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Thermal thickness patterns and tropical storms
C. A. GEORGE
Regional Meteorological Centre, Calculta
(Recetved 2 December 1952)

ABSTRACT.

In this paper, an attempt is made to illustrate the utility of the thermal thickness patterns

on constant pressure charts for forecasting thelife eycles of a few tropical storms ir the Bay of Bengal. The
thickness patterns and the contour-thickness relationship seen on the 500.mb isobaric surface gave useful

adva

least 12 hours carlicr than those evident from the synoptic charts.

1wce indications nhout the future movement and intensification or deeay

of the storms under study, at
Relalive divergence in accordance with

Sutcliffie’s development term was computed from the isopleths of hgethygee and the total thicknesses at

the 500-mb surface

the subsequent movement and development of the storms,

and it was found that the patterns so obtained were qualitalive ly in good agreement with

It is alse shown that the storms under study

were steered mainly hy the thermal winds at 500-mb surface over the warm sector rather than by the actual

winds at 6 kilometres,

1. Introduction

Two severe eyclonie storms developed in
the Arabian Sea and the Bay of Bengal
during November and December 1951
respectively. Another severe storm also deve-
loped in the Bay of Bengal during May 1952.
Brief reports about these storms have been
given elsewhere (Ind. J. Me!. Geophys.,
1952). The May storm was a regeneration
within the trough of low that remained after
the decay of a deep depression over the east
central Bay and neighbourhood a few days
earlier. These disturbances are particu-
larly interesting in view of the fact, that
rather wnusually, all of them weakened
rapidly while they were still out af sea.

Forecasting the formation, movement and
subsequent development of tropical storms,
uw[u-ri;|||_\-‘ their decayv over the sea, is by no
means easy, owing fo the uncertainties about
the complete mechanism of cyclogenesis or
anticyclogenesis, difficulties of applying to
the study of problems in the tropies prinei-
ples emploved elsewhere and the inadequacy
of forecasting factors available to the fore-
caster in the Whatever he the
principles of tropical cyelogenesis—whether
they are hased on ih\'l:tllmr}' or frontal pro-
cesses as suggested by various writers (Hines
1947, Sawvyer 1947, Berry, Bollay and Beers
1945, Roy and Royv 1930, Ramsnathan
and Banerjee 1931, Mull and Desai 1931,
Malurfar and Pisharoty 1948, Desai and
Koteswarem 1951, Desai 1951 and Sen and

tropies.

George® 1952), there is perhaps no doubt isopleths of hygg—Nh;p #nd hso0+hyg00-

that convergence in the lower troposphere
with an equalising divergence aloft leads to
eyclogenesis and the reverse leads to anti-
cvelogenesis (Suteliffe 19 L7) in the tropics as
elsewhere. For a rveliable assessment of
eyclonic development, it is essential to
know the relative divergence occurring in a
deep layer of the troposphere. Whenever
upper wind data are meagre or completely
ahsent for this purpose, as on occasions of
cyclonie  storms, * only constant pressure
charts built up by the differential method can
render the best possible aid to the forecaster
in this respect. Suteliffe’s (1947) theory of
thermal thickness patterns on isobaric sur-
faces and the idea that the thermal divergence
at 500-mb, which represents a mean pressure
level in the troposphere, equals the surface
divergence*, asgiven by him and Forsdyke
(1950), have afforded a practical means of
utilizsing the 500-mb chart for the assessment
of eyclonic or anti-cyclonic developments.
The usefulness of upper air analysis for
tropical forecasting has been pointed out by
Rateliffe (1950). The present study seeks to
illustrate the utility of the 500-mb chart for
prognosticating the sigaificant epochs such as
formation, intensification or decay and move-
ment of the above-mentioned storms and
deep depression in the Bay of Bengal on the
hasis of the thermal thickness patterns and
the contour-thickness relationship (Petters-
sen 1945) seen on this pressure surface and
Suteliffe’s development term computed frem

* div Vo =(div P'}m
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The 500-mb chart is built up hy the differ-
ential method (Petterssen and |l|r*\$]|\ in
the usual manner making use of the tlnh-
available radiosonde data at 1500 GMT and
the pilot-balloon winds at 0900 GMT. The
total thermal wind within the 1000 500-mb
1&1._\'(‘1‘ is t"“ll!!)lltml as the vector shear hetween
the 2000/3000 ft and 20.000 ft winds in the
case of the December 1951 storm and between
the 2000/3000 ft and 18,000 ft winds in the
case of the May disturbances.

The relative divergence has heen « omputed
at as many points on the charts as nece ssary,
especially within the depression field, in order
to yield representative patterns.  For this
purpose, the square grid marked on a pe i-l|1 X
overlay has been used, following Sa LWV
Matthewman (1951). The
development so obtained
qualitative as the values have not heen corree-
ted for the variation with latitude of the
coriolis parameter and gravity, so as to make
the unit of divergence strietly 10-2 hp-2,
The grid length has been chosen to be 100
nautical miles at Lat. 20° on the 1. Met. T).
W-4  chart. Positive relative divercence
indicates cyclogenesis and nesative relative
divergence anti-cyeldenesis, In the
analysis, the former is referreq to  as
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nyversence and the Iatter as ll‘;\"l"_[l'lu‘i' for
Figs. 2.10 and 12-16
containing the

the sake f e nvenience,

rive the 500-mb  charts

thickness patterns, the thermal winds and the

“development * patterns pertaining to the

Bav disturbances reviewed in this paper.
2. Discussicn of the results

A) Bay storm and -frrp r]r!rm SS1ON r:f' A‘!'T_ﬂj

1052

The tracks of these disturbances are given
in Fig. 1. Their intensity, position of centre
and expected direction of movement indieat-
eill by the broken arrows attached to the
tracks are in accordance with those given at
0300 GMT in the Indian Daily Weather
Reports for the respective davs in May
1952,

(1) Deep depression on 16 May 1952

Conditions became markedly unsettled in
the southeast Bay of Bengal by 0300 GMT of
Hn- 14th and a depression ]ncalmlr]\' formed
by the evening of the 15th. Tt beeame a
(1n]| |lr'[nts\1nn by 0300 GMT of the 16th,
By the next morning, however, the deep
.?upw“mn weakened over the sea )fwl'f after
N/NE. It became unimportant
later, giving rise to a residual exte ided trough
whose axis was running from Nellore to
Tavoy through Table Island at 0300 GMT of
the 18th. Track A in Fie, 1 indicates the
course of this deep depression,

The 500-mb surface and associated con-
vergence patterns at 1500 GMT on 14, 15, 16
and 17 May 1952, which are relevant to this
deep depression are given in Figs. 2 to 5.
In the 500-mh surface charts lines have heen
drawn at intervals of 100 ft hoth for hson
Maon andd Dggo—hygee-  The following features
of the charts are notews: rthy.

On the 14th (Fig. 2), a well-marked eold
evieal trough  extended  from  northeast
India to the Comorin area across the Tenasse-
rim coast and east central Bay. The
lifluence of this trough, though slight, yet
apparent, over south peninsula and south-
west Bay, might perhaps be taker as a sign
of eyclogenesis on its cold side (Suteli®fe and
Forsdyke 1950). The pattern of c mvgrgence
or divergence on this day was generally con-
sistent with the ascent or descent respectively

fl‘lll\ll"’
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of the thickness lines on the pressure surface,
The convergence over southeast Bay and
neichbourhood was suggestive of the un-

gettled conditions over that recion. The
di&‘vrgi.‘u('e noticed over south Bihar and

neighbourhood was apparently due to the
anticyclonic shear (Handhook of Meteorology
1945) of the westerlies,

On the 15th (Fig. 3), cyclogenesis had taken
p]:l("‘ as indicated ]1_\.' the concentrated con-
vergence of 2 to 4 units that developed over
southeast Bay and neighbourhood ; a closed
low also appeared near this region on the
500-mb surface. The ascent of the thickness
lines over the contours (in the warm moist
gector) over north Andaman Sea and east
central Bay, indicating fall of pressare to the
north and northeast of the depression centre
and the consequent probable movemeni of
the depression in that divection might special-
ly be noted. Pronounced anticyelonic shear
eppears to have given rise to the divergence
seen over northeast India,

On the 16th (Fig. 4), a wellanarked therial
Logh (Suteliffe and Forsdyke 1930) having the
thickness lines descending the contours over
the field of the depression and ascending over
deltaic Burma had developed.  Weakening,
if not the complete reversal, of the pattern of
- convergence on this evening over this area

was very significant, These two facts might
be considered as a sure sign of the weakening
of the depression andeits further movement
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northeastwards. The large convergence
along and ofl the west coast south of Lat,
15°N was consistent with the steep ascent ol
the thickness lines *on the pressure surfacs
over I]l;ii ared. _]I Ji:l(l also mdire [’_\' COl-
tributed to the weakening of the depression
by causing a fall of pressure over that region
and therehy attracting the © monsoon " air
into this area far away from the field of the
(ll']lll'\\i(]l'\,

On the 17th (Fig. 5). conditions alnost
similar to those on the 14h were restored, =o
far as the convergence was concerned @ while
on the isobatic surface a closed low, which
had been abgent on the 14th and whieh had
lad a westsouthwesterly  shift the
depression area from the 15th onwards, had

from

persisted on this day over the southwest Bay
and neighbovrhood,

(i) Severe storm in e H”."f r."n',n':‘.nlr,' 21 o

22 May 1952

The extended trough on the 18th as
tioned under (7) above, was ~H-fuw'|l'\‘l at 0300
GMT of the 19th to he concentrating into a
near the

nen

depression with its contral region
]m;hinnm;l]'kl-fl for this time in track B of
Fig. 1. The depression was definitely centred
about 300 miles east of Madras on the next
mornine. By 0300 GMT of the 2Ist the
l|t'}>l’u'\‘\inr: ]|.;:wl moved westnorthwest and
;‘;.l]m,"f_:'r inlo a  severe -"n",'r"'rn.'--f‘
storm, which was centred about 120
eastnortheast of Madras. The stormelater

1l H-‘,‘J,\, o

m.i‘.n'n
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moved NW/N and was centred at 0300 GMT
of the 22nd about 50 miles east of Ongole
(Lat. 154°N Long. 85°E approximately).
22 May marked a significant epoch in the
history of this storm, as it weakened over the
sea inlo a deep depression by the morning of
the 23rd, when it was close to coast near
Masulipatam. The deep depression pro-
gressively weakened further, recurving north-
eastwards and degenerated into a trough over
the west central Bay hy 0300 GMT of the 25th.

The 500-mb charts and the associated
convergence patterns on 18, 19, 20, 21
and 22 May 1952, which are relevant to this
storm are reproduced in Figs. 6 to 10. The

' |
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chief features of these charts are escribed
below —

The closed low on the 500-mb isobarie
surface for the 17th (Fig. 5), which was draw-
ing the K, air over the area east of Long.
B5°E, moved further southwestwards, and
by the 18th evening, it became a rather well-
marked trough of low extending from the
Comorin to the southwest Bay of the Coro-
mandel coast. The contours on the 18th
(Fig. 6), undoubtedly favoured greater influx
of Ey air into the region where eyclogenesis
took place on the succeeding day. The
thermal thickness pattern seen on the
18th over south Bay and east central Bay
L = el T
| 78 May 1952 ~1500GMT |

Convergence Patlern

|
!

|
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was, perhaps a diffluent thermal jet characteri-
sed by eyclogenesis on the cold side (Suteliffe
and Forsdvke 1950). The convergence
pattern observed on this day was, however.
not very conclusive in respect of cyclogene-
sis.  Nevertheless, if the southeastern portion
of the helt of convergence geen to the north-
west of the depression field was taken to be in
association with the probable ascent of the
thickness lines of the contours over this
region, under the influence of the developing
cvelogenesis, then, the orientation of the
convergence pattern from the region of
have been helpful to
infer the probability of a westnorthwest
instead of a westerly movenent of the de-
pression centre, which will obviously move in
the direction of the gradient of convergence.
The convergence observed over north Andh-
radesa and Orissa was unaccountahble by the
thermal patterns descending the pressure
surface over that region ; and this might have
been caused by the observed cyelonie shear
([]rl-m”mr]];arf _][l‘h’m?l,l)ﬂ}, I‘H-J] nl' t]li? \T“
N winds over northwest Bay and neighhour-
hood.

eyelogenesis might

On the 19th (Tig. 7), the diffluent jet
continued to he the thermal pattern and a
closed low also appeared on the isobaric
surface over the region of cvelogenesis.  The
convergence on this evening, still oriented
in a westnorthwesterly divection from the
depression area was significant, although
its magnitude was not large compared to the
value observed on the 15th (c.f. Fig. 3). The
disappearance of the convergence over north
Andhradesa and Orissa on this day in contrast
to the pattern on the previous day, adds to
the significance of the convergence that
persisted over the region of eyelogenesis,
The deepening isobarie surface, the diffluent
thermal pattern ascending over the west-
northwest sector of the former and the eon
vergence observed on this evening, perhaps,
left no doubt about the formation of a
depression and its probable westnorthwester-
ly movement as had happened from 0300
GMT of.fhv 20th.

On thg next evening (Fig. 8), the thermal

pattern undoubtedly intensified into a deep
cold trough, on account of the fall in the

THICKNESS PATTERNS AND TROPICAL STORMS
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thickness values at Trivandrum. Port Blair
and Visakhapatnam since the 18th (data for
the 19th for Trivandrum and Visakhapatnam
were faken as the mean of values for the 18th
and 20th). The contours of the 1000-mhb
surface had also obviously deepened owing to
the fall of pressure at sea level in association
with the depression.  Both these factors, had,
in turn, caused a very steep gradient of the
500-mb surface contours over the disturbance.
The conspicuous increase of convergence of
the order of 8 to 12 units, in sharp contrast
with the values for the previous day, and the
orientation of its gradient in a northwest to
northerly direction, would certainly indicate
a rapid large intensification of the depression,
probably to the stage of a severe storm and its
subsequent movement in a northwest to
northerly direction, as  had happened from
0300 GMT of the 2Ist and onwards.
The increase of divergence over the northeast
sector of the storm and of convergence along
and near the Kanara coast on the 20th as
compared to the values over these regions on
the previous day were noteworthy.

On the 21st evening (Fig. 9), the thick-
nesseg at Poona and Port Blair had decreased
by 60 ft and 160 ft respectively, while af
Trivandrum the thickness had increased hy
60 ft since the 20th. These changes were not
fietitious and doubtful as the same tendency
was maintained at these stations on the 22nd
as well (see Fig. 10). The thermal gradient
had accordingly weakened and the resulting
pattern on the evening of 21st was apparently
a cyclonic thermal involution that preceded
eyclonic occlusion (Suteliffe and Forsdyke
1950). A ridge of divergence with a maxi-
mum. value of 4 to 8 units over the region of
descending thickness lines had appeared in
the storm field for the first time on this even-
ing. These appeared to have contributed to
the gradual weakening of the storm. The
convergence observed over sonth Andhradesa
and adjoining areas had, perhaps, no obvious
hearing on the storm, as it was probably an
eastward shift of the belt of convergence seen
over the Kanara coast on the previous even-
ing. Inany case, one coyld hazard the risk
of ignoring this, in so far as its influence upon
the movement of the storm was concerned, in
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view of the fact. that a westerly movement of

5.
this conver

the storm centre indieated by
gence was quite unlikely as the storm had
already moved in a northwest to northerly
direction by the morning of 22nd.  Oun the
which

southwards

other hand, the wedge of convergenes
extended from northeast India
upto Lat. 16°N and Long. 83°E appeared
to be more significant, as this had appeared in
replacement of the large divergence seen on
the 20th over the warm sector to the north-
east of the storm centre, These
together with the northwest to northerls
movement which the storm had already had
till 0300 GMT of the 22nd mieht F:ni;: 1O
indicate a northeastward recurvature as well

!',|<-1. irs,

as weakening of the storm from the morming
of 22nd,

The thermal pattern on the 22nd evening
(Fig. 10) appeared to have changed to an
aniieyclonie thermal involution characterising
slow moving anticyclones (Suteliffe  and
Forsdyke 1950). This was so, heecause, the
thermal winds at Ahmedabad, Gwalior anld
Chittacong. which ]
the change in the pattern, had changed from
SSWoto NE, from SE to WNW and from
NNW to WSW respectively sinee the 2]
evening,  The ‘1[(*\'|~|n]nm‘n|
this day indicated still more marked divin
gence especially over the depression field,
where it was of the order of 8 to 12 units as
compared to that for the previous day. This,
no doubt, indieated further weakenineg of the
The decrease of convergence fo

were mainly deeisive of

eomputed fin

depression,
the northeast sector of depression
significant.  The northwestward shift of the
previous  day’s
south Andhradesa into west TTvderabad and

Wils

counvergence aren over
neighbourhood on this dav was al<o noie-

worthy.,

Tt will be clearly seen from the foresoine
that the 500-mb isobarie surface and  the
associated thermal thickness patterns, to
gether with the ‘development’ computed
from them, were quite helpful to prediet the
various stages of development and movemens
of the disturbances reviewed above, at Jeast

12 hours earlier than the symptoms on the
e .

¥ o, f. Traek of November 1951 storm in the Arabjan Seqy
These two storms were almost identical in respeet of development
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morning ~\'|n||>li<' charts of the*next t]il_\'. It
mav alzo he noted, that while the magnitude
of CONVersenee, however, t'll;i“!iﬂi\'t‘ f]l(‘-
aszessment of relative divergence might have
heen, mdieated the intensity of the distur-
hances during their developing stages, the
depression centre at sea level was found to
have been steered in the direction of the gra-
dient of convergence from the depression
centre by the thickness lines over the warm
maoist sector.
(B) Sever during 7 to 11 December
1951

The seasonal trough of low over the ex-

treme sonth Bay of Bengal was concentrating

star e

into o depression near Lat, 87 N and Long,
D7 E by the morning of the 5th, By 0300
GMT of the Tth, it progressively intensified
imtoa severe storm after having had a north-
westerly movement. Thereafter, the severe
storm moved gradually in a north to north-
northeasterly direction until the 11th morn-
ing. Later, it rapidly weakened over the sea
ttor o depression and moving northeastwards,
the depression was centred near Lat. 191°N
and Long, Q01I7E at 0300 GMT of the 12th.
The depression progressively moved north-
ea-twards and weakened further and by 0300
GAT of the L4th, it lav as a trongh of low
off the Arakan-Chittazong coasts. The track
of this storm containing details as for the May
1952 disturbances is given in Fig. 11.*

The 500-mb surface and the convergence-
divergence patterns on 6, 9, 10, 11 and 12
December 1951 are reproduced in Figs. 12 to
I6.  As no radiosonde data for Port Blair,
which was nearest to the l'l-}_{inn r)I'('_\'('Ing_[l'n('—
sis was available for the 5th, the chart for
that dav has not heen ]ll"‘l).'lrl-l]_ Charts for
the 7th and 8th, heing not very significant. for
the study of this storm are not given here.
The thickness data for Port Blair and the
Indian stations, particularly those along the
east coast and the laree number of thermal
winds for the Indian stations for all the days
and at Tavoy on the 11th have been made use
of for drawing the thickness patterns  ag
accurately as possible, over the MArakan-
Chittagong  and  Tenasserim coastg, where

given elkewhere (Ind. J. M. (1 ophys. 1952).
ind movement
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both upper wind as well as radiosonde data
were practically absent.,

In the light of the discussion of the results
obtained from the 500-mb snrface and ‘deve-
lopment’ patterns for the May 1952 Bay
disturbances, no detailed description of the
patterns for this storm is perhaps necessary.
The run of the thickness lines, mainly from a

south to southwesterly direction over the con-,

tours over the warm moist sector to the east
of the storm centre, the constancy of the
values of convergence of the order of 4 to 6
units and the orientation of the gradient of
converzence in a north to northnortheasterly
direction from the storm centre on the 6th,
9th and 10th (Figs, 12 to 14) eannot escape
The storm after becoming
severe hy the morning of the Tth, as perhaps
indicated by the 500-mb surface and cenver-
gence pattern on the evening of the 6th,
continued to be severe and to move north/
northnortheastwards, in the direction of the
warm sector thermal winds till the 11th
morning in accordance with these patterns,
The promonnced divergence of the order of
16 to 20 units, which developed over the
northwest Bay on the 10th evening (Fig. 14),
in sharp contrast with the pattern over the
same region on the previous day deserves

one 8 notice,
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287

special mention, The development of a signi-
ficant patch of convergence over north Ara-
kan coast and the tilt of the entire convergen-
ce pattern northeastwards were also equally
conspicuous on this day. These patterns on
the 10th evening might help to indicate north-
eastward recurvature as well as the weaken-
ing generally associated with recurvature of
the storm from the morning of the 11th. On
the 11th evening (Fig. 15), the convergence,
still oriented northeastwards, however, de-
ereased in magnitude, while the wedge of diver-
gence over the northwest Bay seen on the pre-
vious day extended into the whole of north
Bay of Bengal. In addition, a significant
patch of divergence also developed over the
south Arakan coast and over deltaic Burma.
These unmistakably pointed to the further
weakening and northeastward movement of
the storm, as was ohserved on the 12th
morning. It need hardly be mentioned that
the development pattern on the 12th evening
(Fig. 16) indicated northeast o eastnorth -
eastward movement and further weakening
of the depression.
3. Validity of the analysis

Tt i« well known that there are various limi-
tations, both practical and theoretical, for the
use of the technique of constant pressure
analysis in our country. The chief among
them are lack of sufficient radiosonde data and
the non-validity of ‘the geostrophic equation
in the low latitudes. The differential method
of analysis and the correspondence of actual
as well as thermal winds even at Lat. 10°N
in_the Indian area with the geostrophic
values, as pointed out hy Rateliffe (1950),
minimise these diffieulties at least to some
practicable extent. B

As the sea level pressure gradient in our
latitndes is generally weak, the changes in
development caused by the variation in the
vorticity of the geostrophic winds at the
friction-free 1000-mb surface is likely to be
small. It may also be noted that the major
contribution for pressure variations is by the
thermal winds, those by the geostrophic
departure as well as the cyclostrophic compo-
nent of the gradient wind peing far too small
(Petterssen 1945). Further, the thickness
tendency (Sutcliffe and Forsdyke 1950) de-
pends not only on the advective term based
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on geostrophic winds, but also on dynamieal
processes (ascent and subsidence) based on
lapse rates and non-adiabatic processes such
as radiational cooling, liberation of latent
heat ete. These factors appear to be impor-
tant in the tropics and lend support to the
bona fide of the thermal thickness patterns,
which are also seen to be more or less conser-
vative on the day to day charts. The above
considerations suggest the overriding in-
fluence of the thermal thickness patterns over
the development processes in the tropics as
elsewhere.

L]
Lastly, it may be mentioned as a fair proof
of the®validity of the analysis that, barring
areas such as the Assam hill tracks and north

India, which are influenced by orographical
features and dry air circulation respectively,
the regions of significant rainfall or decrease
of weather in general reported during the days
to which Figs 2-10 and 12-16 refer, are gener-
ally in conformity with the convergence or
divergence respectively noticed earlier over
the respective areas, as can readily be seen hy
a comparison of the patterns of ‘development’
with the weather elements reproduced on
the 0300 GMT sea level charts given in the
Indian Daily Weather Reports for the corres-
ponding and/or succeeding days (December
1951 and May 1952).
4. Conclusion

The above analyses of three tropical dis-
tarbances in the Bay of Bengal, though too
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few to .‘\”n\\' broad generalisation to Ramanathan and others (1930, 1921) have
drawn from them, appear to show the utility snggested that the warm moist winds S g
of the thermal thickness patrerns ind the co 6 km above | stem are a valuable
tour-thickness relationship observed on e wnide {in ling the diy f movement
B00-mh §,<(l'|l;'|ris' surface. tovether witl T of the trop depressions in the Bav of
‘development’ patterns obtained fron the I . The present stndv - corroborates
to be reckoned with as au adidif ‘ | ) ¢ which
and above the symptoms on the usual svio) - , il cihi (500-nib Buita)
tic charts for forecasting the life evele of t the <ame directio the actual winds

storms even wn the tropics. that level, vhenever the winds over
]T]I];!‘\'!'ﬂt'-*i‘\-l'h!h;l‘- the conyveroenee assocl e Tor 1 1503 11 specd wit)
ated with the disturbances duringe their de ! n, and the y tam
lll}'\illf_".\f:i;:l-s (see HFigs, 2-10 el 12-16) 1 ¢ ' foni . In
occurred a little away from the surface contr | he ness lnes, or in
of thecyelonie disturbances and that the gea R Words, The the I winds, in eontra-
level centre of the disturhanes h noved o HS i to the co irs or the actual winds
the gradient of convergence, isalso evident the H00-mh surface over the warm sector
from the dingrams that, on most of the davs, PP i wren primarily responsible fo

the convergence associated with evelosen: ‘ : 17 wface low  yrossure sys-
has occurred over the recion in the ten ‘

f1i
LIGK 2SS L by -

moist sector, where the
ed the pressure surface : convergence can al ‘ Lto express my grateful thanks to
be caused by the evelonie shear of the actual 1y Mall, Direetor. Revional ,\-!.-i -u--\m_-?-;l.l
winds, which, in a thermally svmmetrical  Contre, Calentta for his kind  interest in the
svstem, implies a <imilar shear of the thermal work and for aTordine all facilities for the
winds, even when the thickness T 0" ihive stinds [ anv indehted to Mp €
parallel to the contonrs aver the wayin sect o S vm—— T irologiit, Loz libs inspising

In either case. thermal steerine of the <tarm ol liirn hee yvestitn

contre atr sea |¢"-,|-| ;]}'F|l-:1l~"~1-1‘* bocor 1m vl It ALL] il I cliart at the
1 H = 1 1 1
portant, as stressed by Suteliffe. il ‘ rological Oifice, Calentta Airport (Dum

actual wind data over the depressio
prove the latter theoretical pos ihility of  AMp, 8. M el Vetaniolasist. Oaleatha
convergence are very meagre in the three  (Alipor ‘ Inful evit o Chidl iaitiii

cases studied.
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