. [t was possible 1o adjest the source of
light until a steady reading was obtuined tor the
dark areas. After proper adjustment. the amount of
hipht recorded on the light meter inereased alinost
directly as the choud amount increased. The
assumption of a linear relationship between the
density of the paper and the brightness of the cloud
feniures facilitated the estimation of the cloud
COvVer.

Step Three: The guanuty L, £, in foot
lamberts was divided into ten pasts of wdentical
fractional ilumination that is (I, L)0 AL
In a specific case §, the indicator s¢ale reading and
the corresponding measurement of light transmitted
1., were B4 and 0.2688 foot tambents respectively.
For the same case s, and [, were found 1o
he 10.0 and 1.0738 fouol lamberts respectively.
Al was then calculated to he 0BG foot-
tamberts. The vlowd cover for any area on the
photograph was thén determined by measuring the
light transmitted by the arca @nd then converong
the reading on the indicator scale ko the appropriate
cloud cover by using the calibration curve L~ K2°
Fer example the light transmitted by an area in a
picture gave an indicator teading of 9.2. The
amount of light iransmited was estimated to be
0.5912. From Fig. 1 the clond cover was estimated
1o be four tenths.

3. Analysis of cloud estimates over the
tropical cyclones

In the case of hurricine Debbies cloud cover

amounts estimaled within cach 17 1" grid were

transferred 10 a mercator prid belore anatysis. The
mercator prid was used inorder 10 faeilitate
computation. The mereator grid was used as a
square grid since a unit square of the projection at
30¢ tatitude is only 15% larger than the area of a
unit syuare at the cquator, The center ol the
hurricane was approximately on latitude 137 at the
time of analysis. in the case of hurricane Abby, the
photographic product was already on a mercater
gricl.

With the observed or estimated center of the
cyelane as center, concentrie cireles of radius 19,
20 ... 49° |atatude were drawn on the photograph
for which cloud cover has been determined. From
the same cenler, radial lines were drawn at an
arimuthal imterval of 107 so that the radial lines
intersect cach circle al 36 equally spaced points
(sev Fig. 5). All azimuthal distances were measured
from the north in a clock wise manner. Each of the
36 points was made the center of a square with the
length of each side equal to six grid lengths. The
cloud cover at each poinl in gquestion was then
determined by considering the contribution to the
cloud cover of points within the square. The contri
bution from each grid point was weighted by a
factor e " where v, the distance of a grid point
from the point where the cluid cover estimate was
bring determined was less than or equal to two grid
lengths and was a factor determined by assuming
that e ©* had a value (L1 at y 2%, Fromn hat
assumption, the value of @ was found to be 115
The specification of s1x gnd length square was for
computational convenience, The weighted cloud
cover estimate N at each of the 36 grid points en
cach of the circles was then computed from the
expression

N‘(a "y

e v

N

where N, was the satellite observed cloud cover
estimate at distance 1, within the square box. The
cloud cover was thus detesmined for alt the 36
points on each circle. The computation involved in
this procedure was accomplished by the use of
EBM computer system at the Unjversity of Chicago
Computation Center. The choice of 0.1 for ¢ ¥ at
two prid lenpths  away  was based on the
assumption that i grid point value at that distance
from the center of the square should not contribuie
mure than one tenth of its value 1o the cloud cover
value at the center of the square. & is heneeforth
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referred to as satellite observed cloud cover or
stenply. cloud cover. Figs. 6 and 7 show the results

of ihe estimates from the ATS photograph of

hurricane Debbic on 16 August 1969,

4. Harmonic analysis of estimated cloud
cover

In this study. estimale of cloud amount at 36
equally spaced points along a circle is approxi-
mated by a function ¥, 1 is assumed that Ny, is
a well behaved function of the azimuthal distagces
and van be represented i terms of azimuthal mean

plus a fourier series of sinusoical components

Y

BT
where

N

:
i

Kll

{
n

)

!

\T.u,. Lo+ Boeos K8 (D)

vN A s R
a0

Tunction expressing distribution of
estimated loud cover along a circle
2aniTis the azimuthal wave number

the distance around a circle

the number of harmonics around a circle.
it identifies the harmonic of N, |
Asimuthal distance from the north, in

deprees.

MAH o 1 Lende
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Fiv. 5. Polar grid for the determuation of satelbte observed cloud cover,
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Ihe coetticients A, and 8, are calealated by mul
tiplying both sides of (1) by sm 2amé, /i, and in
Lepraling  aleng  a From  orthogonality
seluionships,

clzvie.

Odera « m
! !, A

" i

“hosin 2and, sin 2nendl
" - I3 [}
J ——r—— (2)

Jdorw -om

we ublan, using summation notation since diserele
values are considered, (¢, 1)/2

o2
2 360
A, 7 \ N“_,”.su: Tnﬂ, [%))]
deef
n L
and e 12

2 Z 360
-- Ny, cos —HU (4

The expression it (1) can be rewritten in the
furn,

AT 3 Hyo = Cuit, 0 (5

where H, (4] + 82" and represents the am-
phitude of the harmonic component.

{36, tie number of data puints atong the cirele
£ subscript that idenuifies points on the circles
£, phase of the harmome conponent given by

PR

A,
W are tun ——=
360 B

u
The first harmonic has a period £, equal to 36, the
number of data points along a circle, The second
harmonic has o period £, equal Lo 18 and the nth
hasmonic correspondingly has o period 36/n. The
mean and the 18 possibie barmonics in thus
sty sis should describe the cloud cover estimates
along o given circle completely. It is, however, not
necessary Lo compute all 18 harmonics, The
variation of cloud cover estimates along each circle

can be deseribed adeyuately by the first few har-
monics. Inn this investigation, therefore, comput-
ationy were made for the first tour harmones. The
numiber of harmonics computed s thought o be
within Ui limits of uselulness of the coneept of har
monsic analysis [or this purpose. If many harmonies
we required 1o secount for the cloud  cover
varaton, then it will be concluded that the cloud
cover  tunction  is not  sinusoidal. The  har-
monic analysis can sl provide a mathematceal

Tellus 29 (4977), 4

representation ol the funchon, however. Fer clanty
the subscripts ¢, in N, and N, ure dropped in
the subsequent dlbcu;slum.

5. Cloud cover parameliers obtained from
harmonic analysis

The mean ol the cloud cover along a cirels, N,
the amplitude 4, aad the phase wngle ¢, corres-
ponding to the harmonic component “a” were the
basic parameters wsed in the deseniption of the
cloud paterns.

(4) The meun of the cioud cover estirates, (N)

The mean of the cloud cover estimates N s the
hannonic of zero value, The changes in the gruphs
of N from one picture 1o another, where a series of
photographs are analyzed, could be indicaive of
the redistribution, development and dissipation of
clouds as the cloud patlerns changed from ovne
stage of development 1o another, However, a better
assessment of the redistribution, development and
dissipation of clouds can be obtained by analyzing
the frequency of a particular ¢loud estimate V at a
radial distance r, as explained in a later section,

(b) The amplitude {11,) of the cloud cover
estimutes

In the harmonic anabysis, the amplitudes (or half
ranges) show the maximun excursion of the cloud
cover values fruom the mean value, The significance
of the amplitudes of a particular harmonic compe-
nent is usually dependent on the magnitude or Lhe
mean value. To eliminate the influence of the mean
cloud cover on the amplitudes, the amplitudes ure
expressed in (erms of the appropnate mean cloud
cover, For a irele wilh radius ¢r) where the mean
cloud cover is N the quantity A, is computed,
where 81 H /N1 cepresents the normalized or
relitive amplitude. In the parocular case ol the first
harmonic #f, 15 represented by «. Partcular
identification is given to this component because,
due o the wsymmetrie mature of the cyclone sys-
tems i is the most important compoaent. As the
cyvelone becomes mature and becomes more sym
metricalized the parameter ofien tends toward sero.
A praph of this parameter with time aflords a
means of deseribing the process of symmetri
calization of the cyclone sy swen.

iy T -

g o
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Where there 1s a non zero cloud cover A at only
one ol (e 36 data poits along the cirele, 1the mein
clond cover afung the ciecle s defined as usual as
N/de. In ihat case the amphitude value for all the
components will be 24/36. The situwtion mentioned
here  arises  where there are  highly localized,
spotty clouds at certuin radial distances from the
center of the eyclone. Along any crcle where there
is uaiform or alinost uniform cloud cover, or com:
plete absence of cloud cover, the amplitude s ex-
pected Lo be zero or very small,

In the discussions of harmome analysis of cer
Lain oscillations it Is customary 1o regard the
square of the amplitude #, as a measure of power
ar encrgy of the oscillations. This is true in the har-
monic analysis ol the mechanical or diectrical oscil-
lations. 1n the present application of the harmonic
analysis principle such an interpretation of 8] can-
not be made. However, the computation of M} is
still of value in (his study as will be shown in the
Tollowing paragriph.

One of the obectives of this shudy is 1o be ahle o
characterize a cloud pattern by o particular har
monic component. El was necessary (o identity the
predominating harmonic components with which
the analyzed cloud pattern can be characlenzed.
The fraction of the total variance of the cloud cover
along each circle (with radius ) accounted for by a
single harmonic component {#) s giver by the
quanitity #12/2. In the case of the last harmonic
which is not computed here the guantty is J{ 2
The total variance of the cloud cover along a circle
is given by 57 where

(N NY
I

1
The guantity 34 5/8 7 ~ 100, here represented by 1,
is then the percentipge of the total vanance of the
cloud cover along the vircke r accounted for by the
harmonic compenent & 1For the cloud pattern 4, is
computed as a functon of the radial distance and
the w. mbers.

For a particular circle of radius v, 5, represents
a cumulative value of #, for each ol the Four bar-
monic components considered: so that for a par-

5 (6)

ticular circle »
oo (M
() Phe phuse angle @,

Vor vach eircle, the phase angle », indicates the
asimuth distiee from the north where the Arst

maximum of & corresponding (o the component n
is located. Additional maxima are tocated at {4
2aain) for cach tegral value of cup ton | For
each cloud pattern studied, a polar diagram show
ing the pattern of the distribution of phase angles is
drawn for at least the first and second harmonic
components.

‘The guantity £, can be uniguely determined from

the expresston

, oA,
& —— arc 5 —

" 360, B,

6. Resulls

(o} Analvsis of the clond cover over hurricane
Depbio 1232487 Aupust 16, 1969

{i} The distribution of satetlite observod cloud
corer. To have a proper understanding of the cloud
patterns of a tropical cyclone as abserved from a
salellite photograph, it is useful 1o study the disui
bution of the cloud cover estimates N at the vanous
radial distance fram the center of the cyclone. g
#a shows the distribution of cloud cover estimales
and the contours of equal cloud estimates. This
recomposition of the cloud features compares well
with the photograph. However, in order to obtain
other useful information from such distribution it is
necessary 1o study quantitatively how the cloud
estimates change at cach radial distance. The
changes in the mcan cloud & at each radist dis
tance cannot be used for such estimation becavse
they are less indicative of the distribution of cloud
cover amueunt at a particular radial distance. For
that purpose frequency intervals of clowd cover are
established and the numbers of cloud cover amount
falling in the interval are counted and recorded.
The procedure is carried oul for nine concentrie
circles on the wopical cyelone cload  pattern
sticlied. The intervals considered we: 0 0.45;
0.50 F45, .50 2,45 2.50-3.45. 350445
4.50 5.45; 5.50 6.45; 6.50-7450 7.50 845,
£.50 9.45; 9.50--10.00. The central values of each
imtervat is correspondingly 0,1, 2, 3,4, 5., 10
Zero and 10 are respectively chosen as the central
value for the first and bist intervals as i is neither
possible 1o have cloud cover values less than zero
ner passihle o have vatues greater than (0. The
fiequengy of cloud covar estimate is identificd with
the cential value of the mterval. For example, if for
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Fig. 8a. The distribution of cloud cover estimates and the centours of equal eloud estimates.

a particular circle, the number of cloud cover
estimates between 4,50 and 5.45 is 20, then there
are 20 points tout of the possible 36) with five-
Lenths cloud cover, Twenty therefore represents the
absolute frequency of the cloud cover of the inter-
ral 4.50-5.45. The use ol absotute frequency is pre-
ferred to the use of relative lrequency or cumulative

fellus 29 (19770, 4

frequency hecause it affords an easier method of
assessing the increase or decrease of ¢louds at par-
ticular radial distances from the centre of the cyc-
lone as the cvclone developed. Fig. 8b shows the
distribution of cloud cover estimates for hurricane
Debbie using this approach. One problem that
arises in the display of the cloud distribution as
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Fig &b Frequenvy disinibution ot cloud o hurricane
Debbic on August 16, 1909 from Figure 6.

shown, is (he charucterizution of the cloud cover
withia the eye. I the eye has not tormed. then it s
sensible to pul the number 36 against tGatr - 0to
indicaie Ut the center ol the cyclone was sull
avercist. When the eye has fonmed. the nunber 36
is put against zero at £ 0. Since the eye has
formed at the time of the photograph (aceording to
reports) and alse as shown on endarged  photo-
graphic product, the awmber 36 was entered
against zero at ¢ o One geoeral feature of the fre-
guency  distribution requires special  mention.
Namely, by drawing isolines of Iregquency on the
fregquency distribution diagram: at intervals of 10,
an axis of maxinum Teguency of cloud cover can
dlways be defincd. The axis in this case s con-
tinsous. I s seres of these photographs are

analyzed Tor a cyclone system, the asis can shift in
response (o the redistribunien of the cloud cover as
the cyclone develops. From Fig. 8b i is possible o
define a purameter v, oas the radies of maximum
frequency of a particular clond cover estimate N,
For example the radios of muximun [Fequeney of
five-lenths cloud cuver esiimute of burmicinse Debbae
at 122332 on Aupiisl 161 4.5,

Oir e harmonie analiss of cotad corer The
resubis o1 the harmonic analysis of the clowd cover
of hurricane Deblbie are presented in Figs, Ya, 9b.

Tabke 1. Biseribusieen of oy
Debbie Awgust 10, 190V
L L R A SR

frinn photograph of

i 0 -3 28 36 59 03 7Y 72 42
s 0 54 3¢ 42 ¥ Il iR 127
3 G 10 Lo 5 3 i 4 12 3
4 0 0 5 G i 1 5 4
i, O 100 97 98 100 9d Y5 90 Tb

The results are presented in the form ol polar
thagrams. Fig. 9a shows lines joiming points in
dicating the phase angles along viech eirele for the
first and second harmonic components, These lings
are here adentifed as phase curves. The relative
amplitudes £, expressed as pereentage are entered
on c¢ach curve at the appropriste radial distances
rom the center of the eyelone. Fig, b is the recon
struction of the picture by the uddinion of the mean
cloud amounts N and tire amplitude of the fiest har
monic.  The  reconstruction  approximates e
original picture.

The usefulness of the phase curves lies in the fact
that the shift in the phase curve can be associuted
with the shilt in organized cloud masses (.. cloud
bands in 4 hurricane system when a series of photo
griphs showing the evoluuon ot the tropieal storms
are considered).

Table | shows the percentage variance accoun-
ted for by the first four harmonie components st
various radial distaaces for tie case of Debiie. The
Lable shows cleariy that the cloud Jistribution was
accounted Tor esseattally by the first and second
harmonie. Within o ridial distance of three degrees
[reom the center ol the cyclang, the more domirtiul
Birrmonie was g second barmonic and at greater
radial distances, e lirst harmonic was the more
dominant, This points to the asymmetsic nature of
the tropical eyclone.

(b} Results fromt the auadvsis of the clotd corer
over hurricane Abby June 3, 1969

tig. 10 shows an ESSA photegraph of hurricane
Ahby. Figa. Haand Fbare polar diagrams show
ing the distribution of wmphuides and phase angles
for the st and second companents respectively, It
is vbserved that the lirst harmonic component ts
the more dominant wid the distribution of am
phitudes reflects the stocture of e clowds as ob
served in the pbotopraphs. Fig. 12 compares the

Telius 29 (1977). 4
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PHASE CURVES FOR

THE  FIRST

AND  SECOND HARMONIC

Fag. Y, Lanes poining 1he ponts indicatng the phase angles along each arcle for the first and secoud harmeniy com

ety

variots harmaenie companeits team the analysis of
the choud cover vabue at the radial distance six deg-
rees trom the center of the cyclone. Relative am-
plitudes have been plotted apgainst azimuthal dis-
L

The position of hurricane Abby for that date
alsa witered an opportunity to look at the distr
butnm of meteorological parimeters under the cyc
tone cloud cover, On June 3, 1968 about 1800Z,
hurricane Abby, then a weak hurricane, was
loweated approsamately at lut. 25° N and long. 84°E
s that the cloud cover was partly gover the ocean
and partly over the Florida peninsula and some
Canbbean istands, At that location the center of Lthe
cyvelone was about 59-7° from seven radio sonde
stations; namely Jacksonville (206), Cape Ken-

Pellus 29 C1977). 4

nedy (794), Grand Bahama iG63) and Grand
Cayman 384, Swan Usland (501) Meruda (44) and
Buoothsville (232).

From the veriical and circumsferential distri-
bution of mutcorological  parameters from those
radio sunde stanions, the Tollowing points are ioted.
High relative lumidities between Y0 and 100 are
found between the ground and 600 mb level at
Grand Buhama, Cupe Kennedy and  Grand
Cayman, (sce Fig. 12). At those stations, relative
humidities of abour 50% could still be found a1 250
mb kevel. Al the other stations, relative humiditics
varied from 30-654Y% at low levels and feil to abouy
10%) at 600 mb level. Analysis of winds showed
considerable low level inflow and cyclonic wangen
tial winds up to about 700 mb level and strong out-

g

IE
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Ao wd anticyclonie wands al 3 b and 100 mb
Tevels a1 those three stations. Ar Menda and
Hoothsyille there was considerable outflow at low
levels thetween 006 mb and 8OO inb level) and
inflow at the upper levels.

The vertical profile of ot state energy showed
Lhat there was uniform verlical distribution of
equivalent poiential temperatwee 8, over Grand
Bahama. That indicated that the upward transport
of miss amd cnergy wis more vigorous over the
general area of Grand Bahama. At other arcas the
vertical distiibution of tolal statie energy showed
the characteristic minmmum value at about 600
mbs. It was noted in Fig, 12 that the first harmonic
compenent of cloud distribution, which was the
most prominent component, had the highest am-
plitudes around Cape Kennedy, Grand Bahama
and Grand Cayman. The vertical profikes of the
meteoralopical paramelers discussed here demon-
strated that cloud patteins of teopical cyclones
reflected the thermodynamic processes going of
beneath the cloud cover.

N 7. Conclusions
\
\
N The merit of the photomenric method of estimat-
ing the et cover is that it iy less subjective and
-
N /
!
-4 i
i '
1 !
\
J— ! [N
- _ PO Vo
-~ Boolhsyille
. - ' !
- ' +4
AUGUS Y 16, 1969, N
i
~
N
Fig. o Clond distribution obiaimed by e mhhin of the mena cloud amount & and the ampdingde of the first i : LN
monie {
o Merida .
. T - ’ : —-‘;‘:
Fig. (0. FSSA photograph of mrncane shhy. o - .
R SR
Fiv. Fle Potar dingraon showing 1he detribution of amplitude g phase anples for the sg hanmsmie competent b t o L
Turicane Abby. I . .
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Fig b Polac dagram showig the distnbuuen of amphitude and phase angles for the second harmoic component

for hurricune Abby.

mure quantitative than the exstng  mcthods of
approach. In the data sparce regons ol the tropics
where  satellite photographs  may  become  the
primiry sourge ol information, the changes in the
area covered by cloud as can be indicated by the
variation of r,, with time, the changes in the phase
curves  are  capable o providing  quantitative
information about the wopical cyclone presently
provided by mere inspection of photographs,

Twuo commutiis about the procedure [ullowed in
this paper are necessiary. The tinst congerns the
chorce of the urigm of data points along congceatric
circles and the seeond discusses the errors invelved
in e location of U ongig of the polar diagrams
drawn on the cloud patlerns.,

Tiwe orgin ot the data points s imanaierial as $ar
us the amplitudes of e harmone components are
¢onverned. Regindless of the poinl along a par
ticular circle chasen as e origin ol the data pomts,
the amplitudes of the dwa points sull come out the
saime for thae circle, Choosing i consistent diree
tion in this case. the Troe Node will, however,
facilitate computations and will avoid Ui necessity

for changing the vrigin ot the dati points along the
cizcles cach ime a cyclone chatiges ity direction of
mtion. cspecially in cases where a series of photo
graphs tor a particular eyclone s mvestigated.

The vrigin of the pelar diagrams imposed on the
cloud pattern of the tropraal cyclones has been
located at the repurted (given by e US. Weather
Hureau) center of the circulation secompanying (he
cyclone cloud pattern. The center of the cyclong is
determised from vinous sources, ¢, (aireratt
sip reports, frem com
putation of the Bow Held accompanying the cye
lones, et} and 11y assumed o be correct (o within
hadl a degree. There ts no doubt that large errors in
the locatioen of the origin Tor the harmonic analysis
computations will lead 1o errors i the amplitudes
ol the components. A nearly circalar cloud pateren
ul a tropical cyclone in o which (he center of the
cloud system has been correctly placed should be
deseribed only by the harmonic component zero.
A smaull error in the location of the origie tor such a
vise will show ampiiudes for the tirst component
especially al some distances away from such an

FUCONaSURCe TUpOres.
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A HARMONIC ANALYSIS OF THE
3

CLOUD COVER OF HURRICANE ABBY
3 JUNE 1968
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origin, Guantiative estimates of such errors have
ot been carried out in this investigakion mainly
beciause considerable eftorts have been made to
place the origin correctly i cach cloud pattern of
tropical cyclones nvestigated. Errors that may
wrise from incorrecl location ol the ongin are there-
tore considered smail.

The suitability of satellite cloud photographs tor
tropical eyelone research depends on how well the
currently aceepted views on the tropical cyclone
system are rellected in the satellite photographs of

the system wnd how much of the characteristics or
tropical cyelones beyond the fumiliar ones can
lurther be imdeatilicd trom such pholographs.
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KOSTHIYECTBE RTNAT ME PO OLEHKR OBJTAYHOTO
ROKPLITHH HASL PRV CRIME TIBKGHAMI THO CHYT-
HBKOBBIM JIAHTILIM,

MCETCL ket 1M -

RIS

Ilpeac ran e dur 1 oae piteck i
BCIHIOH (HICHRB RN ITETRS] HOKPEIEHA
UK RO I llll\ll\l ]"illlli”l\l COCHN TR
THIUM METOTON @i sV o red e dporonpadin
TPOHHHMCCR IS TR OB 4 HAHECLIIEH PO P -
wetmeli cergail, Hao waanod driovorpadime aof-
Pit ACHLE ICBATE h(\HIlL‘III]‘H‘ﬂ.‘CKH\ KPINTOH,
B Raecide nenipy KEGKN0R Py
TPHEICCKHX hPY I OH MU LY e lhl("‘II(L‘IL‘HIIhIII Wiy
HONYICHILIE HT RMCTCOUTHLLOR NEHEPY TR LR o
FEURE HCEHIH KOITHICH TP HMCORHM KDY Tsdt g [115]
(bl‘Il)!\1l.‘||'|ﬂ'lt.‘\'!-llk‘ OHCHRH ofiiunoi o HORPHII A
]']‘ll THOM ONCIERG KOsHPICC | I‘G.!il‘lllﬁlclll [ZR NN
ORPYAHOUTH KR 000 KPY L TPORTHOIHTCH O RO -
SHAITHCM HPHHDHIOR  TAPMOBHYCCROTO QUL
Pacnpeac e omadaara NOKPosa (acr oHeiky
ko bivecir oftadnocon OB nooan e, a
w@[THUI LA H pPaindTHe U()'hl‘(lll-l‘( ﬂ(’)[ﬁ-‘l TONIHHA
OHHCL B TUH QNP I HCHTTLIME mapkine i pasi HoHTKEY
ft)dh!l!].l‘\l YRR DOCOV TP HBACMEIN TAPMOHHYCURHX
Karoneny., ’)IH WOMHYCC ) BUHHBIC XElDiIKiL‘[‘HC!IH\'"
PRCCHH TANLL KAK BV IRIA PRULBRTLHOTO. Pce TOMIG
OB HUeHIP MR, Llenonbiyentie  napasierpel

KOHHIET -

HOSEISIOT HOCICAOBATE  (IPOHCCS CAOMMETPH 3atlun
TPATHYCCKHY K TOHEB 1y WX PAIBMIHA, A
Ltk OBCCHEMBBaI0n 0GB HBILC COCODB H iy~
UCHHN WIMEHCHIA B HPOCTPINC EBCHNOA NP THKCH-
HOCTH FJRIMHOT O LOKPRITHR B aukaotax, TIpA oM
Okl KLU, 4E0 DEPBLIE IBE LAPMOIHKH PABEOKCIIUA
N BOILHHHCTRE CIYSACH JOCTATONH L QI8 OUCHKY
OO L0 R PRI A e KPYTaM. YT KpHAbIE,
OIS IHCHI LY HI[‘IHIIl‘i! PacupLiICciicHiA l.‘hilihl lep-
BBIY CIHY X LIPRIOHHK O NMCHATH KPYEAM JUIR KA OE)
AHE THSHPY O O abnaauaro (H’"['ﬁil\l\llﬂ”llﬂ, JLMOT
CHOUOD HIVSCHTI WIAMCHCHIA 18 apsseH 1ain ofnay-
MBI CLPYRTYP.

O HCHOUIR W ELITHEM Uﬁhl'l?llnl\ IKCNCPHMCH T b
HBIY LIRS IR HCCHENOBUITHE e THKL I HeR
CIPYKIVIILL TPOIMYECKOND IIHKIOHE W Y TEM  CPiB-
HCIBH PCIYIILIATOR € ICMH, KOTOPRIC QOIYNCHb B3
WEL AL OBLIIoCTH NAMA tesM o ke ITHKIONON,
TR iy MTo lTl_lJIa'IHI:ll! U(—)[Til]ﬂl_l'dlllrﬂl B TPOTTA-
MCUKIY ITHKIIORIX 4acio OIPAasRaior  repyodisHas
MUUCURHE  IPGHICCCH],  NPOTERUROGTEIG I VMK
QUL LOHILHHAAH .

MU
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