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(Nanuscrlpt recelved August 1954)

" . Abstract: - The 1nvest1gatlon was: made to study
. ... the. formatlon and development: of -a storm which . .-
- _occurred .in Victoria on 20th-21st .October, 1953 - .-
causing floodlng .of streams: in-the East Central .
and West Gippsland districts., An attempt is
. ... made ‘to assess the theoretical maximum rainfall
. intensities possible from this storm using Qfa?§:~u
. methods developed by the Hydrometeorological SRS
wfsectlon of the. U S. Weather Bureau...:_ i

Co From M S L.»synoptlc charts prepared by the-~‘g:
.-+ Analysis Section of the-Central Weather- ‘Bureau, -
.7y Melbourne,.the development of the storm.was ' -

- studied,

- The air mass surface dew point in the:storm
. area was determined from a consideration of .
I‘nsurface ‘observations and trajectories. of the
air.involved in the rain.process, and from this
.  figure a theoretical value of  maximum precipit- .
able water content of the air mass was derived
w:using methods. developed by. American. investiga-
+ tors., “Available radiosonde data-was used to :
;obtaln an approximate .value of water. content of
wiz +the. air mass and comparison was:made between -
7w r.this and the .theoretical. value obtained, -

From available pluv1ometer records, the

maximum rainfall.intensity. eXperlenced at two
. separate Stations was derived and the vertical
~.-wind velocities necessary to give the. observed

- ..maximum rainfail intensities from air masses .
. having (i) the_ actual and. (ii), the theoretical _
L pr901p1tabie water contents and dlstrlbutlons e

.. Were: determlned,-y ' R S S P

| i.ﬁfiNTRGbUCTTON m;;jqfﬂl

A brief descrlptlon of the surface synoptic
situation for the poeriod 18th.-22nd Cctober, 1953 is given
in this sectione
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. .Cyclogenesis occurred -during -the morning- of the
18th October at the southern extremity of a well marked
trough which had formed over Western Australia. The
cyclone intensified and moved over the head of the Bight by
O0900K on the 19th and a further cyclone moved into the area
below the southwest extremity of Western Australia at about
this time.’ - -

By 0900K on the 20th a complex low pressure system -
was situated over south eastern Australia with a low press-
ure centre to the south of Tasmania and a well developed
trough and associated cold front lying approximately N.W. -~
‘S.E. across the central part of Victoria, ' :

- This low pressure system then moved slowly due to
the blocking action of a well developed quasi-stationary
anticyclone situated in the vicinity of New Zealand. During
the 20th . a wave cyclone developed onh the cold front in the
vicinity of Bendigo and the system then moved slowly east-
wards with this wave cyclone ‘intensifying and forming a
strongly developed cyclone extending well into upper layers
which at 0900K on the 21st was situated in the Gabo Island
area,

During the 21st and early part of the 22nd the
action of the "blocking high" caused the cyclone to move
very slowly eastwards’ over the Tasman Sea east of Tasmania,
During the later part of the 22nd the cyclone moved more
rapidly:-and began to "fill". -

" From  the study of this sequence it appears that the
heavy rainfall experienced in East Central and Upper North
Eastern Victoria was due to the formation and intensification
of the wave cyc¢lone which developed on the morning of the
20th and moved slowly south-eastwards towards Gabo Island.

S  ' 2. RAINFALL DISTRIBUTION

. Isohyetal maps were constructed for the period of
24 hours’ ending 9 a.m., 21/10/53; (FIG. 1) and the period of
48 hours ending 9 a.m., 22/10/53 (FIG. 2). Inspection of
these shows that rainfall was general over the. parts of
Victoria east of the Wimmera with the heaviest falls occurr-
in the East Central, West Gippsland and Upper North Eastern
districts., Highest 48 hour recordings were Starvation Creek
660 points, Walhalla 547 points and Taggety 532 points,
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X “For a number of statlons, the ralnfall at each
statlon durlng the .48 hour period was expressed as.a per-
centage of the average annual raginfall at that. partlcular _
station and "1sopercentals" ‘were drawn, ' (FIG. 3). . The
purpose_of this device was to.remove, the effect” of" top— o
ography and to construct, as it were, a mean sea 1eve1 ,
“pattern of the pre01p1ta 1on.; ' .

’ : Inspectlon of FIG.'3 shows that, on this "Sea -
level" picture, the heaviest rainfall occurred in-the West
Gippsland district.where the recordings were 15-16% of the
average annual ralnfalle If “the assumption is made that -
the path of .the storm centre is indicated by the.precipita-
tion pattern, the “isopercentals'" show. the probable.position
of the most rain productive mechanism of the storm to have
been in the West Glppsland area. :

; Pluv1ometer records were avallable for Melbourne
(Weather Bureau), Toorourong and ‘the upper Yarra Dam Site.
Thé vpper Yarre pluv1ometer wasg  the mos+ clesely situated.
to the reglon of heaviest” prec1p1tatlon and this record’
showed that in the area of main interest, the upper Yarra
Valley. and” surroundlng country, rain commenced on the after-
noon - of - the 20th '(at about 3 p.m.) and contlnued until the
afternoon of the 21st (at about 3.p.m,).  The more intense .
precipitatlon occurred durlng d period of 8 hours between '
345 pom, and 11.45 p.m. on 20/10/53, with-the highest’
intensities ‘betwéen 7.00 and 8.35 pem. (76 points, steady.
rain) and between 10,00-11.15 p.m. (79 points, steady rain),
The extreme precipitation rate was 2,00 in./hr; given by a
fall of lO p01nts in 3 mlnutes (5. 30 -~ 5 33 P mo, 20/10/53).

. From a con51deratlon of all three pluv1ometer ',,
»records, it appears ‘that, the rain was general over the area
between Melbourne and Wood's Point between, 3.peme on, 20th .
and’ about 9 a.m, on the 21st., Rain ceased in -the Melbourne,
Toorourong reglons at.about.this latter hour but preclpita-~
tion continued in the Upper Yarra Valley area’until about
3 p.m. on the let ' - .

Depth—duratlon curves were. constructed from the
Toor?urong and Upper Yarra pluv1ometer records and are shown
in F G 4 , _ . hd , Lo

“3. ) THEORETICAL DETERMINATION oF PRECIPITABLE WATER
Lo o CONTENT OF AIR MAbS o

P “Tn this" sectlon of ‘the’ 1nvest1gation the methods
followed are those developed by the Hydrometeorological
Sectlon of the U S Weather Bureau. O . :
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.~ The basic assumption made is that the maximum
possible precipitation results from a combination of the
most productive storm mechanism and an:air mass that is
saturated throughout its depth and whose temperature
decreases aloft at the pseudcadiabatic lapse rate.. 4n air
- mass with this vertical structure is termed an optimum air
mass. The total moisture content of such an sptimum air
mass 1s a unique function of its surface dewpoint. Assuming
a standard pressure of 1000 mb. at sea level, the amount of
precipitable water between various levels of an optimum air
mass can be easily computed and has been tabulated by the
U.S. Hydrometeorological section for a wide range of 1000
mb, dewpoints, The fundamental problem thus becomes the
determination of 1000 mb, dew-point representative of the:
moist air flowing into the rain area of the storm, -

In any storm situation it would be difficult to
find a station so located that its dew-point is uniquely
representative of the storm moisture charge and it would be
more suitable to select a group of stations with the geo=-
graphical .centre of the group on the inflow tra jectory.

e ~ As the isopercental pattern indicated that the
heaviest rain, after allowing for topographic influences,
fell in the West Gippsland area, it was considered that %he
most rain productive combination of storm mechanism and
molsture charge might fairly be assumed to have ocecurred in
this region. In view of this fact the dew-point tempera~-
ctures in this area were investigated, SRR o
R The only station in-this region for which reports
at sufficiently frequent intervals were available was Sale
(elevation 32 ft.), but as this lies well to the east of
the Upper Yarra Vailey region and is rather closer to.the
sea :than the latter, it appeared that in the prevailing -
northerly air stream at the time under consideration, .the
recordings made at Sale might not be representative of the .
alr mass in the Upper. Yarra region. In view of this fact
the available dew-point and dry bulb temperature figuresg
for Melbourne (Essendon Aerodrome, elevation 269 ft.),
Benalla. (559 ft.) and Omeo (2133 ft.) were also examined,

Dew-point and dry bulb temperature curves for
each of the four stations were constructed from the avail-
able data and are shown in FIG. 5, = Inspection of these
~curves shows that during 'the first half of ‘the period under
consideration the Sale dew-point températures were signifi-
cantly higher than those from.other -stations, even allowing
for the altitude difference between the stations. An exame—
ination of the wind records showed that during this period :
of higher dew-points, an onshore wind prevailed in the
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surface layers at Sale0 Durlng the second half of the perlod
when' Sale experienced an off=shore wind in the surfacé layers,
the Sale dew-point temperatures approached those at the in=
land stations quite closely. An interesting feature to be
noted is the fact that the maximum surface dew-point record-
ed at Sale during the period of onshore winds (59°F,) was
very approximately equal.to the mean sea surface ‘temperature
for the area during October., These facts indicated that,
although Sale was the most closely situated station to the ,
region which might falrly be considered to be representative
of the most rain productive. conditions in the storm process,
its dew-point readlngs could riot .be accepted as being re-
presentative of the air mass Involved in the rain process in
the Upper Yarra region,

. ',A Examlnation of the recordings from Melbourne
(Essendon) and Benalla showed. that, making due allowance for
the difference in altitude between the statlons, the values
.of dew-point temperature at the two stations were in reason-
able: agreement the difference probably not. exceeding the
observational error,v In view of this correspondence, the::
means .of the Essendon’ ahd. Benalla readings- were taken and a
smoothéd curve. was constructed which was then used as being
representative of the air mass dew~p01nts durlng the period.
under con31deratlono_},.. e oo o - L

Observations of. dewup01nt temperature from Omeo
(2133 £, ) were found to. follow the. same general trend of.
the Essendon-Benalla readings but were lower throughout as’’
would "be expected from the higher altitude of Omeo compared
with the other two stations., Because it would be necessary
to apply.a correction for altitude, the Omeo figures were
not used ‘but their general ‘agreement with the trend of the
Essendon-Benalla figures gave greater confidence. in the use
of these latter as a representation -of the dew—p01nt temper-
atures of the air mass involved, . . ENETETI

Observations of dew-p01nt temperature were also
avallable from ghe follow1ng stations. 3 pol., 20/10/53° .
Wood!s Point: Sg ;- Erica 53 6m° 21/10/53: . E rica 430,
Loch Valley 42%9, Wood's P01nt 39 These readings" Were,”,.
used as "spot check" on the Essendon-Benalla smoothed dews -
points, From FIG, .5, .the values at.the above times were
found to be, 3 p.m. 20/10/53 55°, 3 p.m. 21/10/53 429.5,
Allow1ng for altitude differcnces and the. 1imit of obseérva-
tional accuracy, these "spot check" readings’ tend to con- -
firm that it is reasonable to accept the Essendon-Benalla
figures as representative of the air mass's ,
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In a determination of air mass dew—p01nt tempera -
. tures, such as that attempted above, it would be most desir-

. .able to examine in detail the dew—p01nt and temperature re-

cordings from all available stations in the area under cone
sideration, However only a very limited number of stations:
was, available for this investigation and rather general con-
clu51ons have had to be drawn from a very limited networke.

From the smoothed Essendon-Benalla dew-point curve
shown in FIG. 5, hourly values of the air mass dew-point. - ‘
were interpolated. As the approximate mean height of the
two stations above M.S.L. is 400 ft., allowance was made for
‘this factor and the hourly dew-point values were reduced.
pseudo-adiabatically through a distance of 400 ft. to an .
assumed M.S.L. pressure of 1000 mb,

, From these reduced deW~p01nt values, the total
amount of -precipitable water ~in an optlmum air mass for
each value of dew~p01nt was %o L
C : ASpluv1ometer records were. avallable for Toorour;-
ong ‘and Upper Yarra, a comparison was made. between hourly .
values of prec1p1table water, Wp, available in the air mass
and rainfall in the correSpondlng hour at each of these.
stations in an attempt to determine ‘whether any phase. diff-
erence existed between periods of maximum precipitable..
water content and maximum rainfall 1ntens1ty.

... The uotal pre01p1tab1e Water content at each |
hour found from the reduced dew-point values, . Was reduced :
to ailow for .the altltude of each station above M.S L.-'
(Toorourrong,BOO ft. Upper. Yerra, 1030 fte)e -, .

' As the. altltudes of the two statlons at Whlch .
pluv1ometer comparisons were to be made were -considered to
be of the same order as the height of any barrier affectlng
“the trajectories 1ndicated in this storm- 51tuation,no
correction was considered necessary for the possible de-
pleting action of a barrier to. inflow on the precipitable
water content The fact that dew-points at Essendon and
Benalla were not. significantly different seemed to indicate
that a correctlon for the actlon -of an 1nflow barrler was
unnecessary., : 4 . L .

In FIG, 6 values of- preclpltable Water content :
Wp, . and hourly rainfall totals have. been. plotted for. Toor—;
ourong. and Upper Yarra for the perlod of. the storm.. SRS

FIG 6 shows prec1p1tab1e water content for o
Toorcurmong only (the Upper Yarra Wp values follow the same
curve, as Wp values at both places were derived from the
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- same basic dew—polnt Values,'but are slightly lower than
the Toorourrong values throughout, because of the larger
correctlon for hlgher altitude a% Upper Yarra),.

As will be seen from the graph the maximim value
of Wp occurs at noon on 20/10/53. The maximum valué of
hourly rainfall occurred at both stations during the hour
ending 6-p.m, on 20/10/53, giving a time lag of approx-
imately 6 hours between the perlod of maximum precipitable
water content and that of maximum hourly rainfall.,.

In view of the fact that the present investiga-
tion 1is more concerned with rainfall intensities over con-
tinuous periods than with hourly rainfall totals, which -
can be composed of varying values of short, perloé 1nten—,
sities’,” a hyetograph showing rainfall intensity plotted
aga;ns% time was constructed for Toorourrcng (FIG. 7).

This shows that the highest intensities of 0,95 ins/hr. _
(19 ptse in 12 mins.) and 0.84 in/hr. (42 pts. in 30 mins, )
were experienced during the perlods 4,38-4,50-p.m, and
5400=5., }O p.m, respectively. on the 20th, or. during a period
&% to 5% hours after the time of maximim prec1pitable water
content. -

vy suff1c1ent1y detalled ana1y31s of the pluvio=
meter record from Upper Yarr% to enable a hyetograph to be:
constructed. for. this. station alsq, was not.available but -the
maximum intensity recorded was 2,00 in/hr. (10 pts. in 3
mins «) durlng the perlod 5 30 5433 p.m, on the 20th.

' Report No° 3 of ‘the Hydrometeorologlcal Section,
U.S. Weather Bureau expresses .the view.that each dew-point
sequence. within a s%orm should be. related to a correspond=-
ing rainfall period and suggests that a 12-hourly period is
appropriate. The evidence above, however, seems to
indicate that, for this storm at 1easj,_a six-hourly lag _
would be more apprOprlatee

v The maximum rainfall 1nten31t1es at Toorourrong
and Upper Yarra were related to - (1) the max1mum precipit-
able water content which occurred 44 - 5% hours before
those maximum intensities, and (ii) the precipitable water -
content at the actual tlmes of the max1mum rainfall 1nten—
sities, R :

The verticalﬁwind Veldcity at condensation 1eve1
necessary to produce each of the observed maximum rainfall
intensities from the two Wp values referred to above was
computed from the equatlon’







