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1. INTRODUCTION

Storm transposition and maximisation isamethod which wasused widdly in Australia
from the late 1960s to the early 1970s to estimate probable maximum precipitation
(PMP). PMPisdefined by theWM O (1986) as ‘the greatest depth of precipitation for
a given duration meteorologically possible for a given size storm area at a particular
location at a particular time of year, with no allowance made for long-term climatic
trends.’” It representsthe physical upper limit to therainfall over an areain agiventime.
Together with its spatial and temporal distributions, PMP is used in the design of
hydraulic structures where a low risk of failure is required, e.g. tailings dams and
spillways of large dams.

Storm transposition implies a displacement of the characteristics of a storm from the
location where it occurred to a target location if the storm could just as easily have
occurred there. Maximisation is the process of adjusting the rainfall upward assuming
maximum moistureinflow into the storm. Storm transposition and maximisation evolved
from in situ maximisation in which only storms which had occurred over alocation of
interest were considered for moisture maximisation. Since the mid-1970s there has
been atrend towards development of gener alised methods of PM P estimation, which
use al the storm data over alarge region.

Central to the concept of PMP, is the hypothesis that PMP involves the optimum
combination of storm efficiency and moisture availability (Minty et al., 1996; United
States Weather Bureau, 1960). Maximum storm efficiency is reasonably approximated
by analysing the most outstanding storms on record, the assumption being that at least
one would have been operating at or near maximum efficiency. The hypothesis of
maximum moi stureavailability isapproximately satisfied by assuming maximummoisture
inflow into the storm.

The trangition from in situ maximisation to storm transposition and maximisation to
generalised methods involves use of a larger storm sample with each stage in the
transition, which hastended to generally increase estimates of PM P dueto the increased
likelihood of containing an outlier. It follows that estimates produced using storm
transposition have a lower annual exceedance probability (AEP) than in situ
maxi misation estimates, while estimates produced using generalised methods have even
lower annual probabilities of exceedance than those produced using in situ maximisation
and transposition methods. The AEP of the PM P from generalised methods occupiesthe
upper limit range of the continuum of the AEP of extreme rainfall, which is defined in
Nathan and Weinmann (1999) as rainfall having AEP between about 1 in 2000 to the
AEP of the PMP.

In Australia, several generalised methods of estimating PM P have been developed. The
Generalised Short Duration Method (GSDM ), for short durations and small catchment
areas was developed in the early 1980s (Bureau of Meteorology, 1985; Bureau of
Meteorology, 1994). The Generalised Tropical Storm Method (GTSM) for PMP
estimation isapplicablefor theregion of Australiaaffected by tropical storms (Kennedy,
1982; Kennedy and Hart, 1984). The Generalised Southeast AustraliaMethod (GSAM)
isapplicablefor catchments outside the region of applicability of the GTSM, but not the
west coast of Tasmania or the southwest region of Western Australia (Kennedy et al .,
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1988; Minty et al., 1996). The region boundaries and zones for application of the
GSAM and GTSM are shown in Figure 1.1.
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Figure1.1:  Generalised long duration PMP method zones and the west coast of
Tasmania.

In the absence of amore appropriate method, the southwest region of Western Australia
has been assigned to the GTSM. Thisleaves the west coast of Tasmania, defined asthe
region within Tasmania outside the region of applicability of the GSAM Coastal Zone
(Figures 1.1 and 1.2), as the only region for which no method for long-duration PMP
estimation exists. It was excluded in the development of the GSAM because of lack of
data and hence understanding of heavy rainfall eventsin the area (Minty et al., 1996).

Hydro Tasmania (formerly known as the Hydro-Electric Corporation of Tasmania
(HECQC)) requires estimates of extreme rainfall up to 72 hoursfor some 10 catchmentsin
Tasmania swest. In 1998, the Bureau of M eteorology evaluated several alternativesfor
estimating extreme rainfal. Among those considered were: application of flood
frequency techniques, paleohydr ologic techniques, numerical smulationsof extreme
events, in situ maximisation and analysis of regional rainfall which has aready been
carried out by Hydro Tasmania. These methods were not recommended because they
would not yield estimatesto alow enough AEP. Applicability of the GSAM was aso
considered. However, a preliminary analysis of some of the most significant eventsin
western Tasmania had demonstrated that western Tasmania experiences large/extreme
events through entirely different mechanisms to the storms included in the GSAM
database, therefore application of the GSAM in the region is not appropriate.
Development of generalised methodology would yield estimates with the lowest AEP,
however thismethod wasnot considered feasibleat that stage, becauseit would consume
alarge amount of resources for areatively long period of time. The method of storm
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transposition and maximisation could yield estimatesto AEP of about 1in10* (asdesired
by Hydro Tasmania) for catchment areas of the order of 1000 km? using Kennedy and
Hart (1984) guiddines for estimating the AEP of the PMP. The method of storm
transposition and maximisation had the advantage that it could be developed within a
relatively short period of time and it was therefore proposed and accepted by Hydro
Tasmania. This document records development of that method.

144 30’ 145 30°
TANLEY

14

PORT LATTA

146 30 147 147 30 8 148 30
BOAT HARBOUR

SCAMANDER

Figure 1.2: Map of Tasmania showing major towns and the Tasmanian
GSAM Coastal Zone and the West Coast of Tasmania.

2. OTHER STUDIES OF EXTREME PRECIPITATION
IN THE WEST COAST OF TASMANIA

In the 1960s, the Bureau of Meteorology carried out several studies of extreme

3



precipitation for catchmentsin Tasmania swest. Unfortunately, no copiesof theorigina
reports could be located, either at the Bureau of Meteorology (Head Office and the
Tasmanian Regional Office) or at Hydro Tasmania. However, perusa of archived
documents revealed that most past studies of extreme precipitation in Tasmania s west
involved in situ maximisation. The transposition of major storms was not considered
viable because of strong orographic influences on the rainfall. For catchments in the
southwest, it was not even possible to use in situ maximisation because there was no
rainfall datafor eventswhich had occurred before about 1960. For these catchments, an
event which was known to be significant in the northwest and which would also have
been significant in the southwest was selected, and the rainfall pattern in the southwest
deduced using maps of mean rainfal and variance of rainfal. Some other useful
information gathered from the documentsinclude storm dates, catchment rainfall depths
and storm dewpoint temperatures.

The HEC (as Hydro Tasmania was known at the time) has also carried out its own
studies of extreme precipitation for some catchments based on a storm which occurred
in May 1975. More recently, Hydro Tasmania has applied the CRC-FORGE method
(Gamble and McConachy, 1999; Nandakumar et al., 1997) to estimaterainfallsup to 1
in 2000 AEP.



3. DEVELOPMENT OF THE METHOD OF STORM
TRANSPOSITION AND MAXIMISATION FOR THE
WEST COAST OF TASMANIA

3.1 Overview

The keystone for the development of a method for extreme rainfall estimation is a
database containing the most significant rainfall events in a region. From a detailed
meteorological analysis of these storms, the inappropriateness of the use of the GSAM
inwestern Tasmaniawasinferred fromthedifferent meteorol ogical influenceson extreme
eventsinwestern Tasmania compared with the Tasmanian GSAM Coastal Zone events.

A database containing isohyetal analyses of al major stormsin Tasmania's west was
established. These analyses can subsequently be used in situ or transposed (subject to
orographic constraints) over catchments in the west coast of Tasmania.

Moisture maximisation (either in situ or with storm transposition) consists of adjusting
the storm rainfall upwards assuming maximum moistureinflow into the storm. Moisture
availability is represented by the precipitable water which, in turn, is related to the
dewpoint temperature. The storm dewpoint temperature is an identifying storm
characteristic which is aso essential for moisture maximisation. Storm dewpoint
temperatures for all the major storms analysed are presented.

In addition to estimates of extremerainfal, the temporal distribution of extreme rainfall
at three-hourly intervals is also required by hydrologists to estimate the Probable
Maximum Flood (PMF). The tempora distributions for analysed storms for which
three-hourly data is available have been constructed and combined to form a design
temporal distribution of extreme rainfall.

3.2 Storm Database

3.2.1 Selection of sites

The storm search areais defined asthe area which includes the west coast region and an
overlap zone adjacent to the west coast region as shown in Figure 3.1.  All Bureau of
Meteorology and Hydro Tasmania daily rainfall and pluviometer sites contained within
the search areawere used. Thistotalled 288 sites.

3.2.2 Selection of threshold values

For each site within the search area, threshold values for each of the required 1-day, 2-

day and 3-day durationswere set based on therainfall statistics at each site and the dates
when rainfalls exceeded these thresholds were identified.



Bureau of Meteorology Sites
Hydro Tasmania Sites
[ ] Storm Search Area

Figure 3.1: Storm search area and Bureau of Meteorology and Hydro Tasmania sites used in the
storm search.

The stormsincluded inthe GSAM study haveat |east one station which recorded rainfall
with averagerecurrenceinterval (ARI) of morethan 50 years as determined using the
CDIRS (I.E. Aust., 1998). In this study, for each site within the storm search area, a
threshold value corresponding to an ARI of 20 years (which is the next standard ARI
lower than 50 years) was chosen.

3.2.3 Mapping of rainfall data and ARI

For each daily rainfal site, the dates of events for which rainfalls exceeded the 20 year
ARI at 1-day, 2-day and 3-day durationswere identified and rainfall dataand ARIs over
all of Tasmania were extracted and mapped in order to assess the significance of the
rainfall over all of Tasmania. Figures 3.2(a) and (b) and Figures 3.3 (a) and (b) portray
mapped rainfall and ARI for two three-day eventswhich occurred in November 1913 and
May 1975. Thesefiguresalso show the differencesin datacoverage. (The notation *>x
<y impliesthat the rainfall had ARI between x and y years).

Datafrom pluviometer sitesisavailablein the form of midnight-to-midnight aggregated
24-hourly rainfall totals. These rainfall totals were used to identify the dates of
sgnificant rainfall events and 9 am to 9 am aggregated totals subsequently determined
to correlate with the time span of the daily rainfall sites. The pluviometer data was then
merged with the daily rainfall data and the rainfall over all of Tasmaniawas mapped.
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3.2.4 Data Quality Control

The rainfal data within the search area was examined for temporal and spatia
inconsistencies. In several instances, the rainfall was recorded on the wrong date. In
other cases accumulated totalswere unmarked and zero rainfall recorded over the period
where the rainfall was accumulated. Whenever instances of marked or unmarked
accumulations were found, the rainfall was disaggregated using rainfall observations at
nearby sites and an estimate of the rainfall at the site was entered.

The highest recorded rainfalls were aso checked with the origina observers’ records
obtained from National Archives of Australia, Burwood and Hobart.



3.25 Datesof the Most Significant Stormsin the West Coast of Tasmania

Initially, approximately 90 independent storm dateswere identified. Some of thesewere
found to have been dgnificant only in that portion of the search area within the
Tasmanian GSAM Coastal Zone. Others had been significant mostly in the GSAM
region but rainfall with ARI of more than 20 years was recorded at one or two sitesin
the west coast due to spillover. Some events were clearly less significant than others,
having rainfal with ARI approximately 25 years at only one site in the west coast
compared with other events which had rainfalls with ARI between 50 and 100 years at
more than one site.  After assessing the significance of al the events in the west coast
on an areal basis, 29 eventsremained. These are listed below in Table 3.1.

3.3 Climatology of Large/Extreme Rainfall Events in the West Coast of
Tasmania

Tasmanialies in the regime of predominantly westerly flow, the ‘roaring forties' of the
mariners. Thewest coast of Tasmaniaisone of the wettest regionsin Australiaasfar as
annud rainfall isconcerned (http://www.bom.gov.au/climate/map/anua_rainfall). Most
of therainfal inthe west occurs in the cooler winter months with the passage of frontal
systemsinthewesterlies. In thelee of the mountainsthat separate the west coast region
from the Tasmanian GSAM Coastal Zone there existsarain shadow effect which results
inarapid decrease of the eastward extent of therainfall. Inthe east, the heaviest rainfall
occurs in the warmer spring/summer months of the year when low pressure systemsin
the Tasman Sea may direct an easterly onshore flow across the isand (Bureau of
Meteorology, 1993). This pattern is similar to the Tasmanian events included in the
GSAM Coastal Zone storm database which were generally caused by cut-off lows near
Tasmania directing easterly or northerly flow over theide.

From meteorological analysis, it isinferred that large rainfall events in Tasmania’'s west
are caused by the passage of fronts which are sometimes associated with an intense
extratropical cyclone, with awesterly or southwesterly airstream. The meteorological
influencesgiving riseto largerainfall eventsinthewest differ from those which giverise
to large rainfall eventsin the Tasmanian GSAM Coastal Zone. Therefore the GSAM is
inappropriate for use in western Tasmania.

Consistent with the PMP concept, the key meteorological factors which give rise to
extreme events are assumed to be the same as those operating in large events. Extreme
eventsrepresent future eventswith more opportune combinationsof moisture availability
and efficiency. (The definitions of ‘large’ and ‘extreme’ here are as defined in Nathan
and Weinmann (1999); namely, a‘large’ event isan event having an AEP between about
1in50and 1in 100 years, and an ‘extreme’ event isan event having AEP between about
1in 2000 years to the AEP of the PMP).

Having gained a thorough understanding of the meteorology of the area, the most
outstanding storms on record are selected for further analysis. The set of analysed
storms could then be transposed and maximised over catchments in the west coast to
yield estimates of extreme rainfall.



3.3.1 Charts Obtained

Mean Sea Level (MSL) pressure analyses were obtained from several days before the
onset of sgnificant rainfall at 3-hourly, 12-hourly or 24-hourly intervals depending on
their availability. For eventswhich occurred before 1956, it was necessary to hand copy
the analysis charts from originals which are kept at National Archives of Australia,
Burwood. Analysis charts at 500 hPa and satellite images were also obtained if they
were available.

3.3.2 Classification of Events

The synoptic situations of the 29 events identified were studied and storm descriptions
discussing the meteorological conditions of each event were prepared.

The events were classified into categories according to the meteorol ogical situation that
gave rise to the event, as follows:

F Frontal system

FwW Frontal system with waves

EC Extratropical cyclone

C Cut-off low

W West/west northwesterly flow ahead of afront

Table 3.1 lists the dates of the 29 storms in chronological order along with their
classfication. Events 1, 5, 8 and 25 were not studied in detail and therefore their
classification is not known. Events 1 and 8 were only significant at Maatsuyker 1sland
and there would not have been enough data to carry out isohyetal analyses for these
storms. Events 5 and 25 were deemed less significant than several of the other events
considering depths at points and over areas up to about 2000 sg. km.

3.3.3 Key Meteorological Influences of large/extreme eventsin the West Coast
of Tasmania

All of the eventsin Table 3.1 were most significant in regions subject to onshore flow.
Common to events 14, 16, 17, 18 and 19 was a strong southerly component to the flow
over southern Tasmania directed around a deep cut-off low in the Tasman Sea. An
exampleisshown in Figure 3.4. For theseeventssignificant rainfall in western Tasmania
was recorded only at Mt. Melaeucain the far southwest. Unfortunately, these storms
al occurred at atimewhen therewere very few stationsin the southwest. Assuming that
therainfall in the southwest would have been smilar to therainfal in the southeast, it is
unlikely that the significant rainfall would have penetrated further north than about 43°S.
All of the other events were significant north of 43°S in the west and occurred with a
westerly, west northwesterly or southwesterly airstream.



TABLE 3.1

Dates of significant rainfall eventsin the west coast of Tasmania

Storm No. Event start and end dates Classification
1 23 - 26 December 1911 -
2 5 - 8 September 1912 FEC
3 17 - 20 May 1913 F/EC
4 12 - 15 November 1913 C
5 8-11 July 1914 -
6 11 - 14 April 1915 F/EC
7 24 - 27 April 1916 C
8 7-10 Jduly 1916 -
9 28 April - 1 May 1937 F/EC
10 4 -7 March 1945 F/IC
11 15 - 18 June 1947 W/FFW
12 27 - 30 May 1948 W/FFW
13 27 - 30 June 1948 W/FFW
14 12 - 14 April 1951 C
15 23 - 26 June 1952 WI/F/EC
16 19 - 22 September 1953 C
17 16 - 19 October 1956 C
18 14 - 17 September 1957 C
19 21 - 24 April 1960 C
20 14 - 17 May 1960 C
21 14 - 17 June 1962 W/F
22 18 - 21 June 1974 W/F
23 16 - 19 May 1975 W/FHFW
24 12 - 15 June 1977 W/F
25 29 June - 2 July 1981 -
26 25 - 28 May 1994 WIF
27 23 - 26 June 1996 F/C
28 26 - 29 December 1998 F/C
29 5 - 8 February 1999 F/C

Several of the eventsin Table 3.1 were caused by the passage of a sequence of active
fronts, sometimes with waves. The presence of waves or wave lows on fronts is
indicative of enhanced convection and hence precipitation. Very often, the fronts were
located along the convergence zone between warm, moist air of subtropical origin
being advected around a high pressure system over central Austraia and a cold
southwesterly airstream to the south of southwest Western Australia. Prolonged
west/west northwesterly flow ahead the front or frontstransports high dewpoint air over
western Tasmania and contributes to heavy rainfall. An example of atypical pattern of
thistype appearsin Figure 3.5. Thistype of event can only occur in the cooler months
of theyear. Inthewarmer seasons, thesubtropical ridgeissituated further south which
pushes the west or west northwesterly flow to latitudes well to the south of Tasmania.
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Figure3.4: Mean sealevel pressureanaysisfor 15 September 1957 (9 pm) showing a cut-off low east
of Tasmaniadirecting southerly flow over theisle.

Figure3.5: Meansealevel pressureanaysisfor 18 May 1975 (9 am) showing west northwesterly flow
and afront crossing Tasmania.
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Another typical synoptic pattern which seemsto have occurred more often in the earlier
events, isaquasi-stationary trough with an intense extratropical cyclonein the Tasman
Seamaintaining an unstable southwesterly airstream over Tasmania, possibly with fronts
over aperiod of several days. An example of thistype of pattern isshownin Figure 3.6.

In some cases, particularly in the warmer months of the year, these extratropical
cyclonesappear to have been cut-off lows. Generally, the cold season cycloneswere not
cut-off lows becausethey were embedded ingenerally westerly flow, with the subtropical
ridge situated further north over central Australia. However there is some ambiguity
about the earlier charts because the anayses are based on limited data over the
landmasses only.

Figure3.6: Mean sealeve pressure analysis for 5 March 1945 (9 am) showing southwesterly flow
over Tasmania and atrough in the Tasman Sea.

All of the events for which upper charts are available had a strong upper jet stream

located inthe vicinity of Tasmania. A strong upper jet can assist in maintaining activity
of the fronts and/or deepening of a depression.
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In summary the key meteorological features giving rise to large/extreme eventsin the

west coast of Tasmania are:

West, west northwest or southwesterly flow

and

A slow-moving trough with a
deep low (possibly a cut-off low)
in the Tasman Sea, sometimes
with fronts moving through it,
directing an unstable
southwesterly airstream over
western Tasmania.

or

together with

The passage of a sequence of active
fronts tracking across Tasmania
from the west;

and

West or west northwesterly flow
ahead of afront advecting warm
moist air of subtropical origin into
the convergence zone between the
anticyclone to the north and the cold
air from the south.

A polar front jet in the upper levelsin the
Southern Ocean near the latitude of Tasmania.

The orography also plays a major role in enhancing the rainfall in western Tasmania.
Forced lifting of air over higher terrain can release potential instability, aconsequence

of which can beincreased rainfall.

This compilation of large events was compared to some less significant events which
were identified as part of the storm search and were also studied in some detail. It was
found that the factors determining whether the event is significant or not relate to:

. The speed at which atrough is moving, since a slow moving trough prolongs
instability over the region and also allows the passage of more fronts.

. The position of the trough or extratropical cycloneinthe Tasman Sea such that
a southwesterly airstream is directed over western Tasmania.

. The intengity of the extratropical cyclone, since the deeper the low pressure
centreis, the morelikely it isto cause heavy rainfall.

. Thelength of timethat westerly or west northwesterly flow has persisted ahead
of afront since a prolonged strong westerly or west northwesterly airstream
allowsalonger period of timeto transport moist air over the Tasmanian region.

. Thestrength of an upper jet inthe Southern Ocean near thelatitude of Tasmania,
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since a strong upper jet may maintain activity of the front or fronts and/or
deepening of an associated low pressure centre.

3.34 Comparison with GSAM Events

The GSAM database includes seven Tasmanian storms. These generally occurred asa
result of adepression near Tasmaniadirecting northerly or easterly flow over Tasmania
Figure 3.7 depicts the mean sea level pressure analysis for a GSAM event known as
SE2APR60. A deep cut-off low situated in Bass Strait directed warm moist air of
subtropical originover Tasmania. Thisevent caused widespread rainfall inthe east with
ARI’s > 100 years recorded at many sites including some just east of the ranges
separating the west coast region from the Tasmanian GSAM Coastal Zone. Thereare
no observations just west of the ranges. However, given that the ranges are relatively
significant rising to over 1000 m, it is unlikely that the significant rainfall extended far
westwards, though some spillover could have occurred. Further west, near
Queenstown, rainfall with ARI less than 2 years was recorded. As the low pressure
centre moved eastwards, the low-level winds acquired a more southerly component as
in Figure 3.4 causing significant rainfall in the far south. This event is therefore also
listed as Event 19 in Table 3.3, athough the time-spans over which the event was
significant in the east and the southwest overlap but do not coincide.

Figure3.7: Mean sealevel pressure analysis for 21 April 1960 (9 am) showing a deep cut-off low
over southeastern Australia directing easterly flow over Tasmania.

None of the other Tasmanian GSAM events caused sgnificant rainfall in western
Tasmania. Theinferenceisthat Tasmania swest coast and GSAM Coastal Zoneregions
experience large and extreme rainfalls through different mechanisms and the GSAM is
therefore not an appropriate method for PMP estimation in Tasmania s west.

34 Storm Selection
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Table 3.1 lists the most outstanding storms on record which affected the west coast of
Tasmania. Some of the stormsweresignificant at 1, 2 and 3-day durations, whileothers
wereonly significant at oneduration. Inthissection, the most significant stormsat each
duration are selected for further analysis.

Events 14, 16, 17, 18 and 19 al occurred with southerly or southeasterly flow and were
significant only south of 43°Slimiting their relevanceto catchmentsin the southernmost
part of Tasmania. Hydro Tasmania has advised that there are no catchments in that
region for which estimates of extremerainfall would berequired, therefore these storms
were not selected for further analysissincethey arenot suitablefor transposition further
north.

By assessing the significance of the events on an areal basisand at each duration, some
of the storms in Table 3.1 were less ggnificant than others. The shortlist of storms
which were analysed further appearsin Table 3.2 below.

TABLE 3.2

Storms selected for further Analysis

No. Storm Start and end Dates Durations Analysed
(Days)
2 6 - 8 September 1912 1,2
4 12 - 15 November 1913 1,2,3
7 24 - 27 April 1916 1,2,3
9 28 April - 1 May 1937 1
10 4 - 7 March 1945 2,3
11 15 - 18 June 1947 1,2,3
12 27 - 30 May 1948 3
13 27 - 30 June 1948 2,3
15 23 - 26 June 1952 2,3
21 14 - 17 June 1962 2,3
22 18- 21 June 1974 2,3
23 16 - 19 May 1975 1,2(2),3
24 14 - 15 June 1977 1
26 25 - 28 May 1994 3
29 6 - 8 February 1999 1,2

Several storms were significant at more than one duration bringing the total number of
storms analysed to 31. The May 1975 storm was analysed at two 2-day durations for
different overlapping 2-day periods.

35 Storm Analysis

351 | sohyetal Analysisof Major Storms

For each storm that was sdlected for anaysis, rainfall depths from Bureau of
Meteorology and HydroTasmania sites were plotted on charts of AO size. These charts

were then overlayed on a topographic map at the same scale and projection and then
analysed by hand. The more recent storms have good data coverage, however for the
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earlier storms data coverage is very limited, resulting in more subjective analyses. In

data-sparse aresas, thelater stormswere used as guidance asto the orographic influences

on therainfal inthe region as aso were guideinesin WMO (1986). The hand drawn
analyses were digitised and transferred onto a regular grid ensuring that the computer

contours satisfactorily replicated the manua analyses. Figure 3.8 depictsan analysisfor

the June 1947 event which had poor data coverage whilst Figure 3.9 depictstheanaysis

for the May 1994 event which had good data coverage.

Isohyetal analysis for the 15-17 June 1947 event.

Figure 3.8

Isohyetal analysis for the 25-28 May 1994 event.

Figure3.9
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The extent to which different analyses for the same storms affect rainfall depths with
respect to GSAM stormsisdiscussed in Minty et al. (1996). Inthat study, it wasfound
that rainfall depthsfor the early storms and thoseinthe Inland Zone in particular tended
to be under-estimated due to the smaller rain gauge density compared with later Coastal
Zone storms. Consequently small-area adjustments were constructed for Coastal and
Inland Zone storms. Inwestern Tasmania, therearestill many areasdevoid of dataeven
at present, therefore quantifying the effect of rain gauge density on analysesis rather
difficult. Theeffect of datasparsity onthe analyseswasbornein mind and at least partly
accounted for in the analyses, therefore it is not considered necessary to make any
further allowances dueto lack of data. However, lack of data contributes an additional
element of uncertainty to the method. Therefore, estimates of extreme rainfall for
catchmentsin thewest coast of Tasmaniaderived from thismethod must betreated with
caution.

35.2 Storm Dewpoint Temperaturesand Maximisation Factors

Moisture maximisation involves adjusting the storm rainfall upward based upon the
hypothesis of maximummoistureinflow intothestorm. Maximised rainfall istherainfall
that would have resulted had the maximum possible moisture for the sametime of year
been available to the storm.

Thedewpoint temperatureisused asan indicator of the moisture content of anair mass.
The storm dewpoint temperature represents the moisture inflow into the storm. The
extreme persisting dewpoint temperature represents the maximum moisture that could
occur at the same time and place as the storm. Both storm and extreme dewpoint
temperatures are required for moisture maximisation.

Theextreme persisting dewpoints are obtained using long-term climatological data. For
each suitable site, the maximum 24-hour persisting dewpointsfor each month of theyear
areplotted and enveloped. Extremepersi sting dewpointsand thecorresponding extreme
precipitable water values at 1000 hPa (hectopascals) exist in grid form as a set of
monthly charts. The extreme persisting dewpoint temperaturefor the sametime of year
that the storm occurred is used in moisture maximisation.

The storm dewpoint temperature is most accurately determined using temperature and
humidity soundings from radi osonde measurements. However due to the sparseness of
the radiosonde observational network, it israrely possible for soundings representative
of a storm to be available. Therefore, storm dewpoint temperatures are more often
estimated using surface observations. Fortunately, theassumption of asaturated pseudo-
adiabaticlapserateisclosely approximated in extreme storms and surface observations
can be used to estimate the storm dewpoint temperature. In western Tasmania no
radiosonde observations are available, therefore storm dewpoint temperatures were
determined solely from surface observations.

For each storm, time series of surface dewpoint temperature, as well as other
meteorological data, were prepared using several sites near the main storm area. The
datawereextracted fromthe National Climate Centre database, Australian Region Mean
Sea Level (MSL) charts and original observers logbooks obtained from National
Archives of Australia. The dewpoint temperature persisting over a period of 6 to 24
hours at several suitable sites along the moisture inflow path were reduced pseudo-
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adiabaticaly to 1000 hPa values (United States Weather Bureau, 1951) if station
elevations exceeded 100 m and averaged. Care was taken to ensure that the surface
dewpointswere not contaminated by rain, otherwi se estimates of storm dewpointscould
be too high due to local evaporation.

The estimation of a dewpoint temperature to represent the moisture inflow into the
storm from a number of surface observations which are varying over time involves a
great deal of judgement. Minty et al. (1996) (page 10) discussesthe limitationsto the
accuraciesinthe determination of storm dewpoint temperatures. Despiteexercisingdue
care in their estimation, storm dewpoint temperatures can only be determined to an
accuracy of about 2°C.

Storm and extreme persisting dewpoint temperatures can be related to the storm and
extreme precipitable water values. The moisture maximisation factor for a catchment
at sea level would be the ratio of the extreme precipitable water corresponding to the
extreme dew point temperature to the storm precipitable water corresponding to the
storm dewpoint temperature. Thus,

MF = EPW
SPW

where  MF is the moisture maximisation factor,
EPW isthe Extreme Precipitable Water corresponding to theextremedewpoint
temperature, and
SPW is the Storm Precipitable Water corresponding to the storm dewpoint
temperature.

Table 3.3 lists the storm dewpoint temperatures reduced to 1000 hPa and in situ
maximisation factors at 1000 hPafor the west coast Tasmanian stormsanalysed. These
maximisation factors are based on the assumption that thereisno barrier to the moisture
inflow at the storm location. Storm dewpoint temperatures are given to one decimal
place because this is the accuracy of the dewpoint temperature measurement. It does
not imply such accuracy in storm dewpoint temperature.

Although the persisting 6 to 24 hour storm dewpoint temperature isunlikely to persist
for longer duration storms, it has been found (WMO, 1986) that if different storm
dewpoint temperatureswereto beused for every 12-hour period, then different extreme
dewpoint temperatures would also have to be used such that the maximisation factor
would remain approximately constant. Therefore, inlinewith general practice, thesame
storm dewpoint temperatures apply for all periods within the storms.

TABLE 3.3
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STORM DEWPOINT TEMPERATURES
AND MAXIMISATIONS FACTORS (1000 hPa)

No.  Storm Start and Storm Dewpoint M aximisation
end Dates Temperature (°C)  Factor (in situ)
(1000 hPa) (1000 hPa)
2 5 - 8 September 1912 8.0 1.6
4 12 - 15 November 1913 9.6 19
7 24 - 27 April 1916 10.0 2.0
9 28 April - 1 May 1937 10.0 2.0
10 4 - 7 March 1945 16.1 13
11 15 - 18 June 1947 11.5 12
12 27 - 30 May 1948 8.9 1.8
13 27 - 30 June 1948 7.1 18
15 23 - 26 June 1952 10.1 1.4
21 14 - 17 June 1962 10.3 14
22 18- 21 June 1974 10.2 15
23 16 - 19 May 1975 9.3 1.8
26 25 - 28 May 1994 10.0 1.7
29 5 - 8 February 1999 17.4 1.2

3.5.3 Development of Temporal Distributions

For those storms for which pluviometer data are available, temporal distributions for
unrestricted 24, 36, 48 and 72 hour durations were constructed for selected stations
close to the storm centres. Three-hourly synoptic observations from observers
logbooks were used for some of the early storms for which pluviometer data are not
available.

For each duration, average temporal distributionswere derived by applying the average
variability method (AVM) of Pilgrim, Cordery and French (1969) to thestor mtempor al
distributions. This method of combining the storm temporal distributions achieves
AEP-neutrality, whereby the AEP of the design flood is equivalent to the AEP of its
causative design rainfall. The distributions were then smoothed using the method
described by Nathan (1992) to give design storm tempor al distributions of extreme
rainfall.

This procedure of combining temporal distributions is akin to that used in the
development of the GSAM temporal distributions, the difference being that in the
GSAM, the temporal distributions pertained to standard areas rather than point
locations. For long durations for southeast Australia, Nathan and Weinmann (1999)
recommend the use of GSAM unsmoothed temporal distributions for rare events, and
GSAM smoothed temporal distributionsfor extreme events, where ‘rare’ and ‘ extreme’
are as defined in Nathan and Weinmann (1999). Dr. Rory Nathan (persona
communication) recommendsasimilar approach with respect to long duration eventsin
western Tasmania, whereby unsmoothed west coast of Tasmaniatemporal distributions
areto beused for rare design rainfalls, while smoothed west coast of Tasmaniatemporal
distributions are to be used for extreme design rainfals. Figures 3.10(a), 3.11(a),
3.12(a) and 3.13(a) depict incremental storm temporal distributionsfor durations of 24,
36, 48 and 72 hours as well as the unsmoothed and smoothed temporal distributions at
three hourly intervals. In Figures 3.10(b), 3.11(b), 3.12(b) and 3.13(b), cumulative
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temporal distributions are portrayed. In Figures 3.12(a) and (b), two 48 hour
distributions for the 1975 storm are shown for each site. These pertain to two different
overlapping 48 hour time periods which are considered equally significant.

Figures 3.14(a) and (b) depict unsmoothed and smoothed design incremental and

cumulative temporal distributions of extreme rainfall for 24, 36, 48 and 72 hour
durations. Appendices A and B contain the tabulated data for Figures 3.14(a) and (b).
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Temporal Distributions
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Figure 3.10(a): Storm, smoothed and unsmoothed incremental temporal distributions for a duration
of 24 hours. (The figures in brackets in the legend denote the site numbers of the
rainfall
stations which were used to derive the temporal distributions. Five digit numbers
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denote Bureau of Meteorology sites while the remainder denote Hydro Tasmania sites).

Figure 3.10(b):

Storm, smoothed and unsmoothed cumulative temporal distributions for a duration
of 24 hours.
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Temporal Distributions
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Figure3.11(a): Storm, smoothed and unsmoothed incremental temporal distributions for a
duration of 36 hours.

Figure3.11(b): Storm, smoothed and unsmoothed cumulative temporal distributions for a duration
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Temporal Distributions
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Figure 3.12(a): Storm, smoothed and unsmoothed incremental temporal distributions for a
duration of 48 hours.

Figure3.12(b): Storm, smoothed and unsmoothed cumulative temporal distributions for a duration
of 48 hours.
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Temporal Distributions
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Figure3.13(a): Storm, smoothed and unsmoothed incremental temporal distributions for a
duration of 72 hours.
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WEST COAST OF TASMANIA
Smoothed and Unsmoothed Design Temporal Distributions
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Figure 3.13(b): Storm, smoothed and unsmoothed incremental temporal distributions for a
duration

of 72 hours.

Figure 3.14(a): Smoothed and unsmoothed incremental design temporal distributions for durations
of 24, 36, 48 and 72 hours.
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Figure 3.14(b): Smoothed and unsmoothed cumulative design temporal distributions for durations
of 24, 36, 48 and 72 hours.
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4. APPLICATION OF THE METHOD OF STORM
TRANSPOSITION AND MAXIMISATION TO
CATCHMENTS IN THE WEST COAST OF
TASMANIA

Application of themethod of storm transposition and maximisation to catchmentsinthe
west coast of Tasmaniainvolves seecting a storm from Table 3.2 and transposing the
isohyetsfromtheoriginal location wherethe storm occurred to atarget location. Expert
judgement on the suitability of transposition of storms and the placement of isohyetsis
reguired since the storm precipitation patterns can strongly reflect the orography where
they occurred. For each duration, several stormsmay need to be transposed in order to
determine which would give the maximum rainfall over a particular catchment.

For each storm, the catchment rainfall isthen maximised using the maximisation factors
listed in Table 3.3 adjusted for barrier differences between the storm and catchment
locations and differences in extreme persisting dewpoints between the location of the
inflow to the storm where it originally occurred and that at the target location.

Application of moisture maximisation assumes that the moisture inflow into the storm
can be increased without altering the storm dynamics. Excessively high maximisation
factors can result if storm dewpoints determined from surface observations are under-
estimated. The use of such high maximisation factors would imply alarge increase in
moistureinflow into the storm which could alter the storm dynamics. Common practice
isto set alimit on the maximisation factor. A limit of 1.8 wasimposed on maximisation
factorsfor GSAM storms. Thislimit isalso chosen for west coast of Tasmaniaextreme
rainfalls. Table 3.3 shows three stormswhich had maximisation factorsin excess of 1.8
at 1000 hPa athough different maximisation factors may result when barrier effectsare
accounted for. Further detailsasto thereasonsfor imposing alimit on the maximisation
factors obtained in the GSAM storms are expounded in Minty et al., 1996 (pp. 20-21).

In the past, the rainfall was sometimes also maximised for potential wind speed and
direction, but in general there was insufficient information available to make this
practical. Wind speed and direction are now considered to be part of the overall storm
mechanism.

In orographic regions, Weisner (1970) and Wang (1986) advocate the use of therainfall
frequency intensity field to adjust for the differing topographic influences of the rainfall
between the storm and target locations. This method is to be applied to studies of
extreme rainfall for catchments in western Tasmania.

The following example is taken from Wang (1986) and describes how the rainfall
frequency intensity field can be used in transposing a storm from Montanato Cheesman
basin. Figure4.1(a) shows isohyets of a storm over Montana transposed to Cheesman
basin. Figures 4.1(b) and 4.1(c) show the grids of 100-year 24-hour rainfall over
Montana and Cheesman catchment respectively. (In Figure 4.1(b) the Cheesman
catchment outline has been shown to locate the grid points where computations are
required). The transposed storm rainfall at each grid point (Figure 4.1(d) is given by
multiplying the grid from (a) by the ratio of the 100-year 24-hour rainfall grid over
Cheesman to the 100-year 24-hour rainfall grid over Montana.
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In Austrdia, the rainfall frequency intensity field is available in the form of CDIRS
(Computerised Database IFD (Intensity Frequency Duration) Rainfall System). Thus,

R.=R, x IFD,
IFD,
where R, denotes the rainfall grid over the target catchment
R, denotes the rainfall grid over the storm location
IFD, istherainfall frequency intensity grid over the target catchment
IFD, istherainfall frequency intensity grid over the storm location.

a): 1964 Montanastorm isohyets Fig. 4.1(b): Montana 100-year 24-hour rainfall
(inches) transposedto (inches).
Cheesman basin.

Fig, 4.1(c): Cheesman 100-year 24- Fig. 4.1(d): Grid of rainfall depth (inches) of
hour rainfall (inches). Montana storm transposed over
Cheesman basin multiplied by the
ratio of the grids of figures 4.1(c) to
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(b).
It has been decided to use the 48-hour 50-year intensity field because:

(i) 50 yearsis about the mean of the range of ARIs for west coast Tasmanian
storms, and

(i) 48 hoursis about the middle of the duration range for the storms.

This method has the advantage that the IFD fidd adjusts for the differences in the
orographic influenceson therainfal between thelocation wherethe storm occurred and
the transposed location. However, care must till be taken to ensure that the initial
displacement of isohyets is redistic, therefore there is still a degree of subjectivity
involved intransposing thestorms. Giventherelatively significant orography inwestern
Tasmania, it may not be possible to displace the storms very far from where they
originally occurred.

An adjustment needs to be factored in to yield extreme rainfalls for unrestricted 24, 48
and 72 hour durations since the storm analyses are based on 9 am to 9 am (restricted)
rainfalls. On average, rainfalls for unrestricted durations are higher than rainfalls for
restricted durations. Several investigations have been made into deriving correction
factorsfor converting restricted to unrestricted annual rainfall series. The most recent
recommends a factor of 1.17 for climates prone to frontal systems (Dwyer and Reed,
1995). This factor could also be used with estimates of extreme rainfall in western
Tasmania.

Estimates from the GSDM for durations up to three hours and maximised unrestricted
storm depths for the transposed storms are plotted on agraph and fina extreme rainfall
values are determined by envelopment. The design spatial distribution of the design
extreme storm is given by the rainfall frequency intensity field. This achieves AEP-
neutrality as desired by Nathan and Weinmann (1999). Design temporal distributions
of extremerainfall are given in Figures 3.14(a) and (b).

Finally, it must be pointed out that, owingto thelimited rainfall data availableinwestern

Tasmania, estimates of extremerainfall derived from thismethod should betreated with
caution.
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5. SEASONAL VARIATION OF ESTIMATES OF
EXTREME RAINFALL

The storm search procedure described in section 3.2 has been conducted with aview to
establishing a procedure for determining estimates of extreme rainfall without
consideration of any seasonal variation. Of the stormsanalysed in Table 3.2, only three
occurred in the months November to March. More than half occurred in May/June as
aresult of the passage of a sequence of fronts preceded by west northwesterly flow.
However, aslow-moving trough inthe Tasman Seawith adeep low, whether it beacut-
off low or an intense extratropical cyclone, has the same potential for giving rise to
extreme eventsin Tasmania swest and could occur at any time of year. Therefore, this
method may be used to estimate extreme rainfall in western Tasmania throughout the
year.
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6. PROBABILITY OF ESTIMATES OF EXTREME
RAINFALL IN THE WEST COAST OF TASMANIA

The PMP concept, as defined in Section 1, effectively involves zero probability of
exceedance. However, estimates made by the various PM P methodol ogies have anon-
zero probability of exceedance. For example, ‘in situ maximisation’ method estimates
for the Fortescue River catchment in Western Australiawere exceeded by rainfall from
tropical cyclone Joan in 1975 (Kennedy, 1982). The maximised rainfall from the Dapto
1984 storm (Shepherd and Colquhoun, 1985) near Wollongong in New South Wales
exceeded the ‘method of adjusted US data PMP estimates used at the time.
Probabilities of exceedance can therefore be associated with the methodology used to
estimate the PMP, not the concept of PMP itself.

For some catchments estimates of PMP depth have been made using a variety of
methods, but the associated probabilities may vary considerably. Using deterministic
meteorological methods of estimating PMP rather than statistical methods means that
the assignment of AEPs to the PMP estimates is not straightforward. However,
guidance can be given on the comparative probabilities of exceedance by PMP depths
estimated by the different methods.

Kennedy and Hart (1984) provided notional estimates of AEPfor various PM P methods
assuming that the PMP is the result of the joint probability of storm efficiency and
moisture content. They also showed why generalised estimates such as those derived
by the GSDM for up to 6 hours could, in some cases, exceed the in situ maximisation
method estimates for 24 hoursfor some catchments. Pearce (1994) reviewed Kennedy
and Hart’'s (1984) estimates following smilar reasoning but allowed for sampling of
events due to the density and length of record of the rain gauge network. Pearse and
Laurenson (1997) developed a joint probability approach to determine the probability
distribution of convergence rainfall in the Sydney area. More recently, Nathan et al.,
(1999) produced estimates of AEPs within the GSAM zone by generating a frequency
curve of ratios of observed GSAM storm depths to the estimated PMP depths.
Laurenson and Kuczera (1999) conducted areview of these methods of estimating the
AEP of the PMP and recommended that Kennedy and Hart's (1984) figures for
generalised estimates be applied to PM P estimatesfrom al current generalised methods
in Australiauntil further research iscompleted. Nathan and Weinmann (1999) endorse
Laurenson and Kuczera's (1999) conclusions.

Most of the aboveinvestigationsinto the AEP of the PM P havefocussed on generalised
methods of PM P estimation. However, Kennedy and Hart (1984) al so provideguidance
towards determining estimates of AEPfor thein situ maximisation and transposition and
maximisation methods. They estimate the AEP for in situ maximisation estimatesto be
around 103, With transposition, the probability isreduced by theratio of the catchment
to transposition areas. Therefore, given that the west coast of Tasmania has an area of
approximately 18 500 kn?, for a catchment area of 1 000 knv?, the AEP of estimates of
extreme rainfal using this method would be of the order of 10*. However, there is
considerable uncertainty in thisestimate. Dueto lack of datain western Tasmania, the
AEP of estimates of extreme rainfall may be higher. Laurenson and Kuczera (1999)
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suggested that the AEP of the PMP values be interpreted as follows:

*  “Recommended AEP values plus or minus two orders of magnitude of AEP be
regarded as notional upper and lower limits for the true AEPS;

*  ‘Recommended AEP values plus or minus one order of magnitude of AEP be
regarded as confidence limits with about 75% subjective probability that the true
AEP lies within the limits; and

*  ‘Therecommended AEP values be regarded as the current best estimates of the
AEPs.’

Although Laurenson and Kuczera's (1999) recommendations are presented in the

context of generalised methods of PM P estimation, they arealso relevant for thein situ
maximisation and the storm transposition and maximisation methods.
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7. APPLICABILITY OF DATAFROM OTHER REGIONS

The west coast of Tasmania covers ardatively small area and has limited rainfall data,
particularly for the years prior to the 1960s. Lack of data limits the sampling of large
events in the region. However, the sample size could be increased if data from other
regions prone to the same meteorological influences as those that give rise to
large/extreme eventsin Tasmania swest were used. Thiswould increasethelikelihood
of an outlier being included in the sample and estimates with a lower AEP could be
possible.

Regionsin Australiathat might be subject to the samekey influences asthose conducive
to large/extreme events in the west coast of Tasmania are the southwest of Western
Australia and the southern part of the South Australian/Victorian border. However,
finding storms in these regions bearing the same meteorological features as those in
western Tasmaniais beyond the scope of this work.

New Zealand might be a promising region to look for events similar to the west coast
of Tasmania storm data set. Tomlinson and Thompson (1992) describe the top 10
stormsin the North Island and the top 10 in the South Island.

In the North Island, extreme events are usually caused by the proximate slow passage
of atropical depression in summer. This type of event is not expected ever to occur
over Tasmania. However, therewas one event (of the 10 described in detail) which was
caused by the passage of active fronts smilarly to some of the west Tasmanian extreme
events. Theremay be other eventsinthe New Zealand North Island storm dataset which
were similar.

Thetop 10 South Island storms all occurred with the passage of frontsthrough atrough
inthe Tasman Seawest of New Zealand. Some of the events were associated with slow
moving fronts which sometimes developed waves which enhanced the rainfall. These
contrast with the Tasmanian events where the fronts were more mobile.

However, there are some other South Island events which occurred dueto the passage
of asequence of frontsmoving through aslow-moving trough inthe Tasman Sea. Often
the fronts occurred in the convergence zone between a warm moist northwesterly
airstream and a trough with a cooler airstream to the west. These bear some
resemblance to some of those Tasmanian storms which occurred as a result of west or
west northwesterly flow ahead of a cold front. The main differenceis that the South
Island fronts were preceded by warm moist north westerlies which results in air flow
originating from lower latitudes than over Tasmania. Also, in Tasmania this type of
event occursinthe cooler seasonswhen the subtropical ridge liesover central Australia.
In New Zealand thistype of event can also occur inthe warmer seasonswhen dew point
temperatures are higher which would increasethelikelihood of the occurrence of amore
significant event.
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The orography in New Zealand exerts a much stronger influence on the rainfall than in
western Tasmania, however the New Zealand M eteorological Service has separated out
the conver gence precipitation (which isthe total storm rainfall less the orographic
component of the rainfall) of al the storms analysed. This is the portion of the total
storm rainfall which would be transposed to western Tasmania.

There are therefore several positive lines of investigation that could be pursued if it is
considered necessary to supplement the west coast of Tasmania storm data set.
However, searching for storms in other regions would require looking for storms with
smilar synoptic patterns as those that gave rise to large/extreme events in Tasmania's
west. These synoptic patterns would not necessarily be conducive to large/extreme
eventsintheregionsinwhich they occurred. Searching for stormsin other areas would
therefore take a considerable amount of time. This may need to be done sometimein
thefutureif itisconsidered that development of ageneralised methodology isnecessary.
At this point in time, however, due to time constraints, it was decided to develop a
method for estimating extreme rainfalls using only west coast Tasmanian storms.
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10. GLOSSARY

Air mass - An extensive body of air having approximately horizontally homogeneous
temperature and moisture characteristics.

Annual Exceedance Probability - The probability that a given rainfall total
accumulated over a given duration will be exceeded in any one year.

ARI - Average Recurrence Interval. The average, or expected, value of the periods
between exceedances of a given rainfall total accumulated over a given duration.

CDIRS - Computerised Design IFD Rainfall System. A gridded dataset of the IFD
design rainfal published in Australian Rainfall and Runoff (I.E. Aust., 1987) and an
automated procedure for the construction of IFD curves.

Conver gence zone - Areainto which wind trajectories converge.

Conver gence precipitation - Precipitation due to any atmospheric process unaffected
by terrain.

Cut-off low - A low pressure centre that is ‘cut off’ or detached from the prevailing
westerly flow.

Depression - An area of low pressure.

Design storm temporal distributions of extreme rainfall - The hypothetical time
order in which incremental amounts of the extreme storm fall.

Dewpoint temperature - The temperature to which air must be cooled at constant
pressure for dew to form.

Envelopment - A process for selecting the largest value from any set of data and
drawing a smooth curve.

Extratropical cyclone - A low pressure frontal system not of tropical origin found in
the middle and high latitudes.

Flood frequency techniques- Statistical techniquesthat usedatafrom historical or past
floods.

Front - Interface between two air masses having different densities and temperatures.

Frontal system with waves - A frontal system with wavelike deformations caused by
the formation of cyclones on afront.
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Gener alised methods of PM P estimation - Methods which utilisetherainfalsrecorded
over a large region by separating the portion of rainfall arising from ‘site-specific’
influences from that portion arising from regional influences. Such methods provide
regional consistency of PMP estimation.

GSAM - Generalised Southeast Australia Method of PMP estimation. A generalised
method for estimating longer-duration PMP in southeast Australia.

GSDM - Generalised Short Duration M ethod of PM Pestimation. A generalised method
for estimating small-area, short-duration PMP in Australia.

GTSM - Generalised Tropical Storm M ethod of PM P estimation. A generalised method
for estimating longer-duration PMP in those parts of Australia affected by tropical
storms.

hectopascal (hPa) - Unit of atmospheric pressure, standard atmospheric pressure being
1013.2 hPa.

High latitudes - Regions located approximately 60 to 90 degrees latitude North and
South.

|.E. Aust. - The Ingtitution of Engineers, Australia.

| FD - Intensity-Frequency-Duration of rainfal. Frequency analysesof rainfall expressed
as rainfal intengities (in mm/hr) maintained over a specified duration (in hr), and
recurring on average once every n years (an ARI of n years).

| sohyet - Line of equal rainfall depth for a given duration.

Jet stream - Region of strong windsin the upper atmospherelocated in thetropical and
mid-latitude regions.

Maximisation or Moisture Maximisation - ‘the process of adjusting observed
preci pitation amounts upwar ds based upon the hypothesi s of increased moistureinflow
tothestorm (WMO, 1986). Theincreaseisgenerally to theoretical valueswhich could
be reached if the moisture content of the air had been at the maximum recorded for that
location and time of year, but the other meteorological conditions affecting the storm
had remained unchanged.

M aximisation Factor - The factor by which storm rainfall anounts are multiplied to
simulate maximised storm moisture content, defined as;

Extreme Precipitable Water (at storm location and time of year)
Storm Precipitable Water

MiddleL atitudes- Regionslocated approximately between 35 and 65 degrees|latitude
North and South.

Paleohydrologic techniques - The study of geomorphic, sedimentologic or botanical
evidence of past large floods.
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Potential Instability - The stability of alayer after the entire layer has been lifted to
saturation. A layer can belifted asaresult of the passage of afront or if it isforced over
amountain. If, after lifting, the layer is stable then the layer is potentially stable. If,
after lifting, the layer is unstable, then the layer is potentially unstable.

Probable M aximum Flood - Theflood produced when runoff from the PMPisrouted
through the catchment.

Probable M aximum Precipitation - ‘the greatest depth of precipitation for a given
duration meteorologically possible over a given sizestormareaat a particular location
at a particular time of the year, with no allowance made for long-term climatic trends.’
(WMO, 1986).

Pseudo-adiabat - Line on a thermodynamic diagram showing the pressure and
temperature changes undergone by saturated air rising in the atmosphere, without ice-
crystal formation and without exchange of heat with its environment other than that
involved in assuming that the liquid water, formed by condensation, dropsout. Itisthe
heat exchange associated with condensation that forces the term pseudo.

Spillover - “That part of orographically induced precipitation which istransported by
thewind in a direction which hasa horizontal component so that it reachesthe ground
in the nominal rain shadow on the lee side of aridge’. (WMO, 1986).

Standard deviation - A measure of dispersion or deviation from the mean of a
frequency distribution, equal to the square root of the mean of the squares of the
deviations from the arithmetic mean of the distribution.

Storm dewpoint temperature - The 1000 hPa dewpoint temperature that is
representative of the rain-producing air mass of the storm.

Storm temporal distribution - The variation of the rainfall with time as a percentage
of thetotal storm rainfall.

Storm transposition - Moving the characteristics of a storm from its place of
occurrence to another location under study to represent a possible future storm.

Subtropics/Subtropical - Region between the tropical and mid-latitude regions,
approximately between 35 and 40 degrees North and South latitude.

Subtropical ridge - Region of high pressure situated between the tropical and mid-
latitude regions.

Tropical - Areabetween the subtropical ridgesinthenorthern and southern hemispheres
generally under the influence of easterly flow.

Trough - A region of relatively low atmospheric pressure.
Variance - square of the standard deviation.

WM O - World Meteorological Organization.
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APPENDIX A

WEST COAST OF TASMANIA

Unsmoothed Design Temporal Distributions

TABLEA.1

Unsmoothed Temporal Distribution for a 24-hour Duration

Time Time I ncrement Cumulative
h % % %
3 12.50 3.59 3.59
6 25.00 14.21 17.80
9 37.50 9.67 27.47

12 50.00 21.24 48.71

15 62.50 12.01 60.72

18 75.00 16.67 77.39

21 87.50 15.74 93.13

24 100.00 6.87 100.00
TABLE A.2

Unsmoothed Temporal Distribution for a 36-hour Duration

Time Time I ncrement Cumulative
h % % %
3 8.33 1.47 1.47
6 16.67 472 6.19
9 25.00 8.51 14.70

12 33.33 5.95 20.65
15 41.67 9.56 30.21
18 50.00 14.16 44.37
21 58.33 12.73 57.10
24 66.67 17.20 74.30
27 75.00 7.34 81.64
30 83.33 11.59 93.23
33 91.67 3.85 97.08
36 100.00 2.92 100.00
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TABLE A3

Unsmoothed Temporal Distribution for a 48-hour Duration

Time Time I ncrement Cumulative
h % % %
3 8.33 0.52 0.52
6 6.25 1.01 1.53
9 12.50 3.89 5.42

12 18.75 2.63 8.05
15 25.00 7.86 15.91
18 31.25 6.81 22.72
21 43.75 9.21 31.93
24 50.00 13.18 4511
27 56.25 11.50 56.61
30 62.50 16.31 72.92
33 68.75 10.40 83.32
36 75.00 541 88.73
39 81.25 4.56 93.29
42 87.50 3.21 96.50
45 93.75 2.12 98.62
48 100.00 1.38 100.00
TABLE A4
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Unsmoothed Temporal Distribution for a 72-hour Duration

Time Time I ncrement Cumulative
h % % %
3 417 2.23 2.23
6 8.33 1.78 4,01
9 12.50 151 5.52

12 16.67 1.34 6.86
15 20.83 0.66 7.52
18 25.00 0.81 8.33
21 29.17 2.86 11.19
24 33.33 3.81 15.00
27 37.50 8.00 23.00
30 41.67 8.61 31.61
33 45.83 6.57 38.18
36 50.00 6.08 44.26
39 54.17 11.72 55.98
42 58.33 9.53 65.51
45 62.50 4.40 69.91
48 66.67 7.31 77.22
51 70.83 4.88 82.10
54 75.00 2.00 84.10
57 79.17 0.44 84.54
60 83.33 1.00 85.54
63 87.50 3.11 88.65
66 91.67 2.48 91.13
69 95.83 5.39 96.52
72 100.00 3.48 100.00
APPENDIX B
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WEST COAST OF TASMANIA

Smoothed Design Temporal Distributions

TABLEB.1

Smoothed Temporal Distribution for a 24-hour Duration

Time Time I ncrement Cumulative
h % % %
3 12.50 5.36 5.36
6 25.00 12.37 17.73
9 37.50 11.39 29.12

12 50.00 18.02 47.14

15 62.50 15.21 62.35

18 75.00 16.54 78.89

21 87.50 14.50 93.39

24 100.00 6.61 100.00
TABLE B.2

Smoothed Temporal Distribution for a 36-hour Duration

Time Time I ncrement Cumulative
h % % %
3 8.33 1.82 1.82
6 16.67 4.72 6.54
9 25.00 7.28 13.82

12 33.33 7.81 21.63
15 41.67 9.48 31.11
18 50.00 13.50 44.61
21 58.33 13.61 58.22
24 66.67 15.81 74.03
27 75.00 9.04 83.07
30 83.33 9.38 92.45
33 91.67 451 96.96
36 100.00 3.04 100.00
TABLE B.3

Smoothed Temporal Distribution for a 48-hour Duration
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Time Time I ncrement Cumulative

h % % %
3 6.25 141 141
6 12.50 1.79 3.20
9 18.75 3.34 6.54
12 25.00 3.56 10.10
15 31.25 6.50 16.60
18 37.50 7.94 24.54
21 43.75 8.67 33.21
24 50.00 10.73 43.94
27 56.25 13.22 57.16
30 62.50 13.09 70.25
33 68.75 10.00 80.25
36 75.00 5.73 85.98
39 81.25 4.30 90.28
42 87.50 3.76 94.04
45 93.75 3.04 97.08
48 100.00 2.92 100.00
TABLE B.3

Smoothed Temporal Distribution for a 72-hour Duration

45



72

Time
%

4.17
8.33
12.50
16.67
20.83
25.00
29.17
33.33
37.50
41.67
45.83
50.00
54.17
58.33
62.50
66.67
70.83
75.00
79.17
83.33
87.50
91.67
95.83
100.00

I ncrement
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%

1.99
1.87
1.79
1.39
1.27
1.64
391
4.33
5.77
5.67
5.86
6.72
8.74
7.61
7.96
8.05
6.10
4.62
2.38
2.23
1.97
2.19
3.02
2.92

Cumulative
%

1.99
3.86
5.65
7.04
8.31
9.95
13.86
18.19
23.96
29.63
35.49
42.21
50.95
58.56
66.52
74.57
80.67
85.29
87.67
89.90
91.87
94.06
97.08
100.00
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