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EXEEUTIVESUMMARY

This report analyses the circumstances surounding fatalities resulting from flash
flood eventsin New South Wales (NSW) from 1 January 2000 to 30 June 2017,
and also from Victoria (Vic), the Australian Capital Territory (ACT) and
South-east Queendand (SE QId) in order to inform emergency manage ment
policy. The foundation for this work is Risk Fontiers @atural hazards databas e
PerilAUS, and the National Coronial Information Sewice. At least 130 flash flood
fatalities have occurred in NSW, Vic, ACTand SEQId from 1 January 2000 to 30
June 2017. Som e of the more salient resultsfound were that:

¢ raw numbe rsof annual flash flood deaths are not de creasing
¢ the NSWde ath rate showsa constant trend from 2000-2017, while male
de ath ratestrend upwardsand female deaths downwards

malesrepresent 66% of flash flood fatalities

there are increasingly more male than female de athsocc urring

age groups mostat risk are 10-19 then 60-69 and 70-79

malesin the 10-19 ag e group are dramatically over-represented

a large increase is seen in de aths amongst the 60-69, 70-79 and 40-49
age groupsovertime

e Sa e S Sa

mostfatalitiesocc urred in the Brisbane River Drainag e Basin

Pine, Hawkesbury and Hunterriver basinshad the next most fatalities

? mostdeaths have occ urred within a few dra inag e basns; there is also a
wide spread of deathsacrossthe area sstudied

¢ most deaths (44%) have occ urred in floodsof a minorto moderate

severity, correlating with the numbersof eventsof that severity

a Sa

¢ mostfataliieswere caused by drowning ora mix of drowning/ injury
¢ isolation due to floodwaterscan be a contributing factorin fatalities

'y despite clear signals of rain/ flood hazard and warnings, espe cially in the
case where people are in the vicinity of watercourses, sane pe ople still
make poor decisions in the case of flash floods, such as attempting to
drive across

¢ most (60%) de cedents driving a vehicle through floodwaters were killed
during darkness

¢ 73% of those who died while attempting to cross floodwaters did so
within 20km of their home, and 53%within 2km of hom e

¢ 54%were attem pting to crossa stream, creek or other watercourse: 67%
of those male
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9% of fatalities were in/ near a stormwater drain, the majority males and
half of those aged 10-19: fewer such dea ths have occurred in the more
recent time period

8% of fatalities were enga ged in a recreational activity in floodwater:
fewer have occ urred in the more recent time period

52%of deced entshad driven through orup to floodwaters

the majority of driversand passengerswere males

the most common age groups amongst vehicle-related dea ths were
60-69 and 70-79

25% of de cede nts were on foot and fewer of these de aths occ urred in
the more recent time period

all 20 individua Is who died in their home did so during 2009-2017 and in
severe orrecord eventswhere three ormore personsdied

there were equal numbersof malesand females

most (70% of) decede ntswere ag ed 50-89

a oObusiness as usuald attitude perssts: in the majority of cases the
decedent, having started out en route somewhere, persisted, desp ite
floodwaters

most de aths were amongst males, most en route home and most
from recreation or non- essential shopping

recreation was also a common activity amongst decedents: mainly
malesaged 10-19

equal proportions of males and females were involved in the third most
common activity: be ing in/f nearhomes

Half of the flash flood fatalitieswere single-fatality events

Most de aths have occurred in severe/ record flood events amongst
those who were:

in oron ahouse or structure d 100%

attempting to evacuate (from home or work, or attempting a vertical

evacuation at home) 0 44% (with the remainder divided equa lly

amongstmajorand low-moderate floods)
. taken by surprise, with no attempt at/ very late evacuation 8 100%
Most de aths have occurred in low-moderate flood events amongst
those who were:

enga ged in an activity in/ near stormwaterdrain 8 81%

recreating 6 75%

attempting to crossa causeway/ watercourse 8 59%
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INTRODUCTION

In terms of liveslost, floods are second only to heatwaves (Coates, 1996; Coates
et al 2014), and are one of the top three natural hazards in terms of cost and
damage caused, disrupting the functioning of businesses and communities due
to building and infrastructure damage. In terms of reducing human
casualties, flash floods pose a unique challenge to emergency responders
and emergency management. Consderation must be given to the efficacy of
public education campaigns and warnings, the relative risks occ upants face
insde and outsde the dwelling and the behaviour of individua Is during flood
events.

The current report builds on that carried out by Risk Fontiers for the New South
Wales State Emergency Service [Haynes et al, 2009], which examined the
fatality and injury record for Australian flash flood events from 1950 to 2008. It
also continues the work done for the floods component of the Bushfire and
Natural Hazards Co-operative Research Centre (BNHCRC) project, 0An analysis
of human fatalities and building losses from natural disasters in Augraliad [see
Haynes et al, 2016]. The current research focuses on the circumstances
surrounding fatalities resulting from flash flood eventsin New South Wales (NSW)
from 1 January 2000 to 30 June 2017. To enable comparisons to be made, a
few other jurisdictions were examined. The aim is to identify those most at risk
and any trends in recent flash flood events in order to inform policy
development by the NSWSES.

BACKGROUND

Hash floods occur as a result of intense bursts of rainfall: they are typically
characterised by short warning times and high velocity flows that rise and fall
rapidly. This type of flooding p oses the greatest threat to life as people can be
very suddenly swept away. The Bureau of Meteorology d efines a flash flood as
that occ urring owithin about six hours of rain, usually the result of intense local
rain and characterised by rapid risesin water-levelsd [BoM, 2017].

Research into which groups of the p opu lation are most at risk from flash floods
has improved over the last decade but is still sparse. In Australia, Risk Frontiers
have developed a databa se of Australian flood impacts & as well as impacts
from other natural hazards 6 that explore, amongst other chara cteristics, trends
in fatalities. Lines of inve stigation have concentrated on population vulnerab ility
with respect to location and seasonality of the hazard event and the
demographics and activity of the decede nt at the time of death. Research
papers on flood fatalities arising from these database sinclude those of Coates
(1999), Hayneset al (2009) and Hayneset al (2016).

METHODOLOGY

The foundation for this work is the use of Risk Frontiers databas e PerilAUS,
which contains historical data on the incidence (magnitude, affected
locations, etc.) and consequences (property damage and fatalities, etc.) of
natural hazard events in Australia. PerilAUS contains many of the names of the
deceased, which has enab led the collection of more detailed information on
the circumstancesof many of the fatalitiesfrom coronial inque st reports.
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Coronial inquests are a crucial means of verification and ad ding further detalil
to the circumstances surounding flood fatalities by enabling a better
determination of the social, dem ographic and environmental circumstances of
the deceased. A coronial inque st may be carried out if a death is sudden or
untimely, but inque sts will not necessarily be carried out for every flood fatality
that has occ urred. The National Coronial Information Service (NCIS), an internet-
based data system provided to approved researchers and containing
information about every death reported to an Australian coroner since July
2000 (January 2001 for Queensland), was utilised (http://w ww.ncis.org.au/).

For the present study, the PerilAUSdatabase was upd ated from 1 January 2000
to 30 June 2017 utilising Factiva & an online search tool and current
international news database that provides access to sources such as
newspape rs, newswires, journals, industry pub lications, websies, company
reports, television and radio transcripts and more. Quite often, these reports
have good data on the circumstances surrounding flood fatalities, although
occasionally the facts require further verification. Where possble, the NCISwas
interrogated for matching fatalities. Usually a name aswell asa location (or at
least a state) and year isrequired asthe bare minimum for searching coronial
cases but, occ asionally, a record was able to be located de spite no name
be ing mentioned in media rep orts.

The time period under examination (1 January 2000 to June 2017) covers 17.5
years and was divided into two ap proximately equal time periods 8 2000-2008
(nine years)and 2009-2017 (eight and a half years) d in order to de termine any
trends in population vulnerab ility.

A characterigtic of flash flooding isthe lack of time between warning and onset
of the event. It was seldom the case that records pertaining to flash flood
fatalities had all the required data for that spe cific location to enable the flash
flood definition to be conclusively applied. For exam ple, the timing of both the
rainfall and the resulting flood impact was not always known for instances of
fatalities. In the abse nce of such complete data, we utilsed what data was
available from coronial reports, news media and BoM and the expertise and
experience of the research team to determine whether a flood fatality was, in
fact, a flash flood fatality. Any fatalities that could not be unquestionably
classified ascaused by flashfloodswere not includ ed in the analysis.

Death rates 6 the number of deaths per a given number of a specific
popu lation group under consideration & were incorporated in order to gain a
more acc urate view of any trends in vulnerabilties to flash flood events. By
incorporating population figures (from ABS census and annual population
egimates datal), death rates per 1,000,000 population were calculated for
various groups of interest. However, as flash flood totals have bee n consdere d
only for New South Wales (NSW), the Australian Capital Territory (ACT),
Victoria (Vic) and South East Queensland (SEQId) rather than nationally in this
study, it has not be en possble to utilise dea th rates as extensively asin previous
studies(e.g., Hayneset al, 2009; Hay neset al, 2016).

1population averaged from Table1.1at "Population Size& Growth in

http :/ / www .abs.gov.au/ AUSSTATS abs@.nsf/ DetailsPage/ 3105.0.65.0012008?penDocument
and

http :// www .abs.gov.au/ AUSSTATS abs@.nsf/ DetailsPage/ 3105.0.65.0012014?renDocument



http://www.ncis.org.au/)
http://www.abs.gov.au/AUSSTATS/abs%40.nsf/DetailsPage/3105.0.65.0012008?OpenDocument
http://www.abs.gov.au/AUSSTATS/abs%40.nsf/DetailsPage/3105.0.65.0012008?OpenDocument
http://www.abs.gov.au/AUSSTATS/abs%40.nsf/DetailsPage/3105.0.65.0012014?OpenDocument
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In order to provide some comparison, flash flood fatalities that occ urred in
Victoria, the Australian Cap ital Territory and South East Queensland (south of
Bundaber g and east of Dalby) were examined, as well as those from NSW
0 the latter being the main focus of interest for this study. Fatalities
assigned to drainage basins extending west of Dalby, Qld were included only
if the point location of the fatality was eastof Dalby (Fgure 1).

Rockham pton

Bundaberg

1 Sources: Esri. HERE, DeLorme, Intermap. increment P Corp., GEBCO, USGS

OfAO; NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri
Japan, METI, Esfi China (Hong Kong), swisstopo, Mapmylndia, ©
OpenStreetMap contributors, and the GIS User Community

Hgure 1: Extent of SEQId study area

The data was analysed in relation to informing the understanding of
circumstances surounding the fatalities and h ow this information could be st be
utilised to inform policy development for the preservation of life during flash
flood events. In order to achieve this, a number of data fields were coded for
analysis (see Appendix 1). Percentages were rounded to the nearest whole
figure for ease of viewing, causing dight inacc uracies when add ing tabu lar
columns. Because of this discrepa ncy, tabular totals have not been entered for
percentage s.
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DATA LIMITATIONS

Importantly, in order to preserve anonymity of decedents, it is a requ irement of
the NCIS that any information gained from consultation of their records is
distributed via agg regated tables only, such that no individuals can be
identified, and that, if any cell should have a result of 1, 2, 3 or 4, that result be
noted as dess than 56 (0 §6). This requirement has had an impact on the
display of our results due to the fact that the analysis of many of our data fields
dealt with relatively smallnumbers.

The fact that a decedent's name has been found for a flash flood fatality
record in PerilAUS does not necessarily mean that sufficient detail will be
found in coronial records to answer all the que stions/ fields required. Not all
flood fatalities have coronial records, and not all coronial records have
detailed reports(such asthe Fndingsor Police report) attached.

It should be noted that, due to the small number of total fatalities for each
popu lation under consideration, one or two larger events (whether freak or not)
can easily skew the results towards a conclusion that may not be
representative, and such skewing cannot be rectified by the app lication of
de ath rates. Additionally, the fact that national figures as a whole were
not dealt with had further implications in the use of death rates, as
discussd ab ove.

RESULTS

At least 130 flash flood fatalities have occ urred in NSW, Vic, ACT and SE Qld
from 1 January 2000 to 30 June 2017, asshown in Table 1 and Hgure 2. There isa
major pe ak of 30 dea thsin 2011, due mainly to the devastating flash floods of
SE QId in January of that year. The next highest annual total is ten de aths,
which was reached in the years of 2007 and 2008. There has been no
discernible decrease inthe number of fatalities with time.

Table 1: Hash flood fatalities by gender and year, 2000-June 2017 for NSW, ACT, Vic and <E Qld and NSW
deathrates

Time Period Number of fatalities M:F  death | NSWdeath rates

Male Female Total ratio Male Female Total
2000 <5 <5 <5 - 0 0 0
2001 7 <5 9 3.5 1.22 0.60 0.91
2002 <5 <5 5 4.0 0.61 0 0.30
2003 <5 <5 <5 1 0 0 0
2004 <5 5 8 0.6 0.60 0.59 0.59
2005 5 <5 6 5.0 0.59 0 0.29
2006 <5 <5 <5 - 0 0.29 0.15
2007 5 5 10 1.0 1.17 1.43 1.30
2008 6 4 <5 10 15 0.87 0.86 0.86
2009 <5 <5 5 0.7 0.29 0.28 0.28
2010 <5 <5 6 1.0 0 0.55 0.28
2011 17 13 30 1.3 0.83 0 0.41
2012 <5 <5 <5 - 0.27 0 0.14
2013 8 0 8 - 0.81 0 0.40
2014 <5 <5 <5 2 0.27 0.26 0.26
2015 7 <5 9 3.5 0.53 0.26 0.39
2016 7 <5 7 - 0.78 0 0.39
2017 5 <5 7 2.5 1.04 0.51 0.77
2000-08 33 20 53 1.7 0.56 0.53 0.55
2009-17 53 24 77 2.2 0.42 0.21 0.31
2000-17 86 44 130 2.0 0.49 0.37 0.43

10
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Reaults in the lastthree rowsof Table 1 show an increase in flash flood de aths of
24 within the 2009-2017 period compared to the 2000-2008 period & from 53 to
77. Thnismore recent period includ es the SEQId flashfloods of January 2011.

35
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Fgure 2: Distribution of flash flood fatalities in NSW, ACT, Vic and < QId, 1 January 2000 to June 2017, by
gender.

Annual death rates per million population have bee n calculated for NSW
(Table 1). Fgure 3 better illustrates this, showing male, female and total flash
flood de ath rates over the period of study. The de ath rate for NSW has range d
from 0 to 1.30 (in 2007) per million popu lation over the period of study, but
annual death rates do not show a discernible downward trend. Deaths for
malesshow a dight increase overtime and, for females,a dight de crease.

160
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040

Death Rate per 1M population

0.20
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R e
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Fgure 3: Distibution of male, female and total flash flood death ratesper 1,000,000 popu lation, 2000-2017, for
NSW
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Age and gender distribution of fatalities

Of the 130 flash flood fatalities found for NSW, ACT, Vic and SEQId, 66% were
male.

Table 1 indicates that twice the amount of males as females died during the
period 2000-2017. Examination of the annual record shows that the ratio of
male to female deaths have fluctuated from 0.6 (in 2004) to 5.0 (in 2005).
However, there is no discernible trend towards equa lity: that is, there are still a
greater number of males being killed in flash floods than females d see Table 1
and Hgure 4. Investigating the time periods 2000-2008 and 2009-2017 shows an
increase in the ratio of male: female deaths from 1.7 to 2.2, indicating that,
rather than app roaching equality, an increasing proportion of males are being
killed in flash floods.

6
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Fgure 4: The ma le: female flash flood death ratio for NSV, ACT, Vic and SEQId, 1 Janu ary 2000 to June 2017

Table 2 showsthe total number and percentage of the 130 flash flood fatalities
by ten-year age range. Those age groups most at risk in the period 2000-2017
have been the 10-19 and then the 60-69 and 70-79 ag e groups.

Table 2: Numb er of NSW, ACT, Vic and & Qld fatalities by ten-year age range for 2000-2008, 2009-2017 and
2000-2017.

Time Period 2000-2008 2009-2017 2000-2017
Age No. % No. % No. %
0-9 <5 <8 7 9 11 8.5
10-19 11 21 10 13 21 16.1
20-29 10 19 <5 <5 14 10.8
30- 39 5 9 7 9 12 9.2
40 - 49 <5 <8 9 12 13 10.0
50 - 59 7 13 8 10 15 115
60 - 69 <5 <8 14 18 18 13.8
70- 79 5 9 13 17 18 13.8
80- 89 <5 <8 5 7 8 6.1
TOTAL 53 77 130

12
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The relative risk of the different age groups of de cede ntsisillustrated in Hgure 5,
which also shows the gender differences amongst those groups. It can be seen
that, for almost all age g roups, more males have bee n killed in flash floods than
females. In the 0-9-year age group, more females have be en killed than males.
Equa | numbe rsof malesand femaleshave been killed in the 80-89 ag e group.

25

20

15

W Female

10 - H Male

0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 80-89

Figure 5: Distribution of male & fema le flash floo d fatalitiesby 10-year age group, Janua ry 2000 to June 2017

Areal distribution of fatalities

Jurisdiction

Table 3 shows the flash flood fatalities for NSW, Vic, ACT & SEQId, by total
number and percentage. The raw figures show that 45% of the fatalities have
occurred in EEQId and 42%in NSW.

Table 3: Total flash flood fatalities and percentage of known fatalitiesby state for the time period s 2000-2008,
2009-2017 and 2000-2017.

Time Period 2000-2008 2009-2017 2000-2017
State No. % No. % No. %
ACT 0 0 <5 <5 <5 <3
NSW 30 57 24 31 54 42
SEQLD 12 23 47 61 59 45
viC 11 21 5 6 16 12
TOTAL 53 77 130

Examination of deaths occurring within the two time periodsshows that, in
respe ct of raw numbers, de aths have dightly decreased in NSWwithin the 2009-
2017 period compared to the 2000-2008 period: however, the relative
percentag e of deaths compared to those of the other jurisdictions examined
has almost halved. Contrarily, the numbers of flash flood dea ths within SE Qld
has almost quadrup led, with the relative percentage of deaths compared to
those of the other jurisdictions examined having increased by a factor of 2.6.
This increase is due in the main to the large loss of life occ asioned by the
January 2011 flash floods in that area.

13
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Drainage basin

Hgure 6 illustrates the number of de aths due to flash flooding by the drainag e
basins in the areas under study. The drainage basn was known for 123 of the
130 fatalities. By far the greatest numbe r of deaths (30) has occ urred within the
Brisba ne River Drainage Basin of Qld 6 28 of these in the latter 2009-2017 period
and mostly (22) during the January 2011 flash flood events. Three double
fatality events occ urred in March 2001, Novembe r 2008 and January 2013.
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Fgure 6: The location of flash flood fatalitiesin NSW, ACT, Vic and < Qld, 2000-June 2017, within drainage
basnsof the area und er study .
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The next most risky drainag e basins to live within are listed below. Again, these
relatively high death totals correspond with multiple-fatality events (see also
Tables 22-24):

Pine River (Qld) d nine d ea thsin total, five of which occ urred in May 2015
Hawkesbury River (NSW) 9 eight deaths in total, five of which occ urred
in June 2007 and two in June 2016

Hunter River (NSW) 0 six de athsin total

Drainag e basins having a total of five fatalities were those of the Yarra River
(Vic) and the Burnett River (NSW, QId).

Data was categorized according to flood severity (minor, major, record etc),
where it was possble to determine (see Appendix 1). Table 4 sets out the
numbers of flash flood fatalities against the severity of the flood. Most deaths
(57; 44%) have occurred in floods of a minor to moderate severity. Major floods
account for 22% of deaths, as do record/ unpre cedented floods.

Table 4: Number of flash flood fatalies versus severity of fatal flash flood events and compa red
against the numb erof flood events of that severity, 2000-2017

Time period Fatalities Fatal flash flood events
Severity No. % No. %
Low/ ban k full 6 5 6 7
Minor-mo derate 57 44 47 55
Major/ extensive/ serious 28 22 19 22
Severe/ disastrous 11 8 7 8
Record/ highestknown 28 22 6 7
TOTAL 130 85
Month

Fgure 7 illustrates the month of occ urrence of flash flood fatalities. Summ er
monthshave been the riskiestoverall.
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Fgure 7: Month of fatal flash flood events for the time period s 2000-2008, 2009-2017 and 2000-2017. The x-axis
isthe numb er of deaths.
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When jurisdiction is taken into acc ount it can be seen that, although January is
by far the most fatal month, this has been influenced by the QIld 2011 event
(Fgure 8). For NSW, March and June have been the mostrisky months: March in
the 2009-2017 period and June in the 2000-2008 period (not shown).
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Figure 8: Numb er of deathsby month of event and jurisdiction, 1 Jan 2000- 30 Jun 2017

ACT ENSV m QLD mVIC

Time of day

The majority of flash flood fatalities occurred in the afternoon (53 cases out of
120, or 44%); with night fatalitiesalso prevalent (29, or 24%), asshown in Table 6.

The times of day were combined to calculate the effe ct of lowered visbility on
flash flood fatalities: daylight vs night time hours (the last two rows of Tab le 7).
Overall, more people (57%) have bee n killed during daylight hours by flash
floods.

Table 6: Numb erof deathsby time of day, 2000-2008, 2009-2017 and 2000-2017

Time Period 2000-08 2009-17 2000-17
Time ofday No. % No. % No. %
Early mo rning (night) <5 <9 6 8 8 7
Moming 8 17 <5 <4 10 8
Noon <5 <9 <5 <4 <5 <4
Day <5 <9 <5 <4 <5 <4
Afternoon 13 27 40 56 53 44
Evening 7 15 8 11 15 13
Night 15 31 14 19 29 24
TOTAL 48 72 120

Day (morning, noo n, day, aftemoon) 24 50 44 61 68 57
Night (eary mo rning, evening, night) 24 50 28 38 52 44

To observe the influence of visbility of the flood hazard on flash flood deaths,
the 0Time of day6 was crosscorrelated with 0Transporté in Table 7 (see also
Table 21 for more transport-related results). Information was known for 116
cases. Of the 16 known cases of decedents in a house or caravan, 11 (69%)
were killed during daylight hours (all of those during the 2009-2017 period) and
five (31%) in darkness (very early morning or at night). Of the 58 known
cases of decedents driving some form of vehicle through floodwaters, 30
(52%) were killed during darkness (very early morning, evening, night).
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Table 7: Hash floo d fataliteswhen 0 ifhe of day {day versusnight) iscross-correlated with 6 fRnsporté for the
time period s2000-2008 and 2009-2017

Time period 2000-2008 2009-2017 2000-2017
Time of day Transport No. % No. % No. %
Day 24 50 43 63 67 58
(moming, on foot 10 21 10 15 20 17
noon, day, | swvimming <5 <9 <5 <7 6 5
afternoo n) caried by others 0 0 <5 <7 <5 <4
in vehicle 11 23 17 25 28 24
on boat (incl. make shift craft) 0 0 <5 <7 <5 <4
N/A din house/ caravan 0 0 11 16 11 9
Night 24 50 25 37 49 42
(early moming, | on foot 7 15 <5 <7 10 9
evening, night) | swimming <5 <9 0 0 <5 <4
in vehicle 13 27 17 25 30 26
on boat (incl. make shift craft) <5 <9 0 0 <5 <4
N/Adin house/ caravan 0 0 5 7 5 4
TOTAL 48 68 116

Cause of death

The majority (94%) of the 130 flash flood fatalitieswere caused by drowning or a
mix of drowning/ injury, as detailed in Table 8. In the pre sent study, a little over
2% of known fatalities were due to heart attack or overexertion. Some 3% of
casualties were missng presumed dead (i.e., washed away; their bodies
never located).

Table 8: Cause of flash flood death versusnumb ersand proportionsof flash floo d fatalities, 2000-2017

Cause of Death No. %
Drow ning 82 63
Drow ning/injury/exp osure 40 31
Injury - other <5 <3
Heart atta ck, overexertion, shock, collapse <5 <3
Missng presumed dead <5 <3
TOTAL 130

Isolation asa cause of death

There was one fatality within the olnjury 6 other6 category. The decedent had
be en bitten by a Sephen's banded snhake but paramedics were unable to
reach the property, which was cut off by floodwaters. A rescue helicopter was
unable to land, and wild winds and torrential rain prevented rescuers from
winching the casualty out. An inflatab le rescue boat was finally able to get to
the casualty, some five hours after the incident. The decedent died a week
laterin hospital.

Another fatality that could have been influenced by isolation due to
floodwaters, within the OHeart attack, overexertion, shock, collapse6 category,
occurred when the decedent collapsed at home near the height of the flood
in the very early hours of the moming. CPR was commenced when the
decedent ceased breathing and the SESand ambulance were called for help,
but flood watersde layed them for 20 minutes, d espite their be st efforts.
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Detailed location of fatality

Details of the location of the fatal flash flood incidents are illustrated in
Table 9. The majority (95, or 73%) of decedents were near, on or in a
watercourse at the time of death; 18 (14%) were in a house or other
built structure and 13 (10%) were on top of a house or other built
structure. Another 14 (11%) were near, on or in floodwaters not normally
associated with a watercourse, e.g., in a flooded paddock, oron a road.
All of those who died whilst in or on a house or structure did so during
three recent events: January 2011 in SE QId (15 fatalities), April 2015 in
Dungog, NSW (three) and March 2017 in the Northern Rivers area of
NSW (two).

Of the total 20 decedents who were in or in the vicinity of their house or
another dgructure, one wasin a caravan, one had just walked outside of
the house and two were on top of a vehicle parked in a garage . The
remaining 16 were insde their house when the flash flood event occ urred
and when de ath took place.

Table 9: Detailed location of fatal incident versus numb ersand proportions of flash flood fatalities, for
2000-2008, 2009-2017 and 2000-2017

2000-2008 2009-2017 2000-2017

Detailed location No. % No. % No. %
Outside d near/ on/ in watercourse 52 98 43 55 95 73
Outside d near/ on/ in floodwaters <5 <2 13 16 14 11
In a house/ structure d destroyed 0 0 7 9 7 5
In a house/ structure d not destroyed 0 0 11 14 11 8
On a house/ structure d not destroyed 0 0 <5 <3 <5 <3
Other 0 0 <5 <3 <5 <3
TOTAL 53 77 130

Awareness of the flood hazard

Of the 128 cases where the decedentd® awareness of the flood hazard
was known, 70 (55%), knew there was a flood or imminent risk of one but
the de pth, spee d and/ ordebr istoo k them by surmprise (Tab le 10). Of these,
71%were male. Another 33 (26%), were unaware and taken by surprise or
had too little time to enact a suwival strate gy. Of these, 55%were male.

Table 10: Awarenessof the flood versus numb ers of flash flood fatalities, by gender, for 2000-2008,
2009-2017 and 2000-2017

Awar eness of the flood 2000-2008 2009-2017 2000-2017

Knew there wasa flood or imminent risk of a flood

butdid not expectto encounterit <5 <5 <5 <5 <5 <5 8

Knew there was a flood or imminent risk of a flood
but depth, speed, debrisand/ or stormwater drain| 17 8 33 12 50 20 70
took them by surprise

Unaware and taken by surprise/ too little time to

A 7 6 11 9 18 15 33
enact survival strategy
N/A & child < 11 yo <5 <5 5 <5 9 6 15
N/A d other <5 <5 <5 <5 <5 <5 <5

TOTAL 32 20 51 24 83 44 128
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Flood warnings rece ived

Information was known for only 53 cases out of 130 as to any warnings
received by the decedents (Table 11). Of these, over half had
received no warning. However, 25% had received an official warning
and 13% had received a warning from friends,family or bystand ers.

Table 11: Wamingsreceived versusnumb ersand prop ortionsof flash flood fatalities, 2000-2017

Warnings rec eived Number %
Had received an official waming relating to potential floo d risk 12 23
Had received an official waming to evacuate <5 <8
Had received a waming from friends, family or bystand ers relating to

. . 6 11
potential flood risk
Had received a waming from friends, family or bystand ers to shelter in <5 <8
place/ vertical evacuation
Had received no waming 30 57
N/A/ Other <5 <8
TOTAL 53

oLocation of fatality d detailsd was cross-correlated with owarnings received 6 in
terms of what warnings had been received by those who perished in their
house versus those who died whist near or in a watercourse or in floodwaters
that had otherwise reached an area not near a usual watercourse. Table 12
(percentage s not shown) shows that of those who died near a watercourse, 14
(52%) had received some kind of warning and ten (37%) had not. Of those in
or on a house or other structure, three (17%) had received some kind of
warning and 15 (83%) had not.

Because we are dealing with relatively small numbers, here and below in table
13, these resultsshould be treated with some caution.

Table 12: Numb ers of flash flood fatalities with respect to 0Warnings received6 versus oDetailed locationg,
2000- 2017

Near Near In/  on

Warningsrec eived Total
waterco urse floodwaters house
Officialwarning re flood risk 9 <5 <5 12
Officialwarning to evacuate 0 0 0 <5
Warning from friend setc re flood risk 5 <5 0 6

Warning from friends etc to shelterin place/

. . 0 0 <5 <5
undertake vertical evacuation
Had received no waming 10 5 15 30
N/ A/ Other <5 0 0 <5
TOTAL 27 7 18 53

The decedents @capa city to respondé to the flash flood stuation was cross
correlated with dwarningsreceived 6 in terms of what effect warnings may have
had on those who were capab le of independent action versus those who
were under the influence of drugs (prescribed or illegal) or alcohol and
those who were following the decision-making of others 6 e.g., children
following adultsd de cisions or passengersin a car. Table 13 shows that, of the

28 cases known for those capab le of independent action, equal numbers
(13, or 46%) had received some form of warning as had received no warning.

The proportions are much the same for those affected by drugs or alcohol:
each with four (or 50%). Of those following the de cisions of others, three (30%)
had received some form of warning while seven (70%) had not.
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Table 13: Numbersof flash floo d fatalitieswith respec t to 0Warningsreceivedd ewsusoCap acity to respond@,
2000- 2017

Warningsrec eived Capable Drugs/ Othgr;o Totalt
alcohol decision

Officialwarning re flood risk 8 <5 <5 12/12
Officialwarning to evacuate <5 <5/<5
Warning from friend setc re flood risk <5 <5 <5 6/6
War.mng from fngndsetc to shelterin place / < <5/<5
vertical evacuation

Had received no waming 13 <5 7 24/30
N/ Al Other <5 <5/<5
TOTAL 28 8 10 46/53

1 Thiscolumn totals all those who had received that type of waming: the firstfigure is the total in the current
tab le; the second figure includ esthe totalsof the five othero Gp acity dieldsnot shown here

Visible signs of the flood hazard

Of the 118 cases where information was known, the vast majority of de ced ents
(72, or 91.5%) had observed obvious signs of floodwater and/ or rain (data not
shown).

Familiarity with site of fatality

Familiarity with the ste of the fatal incident was investigated for those
decedents who drove or walked through/ into floodwaters. Of these 71 cases,
70 contained data on the location of the fatal event and the hom e addre ssof
the decedent. The distance between home and the event site can generally
be taken as one measure of familiarity with a place. It can be argued that
some persons living close to the location where the fatal incident occ urred
may have been newly arrived to the area; it can also be argued that some
pe rsons living distant from that location may d rive that way to work five days a
week and thus be familiar with it. Table 14 should therefore be taken as an
ap proximation. It shows that most of those killed whilst driving or walking
through a flooded causeway or similar lived close to it: 73% within 20km of the
crossng (with a fairly smilar proportion of males and females); 66% within 10km
(70% of males; 57% of females) and 53% within 2km (57% of males; 43% of
females).

Table 14: Numb er and propo rtion of fatalities amongst those who drove/ walked through/ into floodwater in
regard to how farthe fatal event occurred from the decedentGshome ad dress,by gender

Km from fatal event to Males Females Total
home address No. % No. % No. %
0-2 27 57 10 43 37 53
2-5 <5 6 <5 13 6 9
5-10 <5 6 0 0 <5 <5
10-20 <5 <5 <5 13 5 7
20-50 <5 <5 <5 <5 <5 <5
50-100 0 0 <5 9 <5 <5
>100 11 23 <5 17 15 21
TOTALL 47 23 70

Activity prior to de ath

Details of the activity of flash flood victims prior to the time of de ath are
available for 129 of the 130 total fatalities, as illustrated in Table 15
(percentages not shown). Of these, 70, or 54%, were attempting to cross a
stream, creek or other watercourse by wad ing, swimming or driving. Almost 19%
were in an area not near a usual watercourse (e.g., in their house).
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Approximately equa | numbers (7-9%) of fatalities were in or near a stormwater
drain, engage d in an activity in the floodwater (e.g., swimming or joyride), or
attempting to crossthe floodwaters not near a usual watercourse (as opp osed
to crossng a permanent watercourse) 0 i.e., on a road or in town. Every
instance of the latter activity occ urred during the more recent time period of

2009-2017. However, the more recent time period has seen fewer deathsdue to
activities close to stormwater drains, and dightly fewer due to activities within

the floodwaters.

Table 15: 0Activity prior to death éversus numb ers of flash flood fatalities, by gender, for 2000-2008, 2009-2017
and 2000-2017

Time period 2000-2008 2009-2017 2000-2017
Activity prior to death M F Tot M F Tot M F Tot
Attempting to crossbridge/ causeway/ 20 15 35 27 8 35 47 23 70
culvert/ ford /road

Attemptmg tc? cross floodwaters <5 <5 <5 6 <5 9 6 <5 9
[paddock; town; on road]

Engaged.m an activity near the water <5 <5 <5 <5 <5 <5 <5 <5 5
(bank/ bridge)

Engaged in an activity in/ near a 5 <5 7 <5 <5 <5 9 <5 11
stormwaterdrain

Engage‘d in an activity in the water <5 <5 6 <5 <5 <5 6 <5 10
(swimming, joyride etc)

Engaged in activity not near usual

watercourse (e.g., in house, driving | <5 <5 <5 12 11 23 13 11 24
through town etc)

TOTAL 33 20 53 52 24 76 85 44 129

Of the 70 fata lities attempting to cross a stream, creek or other watercourse
by wading, swimming ordriving, two-thirds (47) were male.

Of the 129 known fatalities, 11% were engaged in an activity in or near a
sormwater drain and the majority of these (82%) were males: this higher
percentag e is aconstant feature acrossboth time periods.

Another 24% of decedents were engage d in an activity not near a usual
watercourse & for example, in a house, or driving through town. There isa more
even distribution of male and female fatalities in this category, with just one
more male than female killed in each of the time periods.

Transport

In terms of transport at the time of death, most (35%) of the 130 flash flood
fatalities were insde a vehicle at the time of death, asdetailed in Table 18: an
add itional 18% had be en inside a vehicle but exited just prior to being washed
away. Thisgives a total of 52% of those killed d uring flash floods associated with
driving through or at least up to floodwaters (discrepancies in add itions due to
rounding up of percentage s).

The bo ttom four rows of Table 18 examine vehiculardeathsmore closely.

Of the known fatalities, 25% were on foot, whilst 6% were swimming or wading;
12% were in a house or other shelter. All the fatalities inside a house or other
shelter were in the more recent time period. Two of the decede nts noted as
on foot had evacuated their house (late) and had then climbed onto another
structure (a vehicle, which had been parked in their garage). One decede nt
noted in Table 18 as 0Carried by othersb wasalsoin a house.
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Table 18: Transportation at time of death

Time Period 2000-2008 2000|—2017
Type of transport No. % No. % No. %
On foot 19 36 13 17 32 25
Svimming (incl. boo gie boa rd, inflated tyreé ) <5 8 <5 5 8 6
Cared by others 0 0 <5 <5 <5 <5
In vehicle 26 44 42 55 68 52
On vehicle: push bike <5 <5 0 0 <5 <5
On bo at (incl. ma keshift: raft, canoe, dinghyé ) <5 6 <5 <5 <5 <5
N/Adin house/ caravan 0 0 16 21 16 12
TOTAL 53 77 130

All 4WDs! 11 21 16 21 27 21
All non -4WD vehicles? 15 28 26 34 41 32
All vehicles[decedent in vehicle] 15 28 30 39 45 35
All vehicles[decedent exited/ ing] 11 21 12 16 23 18

1 notincluding utesnot noted as4WD
2 including utesnot noted as4WD

Detail around whether the decedent, as driver or passenger in a vehicle
driven through floodwaters, had drugs or alcohol present in their blood (from
the Capacity (Primary) coding field) was examined (data not shown).
Information was available for 16 of the decedents. Of these, 63% were male.
There isa fairly even distribution acrossthe age groupsfrom 20-29 to 70-79.

Mode of transport was crosscorrelated with Capacity (Primary) code 1:
O0Capab le of independent action6 to determine the age and gender of drivers
of the vehicles that drove into or went too near floodwaters. Information was
available for 29 cases and, of those, 21 (72% of) drivers were male. The age
groups of most deced ents were 60-69 and 70-79 (the vast majority of the latter
group males), followed by the 30-39 and 40-49 age groups. The fifth most
vulnerable age group was80-89 (all these were males).

Transport was crosscorrelated with o0ime of d ay dday versus night) to
determine whether the vehicle the decedent was in went into floodwaters
during night time hours or not, to determine if visbilty was a factor.
Information on time of day was available for 57 out of a possble 68 cases
amongst drivers and passengers (data not shown). Overall, the number of
deaths whilst driving through or near floodwaters is evenly spread, with 30, or
53%, occ urring at night.

Flash flood ca sualties who died in their house

A deta iled examination of those who died whilst in or on a house or structure,
whether the structure was destroyed or not, was unde rtaken, to under stand
what v ulnerab ilities might exist (data not shown). All 20 of the fatalities that
occurred in these circumstances did so during the latter time period of 2009-
2017. Equal numbers of males and females died and there is a relatively even
spread of ages across the 40-49 to 80-89 age groups. The majority (85%) of
decedentswere overthe age of 39 and 70%were overthe ag e of 49.

All de aths occ urred within flash flood events of a severity classed as severe or
record, and where three or more persons died. Hfteen de aths occurred within
the Brisbane River drainage basin, Qld; three from Hunter River, NSW and two
from Tweed River, NSW. Of the 18 in or on a house, the house was
destroyed in 11 cases.

Eght decedents were capable of indep endent action although one was
looking after a depe ndent. One couldn@ swim and was also looking after
depe ndents.
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Sx decedents were physcally and/ or mentally disabled or incapab le
and four of those were also affected by drugs or alcohol. A total of six were
affected by drugs or alcohol (including the four mentioned previously). Two
were mad e to follow the decison making of others (i.e., children who followed
an adultds de cision- making or women who followed a certain action of their
husband). A total of four decedents were looking after a depende nt
(including the two mentioned previously).

Note that some decedents had a secondary challenge with respect to
cap ability so there is some odouble countingd. Also, because we are dea ling
with relatively small numbers here, these results should be treated with some
caution.

Reason behind action

Data on the reason behind action taken by the decedent prior to de ath was
available for all 130 flash flood fatalities 6 see Table 16. The majority were en
route to some destination (70; or 54%), with 48 (69%) of these males. In relation
to ag e groups (not shown in Tab le 16), the greatest number of de cede nts were
in the 70-79 group (mostly during the 2009-2017 period), followed by the 30-39
then 10-19 (mostly during the 2000-2008 period) groups, although numbers were
fairly well dispersed acrossall ag e groups.

Of the 70 decedents that were en route, information as to where they were
going to/ from was available for 52 cases (not shown in Table 16). Two-thirds
(35) were en route home, mostly (18) from recreation or non-essential shopp ing,
although four were coming hom e from work. An equal number (four) were en
route to work from home, and eight were en route to a recreational activity or
non-essential shopp ing.

The second mostcommon activity was leisure: 24 (18%) of the deced ents were
und ertaking some form of recreation, aside from travelling to or from it, mostly
(ten) ag ed 10-19, mostly (eight) males and mostly (five) from the earlier time
period. This latter result was the case across the board, with some 75% of the
fatalities arising from recreational pursuits in and around floodwaters
occurring during the 2000-2008 period.

The next large stgroup were those taken by surprise, with either no attempt at or
a very late evacuation: 11 (8%) de cedents died within or very close to their
homes. All of these occ urred within the 2009-2017 period and the ages ranged
from the very young (0-9 yo) to the middle-ag ed and elderly (50-89 yo).

Total numbers of males and females were fairly even but there were more
malesamongstthe 60-89 group and all of the 0-9 group were females.

The next large st group were those attempting to evacuate: nine (7% of)
decedents were in this category, the vast majority (eight) attempting to
evacuate either from home or vertically within their hom e (not shown in Table
16). Sightly more femalesthan maleswere in thiscategory.

Further data on those attempting to evacuate was availab le from the 0Reason
behind action at time of de athd (asop posed to 0 é prior to deathd) field.

This second field, as explained previoudy, captured those pe ople whose reason
behind the actionsthey took changed at the immediate onset of the ha zard.
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In this instance, people were working, recreating or en route, and then
attempted to evacuate. Consdering both of the OReason behind actiond
fields, a total of 13 people were attempting to evacuate. The characteristics of
these people were investigated further. The numbers are very small and so
should be taken with caution, but the majority (four out of 13, or 31%) were
aged 40-49: aside from that group, fatalitieswere evenly spread across all age
groups. In terms of capability, seven (54%) were capable of indepe ndent
action, four (31%) were following the decison making of others, one was
affected by drugs or alcohol and one was encumbered with clothing/
possessionsetc.

Table 16: 0Reason behind action prior to death 6versus numb ers of flash flood fatalities, by gender, for 2000-
2008, 2009-2017 and 2000-2017

Time period 2000-2008 2009-2017 2000-2017
Reason behind action M F T M F T M F T
Attempting to evacuate 0 <5 <5 <5 5 8 <5 6

Taken by sumprise - no attempt at/ very

late evacuation 0 0 0 5 6 11 S 6 1
Awaiting a plann ed rescue/ evacuation 0 0 0 <5 0 <5 <5 0 <5
Refused to be evacuated 0 0 0 <5 <5 <5 <5 <5 <5
Working <5 <5 <5 <5 0 <5 <5 <5 <5
Recreating 11 5 16 6 <5 8 17 7 24
Enroute 20 13 33 28 9 37 48 22 70
Attemptlng to rescue/ retrieve prop erty/ 0 0 0 <5 <5 5 e = -
livestock

TOTAL 32 |20 |52 |51 |24 |75 |83 |44 | 127

The reason be hind action at time of death for those deced ents who drove into
floodwater was examined. In only two instances of the 69 cases known was this
in an attempt to evacuate; there is one instance where an attempt was be ing
mad e to rescue livestock and four where recreational activities were being
und ertaken. The remaining activities are basically obusiness as usual ,6as the
decedent, having started out en route somewhere, sought to persist in that
endea vour; there isone instance of the de cedent working.

Capacity to respond

The capab ilty of the decedent to respond to the flash flood situation was
availab le for 128 out of 130 casesand isset out in Tab le 17.

Most (63, or 49%) were capab le of indepe ndent action. However, in 28 (22% of)
cases, the decedent was affected by drugs (either prescribed or illegal) or
alcohol. A fairly large proportion (17%) of decedents were constrained by the
decision of another: either children following an adult&lead, or passengersin a
vehicle.

A secondary o0Capac ityé coding scheme was utilized to capture those with a
supp lementary challenge & for example, those who were a passenger in a car
(Capacity - Primary) but were also disabled or couldn& swim (Capacity -
Secondary). There were add itional challenge s for 37 de ced ents.
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Add ing these figures to those of Table 17 gives 33 (25% of) cases where the
decedent was affected by drugs or alcohol; 19% of de cede nts constrained by
the decison of another; 14 or 11% disabled in some manner and 13 or 10%
unfamiliar with the area. Note: any one decedent may have had more
than one of the challenge sto capa city mentioned.

Table 17: Cap acity (Primary) to respond to flash floo d situation

Capacity (Pimary) 2000-2008 2009-2017 2000-2017

M F T M F T M F T
Capab le of independ ent action 16 |7 23 |28 12140 |44 19 63
Ehyswally and or mentally disabled or <5 <5 < < < < < 5
incapab le
Cannotswim <5 <5 <5 0 <5

8 6 14 7 7 14 15 13 28
Presence of drugs or alcoho lin blood
Mad e tq foIIow‘ the decison ma kln_g of < |7 1 2 < 1 11 11 2
others (i.e., chidren/ pas®ngers in a
vehicle).
A child or group of children on theirown, | <5 <5 <5 <5 <5 0 <5
age <11
Unfam |I|§1r V\{Ith t‘h‘e area (e.g., <5 <5 < < < 0 <
new resid ent; transiting)
Encumb ered with clothing, possssons <5 <5 <5 0 <5
or equipment
Loo king after dependents which <5 <5 <5 0 <5
affected ability to save themselves
TOTAL 31 |20 |51 |53 24 |77 |84 |44 | 128

Multiple-fatality events

Half (65) of the 130 flash flood fatalities found in this study occ urred in events
where just one person was killed. Anoth er 14 (11%) were killed in double-fatality
events, and 51(39%) in multiple-fatality events: that is, events where three or
more people were kiled. Seven events caused double fatalities and three

events caused triple fatalities (see Table 19).

Table 19: Numberof deathsand flash flood eventsin regard to single- versus multiple-fatality flood events

Deaths No. Events Total Deaths % of total
1 65 65 50

2 7 14 11

3 3 9 7

4 2 8 6

5 1 5 4

6-10 1 8 6

>10 1 26 20
TOTAL 80 130

Two events caused four flash flood fatalities, both due to rains from ex-tropical
cyclones: ex-TC Oswald, in January 2013 (four deaths in Qld), and ex-TC
Debb ie, in March 2017 (one de ath in QId; three in NSW). [Other fatalities were
caused by some of these events, by causal factors other than flash flooding:
e.g., flooding (non-flash), gust and rain-related factors] These results are
summarized in Tab le 20.
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Fve fatalities were caused by an East Coast Low (ECL) in Cab oolture, in 2015.
Eight flash flood fatalities (as well as other non-flash flood fatalities) were
caused by the June 2007 Pasha Bulker storm that occ urred in the Sydney and
Hunterregion of NSW.

By far the large st multiple-fatality event was due to a series of severe storms in
combination with monsoon troughs/ TC Tasha, following months of extensive
and heavy rainfall, that occurred in SEQId during January 2011: there were 26
flash flood fatalities in the area, including 19 in the Lockyer Valley, two in
Rockhampton and two in Brisbane.

Table 20: Multiple-fatality eventsby jurisdiction and causal event, 2000-2017

Event name Sate/s Causal event/s
Brisbane/ SEQId Coastflood s,March 2001 NSW storm (fierce)
Tam boon Inlet flood , February 2002 Vic breach of inlet to sea
Murwillumba h flash flood s,March 2004 NSW tropical low
Biggend en flood s,Novemb er 2004 FQld storm (heavy)
Melbo ume flash flood s, Novemb er 2004 Vic storm
Northem NSW floo d, Decemb er 2004 NSW storm
Guana ba Creek flood, June 2005 SEQId upp er trough sysem + ECL
Hawkesbury/ Hunter floo d, June 2007 NSW Pasha Bulker storm
Southeast Sydn ey flash flood , Janu ary 2008 NSW storm

extensive heavy rainfall then
SEQId flash floo ds, Janu ary 2011 FEQId storm/ mo nsoon trough
ExTC Oswald flood s,January 2013 SEQId ExTC Oswald
Sydney, Hunter severe storms April 2015 NSW ECL
Caboo lture flood, May 2015 SEQId ECL
NSW/ ACTECL flood s,June 2016 NSW, ACT ECL
ExTC Debb ie flash flood s,March 2017 NSW, SE Qld ExTC Debb ie

The five most fatal flash flood eventscovered in this study were examined more
closely.

The 26 flash flood fatalities of the SEQId January 2011 floods occurred across a
wide area: Cherbourg, Grantham, Helidon, Murphys Creek, Postmans Ridge,
Sring Bluff, Toowoomba, Dalby, Karrab in, Minden and Willawong (Durack).
Half (13) of the de aths occ urred in houses, where either the house was washed
away or the decedent was swept out of the house. Nine of these occurred in
Grantham, where a sudden wave of floodwater came through the town: a
similar situation occ urred in two other locations, causing two dea ths in each.
Four deaths occurred through the decedents attempting to evacuate via
vehicle 90 all of them passengers and three of them in Grantham. Two other
deaths occ urred through an attempt to evacuate a home suddenly flooded
by a wave of water by climbing onto a parked vehicle, washed away. Three
deaths occ urred through driving along flooded roads: two separate incide nts
where the driver was returning home and one where the driver was buying
food. One decedent attempted to walk/ swim acrossa flooded watercourse
en route to work, despite doroad closed6 signs and barriers being in place, and
one jumped from a bridge into floodwaters (for recreation) despite warnings.

All eight flash flood fatalities caused by the June 2007 Pasha Bulker storm in the
Greater Hunter area of NSW were associated with vehicles driving through or
near floodwaters: a family of five perished when their car was driven over a
collapse d section of road into a creek; a couple drowned when their 4WD was
washed off a bridge en route from home to shops;and a passenger en route
home from workwasswept down a stormwaterdrain after exiting the car.
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