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PROBABLE MAXIMUM RAINFALL AT A GEOGRAPHICAL
POINT -~ CLIMATOLOGICAL ASPECT

by S. Karelsky
Central Office, Bureau of Meteorology, Melbourne

(Manuseript received February 1960)

Abstract: . An attempt has been made to develop a method of
estimation of the probable maximum rainfall at a point for periods
of 1 to 10 consecutive days on the basis of the climatological
analysis of periods of heavy rainfalls at Kiandra (N.S.W). Some

. features of the pluviograph records at Melbourne are also
considered. ' It is found that a comparison of heavy rainfalls for
periods of different duration and consideration of observed
maximum monthly totals during a sufficiently long period (84
years) can be used to indicate probable upper limit of rainfalls
"potentially possible" for & geographical point, during time
intervals 1 to 10 days.

1. INTRODUCTION
(a) The Problem

The problem of "maximisation" of rainfall at a given geo—
graphical point or over a geographical area is the evaluation of the
maximum amount of ra whlch cag be ected to fall within a certain
period of time (1R, 61, etcx§ and in any specified period of
years. -

Meteorological observations over the area or the period in
question, analysed synoptic charts and aerograms for as many past
years as possible must be available for an approximate solution. The
amount of work is very large even for one point and on a large practical
scale requires many years of work of a large staff of specialists and
technical assistants, as has been the case in U.S.A. Teams of
meteorologists, hydrologists and technical workers have been investi-
gating this problem in U.S.A. for more than 20 years and it is not
-solved completely, although several methods for approximate solution
have been worked out.

But most hydrological projects need an immediate answer.
Meteorologists are forced, therefore, to look for reasonable,
scientifically justified methods which would enable rapid approximate
evaluation of probable maximum rainfalls Of specified durations and
-over specified areas.
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(b) Methods used in U.S.A. and Australia,'gnd'assumptions.

The methods developed by technical workers in the US. Weather
Bureau, have been described in a number of US Hydromet Reports and are
summarised in the proceedings of the Conference on Estimation of
Extreme Precipitation, Melbourne (1953), -

All existing methods of maximisation are based on series of
simplifying assumptions, depending on a subjective approach to the
problem of different authors of these methods. The acceptance of these
subjective assumptions is necessary when applying the method to a
practical calculation.

One assumption is common for all methods. It mgy be
accepted that any meteorological element has an upper limit at a given
geographical point. This upper limit is not known exactly, but it does
exist. It is always assumed that maximum values of meteorological
elements (rainfall, temperature, humidity, etc.) observed at a point
and over some not very large area around this point during a
statistically sufficientlylong period of years "represent to a reason-
able extent the "absolute” maximum value or "upper limit" of these
elements which can occur and cannot be exceeded in the future, or
could have occurred but vere not exceeded prior to the period of
observation in the past at this point. Thus the U.S. "moisture adjuste
ment" method assumes that there is a 1imit to the maximum persisting
12 hours dew point during a perioed of extname rainfall,which will not
be éxceeded at a given point in the future. This is equal to the
maximum observed for a long period of years at this point or at any
point 4° latitude south (in Australis it would be north of this point).

The statistical method of extrapolation of maximum observed
values of rainfall assumes that the sample of observed maximum yearly
rainfalls for a period of the order of 50 years or more is sufficient
for calculation of two first moments of the infinite population and
the observed distribution can be extrapolated to any desired level -of
probability according to the same distribution functions, which fits
this observed sample well (log, Loglog, incomplete [® function, etc.).

This basic assumption cannot be verified. We do not know
what will happen in the future 100 or 1000 years or did happen 500-1000
years ago, but we believe that this assumption does not contradict
"commonsense" and all meteorological observations made over the globe,

(¢) Geographical and orographical dependence

. Maximum observed rainfall at two points of the Continent at
the same latitude for a long period can be completely different,



depending on orography,geographlcal location and distance from the
coast.

Consider, for exemple, latitude 20°S over the Australian
Continent. Eastern coastal areas, especially eastern slopes and
orographic barriers extending parallel to the coastline, are very
favourable for rainfall in airstreams from the east to northeast
when a tropical cyclone passes over or in vicinity of this point.
Rainfall of the order of 30 in.to 35 in. in 24 hours has been recorded
in some of these areas. But observed maximum 24-hour rainfall over
the inland area at 20°S and 135°E is of the order 7 to 8 in. or gbout
4 times less than over the Queensland coast, over a 50 year period
or more.

Orographical barriers greatly influence natural physicalt
possibilities of extreme rainfalls. Maximum observed or maximum
rainfall physically possible over two points 20 - 30 miles (or even
less) apart divided by an orographic barrier, could be very
different.

Thus maximum 24 hours (9am - 9am) rainfall observed at
Kiandra on the western side of the Snowy Mountains stands at nearly
5 in, but maximum observed rainfall at Nowra (about 120 miles to the
east) is of the order 20 in.in 24 hours.

Therefore it could be stated that maximum rain-producing
capacity of the atmosphere differs for geographically or orogra-
phically different areas, even for two points 20-30 miles apart,
especially in a rugged area or near coastal areas. .

The difference depends on very many factors which cannot
all be taken into account quantitatively. Therefore, knowing the
‘maximum rainfall which has occurred 4t one point, we cannot )
calculate maximum rainfall which could have occurred at another .
point in a rugged and elevated country,even for two very similar
synoptic situations and for equal values of all other observed
meteorological elements. It means that the quantity of maximum
observed 24 hours (or any other duration) rainfall is a unique .
feature of a given geographical point by virtue of its geographical,
orographical and meteorological characteristies.

It should be pointed out that there are cases: where a
series of points in an area received approximately equal amounts of
simultaneous 24 hour or 48 rainfall, but it does not mean that
probable or observed maximum 24 hour - 48 hour. rainfalls over these
points would be also nearly equal.

-—
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: Only for points over contlnental plains which are not too
large (of the order of 100 miles or so in diameter) can we assume that
probable maximum rainfalls would be of the same order within the
limits of accuracy of 9am measurements of 24 hour totals (15-20%)

(d) Prospects of solution

It follows that in any case values of observed 24 hour
extreme rainfalls, their actual duration and if available,
intensities (on hourly :basis) over a given geographical point (or
points) for as long a period as possible, should be investigated first.
- Assuming that the number of years of observations available is '
sufficient for an indication of probable maximum rain-producing
capacity of any air masses moving over this point or area, we can
extrapolate the series of extreme rainfalls to an upper limit and
evaluate "probable maximum rainfell" which is likely not to be exceeded
in the future and which is justified to some extent by past observations.
Choice of the method depends on the emount of available data and
subjective meteorological experience and opinion of the specialist
invéstigating the pro'blemQ .

? An attempt is made in this report to evaluate approxmmately
the probable maximum rainfall of different durations by purely
c11matolog1cal consideration of all "heavy rainfall" periods recorded
in the past over a single point - Kiandra (35.99S, 141.5°E, altitude
4578 feet above M.S.L.). This attempt, like any other method, is also
based ‘on a subjective but simple approach to the problem without any
complicated calculations.

2. RAINFALL OBSERVATIONS BY RAIN G&UGE STATIONS
. AND THEIR VALUE FOR " MAXIMISATION" PURPOSES

Climatological analysls.of amounts of rainfall recorded by
most rain gauge stations 'is limited by the following obstacles:

(i) - Measurement of the rainfall takes place only once daily in
2/ hour periods ending at 9am. and, as a rule, the observer does not
record the exact time intervals when rainfall occurred.. Therefore
- records of rainfall at 9am do not indicate its intensity but represent
amounts of rainfall of some unknown duration within .the 24 hour 9am to
9am period « from an odd shower of duration, say, 1 minute to
continuous 24 hours rainfall. .

(i1) Some observers do not always make measurements on Sundays,
nor add any relevant remarks to the records. Therefore it is not
possible to say whether all or some of Monday Qam measurements were
totals for 48 hour periodsor for 24 hour periods. Using a "perpetual®
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calendar, all Monday measurements considered below were examined and,
as far as possible, classified on some occasions as 24 or 48 hour
totals. It is interesting to note that about 30 to 40 per cent of
all 9am measurements at Kiandra with amounts of rain 150 points or
more were made on Mondays in &ll years prior to 1912, while only 10
to 15 per cent of such rainfalls were measured on Mondays after 1912,
when observers made measurements also on Sundays. _

(iii) Yem measurements do not usually represent the real maximum
rainfall which occurred within any 24 hours %not only 9am to 9am)
period during two consecutive calendar dates.

(iv) The total of two consecutive 9am measurements could
represent a single rainfall which occurred in a very short period of -
time (for example 10-20 minutes) divided into two parts by Gam
measurements, i.e. some totals for two consecutive 9am measurements,
may represent rainfalls which occurred within periods of 24 hours or.
less, while another part represent rainfalls which occurred within
periods longer than 24 hours up to 48 hours. There are no means of
separating totals for two consecutive 9am measurements into rainfalls
which occurred within 2/ hours or shorter periods and within perlods
longer than 24 hours.

B Table 1 shows how large the difference could be between the
total rainfall in any 24 hour period during two consecutive
calendar days and the results of 9am measurements, and represents the
pluviograph record at Cairns (Queensland) for 16, 17 and 18 March 1950.

It is seen that the 24 hour rainfall totals measured at
9am 17th and 18th March were 204 and 25/ points, but the amount of
rain during 24 hour period ending at 2200 hours on 17th March was 449
points, only 9 points less than total rainfall for two consecutive
measurements at 9am 17th and 9am 18th March. -

_ Table 2 shows, from an examination of pluviograph records
at Melbourne for the 23 year period 1935-57, a comparison of
frequencies of rainfalls with totals 150 points and more, recorded by
9am measurements and for any 24 hour: period.

The number of cases of rainfall -150 points or more for 9am
to 9am 24 hour period: was only 77 per cent of the number of such
cases recorded for any 24 hour period. Number of falls of 200 points
or more at J9am was 9 and for any 24 hour period, 18. The maximum
Qam to 9am rainfall for 100 years record (including 1935-1957) was
392 points (3-4.12.54) but for any 24 hours in 23 years (1935-1957)
it was 444 points for 6pm to 6pm period 25-26.2.46. Hughes (1939)
. quotes maximum 2/ hour rainfall for Melbourne as 495 points for R4
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hour period 1am - leam ending 1.12.34, which is the absolute maximum 24
hour rainfall in Melbourne since 1877 when pluviograph records
commenced,

Consider now the frequency of total duration in hours of
rainfalls not less than 150 points occurring in periods of 24 hours
or less in Melbourne during the 23 years (1935-1957) (Table 3).

Tables 2 and 3 show that using only 9am measurements:-

(i)  We under-estimate considerably the frequencies of the
heavier rainfall: occurring within any 24 hour period and under-
estimate the actual 24 hours absolute maximum which -occurred during
the period of observations.

(ii)  We collect cases of extreme rainfall: without -any .
indication of their actual durations expressed in a reasonably small
unit of time (1 hour) and therefore are comparing frequencies of
events occurring in unequal time intervals. From the point of view
of statistics the sample of 9am measurements of rainfall: is a
sample of non-homogeneous events.

3. MAXIMUM AVERAGE INTENSITY OF RAINFALL IN TIME
INTERVALS FROM 1 TO 24 HOURS IN MELBOURNE

Records of maximum average intensities of rainfall:: for
clock hours would be very helpful for maximisation purposes.

, Average intensity per clock hour is defined as total
, amount of rain for any time interval between clock hours, divided by
i .total number of clock hours in this interval irrespective of
whether rain was continuous or not.

, Pluviograph records for Melbourne for 1935-57 with amounts

of rainfall: between fixed clock hours (0-1 o'clock, 1-2 o'clgdk etc)
were examined and average intensity in points per hour of heaviest
rainfall: was found for intervals of time from-1'to 24 hours,
irrespective of whether the rain was continuous or with some
interruptions during these intervals.

Thus, for example total amount of rainfall during 24 hours
time interval, 18 hour 25.2.46 to 18 hour 26.2.46 was 444 points.
Actual continuous rainfall occurred in three time intervals: 18-24
hour 25th (6 hours) with amount 202 points, 4 hour to 14 hour 26th
(10 hours) 223 points and from 15 hour - 18 hour 26th (19 points).
with two interruptions O hour - 4 hour 26th (4 hours) and 14 hour -
15 hour 26th (1 hour). Average intensity of rainfall for 24 hour
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perlod was = 18.5 points per hour (including a 4 hour and a 1 hour

1nterrupt10n) Average intensity for any time interval more than 10
hours can be calculated in this case only by including whole or part of
4 hour or whole 1 hour interruption time. The maximum observed

average intensities were obtained for period 1935-57 by considering

all cases of heaviest rainfalls of short or long durations, determining
for each case average intensities for time intervals from 1 hour to

2/, hours.

Table 4 containsg,

(1) Maximum observed average intensities in Melbourne per clock
hour for period 1935=57 (23 years)

(ii) Meximum observed 1ntensities in Melbourne obtained directly
from pluviograph charte by Bughes for period 1877-1939 (62 years)
(Hughes 1939 - Table 2).

(1ii) Maximum probable intensities im Melbourne estimated by
Institution of Engineers, Australia, 41958) Fig. 1=3,with probability:
of occurrence at any random year = #00 OB the basis of pluviograph
records 1877--1952,

(iv) Actual observed maximum 1ntensitles 1877-1952 taken from
Fig. 1-3A of Inst. of Engineers, Australla, for period 1877-52.

Values iz line 1 £6r 1 and 2 hours - 186 points fell
16.3.56 from 18 h 40 19 h, 190 points fell from 18 hrto 20 hg values
for 3 to 17 hour intervals were observed between 13 he3.12.54 and 4 he
4.12.54 with total amount 392 points in 15 hours of actual rainfall;
values from 18 hr to 24 hr were obtained from rainfall 25-26.2.46 with
total amount 444 points in 24 hours.

Values in line 2 and 4 for 24 hr interval were obtained from
rainfall 495 points 1am 30.11.34 to lam 1.12.34 - the maximum observed
unrestricted 24 hr period rainfall in Melbourne since 1877 up to 1958
inclusive.

Values irn line 3 have been taken fronm the curve "once in 100
years® Fig. 1 - 3A Inst. Eng. Aus&. (1958) with accuracy about * 0.5
point,

Data in line 1 of Table 4 are represented on Fig. 1 for
all values up to 18 hours. For 24 hr 1nten81ty the value 21 points per
hour (by Hughes) was taken as observed maximum and values for 19-23
hours interpolated by drawing a smoothed curve from 18 to 24 hours,.



‘Data in line 3 (estimated probable maximum) are also given
on Fig. 1. '

Table 4 and Fig. 1 suggest the following conclusions ag
important from point of view of the physics of rainfall:

(1) A rain producing mechanism of the atmosphere, depending
upon thermodynamical and dynamical properties and processes in the
alr masses moving over a geographical point or area,remains
active over this point during limited time; the time is shorter
when this activity (intensity of rainfall) is greater.

(11) The activity itself of the rain producing mechanism has
a 1imit for a given geographical point. These two conclusicns :
would be useful for any methol of maximisation.

4. PERIODS OF HEAVY RAINFALLS AT KIANDRA AND
CLIMATOLOGIGAL APPROACH TO THE PROBLEM OF
: MAXTMISATION

Taking into account the above qnalitative conclusions

for heavy rainfalls of duration no more than 24 hours in
Melbourne, we comsider now periods of heavy rainfalls at Kiandra

‘using as unit of time 24 hours 9am = 9am period.
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