L1,
MAXIMUM POSSIBLE RAINFALL
LITTLE NERANG CREEK = QUEENSLAND

by A.T, Brunt
Divisional Office, Brisbane

(Manuseript first received February 1956
in revised form July 1956)

-Abstracts A study is made of rainfall intensity

~ in the Little NeraWg Creek area, near Springbrook,
and some phenomenally high walues discussed,
Using the metheds -of maximisation as developed by
the Hydro-meteorological Section of the U, S.
Weather Bureau, twe tropical gyclones are
examined and depith duration curves plotted, = Use
is made of pluvicgraph data to examine the areal
and temporal distribution of rainfall during the
cyclone of February, 195L.

1, INTRODUCTION

This study was underiaken at the request of the
.Queensland Department of Local Government to assist in the
design of a dam and spillway, The high rainfall
intensities recorded make the region of particular meteoro-
logical significance,

Tittle Nerang Creek is situated in the mountainous
Macpherson Range of the Queensland - New South Wales border
about 15 miles from the coast (Figure 1). The catchment
area is nearly rectangular in shape, approximately 2 miles.
wide and 6 miles in length with an almost north to south
orientation. The highest country is generally along the
southern boundary, the main features being Mt, Merino
(3700 feet) and Mt, Worends (3637 feet), whilst the mean
height of the catchment basin is approximately 1500 feet,
The catchment lies in one of the-densest rain forest areas
in Queensland, within a deep gorge for the greater part of
its length, '

The rainfall station at Springbrook is conveniently
~located at the headwaters and, during the past L years, the
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Local Government Depaﬁ%gént has had three pluviometers
placed within the catchment, one being exposed 50 yards
from the Springbrook rain gauge, (Figure 2), The pluvio-
meters were Casella type, modified to take an eight day
chart, the change in feeder system necessitating an anti-
clockwise rotation of the drum, The syphon tube was
replaced by American tygon tubing, which has the property
of reducing surface tension to a minimum,

Owing to the proximity to the coast and the
geographical position with regard to tropical cyclone tracks,
it was expected that the maximum rainfall would have been

approached at some time during the 4O years of rainfall . - . - ..

records at Springbrook, This has in fact, happened twice,
In each case, the centre of an intense tropical cyclone
passed very close to the aresag It was considered
desirable that these storms be studied in detail and the
ratio to the optimum air mass established,

Briefly the method depends upon the assumption
that for small areas the maximum pessible rainfall intensity
results from a saturated air mass with the maximum possible
surface dew point, and a saturated adiabatic lapse rate
throughout,

2, THE TROPICAL CYCLONE OF JANUARY, 19L7

On 21st January this cyclone was located at
lat. 18°S., long. 158°E,,; moving to a position approximately
450 miles northeast of Brisbane by 22nd. The central
pressure was below 992 millibars and it was associated with
gale force winds and widespread flooding in the southeast
corner of Queensland, The centre crossed the coast near
Brisbane at 3 p.m. on 23vd; moving southwest; it passed
within 50 miles of Springbrook, eventually filling near
Goondiwindi on 24th, :
, The cyclonic rains at Springbrook resulted in a
total of 27,07 inches for the 24 hours to 9 a.m, on 24th,

' : Study of dew points was rendered difficult by the
absence of temperature observations in the area, However,
the sustained 24 hour dew point at Brisbane (134 ft, above
M.S.L.) was 719F,, and at Lismore (52 ft, above M.S.L.) also
71%F, It is reasonable to assume that this figure represent-
ed the 1000 millibar dew point in the air mass over the
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catchment area, An exemination of Brisbane and Lismore
records revealed that the highest dew point sustained for
24 hours at this tlme of the year would be 75°F,, for the
area, _

The actual precipitable water available at the
mean 150C ft, level of the basin was taken as the total
precipitable water minus that in the layer 1000 mb to
1500 ft, (Precipitable Water Tables),

Amount of precipitable water available at dew
point 71°F

= 2,38 - 0,32 inches
= 2,06 inches, |

Effective precipitable water with 1000 millibar
dew point of 75°F. _

' 2,90 - 0,37 inches
= 2653 inches,

The intensity of the 24 hour fall could then be
increased in the proportion of:

%fgg = 1.23

' - The only record of rainfall for this cyclone was
that of the Springbrook rain gauge which registered the
following depths:~

2l hours - 27.07 inches
48 hours - 40,92 inches
72 hours - 51,12 inches,

This, however, was at the highest and most exposed
part of the catchment and would be far greater than the mean
catchment rainfall., To estimate the mean depth of rainfall
over the whole catchment, the rainfall distribution on
separate days during the cyclones of February and July 1954
was assessed by the Theissen polygon method with regard to
the pluviograph data from the three stations and mean depths
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expressed as a percentage of rainfall recorded by the
Springbrook rain gauge., .Results showed that the mean .
depth of rainfall over the catchment on the days of cyclonic
rain was 68, 67, 70s 71 and 65 per cent (mean 68 per cent)
of the Springbrook rainfall,. It was felt that the
similarity of these cyclones with that of January 1947
justified using this method of estimating mean catchment

~ depth from a point rainfall observation.

Estimated and adjusted depths for this cyclone are
indicated in Table 1, and depth duration curves in Figure L,

.. ... o ... mapled

» Adjusted depths for catchment rainfall - Tropical
Cyclone of January, 1947,

Duration Actual depth - Estimated depth Adjusted
(nours) Springbrook for total catch- depth (inches
rain gauge ment (inches) at 1000 mb)
(inches) .  °68% of rain gauge dew point of
, depths 159F,
2l 27,07 1 18,4 - 22,6
48 40,92 - - 27,8 3l 2

72 51,12 | 3L4.8 42,7

.3.  TROPICAL CYCLONE OF FEBRUARY, 1954

~ In this case, the cyclone developed east of New
Caledonia about the 1lhth of the month, At 9 a,m, on 19th
it was centred 300 milés east-north-east of Rockhampton and
during the next 24 hours moved southwards, on an erratic
course, It again curved southwesterly to cross the coast
near Southport on 20th, with hurricane force winds and
torrential rain, The centre of this cyclone passed
directly over the Springbrook area about midnight on 20th.
Its subsequent movement was southwest to about Tenterfield,
then due south to recross the coast near Newcastle,

The Springbrook rain gauge registered a total of
27.0L4 inches for the 24 hours to 9 a.m. on 2lst. The

adjacent pluviograph indicated 27.31 inches for the same
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period, but, during the heaviest 24 hours of rain, from
10,45 pem, 19th to 10,45 p.m, 20th, registered the
amazing total of 35,45 inches, A copy of the pluviograph
trace is shown in Pigure 3, Unfortunately, the clock
stopped shortly after midnight on 20th, but according to
reports of local inhabitants, the rain ceased -soon after-
wards, indicating that very little of the record was lost,
This would agree with the passing of the cyclone centre to
the west about that time,

There was no reason to doubt the accuracy of the
pluviometer, as the same instrument agreed quite well with
the rain gauge readings during the cy¢lone of July, lgﬁu.

. To illustrate the nature of the rainfall intensity
-near the headwaters of the catchment, maximum depths
recorded by this pluviometer for various durations are listed
in Table 2, '

" Dable 2

 Actual-depths recorded at Pluviometer A dQuring the
cyclone of February, 1954, L T

Duration .~ Depth ~ Duration Depth |

(hours) _ (inches)  (hours) . = _(inches) -
+ 1,40 o1 21,79
1 2,75 ~ 12 23,88
2 5,28 13 | 25,54
3 717 W 27,1k
4 8,97 16 29,11
5 10,86 20 32,26
6 12,57 - - | 35,45

7 13,96 Y S 38.25
8 15,84 32 » 40,16
9 18,06 % S P B -

10 20,83 ' T
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f ~Rain-gauge readings from surrounding stations were
used in the construction of the isohyetel map (Figure 2) for
the whole storm, from which was calculated the mean depth
for each Theissen polygon area, The ratio of this depth to
the depth recorded by the representing pluviometer was used
in calculating the mean depths for other time intervals
during the storme These depths of rainfall over the total
catchment were then used in the maximisation,

Table 3

Adjusted depths for catchment rainfall - Tropical
Cyclone of February, 195L. . ' ‘

Duration Sustaiﬁed Catchment Correction . Adjusted

(hours) dew point depth factor depth
for this_  (inches) (inches at
period (°F) . max, dew point)

i 7h 1.1 2,94/2.40 = 1,22 1.4

1 74 2,1 2,94/2,40 = 1,22- 2.7

2 74 368 2,94/2,40 = 1,22 4o8

3 73 5.4 2,80/2.27 = 1,23 6.9

L 73 . 6.9 2,80/2,27 = 1.23 8.8

5 73 8.2 2,80/2,27 = 1,23 10.4
6 72 9.3 2,80/2,16 = 1,29 11,8
7 72 - 10.4 2,80/2.16 = 1,29 13,3
8 72 11.6 2,80/2,16 = 1,29 14,8

9 72 13,0 2,80/2,16 = 1,29 16,5
10 72 13.7 2,80/2,16 = 1,29 17.5

11 - 72 . 14,8 2,66/2,16 = 1,23 18,9
12 .72 16,2 2,66/2,16 = 1,23 20.7

13 71 1744 2,66/2,04 = 1,30 22,2
14 71 18.4 2.66/2,04 = 1,30 23,5 -
16 . 71 19,8 2,66/2,04 = 1.30 25,3
20 70 21.9 2.53/1.96 = 1,29 28,0
2L 70 24,1 2,53/1,96 = 1.29 30.7
28 69 26,0 Unknown 1,29 3301
32 69 27+ 3 -suggest 1,29 34,8

36 69 28,0 1,29 1.29 3567

-Mean 1.27

Sustained dew points for various durations were
obtained by a study of Brisbane and Lismore records and the
synoptic charts for this period. In most cases the surface
pressure was very nearly 1000 millibars and no pressure
correction was considered necessary. Surface winds were
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south-south~east 25 to 4O knots and gradient winds 4O to 80
knots, making it reasonable to assume very little delay in -
the 1000 millibar dew points near Sprlngbrook becomlng ‘
similar to the Lismore values., =

. The catchment depths were then adgusted for
maximum possible 1000 millibar dew point, using precipiteable
water tables and assuming that the water in the 1000 millibars
to 1500 feet layer would be deposited outside the basin.

The depths obtained are indicated by Table 3.
Depth-duration curves were then plotted for these adjusted
depths (Figure 4) which must be considered as being very
close to the maximum precipitation from a general storm.
No more favoursble wind direction, blowing as it was at
right angles to the Macpherson Ranges, could be envisaged
- and the track of the cyclone could not have passed more
. directly over the catchment,

L, THE THUNDERSTORM MODEL

The Hydrometeorological Section of the U,S. Weather
Bureau has found that the maximum precipitation over small
catchments results from the convective thunderstorm
mechanism for durations up to about 12 hours. This Section
has shown that the ratio of the rainfall intensities
produced by maximum type thunderstorms is equal to the ratlo
of their total prec1pitab1e water content,

The upper limit of thunderstorm rainfall was op
assumed to be produced by a 1000 millibar dew point of 78°F.,
the figure established by American storm studies, An
examination of Brisbane records gave an estimate of the
extreme 1000 millibar dew p01nts near Springbrook for vary-
ing durations,

Enveloping curves of maximum thunderstorm rainfall
for storm areas of 12 square miles gave the extreme . depths
for these periods, Such depths were adjusted for the
maximum 1000 millibar dew points in the Springbrook area and
then corrected for elevation above. the 1000 mlllibar level, .
These depths are indicated by Table L,






