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Introduction

. , A freak hailstorm struck Melbourme at approximately
230 pem, om.2nd February 1953, The storm was one of the most
severc om record and hajilstomes up to 1i" in diemeter demaged
verandahs and roofs, broke windows, caused local flooding and
severely inflicted trees, Widespread havoe was produced re-
sulting in an unfortumate loss of fruit crops for orchardists in
the Domcaster and Templestowe districts and for home gardeners,
and the effects of lightning and flooding disrupted traim and
tnamxservices and cut off 1352 telephones,

Features of the storm as recorded at the Central
Weather Bureau Melbourne were that the temperature fell 20°F in
15 minutes, 58 points of rain fell in 30 minutes, the relative
humidity rose abruptly from 385 to 95% in 15 minutes, and a
45 m,p.h. squall was recorded, ' ‘

The Symoptic Situation

The main feature of the surface charts over South -
‘Eastern Australia was a quasi-staﬁionary’anticyclone, pressure
1024 mbs,, which had been centred approximately between latitudes
40° and 55° S and longitudes 155° and 160° E that is, in the
" Tasman Sea - for several days prior to 2nd February, - A
of high pressure extended well up the Queensland coast and gave
rise to a North to North-east air stream over most of Easterm
- Australia, Early morning observations on 2nd February gave some
evidence of impending thunderstorm activity im the presence of
altocumulus castellatus, indicating instability aloft, at several
. 8tations including Melbourhe at ¢ 8,m, AsS the morming progressed
high based cumulus gx~7 into large eumulus and cumulonimbus.

... Temperatures rose.rapidly and by 0S800K Melbourne's
dry bulb was 829°F, equal to the previous day*s maximum, while
further morth temperatures. were approaching 90°F, A significent
feature was the rige. of about 10°F in dew points,. ,

% This analysis was undertoken as & research project during
the author's final vear as a Cadet Meteorologist at C.W.B.,
and was originally read before a Fridey afternoom Discussion
Group of the C.A.W.D.S. om 17th July 1953,. o



Constant pressure charts for the lst and an of Febru-
ary were examined, The 850 b analysis showed a high 4800' cent-
red off the NSW coast bm1ng1n5 a NW stream.even Vlctorla. .

At the 700 mb level a. hlgh 10,530ft, over central
New South Wales had westerly winds as5001ated with it-om-its
Southern side ovei-Vic¢toria:while the 500 mb chart showed 2 hlghs
19300ft, one over the Tasman and the other over South.West
Queensland Wlth.NW B0 knot winds over Victoria, ¢

TraJectorles and Comparlson of Air Mass Properties

LI Ee e

e - The trajectories .of the a1r at various levels were de-
termined by ‘the method outlined by Petterssen (1940) Copsider<,:
atiom of the path.traverSed at’ the gradient level 3000ft, showed
that the &@if arriving ‘et Melbourne on.1500K 2nd February- had .
orlglnated “from the -ocean off Queensland about latifude 250 - S ‘
on the morming" “of B1lst January, This would ndentlfy the air at
the “gradient” level’as a.tropical Pacific air mass which would be
warm-a&nd probably - convectlvely unstable, The path taken by this
gradient: lével air was such that it crossed no ma jor pny51e- -

- graphical barrier:c ecxtending abeove 3000!', In its Southward
travel, the air would be subjected to a. stablllzlng influence
owing to the -latitudenal effect, but this would be offset some-:.
what*by the mechanical. uplift galned over elevated ground and

the strong surface heatlng during the day. :

‘ At the 700 ‘mb level, the air arr1v1ng &t Melbourne at
05Z 2nd February had 24 hours prev1ously been present over: the -
area north of Woomera while the 500 mb air had been: derlved TYom
the Allce Sprlngs area°

A A rougn attempt ‘was made to compare the alr mass ewer
Melbourne on 2nd February as shown by the Iaverton. "temps"- with'
those. revealed By ‘other sonde- flights at different localltles-,
and times dependlnv on the traaectory of the air at the level
~in quest10n051'- . :

2 :fThe hHMJdltJ element uscd for comparlson was pseudO‘wet
bulb -potential temperature ‘teing conservative for. dry and-moisk. -
adiabatic temperature- changes and quaSL-conservative for evap--gv
oratiom fram falllng *axn,.“-‘ . T R A
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800 mb,.

850 mb .

Statiom::-|-“Date- Ogw. - Station. Date. [+ 7 B
laverton 2nd Febi;-|-10,59C" ~ | laverton [2nd Feb, | 7°C
Rathmines . l%lhman)WC ~-Rethmines |18 Foby | r: 8.5
Ammerley - 1st Beb-)( 11.0.7.7 . | Amberley |1st- Febi- 7.5
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*‘SeelFigures‘I and 2 ab ond of article,
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700 nb, . 500 mb,
] ‘ :
Station | Date Ogy | Station | Date L Ogn
t ) ‘P
Laverton an"Feb;J 1.500 Laverton 2nd Feb.g—l4.090
Woomera | 1st Feb, - 1,0°C |Alice Springs | 1st Feb, ; -16,5°C

Convergence

Convergence was calculated using a method developed
by Bellamy (1949) which gives the change in arca of a triangle
due to the effects of the wind at the vertices., The method is
graphical and easy to perform. ) '

Firstly the measurement was performed using surface.
wind velocities obtained at regular intervals from anemograph
records with Essendon, Laverton and the lielbourne Weather Bureau
@s the vertices of the triamgle, Surface wind observations
have always to be treated with diseretion as they are not always
representative and are affected by topography and obstacleses
The exposure cof the anemometers at laverton and Essendon is
good, but at lMelbourne the influence of tall buildings is um-
fortunate., The Munro anemometer at laverton is also slightly
inaccurate, Moreover thé determination af wind Speeds and dir-
ections at any instant from anemographs is crude due to contin-
uous fluctuations,

Area enc;osed by Essendon, laverton, C.W.B. 2nd Feb,
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The table illustrates that there was convergence in
the area at the surface with a maximum at 1430K the time of the
storm followed by reduced convergence. It would perhaps bhe ex-
pected to show divergence say at 1500 and 1600K but the area
enclosed was fairly large and there would be convergence assoc-
iated with the cumulus stage and divergence associated with the
mature and dissfipating stages of the cells with a mett conver-
gence shown for the area,. Besides the hailstorm there were show-
ers at 1540K, 1625K and 1730K, so for divergence to appear a
smaller area at a particular time under a mature or dissipating
cell would need be chosen.
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| *-’“:f Thé method as reoeatea w1th Wagga, East Sale and
Mount Gambier &s' the’ vertices of the triangle using pllot Jballoon
ureports at 2000i intervals. ‘

Areg egclosed by East Sale, Wagea and Mount Gambielﬂvwwrﬁ*“w%~

.f2QQQZ L *} _é:.l o 1st February

Tevel 11000¢ | 3000 ! 5000! .7000"

‘ . i : ; . H ]
sConvergence W +0.01 , -0,03 | +0.02: { +0,01 % i

hr~1 [
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Level .. | Surface 3000! . 5000' -7000' 10;000%

i
'

-~ Convergence |:=0,03~*"#0,01%. 0,02 * [=0,01 #0305 1T "

FE

Py L e Gessation Of pilot balloon flights ‘for East Sale
-at..7000! . and.lO 0001 respectivelynrevented calculations to®
hlgher'levels. , . .

-The ‘results showed general convergence over. Victoria
at most levels at 0400Z which was confxmmed'by the presence of
areas of mlddle level cloud. , , .

a Flnally the procedure was applled w1th reports from
Western Junctlon, Wagga and Hount Gambier. but. the results: may .
" be suspect due to- the: poor exposure of. Western. Junctlon. However
convergence was shown to ex1st to 7000, . e

. -
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dreg enclosed by Western Junction, Mount Gambier and Wagga

S .0400Z - ' 2nd February - .  -
Convergence | -0.1' | -0,15 = -0.08

; hr-1 | ]

New Concepts on Thunderstorms -

N An outstanding contribution to the knowledge and - : :
understanding of. thunderstorms is the publication "Thunderstorm",.
a report of the “hunderstorm Project (1949) carried out on &' - :
-rgrand scals in U.S.A, o ' T ey

It was found that in a thunderstorm there are convection
units which are capable of adnalysis as a class of convective
phenomena similar to the Bénard Cell type convective motion.

These regions or sub-divisions are called thunderstorm cells and
are defined as regions of localization of convective activity .
within the thunderstorm. The life ¢ycle of a thunderstorm cell
is divided into three stages depending upon the direction and
magnitude of the predominating vertical f£low.

(1) Cumulusfstage'characterised-by updraft throughout the cell.

(2) Mature stage éharacterised by the presence of both updrafts:
and downdrafts at least in the lower half of the cell. o

(3) Dissipating stage . eharqcterised by weak downdraftS“prevéiling
throughott: he celil. '

Horizontal Irfilow and Entraining .
The importance of horizontal inflow through the sides

of the cloud as a factor in the formation,growth and dissipatio
of the thunderstorms, has only -recently been realised. .
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Friction between the rising air and the environment
was neglected and motions were considered .to be such that pressiure
equilibrium would be maintained between the rising air and its -
‘environment. Recent evidence shows conclusively that these simple
. theories do not adequately account for vertical motiens in cumulu’s
clouds. It has been shown (Barrett and Riehl 1948).that- the air -
inside a cumulus cloud must be . mixture of air that has risen fron
lower levels with air from the environmait that has been pulled .in
through the sides of the cloud, . ' - .. .- e ot

Entraining is the process whereby a moving stream pulls
in, because of pressure forces or captures anddrags along because
of viscous forces part of the environm™:t alr. The entraining
in a cumulus updraft may be described as a process in which a parcel
of air rises &nd mires. with some of its environment with the mixture .

then dttaining moisture and temperature equilibrium., 4s a result
of entraining the updraft is cooled both by mixing with a cooler
environnent and by subsequent loss of heat required to evaporate wcte

and bring the entrained envirc:ental air to saturation.

- oWith entiaining the properties of the updraft are’
considerably. different than would be expected from the conventional
.parcel conslderations. In general it may be said that. an. updraft
undergoing entraining has less ‘1iquid water content and a lapse

rate ‘steeper than the moist adidbat.

Stability

. . : . 1.

o 'Using the skew T-log p dlagrams, an attempt was made to
assess conditions of. stability in the different air layers from the
information supplied by radiosondes. Where necessary reférence

was made to the RAOB information on the day preceding the storm
and using the station nearest that from which the air in a. .:
particular layer has been derived. S o

For the gradient level, choice of Rathmines "temps"
at 0400Z on lst February was the best available, as this was on
the approximate trajectory of the air. Convective instability .
was eévident from construction of ST gram in the layer 1000-900.mb,
and lifting through 150 mb. would ‘be sufficient to produce -
instability. Theé air at the 700 mb. level had been derived from
the Woomera grea over a period of 24 hours and its trace at 0440Z
1lst February indicated marked convective instability in the layer
800~650 mb, 4&nalyses of Alice Springs for the 500 mb. level
revealed nothing of an unusual nature. '

X- See Fige 3 o See Fig, 4
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.+ Laverton's sounding for 0400Z lst February looked -

- innocuous .and had no characteristics conducive to thunderstorm.

- formation. There was, however, convective instability in the

layer 750-700 mb. A subsidence inversion 950-920 mb. was presumsbly
associated with the presence of the anticyclone in the Tasman.
Cumulus cloud formation would only be possible by surface heating
and a temperature of 105°F would be required for air to reash the
convective condensation level by buoyancy. 81 F was the maximum
for Laverton ror the day.: ' - :

- However Laverton's "temps" on 2nd February provided '

an unusual and interesting cases Firstly there was convective
instability in the later 950-800 mb. and lifting through 200 mb.
would release this instability. The 1ifting condensation level..
and the convective condensation level were practically coincidgnt
at a height of 8300', Furthermore a surface temperature of 91°F
.‘Was sufficlent for parcels of air to rise by buoyancy to the -
convective condensation level. However orographic 1lifting would:
initiate cumulus build up itself,. but just prior- to the storm the
temperatures exceeded 91°F so this would provide additional uplifte

- - The temperature ‘lapse rate from the surface to 900 mb.
was super adiabatic, from 900--850 mb. dry adiabatic and from S
- 850-750 mb, it was conditionally unstable, a requirement for. =~
thunderstorms. S T K : S

Co " .The rate of ascent of the radiosonde was about 1100 -
feet/min. from the surface up to the 700 mb. level which being
the normal rate of ascent indicated that the sonde was rising in
the free"atmosphere. 'From 700 to 625 mb. the rate of ascent
increased to 1400 feet,/min. and the lapse was moist adiabatic,.
"This additional velocity of about 400 feet/min., and the moist
adiabatic. lapse rate would indicate that the sonde had entered a
cumulonimbus - cloud, I ‘ - .

o ‘. However between 625 and 595 mb, was an inversion of -

1°C and the rate of ascent was 2500 feet/min. This suggests that
the sonde had ‘been displaced laterally with respect to the cloud,
which was probably in the late. cumulus stage of development of a
thunderstorm cell. Moreover the maximum vertical velocities and
the maxima of the isotherms coincide so evidently the sonde was.
- 1n this region of a centrzl warmer core in the cloud and this would
perhaps explain e apparent anomaly of the inversion, This
inversion would require that the heating as the sonde was displaced
laterally would exceed the cooling as it ascended.. The draft vectors
("The Thunderstorms®, p.22) indicate s direction in towards the
maxima of the isotherms giving a vertical and a horizontal component.

*' See Fig, 5 - See Fig. 6






