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Summarx

On October 27, 1952, a depressiom crossed the
Australian Great Dividing Range giving probably
more than 5 inches of rain per 24 hours in the
Tooma Valley on the north-western side of the Snowy
iountains, Synoptic analysis shows that the cyclone
developed within a horizontally quasi-homogeneous
moist air mass, The surface development coincided .
with the arrival of a low pressure trough in the

- upper troposphere, Orographic effects upon the
rainfall pattern are discussed, In the appendix,
-a method is developed of estimating meximum poss-
ible raimfall intensities in storms of this type

' SYNOPTIC ANALYSIS.

From the 23rd to the 26th October, 1952, the whole of
. South Eastern Australia was covered by a layer of moist air
- 'which had drifted in from the Tasman Sea, The denth of this
easterly drift was about 5,000 feet, At that height there was
© no marked gradient and the 850 mb, surface was almost horig-
ontal, Iigher up, at 700 mbs and above, the flow over the
whole continent was from the west, building up to considerable
.8peeds._at..300 mbs, The soundings from Laverton and Rathmines
..for the. 25tk October (see Fig, 42), as well as extensive layers
.. of altostratus and other upper clouds indicate that these upper
. westerlies were also comparatively moist,

Fig, 1 shows the surface situation at 3 p.m. on 26th
October, Pressure distribution over the continent is rather

- flat with numerous small lows, one of which in the Riverina

was to develop later into the cyclone which is the subject of
this study, "It is also of some interest to note the tropical
low morth of Willis Island. It deepened later, simultameously
with its southern counterpart, '

Fié. 2 Show§¢£he pfessure distribution eighteen hours -
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later at 9 a.m, on.27th Oe¢tober, By then the situation had
changed rather dramatically, Cyelonic vorticity has become .
concentrated in two very active eircular depressions, There-
is still no sign of any frontal discontinuity,

. Fig, 3 represents the 500 and 300 mb, surfaces at
2 Do, om 25th, 26th and 27th October,  The broad westerly
flow on both these surfaces is well in evidence, The signi-
‘ficant feature is the comparatively flat trough which is
seen on the 25th over Western Australia, Deepening of the
Southern and Northern surface depressions occurred simultan-
eously with the approach of this upper trough over the area,
By the afternoon of 2%th, after the surface  deepening had
‘occurred, closed depressions had become established at both
500 and 300 mbs, ' : ' S o

A uj‘ffThere were 1O ﬁpperaéir.SOundings within the actual .
area-of-“the southern development, Rathmines is to the morth .
and Laverton to the south, Both show (Fig, 4a) on the 25th

October, very moist'airjmasses-with_an'approximately satur=-"

- ated adiabatic lapse rate,. Laverton, which is. about 5 degkrees v

nearer to the pole, is slightly colder, but is:obviously in
the same air mass, Thére is no appreciable .change on the
c6th; * On the 27th (Fig, 4b) there is some evidence of subsi-
dence at Rathmines, which is well to the north of the devel-
opment , Laverton, to the south-west of The centre, has also
warmed up, This is due to the arrival of air which has come.
south around the cyclone, o

The successive positions of the southern cyclonic :
centre are plotted in Fig, 5, which also shows the approxim=
ate: topography of the region (2,000 and, 3,000 foot contours). -
. The dotted line AA gives the direction of the cross-sectiom - -
. represented in fig, 6 which will be discussed below, The pos-
'itions of the centre at 9 a.,m. .and 9 p.m. E.S.T. arc: numbered
and the pressure is given ih the following table:=. - . -

- Pos

ition . Time. ._Central Pressure .
1 9 p.m. 24th Qctober = = 1016 mb, i
2 9 a.,n., 25th "o 1013 mb,
3 9 p.m. 25th oo 1013 mb. . .
4 -9 a.m, 26th - " - 1010 nbs -
S, 9 p.m. 26th e 1004 mb,.
6 9 a.m., 27th oo . . 994 mb,
YA 9 P.m. ZVth v ", . l ) 995 mbo .
8 9 a,m, 28th v - 996 nb,
9 .9 p.m. 28th " . 1000 nmb,
10

'9'a,m, 29the " ° " 1001 mb.
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As deepening took place, the southern cyclone, which had
been almost stationary until then, began to move away rapidly
towards the south south east., This is in contrast to the behav-
‘ior of frontal wave:depressions which tend to slow down while
deepening. : ‘

.- Attempts to work out trajectories of the air at various:
levels from chart to chart are necessarily unreliable because
of vertical movements, condensation and the general scantiness
of upper air data, As far as can be judged, the surface air-
. that was on the morning of the 28th close ©0 the cyclone centre
came from the East, from the Tasman Sea, with a path via east -
ern and southern Victoria, At the 500 mb, level the air ecame
from the west, It probably was over the ocean south of Western
Australia some 48 hours earlier, At 300 mb,, air arriving over .
the area of development ‘came from the Indian Ocean, entering the
continent about the latitude of Geraldton, .

RAINFALL.,
It is not possible to produce an orthodox precipitation
analysis with depth duration:curves because of the comparatively
rapid passing of the storm, The main rainfall period was shorter
,than the 24-hour interval at which rainfall is read, and the sin-
gle recording rain gauge then in operation within the storm area
was at Tumut Pond, in a deep mountain valley where rdain is much
affected by the topography, ,

Indirect evidence suggests that the nost intense reinfall
occurred ‘in the northérn sector of the moving storm, where it
was accompanied by westerly and south-westerly winds, This was
defimitely the case at Tumut Pond., The most intense falls there,
amounting to 34 points, were recorded during 30 minutes from
23,20 hours to 23,49 hours on the 27th, - In the six hours be-.
tween 22,00 and 03.59 the Tumut Pond rain gauge recorded 231
points, or more than half of the totel storm rainfall &t Tumut
Pond, At that time the centre of the storm was well to the south
east, and .the gradient wind was definitely south west. Further
- evidence for the concentration of rainfall in the northern
sector of the moving cyclone is produced by the fact that statw=
lons. sheltered from, the south-west, such as Corryong in the lee
of the Victorian mountains, or Cooma, experienced only a little -
rain, : o : o o : - : B

, Fig. 6 shows actual rainfall figures for the 24 hours up
to 9 a.m, on-the 28th, along a:line from Griffith in the Riverina
lains across the mountains to Nimmitabel, The direction’ of
this line is shown in fig, 5. It is to the north of the path of
the centre and diverges from it by about 300, Fige 6 dindicates
that out in the plains, the cycloneé produced:-on the average.
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about. . 1", of rain, The amount of rdin increased towards the
Snowy:lMountains, It was 222.points at Batlow, and reached its

- observed maximum at Tumut Fomd, with 457 points., Only 35 points
were recorded on the other side of the mountains, in the rain
shadow at Cooma, : : e ‘

It is of interest to note that Tumut Pond is only 3,800
feet and that it is protected from the West and South-west by .
the narrow Toolong range, which is more than 5,000 f§, in height,
The high rainfall recorded at Tumut Pond must have been due. to a
spillover effect, The moist air rose and condensed on thée west-
ern side, but the freezing level was about 10,000 f&, and the
devel of rain formation must have been even higher, = During its
long fall to the ground, the drops were driven by the wind across
the range to Tumut Pond and Kiandra, It is possible that the .
greatest rainfall occurred on the upper western slopes. of the
Toolong range, though no records are available from there,

: - A formula for point rainfall intensities is quoted by -
A, K. Showalter (1945) in the "IHandbook of Meteorology™, p. 1026,

dR - [
g Where :%% &.imtensity of rainfall over unit area iﬁ”incheS/hqﬁr.
Q@ c = air density at condensation level; grams/md .

We = vertical veleocity at condensation level, m/s,

R

Y o = mixing ratio at condensation level, gramS/gram;
T{»: mixing ratio’ at top of updraft, grams/gram.‘

. The particular configuration with the range at right
angles to the wind allows ‘us to test this formula in the present
instance, I . o . o

, The ground .rises by about 4,000 ft, to 4,500 ft, in 18
miles from the plains to the Toolong Range. The gradient wind
was about 30 m.p.h.,’ The average.vertical velocity of the Bur-
face layers was hence of thc order”of 120 ft,. por minutc, or .2 ft,
per second, Cloud base was:probably at a pressure level of about
900 millibars, Assuming Yt =¥0. and Yg = 9 grams per kg.
we derive from the formula a rainfall intensity of about 89
points per hour, This is slightly more than peak raififall in-
ensities observed-at Tumut Pondy “but it may have.well béen _
reached in actual-fact-on the westera side of the Toolong Rangé,

Application.of'the same forﬁuia would suggéstrthat 6u¢ ‘
on the plains the vertical velocity at condensation level was
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probably, on the average over the day, of the'of&éfééf“fizﬂftf‘
per second. Lo L N

Rt

. MAXINUM POSSISIE RAINFALL AT TUMUI BOND. =

Estimation of the highest possible rainfall that can be.
expected from storms of a particular kind are of ‘considerable
interest to weather forecasters and to engineers, ST

The simplest estimate involves an adjustment based on the
maximum content of precipitable water that could beée found in the
area under consideration, ~From figures given by 4, Walpole
(1951) we may expect a maximum surface dew point of about 70°F

.at the western foot of thé Snowy Mountains, This agrees with
Observed: summer sea surface temperatures in the Australian Bight.
The depths-of -precipitable wAtér 'in a saturated pseudo=adiabatic’
atmosphere with this dew point .is 2,27 inches, During the storm
analysed here the air was more or less saturated with an adiaba-
tic lapse rate, But the surface dew point:in the Murray plains
was only 59°F which corresponds to 1,31 inches of precipitable
water, We might here conclude that in the optimum case the
‘rainfall would have been increased by 4. factor of 2,27 ¢ 1473, .

. Om the basis‘'of this consideration it could be expected
that in a storm with the same kinetic pattern,. -but with a max-
imm moisture content, the rainfall at Tumut ﬁ nd ;should have
been about 8" "'in 24 hours or 4" in the six hours of . maximum
precipitation, This conclusion is likely ‘to be an under-
estimate, With higher moisture content, more heat of. condensa-
tion becomes available, This will be accompanied by a higher
level of kinetic energy, greater vertical velocity and hemce
more intense rainfell, o

, “;CalbulationSLgivenJin‘ﬁhefappendix.suggest that, as a
first ‘estimate in regions where no detailed analysis is practiw-
cable, the rainfall for a given type of storm may be assumed to
vary as the square of the mixing ratio at condensetion level.
In the present case, mixing ratio at. 900 mbs, was about 9 g/ke
and the maximum value that.may be expected is 14,5 g/kg. To
estimate a maximum rainfell’from & storm of this type, observed
- rainfall intensities are miltiplied by 1455?’: 2464 This -gives
maximum -estimated intensities.at Tumut Pond of* 6" per ‘six. hours,
or about 12" in twenty~four hours, - R S

.
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APPENDIX |

- MAXTMUM RATNFALL TN STORMS OF A PARTICULAR TYPE

' - The folJow1ng ana1y51o suggests that the maXLmum‘p0351ble
rainfall for & given type of storm is roughly proportional to the
square of the mixing ratio at comdensatlon.level. This conclus~
ion is based on two fundamental assumptions:- _

*'(a)' Only storms of the same geometrical proportioms are
~ considered, - The ratio of vertlcal to horlzontal velocity
. does mot vary, .

(b) The rate of change of potential amd intermal emergy dur-
ing the storm, and the work of the pressure forces at
the boundary, is comparatively small.

Both assumptions probably exclude fromtal perturbations
and hemce limit the possible uscfulness of the analy81s to Storms
in hornzontally quasi-homogeneous. air masses. .

For a glven reglon of the atmosphere the equatlon of
energy may be written in the form .
)

| Afi-“~--—[U¢P¢I}¢F¢W

’ Cl;md't' ’ .
where A is the mechanical equivalent of heat; E% the amount of
heat added; U, P and I the kinetie, potentlal and internal :
energies, P the gllect of friction and W the work of the pressure
forces along the boundary. |

Assumption (™) reduces this equation to
aq au
Ag. ™ @w ¢




From Assumption (a) follows

av .. 1 5 dw_ = dw
T ™E*0 T zafvgm

where )¢ is the mean density, and ©{ 1is a .proportiomality
factor which depends on the geometricail configura%idn of the
system and which has the dimension of a volume (cm®) |
The vertical velocity W may be interpreted cither as the
mean velocity of the ascending air or as the velocity in same
particular region - say close t.0 ‘condensation level,

For the frictional factor we obtain from dimensional
considerations in the same way

B ékiwz
The symbol " représents heré?a'géneralised coefficient
of eddy viscosity .dimension  op® gge=l ) and 1 = may be
chosen as the height of the tropopause or some other length
characteristic for the dimension of the storm, . ,

The equation of energy may be written:-
d w® dw - 2
(1) & %Na.?w 3T * €k
. i o . aQ . o ) L ,
The heat gain dt ~ 1s also connected with the rate of

condensation, If it is assumed that a fixed proportion of all
condensed water falls as rain we have:- : : -

(3) > ,,gQ 'w'w.dR :7
| at & a%

where S is the area of ground surface under the ai:aRvoluma

- under consideration, L t;he»me%n latelnt:- heat, and it . ‘the
rate of precipitation ( g cm™ ses” e In view OP assumption
{a) this may also be written:- o '

(2 dq, 2y dR
) a ™ L EE
The last variable ‘may be connected:wit-h ‘w by
- Showalter's formula:=- o * ‘ D o

+(3) %‘% ~ ecW.(Yé * Ye,)

4

‘Where Yo and .. Yy are again thehumidkit.y mixing.
‘ratios at condensation level and on the top of the updraft,

b
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For breV1ty°s sake we set -
AT 2l ;"j.f‘

A combination. of- (1), (2} and (3),division by éw , and
rearrangement glves then, K

(4) o af¥ ~ o :](r - ¥y ..k,l'w

Whlch can be 1ntegrated eds1ly -
1kt

(5) " w o~ QK (Ye =Yt) +Ce

During considerable periods of the storms, condltions will
tend to remain quasi-stationary and the last equation reduces
they to :-

(5¢) LW d d= (v, —'Yf)

The om1881on of the exponentlal term sxmply implies that al
the llberated heat of condensation is used to-overcome the effect
of friction. Equation (5%') could have been reduced immediately
from a basic equation of the form

A49  _

However, it gg thought that the present longer derivation
which brings in the eXponential term, is more suggestlve of the
actual physical process, .

The result oonflmms the intuitive view that the velocities
in a convectional storm of a given type will tend to be proportion
al to the amount of condensation as expressed by the differecnce
( Ye - Yt ) and to the height of the storm, They will be
inversely proportlonal to the coefficient of eddy v:.scosn:y.

'; Introduction of 5' into (5) gives:-
dR 1 2-
A &~ iDe § (Yo ~Yy)

As Y >> Y4  in the oomparutlvely low lutltude of Australla

thls may be S1mpllfled 1nto -

which is the'result set out at the beglnnlng of this ana1y31s. Th
value of 1 is not likely to vary excessively under Australian
conditions., ) e )

. It is clearly necessary not to lose sight of the limitation
of this analysis, Any results obtained from it are at best approx
imate, The method, however, moy help to obtain a first and rapid
estimate of mgx1mum flood ralnfﬂll at areas where little other
data are available,






