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Summary 

This submission is written at the request of the 

their draft release of 27 April 2012.

recommendations and priorities and thus 

experience is most relevant. 

Risk Frontiers was created in 1994 to undertake research 

and to create tools and databases to enable the pricing of their impacts on communities for 

the insurance and reinsurance sectors. 

experience which comprises 

hazards, as well as observations from 

following natural disasters both in Australia and overseas. 

As a point of departure, we accept that the planet is warming and that this will eventually 

have measurable impacts on extreme weather

cause property damage.  

Nonetheless the trajectory of extreme weather under a war

as is the timescale at which these changes might be detectable. This being the case,

measures that reduce risk in respect to weather

hailstorms, tropical cyclones and floods 

immediate benefits to Australians and put us in good

strong argument for better risk

practices.  

In further support of this view 

Australian more resilient to extremes in the current climate 

analyses of long-term trends in 

disaster losses are rising in concert with increasing population, wealth and inflation

corollary is that after adjusting historical losses for changes in these variables,

remains and thus no role can yet be attributed to anthropogenic climate change. 

case for multiple natural perils and across 

popular belief, the research on this point is unequivocal

now has a mountain of referred scientific literature to confront. In short

growing cost of weather-related natural 

dangerous places with more to lose.

If no role for anthropogenic climate change can yet be determined in disaster losses, 

next logical question is how long will it take before 

This submission is written at the request of the Productivity Commission

ir draft release of 27 April 2012. We broadly concur with the Commission’s

recommendations and priorities and thus limit this discussion to those areas where our 

experience is most relevant.  

Risk Frontiers was created in 1994 to undertake research on natural hazards in Australia

to create tools and databases to enable the pricing of their impacts on communities for 

nce and reinsurance sectors. The views given here are drawn from that 

which comprises both the study and modelling of the impacts of natural 

observations from numerous rapid-deployment reconnaissance missions 

l disasters both in Australia and overseas.  

As a point of departure, we accept that the planet is warming and that this will eventually 

have measurable impacts on extreme weather. Our interest is in those events likely to 

 

the trajectory of extreme weather under a warming climate is 

as is the timescale at which these changes might be detectable. This being the case,

risk in respect to weather-related perils – bushfires, storms including 

hailstorms, tropical cyclones and floods – under the current climate 

immediate benefits to Australians and put us in good stead for an uncertain future. This is a 

strong argument for better risk-informed landuse planning and for hazard resilient building 

this view – that the government’s emphasis should be on making 

Australian more resilient to extremes in the current climate – we have 

term trends in insurance or economic disaster loss histories

disaster losses are rising in concert with increasing population, wealth and inflation

corollary is that after adjusting historical losses for changes in these variables,

role can yet be attributed to anthropogenic climate change. 

case for multiple natural perils and across different jurisdictions. Despite running counter to 

he research on this point is unequivocal and anyone arguing th

now has a mountain of referred scientific literature to confront. In short, the reason for the 

related natural disasters is that we now have more people living in 

dangerous places with more to lose. 

ogenic climate change can yet be determined in disaster losses, 

how long will it take before such a signal can be observed?

Productivity Commission in response to 

the Commission’s 

to those areas where our 

n natural hazards in Australia 

to create tools and databases to enable the pricing of their impacts on communities for 

drawn from that 

the impacts of natural 

deployment reconnaissance missions 

As a point of departure, we accept that the planet is warming and that this will eventually 

those events likely to 

ming climate is highly uncertain 

as is the timescale at which these changes might be detectable. This being the case, any 

bushfires, storms including 

under the current climate would result in 

stead for an uncertain future. This is a 

e planning and for hazard resilient building 

emphasis should be on making 

have summarised 

insurance or economic disaster loss histories and find that 

disaster losses are rising in concert with increasing population, wealth and inflation. The 

corollary is that after adjusting historical losses for changes in these variables, no trend 

role can yet be attributed to anthropogenic climate change. This is the 

Despite running counter to 

and anyone arguing the contrary 

, the reason for the 

now have more people living in 

ogenic climate change can yet be determined in disaster losses, the 

such a signal can be observed? Recent 
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studies on US tropical cyclone losses suggest

from detecting an anthropogenic climate change signal in disaster losses (

al. 2011). For this reason, 

Commission, Dr Wendy Craik

 The reform priority should

climate. Reforms to barriers to managing risks in an uncertain future climate should 

be a lower priority because the costs a

The second issue we deal with is 

them to assess their individual exposure to natural hazards. Risk Frontiers already has 

national databases of natural peril profiles for individual street addresses

of hail, earthquake ground sh

speeds, bushfire exposure

insurance industry.  

Thus the capability to provide 

exists. And so it is completely 

Geoscience Australia to the tune of $12 million dollars 

from around the country. Except for a 

Willis Re have not only accumulated this information 

manner suitable to enable

it is the political will to engage in 

While an individual homeowner is concerned about the risk to his or her home, an insurer 

or reinsurer has to deal with the totality of losses that 

many communities over several different catchments. 

issues, much more consideration needs to be given to 

disasters. From a government perspective, priorities for adaptation or mitigation 

here in its traditional emergency management context 

cause damage to the national economy

and reconstruction after the 

to occur: in large concentrations of exposure that exist in our capital cities. 

Finding ways to incentivise

use planning decisions, to engage in

that the risks do not continue to rise in concert with population

flood hazard information publically avail

studies on US tropical cyclone losses suggests that we may be more than a 

an anthropogenic climate change signal in disaster losses (

 the statement by the Presiding Commissioner of the Productivity 

Commission, Dr Wendy Craik, makes perfect sense to us: 

reform priority should be to enable better risk management in the current 

climate. Reforms to barriers to managing risks in an uncertain future climate should 

be a lower priority because the costs and benefits are also uncertain.

we deal with is the availability of data for the public that would enable 

assess their individual exposure to natural hazards. Risk Frontiers already has 

databases of natural peril profiles for individual street addresses 

of hail, earthquake ground shaking intensity and soil conditions, tropical cyclone peak gust 

speeds, bushfire exposure, and river flood risk. These databases are widely used by the 

to provide hazard information to the public, and government

nd so it is completely incomprehensible that the government should fund 

Geoscience Australia to the tune of $12 million dollars just to collate flood risk information 

from around the country. Except for a very few recalcitrant councils, Ris

accumulated this information already, but have 

enable risk-informed decisions. It is not risk information that is lacking, 

l to engage in mitigation and encouraging risk-reducing behaviou

hile an individual homeowner is concerned about the risk to his or her home, an insurer 

or reinsurer has to deal with the totality of losses that in the case floods 

r several different catchments. Today, in addition to

issues, much more consideration needs to be given to the economic impacts

From a government perspective, priorities for adaptation or mitigation 

itional emergency management context – should be given to events likely to 

cause damage to the national economy. All Australians ended up paying for

and reconstruction after the Queensland floods. It is no secret where these 

to occur: in large concentrations of exposure that exist in our capital cities. 

to incentivise local councils, which have the ultimate responsibility 

to engage in risk-informed planning practices, is the key t

that the risks do not continue to rise in concert with population. Making 

information publically available would be a good first step. 

more than a century away 

an anthropogenic climate change signal in disaster losses (e.g. Crompton et 

by the Presiding Commissioner of the Productivity 

be to enable better risk management in the current 

climate. Reforms to barriers to managing risks in an uncertain future climate should 

nd benefits are also uncertain. 

y of data for the public that would enable 

assess their individual exposure to natural hazards. Risk Frontiers already has 

 for the likelihood 

aking intensity and soil conditions, tropical cyclone peak gust 

hese databases are widely used by the 

information to the public, and governments, already 

that the government should fund 

to collate flood risk information 

few recalcitrant councils, Risk Frontiers and 

have processed it in a 

information that is lacking, 

reducing behaviours.  

hile an individual homeowner is concerned about the risk to his or her home, an insurer 

in the case floods may encompass 

in addition to life safety 

the economic impacts of natural 

From a government perspective, priorities for adaptation or mitigation – used 

should be given to events likely to 

ended up paying for the recovery 

where these events are likely 

to occur: in large concentrations of exposure that exist in our capital cities.  

responsibility for land-

, is the key to ensuring 

Making publically funded 



 

Page | 3 

 

The views expressed are those of Risk Frontiers and should in no way be conside

reflecting those of our sponsor companies or those of the Insurance Council of Australia or 

other Risk Frontiers’ clients such as State Emergency Services. 

The views expressed are those of Risk Frontiers and should in no way be conside

reflecting those of our sponsor companies or those of the Insurance Council of Australia or 

other Risk Frontiers’ clients such as State Emergency Services.  

The views expressed are those of Risk Frontiers and should in no way be considered as 

reflecting those of our sponsor companies or those of the Insurance Council of Australia or 
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Risk Frontiers 

Risk Frontiers is an independent research centre sponsored by the insurance 

better understanding and pricing of natural hazard ris

founded in 1994 to service the speciali

international reinsurance markets. 

• undertake risk assessment and research into natural hazards,

• develop databases of natural hazards and their impacts on

insured assets, and

• develop loss models to improve the pricing of natural hazard catastrophe risk

These activities remain the core business of Risk Frontiers today

undertake studies on a much wider range of risk

extends well beyond the insurance sector. For example, Risk Frontiers

provider of research to the NSW State Emergency Se

policy in respect to the management of natural hazard risks

Risk Frontiers’ research and model development

1. databases and tools to promote risk

perils, 

2. applications of advanced 

3. multi-peril Probable Maximum Loss (PML) modelling, 

4. promoting risk-informed decision

Risk Frontiers is based at Macquarie University where it enjoys close collaborative links with 

a number of key academics. 

real-world problem solving and software development; 

commitments although the Centre 

research to advance our understanding of natural perils and their impacts on communities. 

Risk Frontiers is an independent research centre sponsored by the insurance 

better understanding and pricing of natural hazard risks in the Asia-Pacific region. 

founded in 1994 to service the specialised needs of its sponsors in the local insurance and 

reinsurance markets. Its aims were to: 

ertake risk assessment and research into natural hazards, 

develop databases of natural hazards and their impacts on communities and

insured assets, and 

models to improve the pricing of natural hazard catastrophe risk

the core business of Risk Frontiers today, although we now 

undertake studies on a much wider range of risk-related problems and for a client base that 

beyond the insurance sector. For example, Risk Frontiers

rch to the NSW State Emergency Service, and also has interests in 

in respect to the management of natural hazard risks. 

Risk Frontiers’ research and model developments are geared towards providing:

tools to promote risk-informed underwriting in relation to natural 

applications of advanced geospatial and image analysis tools,  

peril Probable Maximum Loss (PML) modelling, and 

informed decision-making and the responsible management of risk

s is based at Macquarie University where it enjoys close collaborative links with 

a number of key academics. The Centre is self-funded and its staff are devoted to research, 

problem solving and software development; it has no formal teaching 

mitments although the Centre does train post-graduate students who undertake 

advance our understanding of natural perils and their impacts on communities. 

Risk Frontiers is an independent research centre sponsored by the insurance industry to aid 

Pacific region. It was 

ed needs of its sponsors in the local insurance and 

communities and 

models to improve the pricing of natural hazard catastrophe risks.  

, although we now 

related problems and for a client base that 

beyond the insurance sector. For example, Risk Frontiers is the preferred 

also has interests in public 

geared towards providing: 

underwriting in relation to natural 

making and the responsible management of risk. 

s is based at Macquarie University where it enjoys close collaborative links with 

staff are devoted to research, 

no formal teaching 

graduate students who undertake 

advance our understanding of natural perils and their impacts on communities.  
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Risk Frontiers also works for and collaborates with a wide range of non

companies and non-insurance entities located in Australasia, Europe, South

Bermuda.  

Recent Relevant Assignments

1. Development of a Flood Exclusion Database (FEZ

addresses that lie 

Innovation Patent Application 2012100867 and an Australian Provisional Patent 

Application 2012902377).

2. Street-address natural hazard profiles for all addresses in Australia 

vulnerability, frequency of damaging hail, flood status, 

acceleration and seismic soil conditions, peak

etc. 

3. Development of an Australian 

and reinsurers to 

and earthquake, either individually or in combination

also finding these tools useful.

4. Post-event reconnaissance surveys and interviews with victims after the 20

Victorian bushfires, the 2010 and 2011 Christchurch earthquakes, the 2011 

Queensland and Victorian floods and 2011 Cyclone Yasi

5. Joint development (with Willis Re Australia

Database (NFID) for the Insurance Council of Australia

6. Nationally consistent 

and elevation from the coast 

7. Normalising the Insurance Council of Australia’s 

insured market losses 

Tropical Cyclone-prone parts of the country,

order to estimate likely losses if historical disaster events were to recur under 

today’s societal conditions

                                                          

1
 Willis Re is an international reinsurance intermediary with skills is assessing flood risk.

Risk Frontiers also works for and collaborates with a wide range of non-sponsor 

insurance entities located in Australasia, Europe, South

Assignments  by Risk Frontiers 

Development of a Flood Exclusion Database (FEZTM) database identifying Australian 

that lie beyond the extent of the Probable Maximum Flood (

Innovation Patent Application 2012100867 and an Australian Provisional Patent 

Application 2012902377). 

address natural hazard profiles for all addresses in Australia 

frequency of damaging hail, flood status, earthquake peak ground 

acceleration and seismic soil conditions, peak wind gust speeds, distance to coast

Development of an Australian Multi-Peril Loss modelling platform 

and reinsurers to price risks due to riverine flood, hail, bushfire

either individually or in combination. Some corporate clients are 

also finding these tools useful. 

event reconnaissance surveys and interviews with victims after the 20

Victorian bushfires, the 2010 and 2011 Christchurch earthquakes, the 2011 

Queensland and Victorian floods and 2011 Cyclone Yasi (e.g. Bird et al. (

Joint development (with Willis Re Australia1) of the National F

or the Insurance Council of Australia.  

Nationally consistent database of coastal vulnerability of population

from the coast (Chen and McAneney, 2006).  

ing the Insurance Council of Australia’s (ICA) Natural Disaster 

insured market losses for changes in inflation, wealth and population

prone parts of the country, changes in construction standards 

order to estimate likely losses if historical disaster events were to recur under 

ay’s societal conditions (Crompton and McAneney, 2008; Crompton, 2011

                   

Willis Re is an international reinsurance intermediary with skills is assessing flood risk.

sponsor insurance 

insurance entities located in Australasia, Europe, South-east Asia and 

) database identifying Australian 

Probable Maximum Flood (Australian 

Innovation Patent Application 2012100867 and an Australian Provisional Patent 

address natural hazard profiles for all addresses in Australia — bushfire 

earthquake peak ground 

gust speeds, distance to coast, 

Peril Loss modelling platform to allow insurers 

hail, bushfire, tropical cyclone 

Some corporate clients are 

event reconnaissance surveys and interviews with victims after the 2009 

Victorian bushfires, the 2010 and 2011 Christchurch earthquakes, the 2011 

(e.g. Bird et al. (2012)).  

Flood Information 

population by distance  

isaster Database of 

population, and in 

construction standards in 

order to estimate likely losses if historical disaster events were to recur under 

Crompton, 2011). 

Willis Re is an international reinsurance intermediary with skills is assessing flood risk. 
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8. Cost benefit investment analysis 

related to flood levee failure in an Australian city

9. Valuing the benefits arising from regulations m

construction standards 

(McAneney et al., 2007

10. Estimating the time scale at which 

emerge in US hurricane 

databases (Crompton et al., 2011

11. Normalised bushfire building damage and fatalities from 1925 

implications for land

12. Invited submissions to the Royal Commission into the 2009 Victorian bushfires in 

respect to (a) circumstances surrounding all bushfire

(Haynes et al., 2009) 

distance from bushland

13. Representation on the Australian Building Codes Board Flood Committee

14. Database of historic heat wave fatalities.

 

nvestment analysis and risk assessment of remedial engineering works 

related to flood levee failure in an Australian city. 

Valuing the benefits arising from regulations mandating improvements in 

construction standards for residential dwellings in cyclone-prone areas of Australia

, 2007). 

stimating the time scale at which an anthropogenic climate change signal may 

US hurricane loss data and implications of this for other disaster 

(Crompton et al., 2011). 

Normalised bushfire building damage and fatalities from 1925 

implications for land-use planning (Crompton et al. 2010).  

Invited submissions to the Royal Commission into the 2009 Victorian bushfires in 

respect to (a) circumstances surrounding all bushfire-related deaths since 1900 

(Haynes et al., 2009) and (b) the vulnerability of homes as a function of their 

ushland (Chen and McAneney, 2004 and 2010). 

Representation on the Australian Building Codes Board Flood Committee

Database of historic heat wave fatalities. 

 

risk assessment of remedial engineering works 

andating improvements in 

prone areas of Australia 

climate change signal may 

ations of this for other disaster 

Normalised bushfire building damage and fatalities from 1925 – 2009 and 

Invited submissions to the Royal Commission into the 2009 Victorian bushfires in 

related deaths since 1900 

and (b) the vulnerability of homes as a function of their 

Representation on the Australian Building Codes Board Flood Committee. 
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Barriers to Effective Climate Change

Risk Frontiers is in broad 

Productivity Commission’s

Effective Climate Change

adaptation/draft/key-points

projections must be explicitly acknowledged. This is especially true of

weather events likely to cause property dam

trajectory of extreme weather under a war

insurance approach to dealing with this uncertainty is required. 

In respect of weather-related perils

cyclones and floods – any 

Australians and put us in good stead for 

way. In support of this contention

more resilient to extremes in the current climate 

scholarship analysing long

These sections draw heavily upon 

Change Adaptation Research Facility 

addressing issues pertaining to the availability of data and hazard mapping that would 

enable homeowners and communities

to natural hazards. As a rule Governments in Australia seem reluctant to trust the public 

with such information. 

. 

Loss normalisation

Before comparisons between the impacts of past and recent nat

made, various societal factors known to influence the magnitude of losses over time must 

be accounted for. This adjustment process 

Landsea, 1998).  

Normalising losses to a common base year is undertaken for two reasons: first, to estimate 

the losses that might be sustained if 

societal conditions, and secondly, to examine long term trends in disaster loss

a view to exploring what portion of any trend remain

account. Such trends might 

natural variability or anthropogenic causes. 

Barriers to Effective Climate Change  

broad agreement with the key points and priorities

Productivity Commission’s media releases in respect to their Draft Report on 

Effective Climate Change (http://www.pc.gov.au/projects/inquiry/climate

points). While the planet is warming, the uncertainty of the modelled 

must be explicitly acknowledged. This is especially true of

events likely to cause property damage, our main interest here. And 

trajectory of extreme weather under a warming climate is uncertain, a risk management or 

insurance approach to dealing with this uncertainty is required.  

related perils – bushfires, storms including hailstorms, tropical 

any actions taken to reduce risk will result in immediate benefits to 

Australians and put us in good stead for anything that global climate change may throw our 

this contention – that the emphasis should be on making Australian 

more resilient to extremes in the current climate – our report begins by reviewing

long-term trends in insurance or economic disaster loss histories

draw heavily upon a recent study undertaken for the National Climate 

Change Adaptation Research Facility (Crompton et al., 2012). The report concludes by 

addressing issues pertaining to the availability of data and hazard mapping that would 

enable homeowners and communities to better understand and personalise their exposure 

to natural hazards. As a rule Governments in Australia seem reluctant to trust the public 

Loss normalisation  studies 

Before comparisons between the impacts of past and recent natural hazard events can be 

made, various societal factors known to influence the magnitude of losses over time must 

be accounted for. This adjustment process is known as loss normalisation

ing losses to a common base year is undertaken for two reasons: first, to estimate 

sustained if historic events were to recur under identical (

and secondly, to examine long term trends in disaster loss

what portion of any trend remains after taking societal factors into 

Such trends might be attributed to other factors including climate change, be it 

natural variability or anthropogenic causes.  

and priorities as listed in 

in respect to their Draft Report on Barriers to 

.au/projects/inquiry/climate-change-

warming, the uncertainty of the modelled 

must be explicitly acknowledged. This is especially true of those extreme 

. And given that the 

a risk management or 

storms including hailstorms, tropical 

will result in immediate benefits to 

anything that global climate change may throw our 

that the emphasis should be on making Australian 

our report begins by reviewing 

term trends in insurance or economic disaster loss histories. 

the National Climate 

The report concludes by 

addressing issues pertaining to the availability of data and hazard mapping that would 

to better understand and personalise their exposure 

to natural hazards. As a rule Governments in Australia seem reluctant to trust the public 

ural hazard events can be 

made, various societal factors known to influence the magnitude of losses over time must 

ation (Pielke and 

ing losses to a common base year is undertaken for two reasons: first, to estimate 

identical (current) 

and secondly, to examine long term trends in disaster loss records with 

after taking societal factors into 

actors including climate change, be it 
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Climate-related influences stem from changes in the frequency and/or intensity of natural 

perils whereas socio-economic factors comprise changes in the vulnerability and exposure 

to a natural hazard. Socio

for changes in exposure, although Crompton and McAneney (2008) adjusted Australian 

tropical cyclone losses for the influence of improved building standards introduced 

the early 1980s (Mason et al.

building standards in reducing vulnerability and thus tropical cyclone wind

Figures 1a and b show the 

losses (2011/12 values) for 

figures are updated from Crompton and McAneney (2008) using a refined methodology 

described in Crompton (2012)

Bouwer (2011) provides a comprehensive 

studies (Table 1). The key conclusions from th

that economic losses have increased around the globe but no trends 

historical losses for changes in population

these increasing losses can yet

Studies published since the Bouwer (2011) review support his key findings. Two of these 

studies - Neumayer and Barthel (2011) and 

the global reinsurer Munich Re and utilise their NatCatSERVICE natural disaster loss 

database. Neumayer and Barthel (2011) found substantial increases in losses in their global 

analysis of the economic losses from natural disasters during

found no significant upward trend once losses were normalised, and this was the case 

globally, for specific disasters or for specific disasters in specific regions.

Barthel and Neumayer (2012) undertook trend analyses of normalise

different natural perils including tropical cyclones at the global scale over the period 1990 

to 2008, for West Germany for the period 1980 to 2008 and for the US from

Within these limited time frames, they found no si

claimed statistical significance for upward trends for all non

specific disaster types in the US and West Germany.

against taking the findings for

change has already caused more frequent and/or more intensive natural disasters. The

refer to well-documented 

time series (e.g. the Hohenkammer consensus (Hoppe and Pielke Jr, 2006))

and echoing many other studies, they conclude:

Climate change neither is nor should be the main concern for the insurance industry. 

Accumulation of wealth in disaster prone areas is and will 

most important driver of future economic disaster damage.

nfluences stem from changes in the frequency and/or intensity of natural 

economic factors comprise changes in the vulnerability and exposure 

natural hazard. Socio-economic adjustments have largely been limited to accounting 

anges in exposure, although Crompton and McAneney (2008) adjusted Australian 

tropical cyclone losses for the influence of improved building standards introduced 

the early 1980s (Mason et al., 2012). The authors emphasise the success of improved 

ding standards in reducing vulnerability and thus tropical cyclone wind

a and b show the annual aggregate losses and the annual aggregate normalised 

losses (2011/12 values) for Australian weather-related events in the ICA Disaster 

figures are updated from Crompton and McAneney (2008) using a refined methodology 

described in Crompton (2012). 

) provides a comprehensive and international review of loss normali

The key conclusions from the 21 weather-related disaster loss studies are 

that economic losses have increased around the globe but no trends remain after adjusting 

losses for changes in population, wealth and inflation. In other words, no role in 

an yet be attributed to anthropogenic climate change.

Studies published since the Bouwer (2011) review support his key findings. Two of these 

Neumayer and Barthel (2011) and Barthel and Neumayer (2012) 

the global reinsurer Munich Re and utilise their NatCatSERVICE natural disaster loss 

database. Neumayer and Barthel (2011) found substantial increases in losses in their global 

analysis of the economic losses from natural disasters during 1980-2009. However, they 

found no significant upward trend once losses were normalised, and this was the case 

ly, for specific disasters or for specific disasters in specific regions. 

Barthel and Neumayer (2012) undertook trend analyses of normalised insured losses due to 

different natural perils including tropical cyclones at the global scale over the period 1990 

to 2008, for West Germany for the period 1980 to 2008 and for the US from

Within these limited time frames, they found no significant trends at the global level, but 

claimed statistical significance for upward trends for all non-geophysical hazards as well as 

specific disaster types in the US and West Germany. However, the authors 

against taking the findings for the US and Germany as conclusive evidence 

change has already caused more frequent and/or more intensive natural disasters. The

documented issues confounding the statistical analysis of loss

Hohenkammer consensus (Hoppe and Pielke Jr, 2006))

and echoing many other studies, they conclude: 

Climate change neither is nor should be the main concern for the insurance industry. 

Accumulation of wealth in disaster prone areas is and will always remain by far the 

most important driver of future economic disaster damage. 

nfluences stem from changes in the frequency and/or intensity of natural 

economic factors comprise changes in the vulnerability and exposure 

economic adjustments have largely been limited to accounting 

anges in exposure, although Crompton and McAneney (2008) adjusted Australian 

tropical cyclone losses for the influence of improved building standards introduced around 

The authors emphasise the success of improved 

ding standards in reducing vulnerability and thus tropical cyclone wind-induced losses. 

annual aggregate losses and the annual aggregate normalised 

related events in the ICA Disaster List. These 

figures are updated from Crompton and McAneney (2008) using a refined methodology 

of loss normalisation 

related disaster loss studies are 

remain after adjusting 

and inflation. In other words, no role in 

be attributed to anthropogenic climate change. 

Studies published since the Bouwer (2011) review support his key findings. Two of these 

 – were funded by 

the global reinsurer Munich Re and utilise their NatCatSERVICE natural disaster loss 

database. Neumayer and Barthel (2011) found substantial increases in losses in their global 

2009. However, they 

found no significant upward trend once losses were normalised, and this was the case 

d insured losses due to 

different natural perils including tropical cyclones at the global scale over the period 1990 

to 2008, for West Germany for the period 1980 to 2008 and for the US from 1973 to 2008. 

gnificant trends at the global level, but 

geophysical hazards as well as 

he authors themselves warn 

the US and Germany as conclusive evidence that climate 

change has already caused more frequent and/or more intensive natural disasters. They 

issues confounding the statistical analysis of loss data over short 

Hohenkammer consensus (Hoppe and Pielke Jr, 2006)). Importantly 

Climate change neither is nor should be the main concern for the insurance industry. 

always remain by far the 
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Figure 1: (a) annual aggregate insured losses (AUD$

the ICA Disaster List for years beginning 1 July

2011/12 values (source: Crompton (2011)).
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Other analyses that reported no trend in normalised losses that could be attributed to 

anthropogenic climate change include: Zhang et al. (2011) 

to tropical cyclones over the period 1984

floods in Spain between 1971 and 2008

damage from 1950-2011. 

The recently released Special Report of the Interg

(IPCC) ‘Managing the Risks of Extreme Events and Disasters to Advance Climate Change 

Adaptation’ (SREX) (IPCC, 2012) also offers an up

extreme events and disasters. 

Increasing exposure of people and economic assets has been the major cause of long

term increases in economic losses from weather

confidence). Long-term trends in economic disaster losses ad

population increases have not been attributed to climate change, but a role for 

climate change has not been excluded (high agreement, medium evidence) (IPCC, 

2012). 

Following the large loss of life and building damage in the 2009 bush

Australia, Crompton et al. (2010) examined the history of fatalities and property damage 

since 1925. Once the loss data was adjusted for increases in population and 

numbers respectively, no residual trend

climate change. The authors emphasis

Marysville and Kinglake were 

buildings were situated within 10 m of bushland, and 

the fuel load). The extent of home destruction under these extreme conditions was entirely 

unsurprising and points to a failure of land

presented by Chen and McAneney (2010) in an

Bushfire Royal Commission.

The absence of an anthropogenic signal i

rest on normalisation studies

(1998) also point to societal factors being the driving forces behind rising disaster losses.

Based on the results of both continental and at

found that the magnitude of African floods has not significantly incre

Century, and that climate has not been a consequential factor in the observed increase in 

flood damage. They conclude that:

. . . the intensive and unplanned urbanization in Africa and the related increase of 

people living in floodplai

consequences of floods and, in particular, of the most serious and irreversible type of 

Other analyses that reported no trend in normalised losses that could be attributed to 

anthropogenic climate change include: Zhang et al. (2011) – economic losses in China 

over the period 1984-2008; Barredo et al. (2012) – insured losses from 

floods in Spain between 1971 and 2008, and Simmons et al. (2012) – US tornado economic 

 

The recently released Special Report of the Intergovernmental Panel on Climate Change 

(IPCC) ‘Managing the Risks of Extreme Events and Disasters to Advance Climate Change 

Adaptation’ (SREX) (IPCC, 2012) also offers an up-to-date consensus on the science of 

extreme events and disasters. It supports the findings previously discussed:

Increasing exposure of people and economic assets has been the major cause of long

term increases in economic losses from weather- and climate-related disasters (high 

term trends in economic disaster losses adjusted for wealth and 

population increases have not been attributed to climate change, but a role for 

climate change has not been excluded (high agreement, medium evidence) (IPCC, 

Following the large loss of life and building damage in the 2009 bush

Australia, Crompton et al. (2010) examined the history of fatalities and property damage 

. Once the loss data was adjusted for increases in population and 

numbers respectively, no residual trends were found that could be attributed to 

climate change. The authors emphasise the large proportion of buildings destroyed in 

were within or in close proximity to bushlands (60% of destroyed 

buildings were situated within 10 m of bushland, and 25% within 1 m, i.e. 

The extent of home destruction under these extreme conditions was entirely 

unsurprising and points to a failure of land-use planning. These same conclusions were 

presented by Chen and McAneney (2010) in an invited submission to the 2009 Victorian 

Bushfire Royal Commission. 

The absence of an anthropogenic signal in the loss data to this point in time 

rest on normalisation studies: those by Di Baldassarre et al. (2010) and Van der Vink et al. 

(1998) also point to societal factors being the driving forces behind rising disaster losses.

ased on the results of both continental and at-site analyses, Di Baldassarre et al. 

the magnitude of African floods has not significantly increased during the 20th 

Century, and that climate has not been a consequential factor in the observed increase in 

flood damage. They conclude that: 

. . . the intensive and unplanned urbanization in Africa and the related increase of 

people living in floodplains has led to an increase in the potential adverse 

consequences of floods and, in particular, of the most serious and irreversible type of 

Other analyses that reported no trend in normalised losses that could be attributed to 

economic losses in China due 

nsured losses from 

US tornado economic 

overnmental Panel on Climate Change 

(IPCC) ‘Managing the Risks of Extreme Events and Disasters to Advance Climate Change 

date consensus on the science of 

dings previously discussed:  

Increasing exposure of people and economic assets has been the major cause of long-

related disasters (high 

justed for wealth and 

population increases have not been attributed to climate change, but a role for 

climate change has not been excluded (high agreement, medium evidence) (IPCC, 

Following the large loss of life and building damage in the 2009 bushfire in Victoria, 

Australia, Crompton et al. (2010) examined the history of fatalities and property damage 

. Once the loss data was adjusted for increases in population and dwelling 

e attributed to global 

large proportion of buildings destroyed in 

in close proximity to bushlands (60% of destroyed 

 effectively part of 

The extent of home destruction under these extreme conditions was entirely 

These same conclusions were 

invited submission to the 2009 Victorian 

in time does not solely 

and Van der Vink et al. 

(1998) also point to societal factors being the driving forces behind rising disaster losses. 

Di Baldassarre et al. (2010) 

ased during the 20th 

Century, and that climate has not been a consequential factor in the observed increase in 

. . . the intensive and unplanned urbanization in Africa and the related increase of 

ns has led to an increase in the potential adverse 

consequences of floods and, in particular, of the most serious and irreversible type of 
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consequence, namely the loss of human lives . . . It can be seen that most of the 

recent deadly floods have happened 

Studies such as those by 

tropical cyclone loss normalisation studies. 

tropical cyclone landfalls and found

frequency or intensity of landfalling 

This supports the conclusion that increasing tropical cyclone losses around the globe can be 

explained by increasing population and wealth. Chen and McAneney (

reached similar conclusions in respect to the North Atlantic basin.

The conclusions presented above are hardly new: 

US was becoming more vulnerable to natural disasters because more property 

placed in harm’s way. They state that:

In many ways the trends [in losses] seem paradoxical. After all, most natural disasters 

occur in areas of known high risk 

Over time, one would expect that the costs of natural disasters would create 

economic pressures to encourage responsible land use in such areas.

. . . the economic incentives for responsible land use have been stifled by legislated 

insurance rates and federal aid programs that effectively subsidize development in 

hazardous areas. And while there will always be great political pressure to provide 

economic relief after a disaster, there has been little political interest in requiring pre

disaster mitigation. 

Many of the above statements hold true for Australia. 

consequence, namely the loss of human lives . . . It can be seen that most of the 

recent deadly floods have happened where the population has increased more.

Studies such as those by Weinkle et al. (2011) add further confidence to the findings of 

tropical cyclone loss normalisation studies. They created a homogenised dataset of global 

and found no long-period global or individual basin trends in the 

frequency or intensity of landfalling tropical cyclones of minor or major hurricane strength. 

supports the conclusion that increasing tropical cyclone losses around the globe can be 

increasing population and wealth. Chen and McAneney (200

reached similar conclusions in respect to the North Atlantic basin. 

The conclusions presented above are hardly new: Van der Vink et al. (1998) 

US was becoming more vulnerable to natural disasters because more property 

placed in harm’s way. They state that: 

In many ways the trends [in losses] seem paradoxical. After all, most natural disasters 

occur in areas of known high risk such as barrier islands, flood plains, and fault lines.

Over time, one would expect that the costs of natural disasters would create 

economic pressures to encourage responsible land use in such areas.

economic incentives for responsible land use have been stifled by legislated 

insurance rates and federal aid programs that effectively subsidize development in 

hazardous areas. And while there will always be great political pressure to provide 

lief after a disaster, there has been little political interest in requiring pre

 

Many of the above statements hold true for Australia.  

consequence, namely the loss of human lives . . . It can be seen that most of the 

where the population has increased more. 

add further confidence to the findings of 

ed dataset of global 

period global or individual basin trends in the 

of minor or major hurricane strength. 

supports the conclusion that increasing tropical cyclone losses around the globe can be 

2006) and others 

(1998) argued that the 

US was becoming more vulnerable to natural disasters because more property was being 

In many ways the trends [in losses] seem paradoxical. After all, most natural disasters 

such as barrier islands, flood plains, and fault lines. 

Over time, one would expect that the costs of natural disasters would create 

economic pressures to encourage responsible land use in such areas. 

economic incentives for responsible land use have been stifled by legislated 

insurance rates and federal aid programs that effectively subsidize development in 

hazardous areas. And while there will always be great political pressure to provide 

lief after a disaster, there has been little political interest in requiring pre-
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Table 1: Loss normalisation studies (source: Bouwer (2011)).

 

Hazard Location Period 

Bushfire Australia 1925-2009

Earthquake USA 1900-2005

Flood USA 1926-2000

Flood China 1950-2001

Flood Europe 1970-2006

Flood Korea 1971-2005

Flood & Landslide Switzerland 1972-2007

studies (source: Bouwer (2011)). 

 Normalisation Normalised loss Reference 

2009 Dwellings No trend Crompton et al. 2010

2005 Wealth, 

population 

No trend Vranes & Pielke 2009

2000 Wealth, 

population 

No trend Downton et al. 2005

2001 GDP Increase since 1987 Fengqing et al. 2005

2006 Wealth, 

population 

No trend Barredo 2009 

2005 Population Increase since 1971 Chang et al. 2009

2007 None No trend Hilker et al. 2009

Crompton et al. 2010 

Vranes & Pielke 2009 

Downton et al. 2005 

Fengqing et al. 2005 

al. 2009 

Hilker et al. 2009 
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Hail USA 1951-2006

Windstorm USA 1952-2006

Windstorm Europe 1970-2008

Thunderstorm USA 1949-1998

Tornado USA 1890-1999

Tornado USA 1900-2000

Tropical storm Latin America 1944-1999

2006 Property, 

insurance market 

values 

Increase since 1992 Changnon 2009a

2006 Property, 

insurance market 

values 

Increase since 1952 Changnon 2009b

2008 Wealth, 

population 

No trend Barredo 2010 

1998 Insurance 

coverage, 

population 

Increase since 1974 Changnon 2001

1999 Wealth No trend Brooks & Doswell 2001

2000 None No trend Boruff et al. 2003

1999 Wealth, 

population 

No trend Pielke et al. 2003

Changnon 2009a 

Changnon 2009b 

Changnon 2001 

Brooks & Doswell 2001 

Boruff et al. 2003 

Pielke et al. 2003 
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Tropical storm India 1977-1998

Tropical storm USA 1900-2005

Tropical storm USA 1950-2005

Tropical storm China 1983-2006

Tropical storm USA 1900-2008

Weather Australia 1967-2006

Weather USA 1951-1997

1998 Income, 

population 

No trend Raghavan & Rajesh 2003

2005 Wealth, 

population 

No trend Pielke et al. 2008

2005 Asset values Increase since 

1970; 

No trend since 

1950 

Schmidt et al. 2009

2006 GDP No trend Zhang et al. 2009

2008 GDP Increase since 1900 Nordhaus 2010

2006 Dwellings, dwelling 

values 

No trend Crompton & McAneney 

2008 

1997 Wealth, 

population 

No trend Choi & Fisher 2003

Raghavan & Rajesh 2003 

Pielke et al. 2008 

Schmidt et al. 2009 

Zhang et al. 2009 

Nordhaus 2010 

Crompton & McAneney 

Choi & Fisher 2003 
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Weather World 1950-2005

 

1Gross domestic product (GDP) is a measure of a country's overall official economic output. It is the market value of all fina

produced in a country in a given year. 

2005 GDP, population Increase since 

1970; 

No trend since 

1950 

Miller et al. 2008

Gross domestic product (GDP) is a measure of a country's overall official economic output. It is the market value of all fina

Miller et al. 2008 

Gross domestic product (GDP) is a measure of a country's overall official economic output. It is the market value of all final goods and services 
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Timescale at which an anthropogenic climate change 
signal might be observed in US tropical cyclone los s 
data 

A study by Crompton et al. (2011) 

research to date had been unabl

Atlantic tropical cyclone behaviour and concomitant damage, though such an influence is 

projected in the future (Knutson et al.

characteristics occur as pr

effects of those changes in damage data?

Crompton et al. (2011) use the Bender et al. (2010) Atlantic storm 

Science and the Pielke et al. (2008) normalised loss data to 

signals are very unlikely to emerge in a time series of normalised US tropical cyclone 

economic losses at timescales of less than a century.

global climate model(s) underpinning the projection with 

between 120 and 550 years.

emerge.  

From projections analysed, it will be 

of confidence that anthropogenic climate c

Crompton et al. (2011) extended this caution more generally to global weather

natural disaster losses. They pointed out that short term variability is not ‘climate change’, 

which the IPCC defines on 

very strongly against using abnormally

seasons as evidence of anthropogenic climate change

Emanuel (2011) implemented an alternative met

assess under various scenarios when the signal of human

detectable in the damage record of Atlantic hurricanes. He looked at four different 

models, three of which showed increasing losses and one a small decrease. Of the 

models that showed increasing losses

This time to detection is shorter than that which 

there are a number of possible reasons for this. 

studies are in agreement that the time to detection of a signal of human

change, assuming that recent projections are correct, is a 

 

Timescale at which an anthropogenic climate change 
signal might be observed in US tropical cyclone los s 

A study by Crompton et al. (2011) examined this question. Their starting point 

been unable to detect an anthropogenic climate change influence on 

behaviour and concomitant damage, though such an influence is 

projected in the future (Knutson et al., 2010). They then ask - if changes in storm 

characteristics occur as projected, on what timescale might we expect to detect the

effects of those changes in damage data? 

Crompton et al. (2011) use the Bender et al. (2010) Atlantic storm projections 

and the Pielke et al. (2008) normalised loss data to show that anthropogenic 

signals are very unlikely to emerge in a time series of normalised US tropical cyclone 

losses at timescales of less than a century. Their results were depend

underpinning the projection with emergence timescales rang

between 120 and 550 years. It took 260 years for an 18-model ensemble

rom projections analysed, it will be considerable time before it can be said with any level 

of confidence that anthropogenic climate change is influencing US tropical cyclone losses. 

extended this caution more generally to global weather

natural disaster losses. They pointed out that short term variability is not ‘climate change’, 

which the IPCC defines on timescales of 30-50 years or longer, and that their 

very strongly against using abnormally large losses from individual Atlantic hurricanes or 

seasons as evidence of anthropogenic climate change.  

implemented an alternative methodology to Crompton et al. (2011)

assess under various scenarios when the signal of human-caused climate change would be 

detectable in the damage record of Atlantic hurricanes. He looked at four different 

showed increasing losses and one a small decrease. Of the 

models that showed increasing losses, the time until detection is 40, 113 and 170 years.

This time to detection is shorter than that which Crompton et al. (2011) 

there are a number of possible reasons for this. Regardless of these differences

are in agreement that the time to detection of a signal of human

change, assuming that recent projections are correct, is a very long time. 

 

Timescale at which an anthropogenic climate change 
signal might be observed in US tropical cyclone los s 

Their starting point was that 

anthropogenic climate change influence on 

behaviour and concomitant damage, though such an influence is 

if changes in storm 

ojected, on what timescale might we expect to detect the 

projections published in 

that anthropogenic 

signals are very unlikely to emerge in a time series of normalised US tropical cyclone 

ependent on the 

rgence timescales ranging 

ensemble-based signal to 

time before it can be said with any level 

hange is influencing US tropical cyclone losses. 

extended this caution more generally to global weather-related 

natural disaster losses. They pointed out that short term variability is not ‘climate change’, 

50 years or longer, and that their results argue 

large losses from individual Atlantic hurricanes or 

Crompton et al. (2011) to 

caused climate change would be 

detectable in the damage record of Atlantic hurricanes. He looked at four different 

showed increasing losses and one a small decrease. Of the three 

the time until detection is 40, 113 and 170 years. 

 determined and 

of these differences, both 

are in agreement that the time to detection of a signal of human-caused climate 
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Availability of h azard Information

In the wake of the 2011 Queensland and Victorian floods and the National Disaster 

Insurance Review, a sum 

Australia to create inter alia

that this information is to be provided 

councils and state governments. 

The decision is curious: Risk Frontiers has been collecting 

the base information for creating 

address locations. It undertook

December 2008, Risk Frontiers and Willis Re have 

for about 90% of flood-prone properties in the countr

National Flood Information Database (NFID)

antipathetic to providing such data

Not only has the flood hazar

Australia, but has been processed 

insurance applications or homeowner

available to emergency services or to the public at a cost

Geoscience Australia to fund

If the government were serious about informing people of their exposure to flooding and 

ALL other significant natural hazards, then 

information on tropical cyclone peak 

vulnerability to bushfire and hail 

done this already and could make the information available in a matter of months. 

Funding a government department to 

the private sector is hardly cost effective

Risk Frontiers has also developed the 

Australian natural hazard events 

damage or fatalities. The first entry is from 1791, a hailstorm in Sydney

is considered complete since 1900. While it is expected that any event 

significant building damage

database is constantly being improved and revalidated. 

mainly from archival searches of the 

from 1803 and 1831, respectively)

official documents in other S

2010).  

 

azard Information   

In the wake of the 2011 Queensland and Victorian floods and the National Disaster 

a sum of $12 million (over four years) was allocated to Geoscience 

inter alia a portal to hold flood study information. Our understanding is 

information is to be provided to Geoscience Australia on a voluntary basis by 

ments.  

Risk Frontiers has been collecting this data since the late 1990s as 

the base information for creating hazard registers or databases for individual 

undertook this work for a number of insurance companies and since 

Risk Frontiers and Willis Re have compiled and analysed such 

prone properties in the country as part of the development of the 

National Flood Information Database (NFID). Only a few recalcitrant 

such data. 

as the flood hazard information been collected for most flood

Australia, but has been processed at a street address level in a manner appropriate for 

or homeowner needs. The same processed data could be made 

to emergency services or to the public at a cost much less than the sum given to 

to fund a paltry component of what has already been achieved.

If the government were serious about informing people of their exposure to flooding and 

other significant natural hazards, then nationally-consistent street 

information on tropical cyclone peak wind gusts, earthquake shaking, coastal inundation, 

bushfire and hail should be compiled and disseminated. Risk Frontie

done this already and could make the information available in a matter of months. 

government department to redevelop databases developed over decades by 

sector is hardly cost effective and is to misunderstand what could be achi

Risk Frontiers has also developed the PerilAUS database. It is the authorative database of 

Australian natural hazard events focusing on those that have caused either property 

. The first entry is from 1791, a hailstorm in Sydney, and the database 

since 1900. While it is expected that any event 

building damage and numbers of fatalities has been already catalogued, the 

database is constantly being improved and revalidated. Early data entries were derived 

mainly from archival searches of the Sydney Gazette and Sydney Morning Herald

from 1803 and 1831, respectively) and cross-referenced against other local newspapers 

other States or Territories (Coates 1996; Blong 2004

 

In the wake of the 2011 Queensland and Victorian floods and the National Disaster 

over four years) was allocated to Geoscience 

Our understanding is 

on a voluntary basis by 

data since the late 1990s as 

individual street 

this work for a number of insurance companies and since 

piled and analysed such information 

development of the 

recalcitrant councils remain 

information been collected for most flood-prone areas in 

in a manner appropriate for 

. The same processed data could be made 

much less than the sum given to 

what has already been achieved. 

If the government were serious about informing people of their exposure to flooding and 

consistent street address-based 

coastal inundation, 

should be compiled and disseminated. Risk Frontiers has 

done this already and could make the information available in a matter of months. 

redevelop databases developed over decades by 

and is to misunderstand what could be achieved. 

It is the authorative database of 

that have caused either property 

and the database 

since 1900. While it is expected that any event that resulted in 

already catalogued, the 

ta entries were derived 

Sydney Morning Herald (dating 

referenced against other local newspapers or 

1996; Blong 2004; Haynes et al. 
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The National Flood Information Database (NFID)

Rather than describe all the above databases in detail, we focus only on NFID in order to 

exemplify the information that already exists on natural hazard risks. We re

reader that Risk Frontiers has similar data on other hazards available at street address 

level in a nationally consistent form.

NFID was jointly developed by Risk Frontiers and Willis Re Australia for the Insurance 

Council of Australia. The NFID c

height as a function of Average Recurrence Interval 

communities across Australia with significant numbers of residential properties at risk to 

riverine flood. Its development 

represents a significant commitment to dealing with the risk posed by riverine flood.

NFID is derived from the best quality available data (that is, flood modelling/mapping, 

Digital Terrain Models (DTM), and address location data). No hydrological or hydraulic 

flow modelling is undertaken by Risk Frontiers or Willis Re

point for NFID is the output of modelling studies by specialist hydraulic and hydrological 

engineers in the form of maps, flood surfaces, flood study reports, etc. The flood data are 

processed and combined with DTMs and geo

frequency and depth of flooding for each address point. 

The decision to use City or Local Council flood information was made expressly to avoid 

inconsistencies between flood maps used for land

for underwriting purposes.  

For those catchments where only the 1

case for many catchments in Victoria 

outside of this flood extent.

A confidence rating is attached to each address entry based on age and resolution of the 

DTM and flood studies and type of flood data available: flood extents, flood depths at one 

or several Average Recurrence Intervals.

NFID is being delivered in several stages a

incorporate changes in property exposures, new and revised flood information and 

improved digital terrain or street address datasets. 

                                                          

2
 Some modelling decisions are peer reviewed by third

The National Flood Information Database (NFID)  

Rather than describe all the above databases in detail, we focus only on NFID in order to 

exemplify the information that already exists on natural hazard risks. We re

reader that Risk Frontiers has similar data on other hazards available at street address 

level in a nationally consistent form. 

jointly developed by Risk Frontiers and Willis Re Australia for the Insurance 

Council of Australia. The NFID comprises a database of flood hazard information 

height as a function of Average Recurrence Interval - at street address resolution

communities across Australia with significant numbers of residential properties at risk to 

velopment has been underwritten by the insurance sector 

represents a significant commitment to dealing with the risk posed by riverine flood.

NFID is derived from the best quality available data (that is, flood modelling/mapping, 

(DTM), and address location data). No hydrological or hydraulic 

flow modelling is undertaken by Risk Frontiers or Willis Re2; in this respect, the starting 

point for NFID is the output of modelling studies by specialist hydraulic and hydrological 

engineers in the form of maps, flood surfaces, flood study reports, etc. The flood data are 

processed and combined with DTMs and geo-located address data to estimate the 

frequency and depth of flooding for each address point.  

The decision to use City or Local Council flood information was made expressly to avoid 

inconsistencies between flood maps used for land-use planning decisions an

for underwriting purposes.   

For those catchments where only the 1-in-100 year flood extent is available 

case for many catchments in Victoria – addresses are rated as being either within or 

outside of this flood extent.  

ence rating is attached to each address entry based on age and resolution of the 

DTM and flood studies and type of flood data available: flood extents, flood depths at one 

or several Average Recurrence Intervals. 

NFID is being delivered in several stages and has an ongoing maintenance program to 

incorporate changes in property exposures, new and revised flood information and 

rain or street address datasets.  

                   

Some modelling decisions are peer reviewed by third-party consulting engineers

Rather than describe all the above databases in detail, we focus only on NFID in order to 

exemplify the information that already exists on natural hazard risks. We remind the 

reader that Risk Frontiers has similar data on other hazards available at street address 

jointly developed by Risk Frontiers and Willis Re Australia for the Insurance 

omprises a database of flood hazard information – flood 

at street address resolution for 

communities across Australia with significant numbers of residential properties at risk to 

the insurance sector and 

represents a significant commitment to dealing with the risk posed by riverine flood. 

NFID is derived from the best quality available data (that is, flood modelling/mapping, 

(DTM), and address location data). No hydrological or hydraulic 

; in this respect, the starting 

point for NFID is the output of modelling studies by specialist hydraulic and hydrological 

engineers in the form of maps, flood surfaces, flood study reports, etc. The flood data are 

located address data to estimate the 

The decision to use City or Local Council flood information was made expressly to avoid 

use planning decisions and those used 

100 year flood extent is available – this is the 

addresses are rated as being either within or 

ence rating is attached to each address entry based on age and resolution of the 

DTM and flood studies and type of flood data available: flood extents, flood depths at one 

nd has an ongoing maintenance program to 

incorporate changes in property exposures, new and revised flood information and 

party consulting engineers 
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 Figure 2 shows the breakdown of 

2012. 

 

Figure 2: The number of addresses in NFID, FEZ 

information) subset. FEZ

Maximum Possible Flood (PMF). 

The collection of flood information underlying NFID has 

Most State or Local Governments bodies and/or Flood Plain Management Authorities 

have been forthcoming in their provision of flood information with a view 

the availability of riverine flood insurance. 

information for a litany of reasons

than 80% of the flood-prone properties in 

Risk Frontiers also maintains its own proprietary dataset of flood information for the 

major catchments on the eastern seaboard. For our purposes

considered a subset of NFID. 

NFID V3.0,  

5,714,116 

the breakdown of addresses covered by NFID and FEZTM as at Augus

 

: The number of addresses in NFID, FEZ and the remaining (no flood risk 

FEZTM identifies addresses beyond the extent of flooding in a 

Maximum Possible Flood (PMF). On-going research is reducing the remaining addresse

The collection of flood information underlying NFID has been ongoing since the late 1990s.  

Most State or Local Governments bodies and/or Flood Plain Management Authorities 

have been forthcoming in their provision of flood information with a view 

the availability of riverine flood insurance. A few councils have refus

for a litany of reasons. Nonetheless we believe NFID already captures more 

prone properties in the country. 

maintains its own proprietary dataset of flood information for the 

major catchments on the eastern seaboard. For our purposes here, this database can be 

considered a subset of NFID.  

NFID V3.0,  

5,714,116 

FEZ V3.0,  

4,699,704 

Remaining,  

1,990,749 

as at August 

the remaining (no flood risk 

identifies addresses beyond the extent of flooding in a 

going research is reducing the remaining addresses. 

ongoing since the late 1990s.  

Most State or Local Governments bodies and/or Flood Plain Management Authorities 

have been forthcoming in their provision of flood information with a view to encouraging 

refused to provide 

. Nonetheless we believe NFID already captures more 

maintains its own proprietary dataset of flood information for the 

here, this database can be 
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Validation of NFID  

Whenever possible, Risk Frontiers validates NFID. 

inundation in Brisbane and Ipswich off

extent of the January 2011 flooding and the January 1974 flooding with the NFID flood 

surfaces interpolated to match the height of flooding

(4.46 m above AHD). The height of the flood in 2011 at the Brisbane City G

lower than in 1974. Close agreement between the observed flood extent and modelled 

boundaries is gratifying especially as the flood sur

old
3.  

Although no two floods are identical, the pattern of rainfall in 1974 was different than in 

2011, and there is also the questionable management of the 

Honert and McAneney, 2011), 

same. The agreement of the flood extent in the 1974 flood and the 2011 flood also brings 

home the truth of the statement made by 

the most at risk areas are 

country cannot be sheeted home to a lack of knowledge. 

In our view, most current riverine flood mapping data and digital terrain mapping is 

adequate for insurance, emergency management and 

better data and in some cases a fuller range of flood surfaces for different Average 

Recurrence Intervals would be welcomed; however in the short term, compelling local 

councils to release existing dat

for with public monies, these data should be accessible to all. More transparency is 

needed. 

                                                          

3
 Note that in the most recent NFID release (Version 3.0) 

recent flood modelling undertaken 

 

Whenever possible, Risk Frontiers validates NFID. In the case of flooding

Brisbane and Ipswich offered such an opportunity. Figure 

extent of the January 2011 flooding and the January 1974 flooding with the NFID flood 

interpolated to match the height of flooding at the Brisbane River City Gauge 

The height of the flood in 2011 at the Brisbane City G

lose agreement between the observed flood extent and modelled 

boundaries is gratifying especially as the flood surface data used here was some

Although no two floods are identical, the pattern of rainfall in 1974 was different than in 

the questionable management of the Wivenhoe Dam (van den 

Honert and McAneney, 2011), the extent of flooding downstream was grosso modo

The agreement of the flood extent in the 1974 flood and the 2011 flood also brings 

home the truth of the statement made by Van der Vink et al. (1998) that we know where 

areas are already. The lack of appetite for pre-disaster mitigation in this 

country cannot be sheeted home to a lack of knowledge.  

current riverine flood mapping data and digital terrain mapping is 

adequate for insurance, emergency management and public safety applications. Of course 

better data and in some cases a fuller range of flood surfaces for different Average 

Recurrence Intervals would be welcomed; however in the short term, compelling local 

councils to release existing data would provide an immediate solution. Having been paid 

for with public monies, these data should be accessible to all. More transparency is 

                   

recent NFID release (Version 3.0) this data has since been updated by more 

undertaken in 2009 by the Brisbane City Council. 

flooding, the 2011 
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Figure 3: Comparison between actual extents of flooding in January 2011 (Top, red line) 

and January 1974 (Bottom, red line) as released by the Brisbane City Council and that 

indicated by NFID (Version 2.4 and earlier) (white area) after water levels were matched at

the Brisbane River City Gauge for the January 2011 flood. Dark blue depicts the normal 

channel when the river is not in flood. 
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and January 1974 (Bottom, red line) as released by the Brisbane City Council and that 

indicated by NFID (Version 2.4 and earlier) (white area) after water levels were matched at

the Brisbane River City Gauge for the January 2011 flood. Dark blue depicts the normal 

channel when the river is not in flood.  
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Very roughly we estimate the nation

over ground flooding in a 1

the land-use planning decisions that allowed these homes to be built were made before 

the availability of modern flood mapping and for reasons that

sense. However, there can be little

floodplain in ways that do not consider the latent risk. Nor can there be any excuse for 

either not making flood hazard information available or only available in ways that do not 

allow homeowners to persona

within the 1-in-100 year flood extent, for example, doesn’t tell you much about how deep 

the water might be and what might happen in less 

need such information: knowing whether or not a home lies within the flood extent of a 1

in-100 year flood is not a measure of 

 

 

 

Very roughly we estimate the national numbers of homes at high risk –

over ground flooding in a 1-in 100 year event – to be around 150,000 addresses. 

use planning decisions that allowed these homes to be built were made before 

the availability of modern flood mapping and for reasons that at the time made perfect 

, there can be little excuse now for the continued development of the 

floodplain in ways that do not consider the latent risk. Nor can there be any excuse for 

either not making flood hazard information available or only available in ways that do not 

allow homeowners to personalise their exposure. Knowing that your home is located 

100 year flood extent, for example, doesn’t tell you much about how deep 

the water might be and what might happen in less or more frequent floo

nowing whether or not a home lies within the flood extent of a 1

measure of risk!  

 

– say exposed to 

to be around 150,000 addresses. Many of 

use planning decisions that allowed these homes to be built were made before 

at the time made perfect 

excuse now for the continued development of the 

floodplain in ways that do not consider the latent risk. Nor can there be any excuse for 

either not making flood hazard information available or only available in ways that do not 

lise their exposure. Knowing that your home is located 

100 year flood extent, for example, doesn’t tell you much about how deep 
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nowing whether or not a home lies within the flood extent of a 1-



 

Page | 23 

 

References 

Barredo, J. I., 2009: Normalised flood losses in Europe: 1970

Syst. Sci., 9, 97-104. 

Barredo, J. I., 2010: No upward trend in normalised windstorm losses in Europe: 1970

2008. Nat. Hazards Earth Syst. Sci.,

Barredo, J.I., Saurí, D. and M. C. Llasat,

in Spain 1971-2008. Natural Hazards and Earth 

 Barthel, F., and E. Neumayer, 2012: A trend analysis of normalized insured damage from 

natural disasters. Climatic Change

Bender, M. A., T. R. Knutson, R. E. Tuleya, J. J. Sirutis, G. A. 

Held, 2010: Modeled impact of anthropogenic warming on the frequency of intense 

Atlantic hurricanes. Science

Bird, D., D. King, K. Haynes, P. Box, T. Okada, and K. Nairn, 2012: 

floods and the factors that inhibit and enable household adaptation strategies.

the National Climate Change Adaptation Research Facility (NCCARF). Gold Coast, Australia 

(in press). 

Blong, R., 2004: Residential building damage and natural perils: Australian examples and 

issues. Building Research & Information

Boruff, B. J., J. A. Easoz, S. D. Jones, H. R. Landry, J. D. Mitchem, and S. L. Cutter, 2003: 

Tornado hazards in the United States. 

Bouwer, L. M., 2011: Have disaster losses increased due to anthropogenic climate change? 

Bull. Amer. Meteorol. Soc., 

Brooks, H. E., and C. A. Doswell, 2001: Normalized damage from major tornadoes

United States: 1890-1999. 

Chang, H., J. Franczyk, and C. Kim, 2009: What 

case of Gangwon Province, Korea. 

Changnon, S. A., 2001: Damaging thund

Meteorol. Soc., 82, 597-608.

Barredo, J. I., 2009: Normalised flood losses in Europe: 1970-2006. Nat. Hazards Earth 

No upward trend in normalised windstorm losses in Europe: 1970

Nat. Hazards Earth Syst. Sci., 10, 97-104. 

D. and M. C. Llasat, 2011: Assessing trends in insured losses from floods 

Natural Hazards and Earth Systems Science 12 (5), 1723

Barthel, F., and E. Neumayer, 2012: A trend analysis of normalized insured damage from 

Climatic Change, doi: 10.1007/s10584-011-0331-2. 

Bender, M. A., T. R. Knutson, R. E. Tuleya, J. J. Sirutis, G. A. Vecchi, S. T. Garner, and I. M. 

Held, 2010: Modeled impact of anthropogenic warming on the frequency of intense 

Science, 327, 454-458.  

Bird, D., D. King, K. Haynes, P. Box, T. Okada, and K. Nairn, 2012: Impact of the 2010/11 

d the factors that inhibit and enable household adaptation strategies.

the National Climate Change Adaptation Research Facility (NCCARF). Gold Coast, Australia 

Blong, R., 2004: Residential building damage and natural perils: Australian examples and 

Building Research & Information, 32 (5), 379-390. 

Boruff, B. J., J. A. Easoz, S. D. Jones, H. R. Landry, J. D. Mitchem, and S. L. Cutter, 2003: 

in the United States. Climate Res., 24, 103-117. 

Bouwer, L. M., 2011: Have disaster losses increased due to anthropogenic climate change? 

., 92, 39-46. 

Brooks, H. E., and C. A. Doswell, 2001: Normalized damage from major tornadoes

1999. Wea. Forecasting, 16, 168-176. 

Chang, H., J. Franczyk, and C. Kim, 2009: What is responsible for increasing f

case of Gangwon Province, Korea. Nat. Hazards, 48, 339-354. 

Changnon, S. A., 2001: Damaging thunderstorm activity in the United States. 

608. 

Nat. Hazards Earth 

No upward trend in normalised windstorm losses in Europe: 1970-

Assessing trends in insured losses from floods 

5), 1723-1729. 

Barthel, F., and E. Neumayer, 2012: A trend analysis of normalized insured damage from 

Vecchi, S. T. Garner, and I. M. 

Held, 2010: Modeled impact of anthropogenic warming on the frequency of intense 

Impact of the 2010/11 

d the factors that inhibit and enable household adaptation strategies. Report for 

the National Climate Change Adaptation Research Facility (NCCARF). Gold Coast, Australia 

Blong, R., 2004: Residential building damage and natural perils: Australian examples and 

Boruff, B. J., J. A. Easoz, S. D. Jones, H. R. Landry, J. D. Mitchem, and S. L. Cutter, 2003: 

Bouwer, L. M., 2011: Have disaster losses increased due to anthropogenic climate change? 

Brooks, H. E., and C. A. Doswell, 2001: Normalized damage from major tornadoes in the 

is responsible for increasing flood risks? The 

erstorm activity in the United States. Bull. Amer. 



 

Page | 24 

 

Changnon, S. A., 2009a: Increasing major hail losses in the U.S. 

166. 

Changnon, S. A., 2009b: Temporal and spatial distributions of wind storm damages in the 

United States. Climatic Change

Chen, K. and J. McAneney. 2004. Quantifying bushfire penetration into urban areas in 

Australia. Geophysical Research Letters

Chen, K and K.J. McAneney. 2006. 

population: with validations of global data on population, shoreline and elevation. 

Geophysical Research Letters

Chen, K. and J. McAneney, 2010. 

Spatial Analysis, Report to the 2009 “Black Saturday” Bushfire Royal Commission Enquiry, 

Risk Frontiers. 

Choi, O., and A. Fisher, 2003: The impacts of socioec

change on severe weather catastrophe losses: mid

Climatic Change, 58, 149-170.

Coates, L. 1999: Flood fatalities in Australia, 1788

Crompton, R. P. and K.J.

meteorological hazards: 1967

Crompton, R.P., K.J. McAneney, K. Chen, R.A. Pielke Jr., and K. Haynes, 2010

Location, Population and Climat

Bushfire: 1925-2009. Weather, Climate and Society

10.1175/2010WCAS1063.1;  

Crompton, R.P. 2011. Normalising the Insurance Council of Australia Natural Disaster 

Event List: 1967–2011. Report prepared for the Insurance Council of Australia, Risk 

Frontiers (http://www.insurancecouncil

Crompton, R.P., R.A. Pielke Jr.

detection of anthropogenic climate change in US tropical cyclone loss data. 

Research Letters, 6, 014003, doi: 

Crompton, R., Musulin, R., Pielke Jr., R. and J. John McAneney, 2012

disaster losses and its impact on the insurance sector

Climate Change Adaptation Research Facility, Project SD11

Changnon, S. A., 2009a: Increasing major hail losses in the U.S. Climatic Change

, S. A., 2009b: Temporal and spatial distributions of wind storm damages in the 

Climatic Change, 94, 473-483. 

Chen, K. and J. McAneney. 2004. Quantifying bushfire penetration into urban areas in 

Geophysical Research Letters, 31, L12212, doi:10.1029/2004GL020244

Chen, K and K.J. McAneney. 2006. High-resolution estimates of Australian coastal 

population: with validations of global data on population, shoreline and elevation. 

Geophysical Research Letters, 33, L16601, doi:10.1029/2006GL026981. 

Chen, K. and J. McAneney, 2010. Bushfire Penetration into Urban Areas in Australia: A 

, Report to the 2009 “Black Saturday” Bushfire Royal Commission Enquiry, 

Choi, O., and A. Fisher, 2003: The impacts of socioeconomic development and climate 

change on severe weather catastrophe losses: mid-Atlantic region (MAR) and the U.S. 

170. 

Flood fatalities in Australia, 1788-1996. Aust. Geog. 30 (3): 391

Crompton, R. P. and K.J. McAneney, 2008: Normalised Australian insured losses fr

meteorological hazards: 1967-2006. Environ. Science & Policy 11: 371-378; 

Crompton, R.P., K.J. McAneney, K. Chen, R.A. Pielke Jr., and K. Haynes, 2010

Location, Population and Climate on Building Damage and Fatalities due to Australian 

Weather, Climate and Society, Vol. 2: pp. 300

 

Normalising the Insurance Council of Australia Natural Disaster 

Report prepared for the Insurance Council of Australia, Risk 

http://www.insurancecouncil.com.au). 

Crompton, R.P., R.A. Pielke Jr.
 

and K.J. McAneney, 2011: Emergence time scales for 

detection of anthropogenic climate change in US tropical cyclone loss data. 

, 6, 014003, doi: 10.1088/1748-9326/6/1/014003. 

Crompton, R., Musulin, R., Pielke Jr., R. and J. John McAneney, 2012: The rising cost of 

disaster losses and its impact on the insurance sector. Report prepared for the National 

Climate Change Adaptation Research Facility, Project SD11-17, Risk Frontiers.

Climatic Change, 96, 161-

, S. A., 2009b: Temporal and spatial distributions of wind storm damages in the 

Chen, K. and J. McAneney. 2004. Quantifying bushfire penetration into urban areas in 

L12212, doi:10.1029/2004GL020244;  

resolution estimates of Australian coastal 

population: with validations of global data on population, shoreline and elevation. 

Bushfire Penetration into Urban Areas in Australia: A 

, Report to the 2009 “Black Saturday” Bushfire Royal Commission Enquiry, 

onomic development and climate 

Atlantic region (MAR) and the U.S. 

(3): 391-408 

Normalised Australian insured losses from 

378;  

Crompton, R.P., K.J. McAneney, K. Chen, R.A. Pielke Jr., and K. Haynes, 2010: Influence of 

e on Building Damage and Fatalities due to Australian 

: pp. 300-310, doi: 

Normalising the Insurance Council of Australia Natural Disaster 

Report prepared for the Insurance Council of Australia, Risk 

Emergence time scales for 

detection of anthropogenic climate change in US tropical cyclone loss data. Environmental 

The rising cost of 

Report prepared for the National 

17, Risk Frontiers. 



 

Page | 25 

 

Di Baldassarre, G., A. Montanari, H. Lins, D. Koutsoyiannis, L. Brandimarte, and G. Blöschl, 

2010: Flood fatalities in Africa: From diagnosis to mitigation

L22402, doi:10.1029/2010GL045467. 

Downton, M., and R. A. Pielke Jr., 2005: How accurate are 

US flood damage. Nat. Hazards,

Emanuel, K., 2011: Global warming effects on U.S. hurricane damage. 

3, 261-268. 

Fengqing, J., Z. Cheng, M. Guijin, H. Ruji, and M. Qingxia, 2005: Magnification of flood 

disasters and its relation to regional precipi

1980s in Xinxiang, northwestern China. 

Haynes, K.A., Handmer, J., McAneney, K.J., Tibbits, A. and L. Coates, 2009. Australian 

civilian bushfire fatalities: 1900 

Hilker, N., A. Badoux, and C. Hegg, 2009: The Swiss flood and landslide damage database 

1972-2007. Nat. Hazards Earth Syst. Sci

Höppe, P., and R. A. Pielke Jr., Eds., 2006: 

Understanding and attributing trends and projections.

Hohenkammer, Germany.

http://sciencepolicy.colorado.edu/s

kshop/workshop_report.html

IPCC, 2012: Managing the risks of extreme events and disasters to advance climate change 

adaptation. A Special Report of Working Groups I and II of the Intergovernmental Panel on 

Climate Change [Field, C. B., V. Barros, T. F. Stocker, D. Qin, D. J. Dokken, K. L. Ebi, M. D. 

Mastrandrea, K. J. Mach, G.

Cambridge University Press, Cambridge, UK, and New York, NY, USA, 582 p

Knutson, T. R., J. L. McBride, J. Chan, K. Emanuel, G. Holland, C. Landsea, I. Held, J. P. 

Kossin, A. K. Srivastava, and M. Sugi, 2010: Tropical cyclones and climate change. 

Geosci., 3 157-63. 

McAneney, J., R. Crompton, and L. Coates, 2007: 

wind loading construction standards in tropical

prepared for the Australian Building Codes Board, Risk Frontiers.

Di Baldassarre, G., A. Montanari, H. Lins, D. Koutsoyiannis, L. Brandimarte, and G. Blöschl, 

Flood fatalities in Africa: From diagnosis to mitigation. Geophys. Res. Lett.

L22402, doi:10.1029/2010GL045467.  

Downton, M., and R. A. Pielke Jr., 2005: How accurate are disaster loss data? The case of 

Hazards, 35, 211-228. 

Emanuel, K., 2011: Global warming effects on U.S. hurricane damage. Wea. Climate Soc.,

Fengqing, J., Z. Cheng, M. Guijin, H. Ruji, and M. Qingxia, 2005: Magnification of flood 

disasters and its relation to regional precipitation and local human activities since the 

1980s in Xinxiang, northwestern China. Nat. Hazards, 36, 307-330. 

Haynes, K.A., Handmer, J., McAneney, K.J., Tibbits, A. and L. Coates, 2009. Australian 

civilian bushfire fatalities: 1900 – 2007. Environ. Sci. & Policy 13:185-194. 

Hilker, N., A. Badoux, and C. Hegg, 2009: The Swiss flood and landslide damage database 

Nat. Hazards Earth Syst. Sci., 9, 913-925. 

Höppe, P., and R. A. Pielke Jr., Eds., 2006: Workshop on climate change and disaster losses: 

derstanding and attributing trends and projections. Final Workshop Report, 

Hohenkammer, Germany. 

http://sciencepolicy.colorado.edu/sparc/research/projects/extreme_events/munich_wor

kshop/workshop_report.html 

IPCC, 2012: Managing the risks of extreme events and disasters to advance climate change 

adaptation. A Special Report of Working Groups I and II of the Intergovernmental Panel on 

imate Change [Field, C. B., V. Barros, T. F. Stocker, D. Qin, D. J. Dokken, K. L. Ebi, M. D. 

Mastrandrea, K. J. Mach, G.-K. Plattner, S. K. Allen, M. Tignor, and P. M. Midgley (eds.)]. 

Cambridge University Press, Cambridge, UK, and New York, NY, USA, 582 p

Knutson, T. R., J. L. McBride, J. Chan, K. Emanuel, G. Holland, C. Landsea, I. Held, J. P. 

Kossin, A. K. Srivastava, and M. Sugi, 2010: Tropical cyclones and climate change. 

McAneney, J., R. Crompton, and L. Coates, 2007: Financial benefits arising from regulated 

wind loading construction standards in tropical-cyclone prone areas of Australia.

prepared for the Australian Building Codes Board, Risk Frontiers. 

Di Baldassarre, G., A. Montanari, H. Lins, D. Koutsoyiannis, L. Brandimarte, and G. Blöschl, 

Geophys. Res. Lett., 37, 

disaster loss data? The case of 

Wea. Climate Soc., 

Fengqing, J., Z. Cheng, M. Guijin, H. Ruji, and M. Qingxia, 2005: Magnification of flood 

tation and local human activities since the 

Haynes, K.A., Handmer, J., McAneney, K.J., Tibbits, A. and L. Coates, 2009. Australian 

 

Hilker, N., A. Badoux, and C. Hegg, 2009: The Swiss flood and landslide damage database 

Workshop on climate change and disaster losses: 

Final Workshop Report, 

parc/research/projects/extreme_events/munich_wor

IPCC, 2012: Managing the risks of extreme events and disasters to advance climate change 

adaptation. A Special Report of Working Groups I and II of the Intergovernmental Panel on 

imate Change [Field, C. B., V. Barros, T. F. Stocker, D. Qin, D. J. Dokken, K. L. Ebi, M. D. 

K. Plattner, S. K. Allen, M. Tignor, and P. M. Midgley (eds.)]. 

Cambridge University Press, Cambridge, UK, and New York, NY, USA, 582 pp. 

Knutson, T. R., J. L. McBride, J. Chan, K. Emanuel, G. Holland, C. Landsea, I. Held, J. P. 

Kossin, A. K. Srivastava, and M. Sugi, 2010: Tropical cyclones and climate change. Nat. 

al benefits arising from regulated 

cyclone prone areas of Australia. Report 



 

Page | 26 

 

Chen, K. and K.J. McAneney, 2010

Spatial Analysis. Invited report prepared for 2009 Victorian Bushfire Royal Commission. 

Risk Frontiers. 

Coates, L. 1999: Flood fatalities in Australia, 1788

Mason, M., Haynes, K., Walker, G. 2012:

resistant design. In: Natural disasters and adaptation to climate change

Karoly, D., Boulter, S. Cambridge University Press (in press).

Mendelsohn, R., K. Emanuel, S. Chonabayashi, and L. Bakkens

climate change on global tropical cyclone damage. 

10.1038/NCLIMATE1357. 

Neumayer, E., and F. Barthel, 2011: Normalizing economic losses from natural disasters: A 

global analysis. Global Environ. Change

Pielke Jr., R. A., J. Rubiera, C. Landsea, M. L. Fernandez, and R. Klein, 2003: Hurricane 

vulnerability in Latin America and the Caribbean: normalized damage and loss potentials. 

Nat. Hazards Rev., 4, 101–

Pielke Jr., R. A., J. Gratz, C. W. Lan

Normalized hurricane damage in the United States: 1900

42.  

Pielke Jr., R. A., and C. W. Landsea, 1998: Normalized hurricane damages in the United 

States: 1925-95. Weather 

Raghavan, S., and S. Rajesh, 2003: Trends in tropical cyclone impact: a study in Andhra 

Pradesh, India. Bull. Am. Meteorol. Soc

Schmidt, S., C. Kemfert, and P. Höppe, 2009

impact of climate change 

adjusting storm losses. Environ. Impact Asses. Rev.

Schreider, S. Y., D. I. Smith, and A. J. Jakeman, 2000: Climate change impacts on urban 

flooding. Climatic Change, 

Simmons, K., D. Sutter, and R. A. Pielke, Jr., 2012: Blown away: monetary and human 

impacts of the 2011 U.S. tornadoes. 

Chen, K. and K.J. McAneney, 2010: Bushfire Penetration into Urban Areas in Australia: A 

Invited report prepared for 2009 Victorian Bushfire Royal Commission. 

Flood fatalities in Australia, 1788-1996. Aust Geog 30 (3): 

M., Haynes, K., Walker, G. 2012: Cyclone Tracy and the road to improved wind 

Natural disasters and adaptation to climate change, Eds. Palutikof, J., 

Karoly, D., Boulter, S. Cambridge University Press (in press).  

Mendelsohn, R., K. Emanuel, S. Chonabayashi, and L. Bakkensen, 2012: The impact of 

climate change on global tropical cyclone damage. Nat. Climate Change

 

Neumayer, E., and F. Barthel, 2011: Normalizing economic losses from natural disasters: A 

Global Environ. Change, 21, 13-24. 

Pielke Jr., R. A., J. Rubiera, C. Landsea, M. L. Fernandez, and R. Klein, 2003: Hurricane 

vulnerability in Latin America and the Caribbean: normalized damage and loss potentials. 

–114. 

Pielke Jr., R. A., J. Gratz, C. W. Landsea, D. Collins, M. Saunders, and R. Musulin, 2008: 

Normalized hurricane damage in the United States: 1900-2005. Nat. Hazards Rev

Pielke Jr., R. A., and C. W. Landsea, 1998: Normalized hurricane damages in the United 

Weather Forecast., 13, 621-631. 

Raghavan, S., and S. Rajesh, 2003: Trends in tropical cyclone impact: a study in Andhra 

Bull. Am. Meteorol. Soc., 84, 635-644. 

C. Kemfert, and P. Höppe, 2009: Tropical cyclone losses in the USA and the 

mpact of climate change – a trend analysis based on data from a new approach to 

Environ. Impact Asses. Rev., 29, 359-369. 

Schreider, S. Y., D. I. Smith, and A. J. Jakeman, 2000: Climate change impacts on urban 

, 47, 91-115. 

Simmons, K., D. Sutter, and R. A. Pielke, Jr., 2012: Blown away: monetary and human 

impacts of the 2011 U.S. tornadoes. Extreme events and insurance: 2011 annus horribilis 

Areas in Australia: A 

Invited report prepared for 2009 Victorian Bushfire Royal Commission. 

 391-408 

ne Tracy and the road to improved wind 

, Eds. Palutikof, J., 

en, 2012: The impact of 

Nat. Climate Change, doi: 

Neumayer, E., and F. Barthel, 2011: Normalizing economic losses from natural disasters: A 

Pielke Jr., R. A., J. Rubiera, C. Landsea, M. L. Fernandez, and R. Klein, 2003: Hurricane 

vulnerability in Latin America and the Caribbean: normalized damage and loss potentials. 

dsea, D. Collins, M. Saunders, and R. Musulin, 2008: 

Nat. Hazards Rev., 9, 29-

Pielke Jr., R. A., and C. W. Landsea, 1998: Normalized hurricane damages in the United 

Raghavan, S., and S. Rajesh, 2003: Trends in tropical cyclone impact: a study in Andhra 

: Tropical cyclone losses in the USA and the 

a trend analysis based on data from a new approach to 

Schreider, S. Y., D. I. Smith, and A. J. Jakeman, 2000: Climate change impacts on urban 

Simmons, K., D. Sutter, and R. A. Pielke, Jr., 2012: Blown away: monetary and human 

Extreme events and insurance: 2011 annus horribilis 



 

Page | 27 

 

(Edited by C. Courbage and W.R. Stahel)

Published March 2012. 

van den Honert,R. and J. McAneney, 2011

Implications, Water, 3, 1149

van der Vink, G., R.M. Allen, J. Chapin, M. Crooks, M. Fraley, J.

LeCuyer, E.K. MacColl, W.J. Morgan, B. Ries, E. Robinson,

Sponberg, 1998. Why the United States is becoming more vulnerable to natural disasters. 

EOS, Transactions, American Geophysical Union

Vranes, K., and R. A. Pielke Jr., 2009: Normalized earthquake damage and fatalities in the 

United States: 1900–2005. 

Weinkle, J., R. Maue, and R. Pielke, Jr.

Climate 25 (13) 4729-4735

Zhang, Q., L. Wu, and Q. Liu, 2009: Tropical cyclone damages in China: 1983

Amer. Meteorol. Soc., 90, 

Zhang, J., L. Wu, and Q. Zhang

background of global warming (in Chinese)

(Edited by C. Courbage and W.R. Stahel) The Geneva Reports: Risk and Insurance Research

van den Honert,R. and J. McAneney, 2011: The 2011 Brisbane floods: Causes, impacts and 

1149-1173; doi:10.3390/w3041149. 

, R.M. Allen, J. Chapin, M. Crooks, M. Fraley, J. Krantz, A.M. Lavigne, L. 

LeCuyer, E.K. MacColl, W.J. Morgan, B. Ries, E. Robinson, K. Rodriguez, M. Smith and K. 

Sponberg, 1998. Why the United States is becoming more vulnerable to natural disasters. 

American Geophysical Union, 79(44), 533–7.  

Vranes, K., and R. A. Pielke Jr., 2009: Normalized earthquake damage and fatalities in the 

2005. Nat. Hazards Rev., 10, 84-101. 

Weinkle, J., R. Maue, and R. Pielke, Jr. 2012: Historical global tropical cyclone landfalls. 

4735. http://dx.doi.org/10.1175/JCLI-D-11-00719.1. 

Zhang, Q., L. Wu, and Q. Liu, 2009: Tropical cyclone damages in China: 1983

, doi:10.1175/2008BAMS2631.1. 

Q. Zhang, 2011: Tropical cyclone damages in China under the 

background of global warming (in Chinese). J. Trop. Meteorol

and Insurance Research, 

The 2011 Brisbane floods: Causes, impacts and 

Krantz, A.M. Lavigne, L. 

K. Rodriguez, M. Smith and K. 

Sponberg, 1998. Why the United States is becoming more vulnerable to natural disasters. 

Vranes, K., and R. A. Pielke Jr., 2009: Normalized earthquake damage and fatalities in the 

2012: Historical global tropical cyclone landfalls. J. 

 

Zhang, Q., L. Wu, and Q. Liu, 2009: Tropical cyclone damages in China: 1983-2006. Bull. 

Tropical cyclone damages in China under the 

J. Trop. Meteorol. (in press).



 

Page | 1 

 

 




