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Can actuaries really afford to ignore 

climate change? 
 

 

 

By Jon Harwood, Sharanjit Paddam, Andy Pitman 

and Jessica Egan 
 

 

Abstract 

 

One view of the potential impact of climate change on insurance is that the industry 

would be able to absorb any increase in catastrophe costs through gradual 

increases in premium.  Referring to the latest IPCC report, the Actuaries Institute 

submission to the Senate Inquiry, as well as analysis conducted by a number of 

climatologists on the potential impact of climate change on catastrophe modelling, 

we examine the potential impact of climate change on various natural perils.  We 

consider the latest climate science in each case, and the uncertainties inherent 

both in the science and also the impact on catastrophe forecasts and home 

insurance pricing and affordability.  Lastly, we consider the potential for abrupt 

changes in climate, and the role of the actuary. 

 

Keywords: climate change, natural perils, flood, cyclone, catastrophe risk, home 

insurance 
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Glossary 

Term Explanation 

AAL Annual average loss (section 4.2) 

AEP Annual exceedance probabilities 

AI Actuaries Institute 

ARI Average recurrence intervals 

CSIRO Commonwealth Scientific and Industrial Research Organisation 

FFDI Macarthur Forest Fire Danger Index (section 5.3) 

GCM Global Climate Models or General Circulation Models (section 3.2) 

GFDI Grassland Fire Danger Index (section 5.3) 

IPCC Intergovernmental panel on climate change 

MOC Meridional overturning circulation 

NFID National Flood Information Database 

PML Probable maximum loss (section 4.2) 

ppm Parts per million 

RCPs Representative concentration pathways – in the context of future 

carbon emissions 

S&P Standard and Poors (section 3.3) 

SA1 Statistical Area 1 The smallest level of geography used by the 

Australian Bureau of Statistics, which is based on population 

groupings of around 400 people. This grouping was introduced in 

the 2011 census and replaces Census Collection Districts 

SRES Special Report on Emissions Scenarios produced by the IPCC 
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1. Summary 

1.1 Can actuaries really afford to ignore climate change? 

Our answer is no, actuaries cannot afford to ignore climate change, 

especially if they work in home insurance.  

From our research into the impact of climate change on home insurance, 

we conclude that: 

 Climate change has the potential to significantly impact natural perils, 

and so affect home insurance underwritten by insurers (section 2.5) 

 There is some scientific evidence emerging that climate change is 

already impacting natural perils and claims costs (section 2.5) 

 The impact is highly uncertain, with a wide variety of possible outcomes, 

including the potential for sudden and extreme changes (section 2.4) 

 The impact will vary significantly depending on the geographic location, 

and will likely give rise to affordability issues for home insurance (section 

8.2).  

Uncertainty 

This uncertainty in the possible impact of climate change, both in the level 

of change and the speed of change, for home insurance is driven by: 

 Unknown levels of carbon emissions, including any reduction in emissions, 

in turn driven by the uncertainty caused by the politicisation of climate 

change (section 2.3) 

 The reliability of how processes and feedbacks are represented in existing 

climate models, and the exclusion of certain low probability high severity 

events in climate models (section 2.4) 

 The lack of detailed research on the impact of changes in climate on the 

frequency and severity of natural perils, both globally and at a local level 

(chapters 4 to 7) 

 The unknown change in potential home insurance losses due to changes 

in severity of natural perils (chapters 4 to 7) 

 The unknown level and effectiveness of future mitigation to reduce losses 

from natural perils(section 8.3) 

 How insurers will model and price for these changes in expected losses 

and variability of losses (chapters 4 to 7), together with the impact on 

profit margins, the levels of capital required, and the cost of capital to 

support insurers writing home insurance (section 3.4) 

 Very wide variation depending on geographic location – for example 

only a small proportion of Australian households are affected by flood risk, 

but the impact on those affected could be so large as to give rise to 

unaffordable premiums (section 8.2).  
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Unlike other perils in home insurance, there is added difficulty in determining 

the quantum and the relative risk of natural perils as they tend to be low 

frequency and high severity events. 

The role of the actuary 

In our view, actuaries working in home insurance and government need to 

consider how to: 

 Understand and interpret climate science and climate models and the 

uncertain impact on claims costs 

 Work with underwriters and portfolio managers to improve rating models, 

adjust premiums and manage the risks arising 

 Work with insurers and governments to implement effective mitigation for 

the worst affected regions, and to analyse the costs and benefit of 

potential mitigation 

 Consider the implications on required capital levels, including 

reinsurance, and how the cost of reinsurance and capital can be 

reflected in profit margins 

 Assist insurers in addressing the potential reputational and political risks 

caused by unaffordability 

 Effectively explain all of the above to boards, without under or overstating 

the impact or the risk. 

1.2 What have we done? 

We have: 

 Collaborated with experts in climate science 

 Augmented existing actuarial studies on the impact of climate science 

 Established a framework for assessing the impact of climate change on 

insurance 

 Highlighted areas where further research is required 

 Enjoyed the process! 

We consider these in turn below. 

Collaborated with experts in climate science 

Climate change is a complex area of science, and traditionally actuaries 

have not been trained in climate science.  However, the actuarial authors of 

this paper (Jon Harwood, Sharanjit Paddam and Jessica Egan) consider that 

actuaries need to understand and manage the risk of climate change on 

insurance through pricing, reinsurance and capital considerations.  Whilst we 

actuaries may not be experts in climate science, we need to be proficient 

at understanding and applying climate science. 
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Our goal has been to make use of the most reliable and most up to date 

climate science available, and to avoid conclusions that are not supported 

by the majority of climate scientists. 

In order to achieve this, we have collaborated with Professor Andy Pitman, 

Director of the ARC Centre of Excellence for Climate System Science.  

Professor Pitman has assisted us in assessing the scientific evidence and has 

joined us as a co-author of this paper. He has written chapter 2, which 

presents the latest understanding of the impact of climate change on 

global temperatures and predictions for future changes. 

Accordingly, it is important to note that chapter 2 represents the views of 

Andy Pitman, whilst the remainder of this paper represents the views of the 

actuarial authors. The views in this paper do not necessarily represent the 

views of our respective employers, and our employers take no responsibility 

for them. 

Augmented existing actuarial studies 

We have also considered the latest actuarial research into the impact of 

climate change, and in particular the Actuaries Institute Submission to the 

Senate Inquiry into recent trends in and preparedness for extreme weather 

events (Actuaries Institute, 2013). 

As discussed in section 3.5, this submission concluded that the “total 

additional insurance cost to consumers due to climate change will not be 

significant”; that the incremental change in expected insurance premiums 

each year would be small relative to the annual industry premium pool and 

relative to the impact of inflation. However, the submission also noted that: 

 Each individual property insurance premium would not increase by the 

same amount, and  

 The highest risk homes would see the greatest increase in premium. 

We have augmented the submission by: 

 Conducting our own scenario analyses based on updated or alternative 

assumptions from the latest scientific studies, and the Australia wide 

residential property dataset and rating structure of a large Australian 

insurer, in order to understand the variability and uncertainty, and 

 Examining the affordability implications of climate change. 

Established a framework for assessing the impact of climate change on 

insurance 

We have not sought to give a definitive answer to the question of the 

impact of climate change on insurance premiums.  Rather we have sought 

to establish an evaluation framework, and to highlight the process and the 

corresponding level of uncertainty.  We hope to continue our research, and 
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to encourage other actuaries and climate scientists to improve the work in 

this paper. 

Figure 1.1 illustrates our overall framework to analyse the impact of climate 

change on insurance. 

Figure 1.1 Overall framework 

 

Highlighted areas where future research is required 

It is clear that significant further work is required both in the climate science 

field and in the actuarial field in order to provide more reliable estimates of 

the impact of climate change on insurance.  

In addition, further collaboration and communication is required between 

actuaries and climate scientists in order to encourage research in areas of 

importance to the insurance industry, and also to ensure that important 

climate change studies are taken into account by the industry. 

In this paper, we have sought to traverse the breadth of the process, rather 

than to consider each step in detail. In section 1.4we have highlighted the 

areas where more research is required. 

Enjoyed the process 

Climate change is a fascinating and complex area, and we have very 

much enjoyed the process of investigating the impacts on insurance.  In the 

process each of us has also deepened our understanding of natural perils 

and home insurance. 
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1.3 What did we find? 

Overall, we have made the following findings: 

 We have predicted a wide range of increases in mean claim costs from 

bushfire, cyclones and riverine floods.  This wide range reflects the 

uncertainty in the level of future emissions, the lack of certainty on the 

impact of climate change on natural perils in Australia, and calls for 

further climate science research that can be used at a local level. 

 In particular, the impact of climate change on cyclones is very uncertain, 

and further investigation is needed. 

 Although the increase in mean claims costs is not significant, the increase 

to a local community can be, this is due to increasing risk rating by 

address level. 

 We have predicted a wide variation in affordability, and in particular 

foresee significant affordability issues for home owners in areas at risk from 

natural perils.  

 We are concerned that a number of potential changes in climate systems 

could have a significant and relatively sudden impact on claims costs. As 

home insurance policies usually only offer cover for one year at a time, 

this could leave communities exposed very abruptly if there is significant 

increases in premium or a removal of cover. 

Overall, we suggest that affordability issues, together with the potential for 

fast acting and missing changes in climate change models, pose significant 

challenges for insurers and require further and ongoing review. We think that 

actuaries have a vital role to play in understanding climate science and 

interpreting and explaining the impact on insurers and governments, as well 

as managing the risk. 

Predicted range of increases in mean claims costs 

Table 1.1 Overall range of predicted real increases in mean claims cost by 2100 

Peril 

2013 claims 

cost 

$M 

Predicted 

Increase 

Bushfire  134 29% to 116% 

Cyclone  302 0% to 230% 

Riverine Flood  414 7% to 54% 

Table 1.1 summarises the results of our analyses of the potential changes to 

the real cost of claims by peril (i.e. excluding both inflation and increases in 

exposure due to economic growth). 
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We note that our ranges are likely to underestimate the change in average 

home insurance premiums, as we have excluded the impact of: 

 Other perils that are likely to occur at the same time as the above perils – 

for example, storm surge and coastal flooding are likely to occur at the 

same time as cyclones 

 Certain low probability high severity events not included in climate 

models (section 2.4) 

 Expenses and profit margins, including the cost of capital to support 

insurers writing home insurance (section 3.4). 

These ranges do not make any allowance for the unknown level and 

effectiveness of future mitigation to reduce losses from natural perils 

(section8.3). Further our results have excluded government owned assets 

that are typically not insured in the private sector. 

Further details of our predictions, together with comparisons to the previous 

actuarial studies can be found in chapters 5 to 7. 

Predicted changes in affordability 

It is important to note that the increase in the mean cost of claims across 

Australia is not the most important consideration for the community. The 

exposure to natural hazards varies significantly between different 

communities in Australia.  Only considering the impact on the mean cost of 

claims across Australia gives an unrealistic indication of the impact on 

individual communities. 

Figure 1.2 Buildings affordability box plots full distribution 
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As insurers continue to move towards individual risk pricing rather than risk 

pooling, consumers are already experiencing affordability issues. Climate 

change is likely to exacerbate these issues. 

We have considered affordability by examining the changes in home 

insurance premiums for buildings cover as a ratio to median household 

income. This analysis has been done using groups of approximately 400 

homes (Statistical Area 1 or SA1). Figure 1.2 summarises our results, and 

further details can be found in section 8.2. 

We note the following: 

 The lack of affordability of insurance poses a significant reputational and 

political risk for insurers. 

 Climate change impacts are likely to be minimal for the median 

household as most Australian homes do not have any significant material 

bushfire, flood or cyclone risk at the current time. 

 However, the worst affected homes could see buildings premiums of 

about 38% of annual income under certain scenarios by 2100.This is a 

significant affordability problem. 

 In terms of increases in buildings premiums under our modelled scenarios, 

over 300,000 households could see a buildings increase of up to 48% by 

2100. 60,000-80,000 households could see increases between of up to 

104% by 2100. 

 Our figures are likely to underestimate the affordability problem, as they 

do not include the variability within each SA1 zone, which can be 

significant.  In particular, for riverine flood, the risk can vary substantially 

depending on the distance from the nearest river. 

 Further these figures only include the impact on currently insured 

properties within our data set.  It is likely that the data set excludes 

properties with substantial risk to natural perils, as they are likely to be 

uninsured. 

These results illustrate the difficulty in getting accurate estimates of the effect 

of climate change on insurance. The largest increases are likely to be in the 

extreme cases (rather than the mean), and the extreme cases are where 

the uncertainty is the greatest. 

Uncertainty in climate models 

The greatest uncertainty in future projections obtained from climate models 

is the level of future emissions, and in particular the effectiveness of any 

action taken to reduce emissions.  The IPCC has included a number of 

pathways regarding future emission levels, and we have aligned our 

modelled scenarios to these pathways. 

Within each pathway, there is uncertainty caused by how processes and 

feedbacks are represented in the climate models.  These ranges of 

uncertainty are narrower or of a similar magnitude than the ranges caused 



Can actuaries really afford to ignore climate change? 

12 

by uncertainty in future emission levels.  Our predictions for the impact of 

climate change on insurance have not taken into account this uncertainty, 

the most important of which are “fast acting” or “abrupt” events that can 

cause sudden changes in climate change, as opposed to gradual change. 

There is also a greater level of uncertainty about the impact of climate 

change on natural perils at a local level compared to the global level. This 

gives rise to difficulties in translating results from global levels to information 

that can be used for premium rating at a local level. 

Existing climate models tend to exclude events that have a low probability 

of occurrence before the end of the twenty first century. Such “missing” 

events include ice sheet collapse, permafrost and clathrates melts, and 

boreal and tropical forest collapse.  Whilst the probabilities for each event 

are likely to be small, typically at the level of 1-10% this century, the 

combined probability (that is, the probability of any one occurring) is not 

insignificant and the consequences would profoundly affect the risks 

calculated later. 

A comparable situation exists with potential insurance losses from 

earthquakes in Australia, which are low frequency but high severity events. 

Despite the remoteness of these risks, actuaries and insurers regularly 

consider the potential impact of such scenarios on the viability of insurers. 

The Australian Prudential Regulation Authority requires insurers to consider 

their exposure to catastrophes at a 1 in 200 annual probability level.  In the 

time available to produce this paper, we have been unable to consider 

directly the impact of the “fast acting” and “missing” on capital 

requirements for Australian insurers, and we encourage further research in 

this area. 

1.4 What we haven’t done, but needs to be done 

Restrictions in our scope and limitations of our analyses 

Due to time limitations, we have restricted our review to bushfire, riverine 

flood and cyclone wind losses in Australia. We have not considered other 

natural perils that may be impacted by climate change. Significantly, we 

have not considered the impact of climate change on hailstorms, coastal or 

overland flooding, cyclonic or other storm surge, coastal erosion or drought. 

Our analysis has been based on the current exposure of a large Australian 

insurer that underwrites home insurance in all states and territories.  

Consequently, our scope excludes uninsured properties, especially public 

and government owned assets. 

Further, homeowners who do not purchase home insurance, for example 

due to existing affordability issues, are not represented in our analyses.  Thus, 

our case studies into the impact of climate change are likely to understate 

the potential impact. 
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Additional further work 

There are other significant areas where further work is required, which we 

have not addressed in this paper. In particular: 

 The potential impact of multiple perils occurring simultaneously within a 

catastrophic event 

 The impact of abrupt changes in the climate system on capital 

requirements and pricing 

 The impact of expected exposure changes due to population growth or 

conversely the impact of better planning and mitigation against perils 

 The impact on other property insurance classes as well as health and life 

insurance. 

From an actuarial point of view, we have only briefly considered the 

implications for insurance capital (section 3.4), and have not included any 

allowance for changes in the cost of capital in our case studies.  Further 

work is required on the changes in capital requirements for insurers due to 

climate change impacts, and analyses such as the potential for insurers to 

bear the cost of future events, or the availability and cost of reinsurance 

capital. Lastly, further research needs to be done on understanding 

economic rather than insured losses.  In particular, non-insured property such 

as government assets also need to be included. 

From a climate modelling point of view, further work is required in: 

 Increasing the granularity of climate models, both geographically and in 

time increments 

 Understanding the variability as well as the mean of climate simulation 

outcomes, and in particular, more accurate modelling of the tail of the 

distribution of outcomes 

 Further research on cyclones in Australia, as discussed in section6.4. 

1.5 Acknowledgements 

We greatly appreciate the assistance of: 

 Dr Ryan Crompton, Chief Research Officer at Risk Frontiers, on the impact 

of climate change on natural perils and the consequent changes in 

potential claims costs for home insurance. 

 Elayne Grace, for her challenging peer review, and advice on the 

presentation of this paper and previous research undertaken by working 

groups of the Actuaries Institute. 
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2. Carbon emission scenarios and global temperature predictions1 

2.1 Historical increases in atmospheric carbon dioxide 

Since the Industrial Revolution in the eighteenth century, atmospheric 

carbon dioxide has been increasing. It has increased from around 280 parts 

per million (ppm) to present concentrations of almost 400 ppm. On a 

timescale of the last 800,000 years, the levels of atmospheric CO2 are 

unprecedented (Figure 2.1, (IPCC, Summary for Policymakers, 2013)). Human 

activity is currently leading to emissions of around 9.5 Gt C y-1, some 54% 

higher than in 1990 when the first IPCC report (Houghton, Jenkins, & 

Ephraums, 1990)warned of the threat of climate change.  

Figure 2.1Atmospheric CO2 concentration over the last 800,000 years23 

 

CO2 is a well-mixed greenhouse gas and as such emissions from a specific 

source become globally distributed. Coincident with the observed increase 

in CO2, other well-mixed greenhouse gases are increasing including 

methane, nitrous oxide and the CFCs. All of these gases are “long-lived” with 

atmospheric lifetimes of ~100 years for CO2, 9 years for methane, 131 years 

for nitrous oxide and from 5 to 50,000 years for CFCs. These greenhouse 

gases trap infrared radiation that would otherwise escape to space. The 

trapping and re-radiation of this infrared radiation adds energy to the 

climate system. To date, the increases in these well-mixed greenhouse gases 

have added 2.83 W m-2 of additional energy and CO2 is the main cause of 

this increase. While 2.83 W m-2 does not sound that much, it is 2.83 Joules of 

energy per square metre per second, or roughly 900,000,000 Joules of 

energy for every square metre of the Earth’s land and ocean surfaces over 

10 years. 

                                                 

 
1 Chapter 2 has been written by Professor Andy Pitman, and represents his views on climate 

science 
2 Fromhttps://scripps.ucsd.edu/programs/keelingcurve/wp-content/plugins/sio-

bluemoon/graphs/co2_800k.png 
3Current concentrations are at 400 ppm as shown by the green horizontal line. 

https://scripps.ucsd.edu/programs/keelingcurve/wp-content/plugins/sio-bluemoon/graphs/co2_800k.png
https://scripps.ucsd.edu/programs/keelingcurve/wp-content/plugins/sio-bluemoon/graphs/co2_800k.png
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2.2 Historical increases in temperatures 

This energy must do work, and in the context of the Earth’s climate it results in 

rising temperatures, melting of snow and ice, acceleration of the 

hydrological cycle, intensification of convection and heavy rainfall and a 

range of other important impacts. This can be illustrated in terms of 

temperature (Figure 2.2) 

Figure 2.2 Observed globally averaged temperatures expressed as decadal 

averages from 1850 to 20104 

 

It can also be illustrated in terms of snow cover, Arctic sea ice, ocean heat 

content, sea level change and rainfall over land5. 

The relationship between rising CO2 and rising temperature over the 

historical period (since the Industrial Revolution) is understood with precision. 

Probability-based statements like “more than half of the observed increase 

in global average surface temperature from 1951 to 2010 was caused by 

human activity” can be made with certainty ranging from 95% to 100%. 

However, the best estimate we have of the human contribution to warming 

since 1951 is simpler; humans caused virtually all of the warming since 1950. 

This highlights the difference between climate science language and the 

language of risk or decision-making. For a scientist to be sure requires 

statistical testing of a hypothesis with a 90% or 95% certainty. If one takes a 

balance of probability framework for decision-making, the human 

contribution to global warming was settled in 1990. 

                                                 

 
4 From Figure SPM1a in (IPCC, 2013) 
5 From (IPCC, 2013)figures SPM.2 and SPM.3 at 

www.climatechange2013.org/images/report/WG1AR5_SPM_FINAL.pdf 

http://www.climatechange2013.org/images/report/WG1AR5_SPM_FINAL.pdf


Can actuaries really afford to ignore climate change? 

16 

2.3 Scenarios for future increases in temperature 

Given there is a link between human emissions of CO2 (and other 

greenhouse gases) and energy, and via energy to a range of impacts that 

affect humans, it is simply a fact that continued emissions of these gases will 

cause further changes. Figure 2.4 shows the observed changes between 

1950 and 2010 based on observations of surface temperature. From 2010 to 

2100 a projection of how surface temperature will change is shown based 

on two fundamental elements that are critical to understanding how 

confident scientists are about how the Earth’s temperature will change in 

the future.  

The first element that has to be determined for how the Earth’s climate will 

change through to 2100 is how greenhouse gases will change in the 

atmosphere. This is not a science problem, but depends on demography, 

economic growth, how that growth is fuelled (coal, gas, nuclear, 

renewables etc.) and how technical innovation is shared with the 

developing world.  

Figure 2.3 Schematic illustration of the four SRES storylines6 

 

In 2000, the Intergovernmental Panel on Climate Change (IPCC) published a 

set of scenarios for use in its Third Assessment Report (Special Report on 

                                                 

 
6 From (SRES emissions scenarios, 2014) 
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Emissions Scenarios -SRES). Four narrative storylines (families of scenarios) 

labelled A1, A2, B1 and B2 were defined representing diverging 

developments in the factors above. Figure 2.3 illustrates the driving forces for 

each scenario.  

The family B2 includes scenarios that tend towards increasing regionalisation 

and strong environmental values. The family A1 includes scenarios that tend 

towards increasing globalisation and strong economic values; it can be 

further divided depending on the development of various energy 

technologies: A1F1 reflects the fossil intensive development; A1T, 

predominantly non-fossil development; and A1B, balanced development 

across energy sources. Six modelling teams quantified 40 scenarios that 

could be grouped under these labels.  

The SRES scenarios start with certain fixed developmental paths of the 

driving forces to get different emissions scenarios. They do not include any 

allowance for mitigation and adaption policies. They have since been 

superseded. 

To encompass uncertainties in all these areas “representative concentration 

pathways” (RCPs) were developed. RCP2.6 means that by 2100, the 

additional energy in the system is limited to 2.6 W m-2 while RCP8.5 means an 

additional 8.5 W m-2.  

Figure 2.4 Observed (1950-2010) and projected (2010-2100) global surface 

temperature change7 

 

Figure 2.4 shows that the RCP chosen into the future is profoundly important. 

If we followed an RCP at the very low end (RCP2.6) global warming would 

be limited to 0.3-1.7oC (relative to 1986-2005) by 2100. If we follow the RCP8.5 

warming would be 2.6-4.8oC. RCP2.6 is likely impossible now because it 

                                                 

 
7The projected changes are for two representative concentration pathways (RCP2.6 and 

RCP8.6) and the width of the red and blue bands represents uncertainties based on the 

modelling of the Earth’s climate based on around 35 climate models. From figure SPM.7 in 

(IPCC, Summary for Policymakers, 2013). 
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would require an immediate cessation of emissions of carbon dioxide which 

given current global negotiations seems implausible. Unfortunately, RCP8.5 

remains entirely plausible but is not the highest level of emissions that might 

be achieved.  

2.4 Uncertainties in predictions of future temperatures 

Figure 2.4 also shows a wide band around the two RCPs. These bands 

encompass the uncertainty from 39 (RCP8.5) and 32 (RCP2.6) climate 

models that are used to project how climate will change through to 2100 

using these RCPs. The range of warming noted above (0.3-1.7oC for RCP2.6 

and 2.6-4.8oC for RCP8.5) are due to uncertainty in how processes are 

represented in climate models. This uncertainty in the projection of global 

temperatures is likely unresolvable and is associated with how many 

processes operating within the climate system interact on timescales 

ranging from seconds to centuries. This is a very complex system but it is 

important to note that it is not an unconstrained problem. The way the 

Earth’s climate responds to increasing CO2 is constrained by the laws of 

physics that are built in to the climate models. While it is uncertain how much 

the Earth will warm by 2100, it is not uncertain that it will warm more if we 

emit more CO2 and it is not uncertain that if we follow RCP8.5 the amount of 

warming will exceed the adaptive capacity of many communities. 

The uncertainties in the climate models used for climate projection are 

reasonably well known, but fall into three types. We could call these “fast 

acting”, “slow acting” and “missing” for reasons that will be clear below. 

Fast acting 

We have uncertainties which affect whether a model is in the upper part or 

lower part of the range shown by the red shading or the blue shading in 

Figure 2.4. These processes, which are feedback processes that act on 

timescales from minutes to months, include things like how water vapour 

feedback amplifies the warming potential of CO2, how clouds respond to 

warming, and how fast snow or sea ice responds to warming. These 

“feedback” processes are all included in climate projections and are 

represented mathematically in the models based on observations and our 

basic understanding of processes. There remain uncertainties in all of these. 

For example, for clouds, if as the Earth warms high clouds increase, these 

trap infrared radiation and a positive (amplifying) feedback occurs which 

amplifies the effect of increasing CO2 on temperature. Conversely, if low 

clouds increase this acts as a negative (reducing) feedback. A vast amount 

of research has gone into these feedbacks over the last few decades and 

uncertainties have been reduced, but they have not been reduced to 

nothing. The remaining uncertainties could be significant in either direction – 

that is, it is fundamentally flawed logic to assume remaining uncertainties 

necessarily make future projections better or worse.  
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Table 2.1 Likelihoods of various abrupt changes in the climate system through to the 

end of the 21st century8 

Change in climate 

system component 

Potentially 

abrupt9 

Irreversibility if 

forcing 

reversed 

Projected likelihood of 

21st century change in 

scenarios considered 

Atlantic Meridional 

Overturning 

Circulation (AMOC) 

collapse 

Yes Unknown Very unlikely that the 

AMOC will undergo a 

rapid transition 

Ice sheet collapse No Irreversible for 

millennia 

Exceptionally unlikely 

that either Greenland or 

West Antarctic Ice 

sheets will suffer near-

complete disintegration 

Clathrate methane 

release 

Yes Irreversible for 

millennia 

Very unlikely that 

methane from clathrates 

will undergo 

catastrophic release 

Tropical forests 

dieback 

Yes Reversible 

within 

centuries 

Low confidence in 

projections of the 

collapse of large areas 

of tropical forest 

Boreal forests 

dieback 

Yes Reversible 

within 

centuries 

Low confidence in 

projections of the 

collapse of large areas 

of boreal forest 

Disappearance of 

summer Arctic sea 

ice 

Yes Reversible 

within years to 

decades 

Likely that the Arctic 

Ocean becomes nearly 

ice-free in September 

before mid-century 

under high forcing 

scenarios such as RCP8.5  

Long-term droughts Yes Reversible 

within rears to 

decades 

Low confidence in 

projections of changes 

in the frequency and 

duration of mega 

droughts 

Monsoonal 

circulation 

Yes Reversible 

within rears to 

decades 

Low confidence in 

projections of a collapse 

in monsoon circulations 

                                                 

 
8The italicised words have specific meaning: Likely (66%-100%), unlikely (33%) very unlikely (0-

10%), exceptionally unlikely (0-1%). Simplified from table 12.4 in (Collins, et al., 2013). 
9The nonlinearity of the climate system may lead to abrupt climate change, sometimes 

called rapid climate change, abrupt events or even surprises. The term abrupt often refers to 

time scales faster than the typical time scale of the responsible forcing (IPCC, 2014). 
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Slow acting 

There are also slow-acting feedbacks in the climate system which are 

included in climate projections displayed above. Some of these are 

included in the climate projections shown in Figure 2.4, others are not. Table 

2.1 (simplified from table 12.4 in (Collins, et al., 2013) provides a list of these 

feedbacks and notes whether they might be abrupt, and whether they are 

irreversible. 

Perhaps most famous of these is the thermohaline circulation which is known 

as the “meridional overturning circulation” or MOC. The Gulf Stream is a key 

part of this system. Under increasing CO2 in the future, the climate warms 

and in most climate models MOC weakens. The likelihood of a collapse of 

the thermohaline circulation is, according to (Collins, et al., 2013) “very 

unlikely”. This means that there is a 0-10% chance in the 21st century. 

However, even a weakening of the MOC could have profound impacts on 

the global economy given it could cool parts of Western Europe by 5-10oC 

with profound impacts on some major global economies (think London after 

a light snow fall, and now cool it 10oC and think how it might cope). 

A second example of potential abrupt change is disappearance of summer 

Arctic sea ice; the Arctic is likely (66% to 100% chance) to be ice free by 

around 2050 in summer with profound implications for the location of the 

weather systems that affect the mid latitudes of the northern hemisphere. 

Other phenomena that can occur abruptly include collapse of the 

monsoonal circulation (which is particularly important for agriculture in India, 

China and through most of Asia) and long term droughts by we do not know 

enough yet to even place a probability on these. That does not mean they 

are extremely unlikely, we simply do not know if they will collapse for certain 

by 2030 or are entirely reliable through to 2100.   

Missing 

There are some slow-acting feedbacks which are not represented in the 

climate projections shown in Figure 2.4. These include ice sheet collapse 

which has a 0-1% probability by 2100. Both permafrost and clathrates can 

collapse releasing carbon and methane. Permafrost melt is observed, but 

abrupt collapse is not likely, in contrast to clathrates. Both the boreal and 

tropical forests could collapse under global warming but we do not know 

how likely this is. Forests can disappear very rapidly, requiring only a dry 

period and fire and given humans commonly use dry periods and fires to 

clear forests the security of these systems should not be taken for granted. 

For many of these examples, reversing the change is not possible for 

millennium. The suggestion that the boreal or tropical forests could collapse 

and be recovered shows a remarkable level of confidence by (Collins, et al., 

2013) and is at best highly debatable. In short, the probability of these 

changes is very low, but according to the (IPCC, Summary for Policymakers, 

2013) in the ~1 to ~10% range of probability. Climate scientists tend to 

discount such probabilities which is interesting given the insurance industry 

commonly thinks in terms of very large events with a probability less than 10% 

by the end of the century. These sorts of slow acting feedbacks are omitted 
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from climate models because it is beyond our capability to represent these 

very complex processes robustly. It is noteworthy, however, that every single 

slow acting feedback that is omitted and every slow feedback that is 

included amplifies human-induced warming. That is, there are no feedbacks 

omitted from climate models that make projected global warming less 

worrisome.  

Uncertainty in climate model projections 

The uncertainty in climate model projections varies as a function of time 

scale and spatial scale. Through to about 2050 the uncertainties are really 

relatively small. The various RCPs do not diverge too much, the likelihood of 

abrupt changes is small, warming and associated changes are not 

dramatically outside the climate system we have observed for many 

decades. Further into the future, the risks of abrupt changes or major 

changes in large-scale patterns in the oceans and atmosphere, increase 

and uncertainties also tend to increase. Likewise, through to 2050 the 

uncertainties in the global mean climate are small however as one focuses 

down to continental, regional or local scales the uncertainties grow 

dramatically. While we have a clear idea of how many specific 

phenomenon will change on average (intensification of rainfall, hot 

temperature extremes, basic cyclone behaviour etc.) asking how a specific 

region’s rainfall, or a specific region’s cyclone behaviour etc. is far more 

challenging. There is therefore far more uncertainty in saying how northern 

Australia’s cyclones will change, in comparison to cyclones on average 

globally. While we know with very high confidence that rainfall will intensify, 

we do not know how rainfall will change over the Murray Darling Basin.  

When assessing risk, and the insurability of risk, what climate scientists know 

for sure, or with confidence is therefore not commonly what the insurer 

wants to know. Global scale, large scale, and average behaviour we know, 

but these are not that useful for assessing risk. How specific events that 

present risk to the Insurance Industry will change is something that the 

science community are working on, but have not yet resolved.  

2.5 How climate change is affecting catastrophes in Australia 

Extreme events are known to have occurred in Australia throughout the 

period for which we have observations. Extremes including heat waves, 

flooding, bush fire and cyclones are major phenomenon that are not 

created by global warming and cannot be considered outside the context 

of natural climate variability. However, while these phenomena clearly have 

occurred in the past, an analysis of whether global warming is affecting the 

frequency, magnitude or duration of major events and would therefore be 

expected to amplify these phenomena in the future is obviously useful.  

A major challenge in analysing the contribution of global warming to 

extreme phenomenon is: 

 The need to consider the setting of the event in long term variability (how 

unusual it is) 
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 Its setting within the broad context of the dynamics of the atmosphere-

ocean system (e.g. movement of storm tracks or expansion of the 

tropics), and 

 An event’s setting in the context of how global warming can slowly 

amplify risk.  

The last cigarette a smoker smokes contributes negligibly to their death. It is 

the years of smoking that modifies the probability of a smoking-related 

death. Similarly, a bush fire may occur in conditions that are not particularly 

extreme, but months or years of modified conditions leading to that day of 

the fire may make the actual event catastrophic. In short, catastrophes 

cannot be considered as a singular event in isolation, they have to be 

considered probabilistically and framed in a non-stationary environment. To 

add considerable complexity, extreme events that cause major losses have 

to be interpreted within the context of human decision-making that might 

minimize (good building design) or exacerbate risk (building towns on flood 

plains). The role of climate change in affecting extreme events therefore has 

to consider changes in population, engineering methods, economic wealth 

and a range of other human-related factors. 

Within this context, what do we know about how climate change is 

affecting extremes in Australia?  

Heat waves 

Irrespective of how heat waves are defined, there is clear evidence of 

increases in heatwave/warm spell intensity, frequency and duration on the 

global scale (Perkins, Alexander, & Nairn, 2012). A large fraction of these 

increases are non-summer events in some regions.  

There is a trend in heat wave duration based on observational data. Figure 

2.5(right) shows a lengthening of a measure of warm spell duration derived 

using http://www.climdex.org. It is only one measure but it shows statistically 

significant increases in this measure over most of the continent. This is 

coincident with an increase in the hottest temperatures (Figure 2.5, left) 

where there are statistically significant trends over SE Australia. In short, 

Australian heatwaves are becoming commoner, longer and hotter.  

Averages such as shown in Figure 2.5 can mask events such as the heat 

waves that preceded the Black Saturday bush fires in Victoria or the 

extraordinary summer temperatures in 2013. In the former case, work by 

(Parker, Berry, & Reeder, 2013) point to a large-scale dynamics link 

associated with the presence of tropical cyclones as partly responsible. In 

the latter, the hottest Australian summer in the observational record, (Lewis & 

Karoly, 2013) used fraction of attributable risk to show that there was an 

increase of at least 2.5 times in the odds of an event of this kind as a 

consequence of the observed increases in greenhouse gases.  

http://www.climdex.org/
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Figure 2.5 Left: Monthly maximum value of daily maximum temperature for January 

(degrees per year). Right: Warm spell duration for the period 1951-2014 based on 

annual data (days per year)10 

 

The terminology used by (Lewis & Karoly, 2013) is important. It is extremely 

difficult to demonstrate that an individual event was caused by elevated 

greenhouse gases. However, it is possible to determine how elevated 

greenhouse gases change the risk of an event. (Hansen, Sato, & Ruedy, 

2012) discuss this in the context of loaded dice. One way of looking at the 

issue is a dice where the value is interpreted as ranging from 1 (cold) to 6 

(hot). A non-loaded dice has a 1 in 6 chance of each value and the climate 

has a probability in a given year of a serious heat wave of 1 in 6 and of a 

serious cold snap of 1 in 6. If you load the dice such that a 6 is more 

probable you bias the probabilities but do not make the chance of a 1, 2 or 

3 zero. Similarly, with increasing greenhouse gases we are loading the 

climate dice such that the probability of a serious heat wave increases from 

1 in 6 to (say) 1 in 5 and the probability of a serious cold snap decreases 

accordingly. The difference between a physical dice and the climate dice is 

linked to persistence. Each roll of a physical dice is independent but each 

roll of the climate dice is not. Warming in year n affects the probability of 

warmer temperatures in year n+1 because the oceans have warmed, the 

land has warmed. In effect, the baseline against which a given year’s 

climate acts has changed. It’s like giving a high-jumper a little platform from 

which to jump; it changes the odds of them clearing the bar.  

In this context, the Black Saturday and 2012 Australian heat waves have a 

global warming signal associated with them because global warming has 

changed the probability that they will occur. The hard question is to what 

degree these events can be directly associated with global warming. Asked 

                                                 

 
10 Derived using http://www.climdex.org 
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as a question of probability, the answer is simply that elevated greenhouse 

gases have increased the risk of these kinds of events and the risk is 

inevitably going to increase in the future.  

This brings us to the question of bushfires. The Victorian bush fires were 

preceded by a heat wave. The NSW bush fires in 2013 were also preceded 

by a heat wave. You can examine this at http://scorcher.org.au. Choosing 

Richmond as a data source close to the Blue Mountains, there were periods 

in July, August, and September that met the definition of a heat wave. 

Indeed, the winter running through to the bushfires in the Blue Mountains was 

remarkably warm. As a consequence, the evergreen vegetation was able 

to continue to transpire through winter moving moisture from the land into 

the atmosphere. Simultaneously, carbon was taken up by the vegetation 

reflecting growth and later fuel load. When very warm temperatures 

occurred in October, but temperatures that did not meet the definition of a 

heat wave, the landscape was unusually dry and the fuel loads were higher 

than they otherwise might have been. In short, the fires were not caused by 

global warming, the weather at the time of the fires was not unusual but 

statements that there was not a link with global warming are false because 

the conditions leading up to the fires over many months did increase the 

bush fire risk.  

Cyclones 

There is no evidence of significant trends in the total numbers of tropical 

cyclones in the Australian region. This is partly associated with data quality 

issues and the length of the observational record. In many regions of 

Australia, it has only been since the beginning of the satellite era (~1979) 

that reliable observations have existed and ~30 years is insufficient to reliably 

estimate trends.  

There are very sound reasons to think cyclones will intensify in the future as 

the hydrological cycle intensifies and ocean temperatures warm. There are 

also sound reasons to expect significant shifts in the location of cyclones 

southward in Australia as ocean temperatures warm and the tropics 

expand. For the Australian region, the current best estimates for the future 

are a decline in the frequency of cyclones (Christensen, et al., 2013), no 

change in the frequency of category 4 and 5 cyclones, an increase in the 

intensity from negligible to ~10% but an increase in the precipitation intensity 

of ~10%. In terms of cyclones and risk, assuming little change in the 

character of cyclones but an intensification of the rainfall associated with 

individual events would seem to be the best we can conclude at present.  

http://scorcher.org.au/
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3. Review of existing studies on the impact of climate change on insurers 

In this chapter we consider some industry views of and responses to climate 

change from insurers and reinsurers, catastrophe modellers, rating agencies, 

and previous reports by the Actuaries Institute. 

3.1 Insurer and reinsurer responses to climate change 

Views and preparedness for climate change 

There are a variety of views on climate change across the insurance 

industry. (Chow & Egan, 2012) conducted a survey of more than 70% of the 

APRA-licensed general insurers, including direct insurers, reinsurers and 

government reinsurers. In 2012, three out of four companies that 

participated affirmed that climate change is affecting weather events with 

property and motor classes ranking highest on insurer’s minds, however, only 

50% of the companies were reacting to or preparing their business 

specifically for the impacts of climate change. 

Mitigation efforts 

Insurers such as Munich Re, Insurance Australia Group, Westpac Group, and 

Suncorp have been substantially engaged in encouraging or advocating for 

mitigation efforts.  These are discussed in detail in section 8.3. 

3.2 Catastrophe modelling and climate change 

Catastrophe Models 

Catastrophe models are an integral part of the insurance industry’s 

operations, and are used to: 

 Underwrite and price insurance risks 

 Manage exposure to natural perils, including accumulations 

 Develop risk mitigation strategies and risk transfer mechanisms, such as 

reinsurance 

 Set reinsurance retention levels and limits and other capital management 

decisions. 

Catastrophe models are built using theoretical models of natural hazard 

mechanics and vulnerabilities of insured assets to natural hazards.  They are 

calibrated against losses from real historical events, in order to generate 

future events. 

Insurance companies may develop in-house models, if they are large 

enough to have the capacity and expertise to do so, or they may engage 

vendor models, such as those developed by AIR Worldwide, RMS, Risk 

Frontiers, JBA Group, EQECAT, etc. 
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Different vendor models give different results, even with the same input and 

model options. This was highlighted in Waisman’s presentation at the CAT 

Risk Management & Modelling Australasia Conference (Waisman, 2014). In 

light of this, a combination of vendor and/or in-house models may also be 

used. As catastrophes cannot be estimated precisely using a variety of 

models enables a large range of potential events to be considered. 

Vendor models may be hosted locally or cloud-based (Langbein, 2014). The 

most ambitious cloud-based initiative is the Oasis cloud-only open source 

platform which permits the hosting of third party models to allow users to 

develop a broader view of risk.  

Allowance for climate change 

Currently catastrophe models are usually based on the range of the 

historical events, including any inherent signal of climate change, but 

generally excluding an explicit allowance for future climate change.  

Lloyd’s Exposure Management and Reinsurance team produced the paper 

Catastrophe Modelling and Climate Change in 2014 (Restell & Toumi, 2014). 

The paper describes the increasing reliance of the insurance industry on 

catastrophe models to manage their catastrophe risk exposures. The paper 

presents a series of case studies examining how the impact of climate 

change is incorporated in today’s catastrophe models. Generally, an 

implicit inclusion of climate change signals in the historical data is present, 

but no explicit allowance is made for future climate change. 

In the literature, the antonym GCM is variously used to describe Global 

Climate Models and General Circulation Models (atmospheric or oceanic or 

a coupled model that combines both). A Global Climate Model can be 

considered as a system of climate models that may include: General 

Circulation Models plus models of sea ice, vegetation coverage and other 

climate models. Going forward, we will use GCM to refer to General 

Circulation Models as do the IPCC11. These are the most advanced tools 

currently available to simulate the response of the global climate system to 

climate change. 

The EQECAT case study on European windstorms describes their EurowindTM 

probabilistic model. EurowindTM combines over 50 years of historically 

observed wind speed data from across Europe with climate simulations 

created by GCMs. Future climate change scenarios are not explicitly 

modelled by EurowindTM or other standard catastrophe models. However, 

with the reliance upon the last 50 years data, EurowindTM could be 

considered to implicitly allow for climate variability. 

The JBA Group case study on UK flood projections, of riverine floods and 

storm surge, asserts a similar fact. Probabilistic catastrophe models from 

vendors such as AIR, EQECAT, JBA and RMS are mostly based on long term 

                                                 

 
11 See (IPCC Data Distribution Centre, 2013) 
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data, which implicitly allows for the climate variability inherent in that data, 

but they do not explicitly model the impact of future climate change 

scenarios.  

North Atlantic hurricanes that target the US eastern seaboard, gulf coast 

and through the Caribbean pose a major catastrophic threat due to the 

high exposures in those regions. RMS forecasts for the next 1-5 years 

(medium-term forecasts) are constructed to explicitly consider the trend in 

sea-surface temperatures represented in climate change projections. This 

explicit allowance is possible since (Laepple, Jewson, & Coughlin, 2008) 

demonstrated that the climate model outputs can be used to make skilful 

inter annual forecasts of mean temperatures in the medium term. Although 

it is important that this explicit allowance is made to accurately define the 

risk, the contribution it makes to forecasts is relatively small compared to the 

multi-decadal variability observed in the historical data.  

The RMS case study also discusses the impact of sea level rise on storm surge 

risk. Since the 1950s the sea-level has risen approximately 20cm at the 

Battery in New York. This is predicted to have increased Superstorm Sandy’s 

ground-up surge losses by 30% in New York alone, with all other factors 

remaining constant. Catastrophe models that use the current mean sea-

level as a factor implicitly include an allowance for this increased storm 

surge risk. 

In AIR Worldwide’s 2014 update to its US severe thunderstorms model, 

climate change is represented in the model only to the extent that a climate 

change signal is embedded in the historical thunderstorm data on which the 

model’s stochastic catalogue of events is based. No explicit allowance for 

future climate change has been made. The case is similar for their South 

Pacific tropical cyclone models.  

3.3 Rating agency 

Standard & Poors (S&P), a rating agency, noted in its report Global 

Reinsurance Highlights (Standard & Poor's Rating Services, 2014) its concern 

that “most reinsurers do not believe that climate change is having a material 

quantifiable impact on their current risk exposure, nor do they think it is likely 

to do so in the near future”.  “However, the reinsurance industry recognises 

that climate change is likely to have a significant impact on future weather 

events. To prepare for that, many reinsurers actively follow and sponsor 

scientific research into the topic.” 

General insurance and reinsurance is a yearly business so losses are capped 

as insurers can pull out of the market or significantly increase premiums. 

However, people living in high risk areas often do not have the option to pull 

out, or cannot afford higher premiums. Society needs to be careful not to 

rely too much on insurers to give a long term price signal.  

What if climate change is already having an impact? What if the frequency 

and severity of extreme catastrophes changed in the near future as 

scientists believe, but reinsurers currently think is unlikely?  
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S&P analysed the simple scenario that the “catastrophe experience over 

the last 10 years … represents a typical decade”. The last decade has seen 

a significant increase in weather-related catastrophe losses. This is even after 

allowing for inflation and exposure growth. Implicitly incorporated into this is 

any impact that climate change has had on catastrophe losses in the last 

decade. This scenario redefines the one-in-10-year event for each insurer to 

be the worst event in the last decade. On this basis, S&P estimate that “on a 

gross basis, reinsurers may be understating both the one-in-10 and the one-

in-250 year loss by … around 50%”.  

The impact after retrocession recoveries was not explicitly considered – but 

S&P expect that the impact might be somewhat higher because at this 

increased level of estimated losses the average benefit from retrocession 

protection is reduced. Increased frequency of catastrophic events may 

reduce the benefit provided by retrocession protection even further.  

The impact under this simple scenario materially affects key ratings metrics 

used to assess reinsurers’ capital adequacy and catastrophe exposure. This 

is both on an average level and at the extremes. “The average capital 

adequacy of the reinsurers (that S&P) rate could fall from extremely strong to 

the high end of very strong.” But capital at risk would be 54% as a 

percentage of total adjusted capital, up from 36%, in the event of a one-in-

250-year loss event. 

Whilst S&P recognise that this approach is too simplistic, they anticipate that 

the true impact of climate change will lie in between how reinsurer’s 

currently model catastrophe losses and this scenario. They assert they will 

“take a favourable view of reinsurers whose capital modelling and exposure 

management takes into consideration how climate change may affect 

extreme weather events”. It is no longer sufficient to prepare for the impact 

of climate change only by following and sponsoring scientific research into 

the area. The impact of climate change in the future can no longer be 

disregarded. 

3.4 Association of British Insurers 

Financial risks of climate change 

In 2005, the Association of British Insurers released a report on the financial 

risks of climate change (Association of British Insurers, 2005), which examined 

the financial implications of climate change through its effects on extreme 

storms (US hurricanes, Japanese typhoons, and European windstorms – the 

equivalent of cyclones in Australia) using catastrophe models. 

The report predicted that, due to climate change, by 2080: 

 Annual losses from US hurricanes, Japanese typhoons, and European 

windstorms could increase by around 67%. 
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 Extreme events (1- in-100 year to 1-in -50 year losses): US hurricanes could 

increase by 75%, Japanese typhoons by 100%, and European storms by at 

least 5%. 

 Annual losses from UK floods could increase almost 15-fold under high 

emission scenarios 

 Insurer capital requirements under a high emission scenario could 

increase by over 90% for US hurricanes, and by 80% for Japanese 

typhoons. Higher capital costs combined with greater annual losses from 

windstorms alone could result in premium increases of around 60% in 

these markets. 

The paper notes that: “These greater demands for capital could increase 

costs of capital for the insurance industry. Credit ratings could be affected, 

with agencies taking into account the increasing number of extreme storms 

and potential losses.  The cost of capital could rise in a finite capital market; 

investors will demand higher rates of return for placing greater amounts of 

capital at risk, particularly if property insurance is seen as riskier than the 

alternatives.” 

Impact on insurer capital requirements 

Figure 3.1 Impact of climate change on risk capital requirements12 

 
                                                 

 
12 From Chart 9 of (CEA, 2009), which is based on Figure 6.1 of (Climate Risk Management 

Ltd, 2005) 
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A technical annex to the ABI summary report, (Climate Risk Management 

Ltd, 2005) illustrates that the impact of an increasing annual average loss on 

risk-based capital requirements.  Figure 3.1 shows the expected probability 

distribution function for annual losses, both on a current basis, and a post 

climate change basis.  It illustrates both the annual average loss (AAL), and 

a capital requirement set based on a 99.6% probability of adequacy 

measure. (Note that APRA’s prudential capital regime targets a 99.5% 

annual probability of adequacy). 

“The point to note is that increases in the AAL and extreme insured losses, as 

a result of climate change, will tend to increase the amount of risk-capital 

needed to satisfy the insurer’s risk appetite, at whatever level it is defined” 

(Climate Risk Management Ltd, 2005). 

Table 3.1 illustrates the results of a further study commissioned by the ABI (AIR 

Worldwide Corporation and the UK Met Office, 2009) into inland flooding in 

Great Britain. It shows that the increase in insured losses from 1-in-100 year 

and 1-in-200 year losses exceeds the increase in the AAL. Consequently the 

increase in insurance pricing (which includes the cost of capital) can easily 

exceed the increase in the AAL. 

Table 3.1 Impact of increased temperature on losses, insurance pricing and capital 

requirements for rain-induced inland flooding in Great Britain13 (in 2008 £ values) 

Temperature Change 2°C 4°C 6°C 

Increase in average annual insured loss (AAL) 8% 

£47m 

14% 

£80m 

25% 

£138m 

Increase in insured loss from 1-in-100 year 

events 

18% 

£769m 

30% 

£1,240m 

56% 

£2,353m 

Increase in insured loss from 1-in-200 year 

events 

14% 

£832m 

32% 

£1920m 

73% 

£4,346m 

Theoretical impact on insurance pricing (based 

on AAL) 

12% 21% 37% 

Whilst we have not been able to complete a similar analysis for Australian 

perils and the capital requirements for Australian insurers, we would expect 

results of a similar magnitude14. 

We have also not considered the total cost to Australian insurers of a 1-in-200 

year event under current conditions, increased to allow for the impact of 

climate change, and the capacity of the insurance and reinsurance 

industries to support such an event.  Further, climate change will act 

globally, and if reinsurance capacity is used to supply the additional 

capacity required in Europe, US and Japan, then this may also drive up 

reinsurance costs for Australia. 

                                                 

 
13 From (AIR Worldwide Corporation and the UK Met Office, 2009), amounts in 2008 £ values, 

under a no GDP growth assumption 
14 It is important to note though that we have excluded any allowance for the increase in the 

cost of capital in our case studies in chapters 5 to 7, and our affordability analyses in chapter 

8. 
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3.5 Actuaries Institute 

In 2011 and again in 2013, the Actuaries Institute (AI) estimated the impact 

of climate change on insurance premiums.  

 The 2011 submission estimated an increase of 50% in home insurance 

premiums by 2070, based on an underlying assumption of doubling the 

annual average claims costs due to weather related events (Actuaries 

Institute, 2011). 

 The 2013 submission estimated an increase of 62% in home insurance 

premiums by 2070, based on the assumptions of losses due to bushfire 

perils increasing by 100%, hail and riverine flood increasing by 50%, and no 

increases for wind and cyclone losses. These assumptions were intended 

to match scenarios defined by the IPCC and CSIRO that represented mid-

range emissions by 2070 (Actuaries Institute, 2013). 

These submissions are discussed in further detail below. 

Garnaut Climate Change Review – Update 2011 

In 2010, Professor Ross Garnaut was commissioned to provide an 

independent update to his 2008 Climate Change Review. The Garnaut 

Climate Change Review – Update 2011 was presented to the Government 

on 31 May 2014. The AI submitted a paper (Actuaries Institute, 2011) to the 

update that focussed on the potential impact of climate change on the 

costs of insurance provided by the Australian private insurance market in 

relation to weather-related claims.  

The (Actuaries Institute, 2011) paper quantified the extra cost which would 

emerge from a doubling of the annual average costs of the pure claims 

component arising from only weather-related events. The impact was only 

considered on the insurance of property, not on life, disability or health 

insurance.  

The AI assumed that property classes such as Home and Commercial 

Property, Marine, and Motor resulted in about $16 billion of premiums per 

annum. They estimated that around 30% of the premium, around $5 billion, is 

associated with weather-related claims. The average annual weather-

related claims costs for these classes were estimated at around $3 billion per 

annum. There is significant year to year variability in this aggregate level of 

cost. 

Under the scenario of doubling the annual average costs of weather related 

events, the submission estimated an additional average annual claims cost 

of $3 billion. Considering the cost of managing the claims, and the 

additional cost of capital and reinsurance needed to support the higher risk 

weather-related claims, the annual premium is assumed to increase by a 

further 50%, that is, around $4.5 billion. (Note that this increase in capital 

costs is of the same order as the ABI report discussed in section 3.4.) Each 
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individual property insurance premium would not increase by the same 

amount. The highest risk homes would see the greatest increase in premium.  

For home insurance, the submission estimated an additional claims cost of 

$1.7 billion, and an increase in the total premiums from $5.1 billion to $7.8 

billion, an average increase of just over 50%. For individual properties, the 

increase would of course vary significantly, depending on exposure to 

weather related events. 

In light of the uncertainties and limitations of the analysis, the (Actuaries 

Institute, 2011) paper describes their estimate as “a reasonable indication of 

the order of magnitude of the cost”. 

Senate inquiry into recent trends in and preparedness for extreme weather 

events 

In November 2012, the Senate called an inquiry into recent trends in and 

preparedness for extreme weather events. The AI responded with another 

paper (Actuaries Institute, 2013) that estimated the increase to annual 

premiums under a mid-range climate change scenario. The scenario was 

based on the research of the IPCC and CSIRO that projected increases in 

the average temperature ranging from 1 to 5 degrees by 2070.  

The AI adjusted their 2011 estimate of average annual weather-related 

claims costs for inflation and population growth to arrive at an updated 

figure of $3.3 billion. These claims cost were split by both peril and line of 

insurance. The five weather-related perils of flood, wind, cyclone, hail and 

bushfire were considered.  

Table 3.2 Predicted Home insurance premiums by peril by 207015 

Peril Current $B % Increase 

Increase 

$B 

Hail 0.316 50% 0.158 

Wind 0.736 0% 0.000 

Bushfire 0.134 100% 0.134 

Cyclone 0.302 0% 0.000 

Riverine Flood 0.414 50% 0.207 

Total claims cost 1.902   0.499 

Premiums 3.068 62% 0.805 

For the mid-range scenario, the AI assumed that by 2070 claims costs for 

flood and hail would be 50% higher and claims costs for bushfire would 

increase by 100%. They assumed there would be no change in claims costs 

for wind and cyclone perils. Any projected changes in wind speed are 

modest and uncertain. The projections of decreasing or unchanged 

frequency of cyclones and increased intensity of wind and rainfall 

associated with cyclones are assumed to offset each other. Under this 

                                                 

 
15 From Table 4 in (Actuaries Institute, 2013) 
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scenario, the average annual weather-related claims cost was projected to 

increase by about $1 billion per annum over the next 60 years. (Note that we 

have considered alternative scenarios in chapters 4 to 7.) 

As in (Actuaries Institute, 2011), premiums are expected to increase by a 

further 50% due to increased claims management costs, and costs of 

additional capital and reinsurance. The submission projects an increase of 

$1.5 billion per annum in premiums to occur by 2070. This is around 8% of the 

nearly $19 billion of gross earned industry premium in the year ending 30 

June 2012. 

The AI thus concluded the incremental change each year to reach an 8% 

mean increase by 2070 would be small relative to the annual industry 

premium pool and relative to the impact of inflation over the same period. 

However, the AI also noted that the premium increase would not be spread 

uniformly across all policyholders but would fall more heavily on those at 

high risk. This could lead to affordability problems, as discussed in section 8.2. 

The (Actuaries Institute, 2013) submission offers a further discussion of Drought 

and Actions of the Sea. These two perils are not covered by private insurers 

but are expected to draw significant costs in addition to the costs described 

above.  
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4. Natural hazard peril case studies 

4.1 Case study overview 

The case studies in chapters 5 to 7 examine each of the bushfire, cyclone 

and flood natural hazard perils. 

Historical losses 

The largest events since 2006 have been tabled. We have sourced insured 

loss information from the Insurance Council of Australia (Insurance Council of 

Australia, 2014). These losses do not include liability, life insurance losses or 

losses attributed to forgone income. 

Swiss Re Sigma reports since 2007 (Swiss Re, 2007) (Swiss Re, 2008) (Swiss Re, 

2012) (Swiss Re, 2013) and (Swiss Re, 2014) are the source of the economic or 

total losses. These losses are estimated and are only indicative of the general 

order of magnitude. Economic losses reflect all of the financial losses directly 

due to a natural disaster including business interruption, damage to 

buildings, contents, infrastructure, vehicles, etc. 

IPCC 2014 

We have also set out the current climate change science position 

according to the 2014 report (IPCC, 2014) of the Intergovernmental Panel on 

Climate Change (IPCC). The case studies then consider a number of 

scenarios based on a range of the scientific climate change literature 

available for each peril and estimates the additional insurance cost from 

these future climate change scenarios. The case study results are also 

compared with (Actuaries Institute, 2011) and (Actuaries Institute, 2013), 

which we treat as alternative case studies. 

The case studies have adapted the climate science into an insurance 

context. The case studies point out caveats from the scientific literature 

around the uncertainty of the climate change modelling and any additional 

assumptions we made in order to convert the science into insurance 

outcomes. 

4.2 Introduction to Natural Hazards pricing for Home Insurance 

Average annual losses 

Unlike other modelled perils in personal insurance, there is added difficulty in 

determining the quantum and the relative risk of natural hazard perils as the 

perils tend to be low frequency and high severity events. Consequently, the 

claims experience of insurers for these perils is inadequate to form a view as 

to how much premium to charge, let alone who to charge it to. 

Catastrophe models can be utilised to fill in the possible range of events that 

are not present in the claims histories and then simulated over 10,000 or 

more years to understand the Annual Average Loss (AAL) that is required to 

be charged to cover the expected losses. Catastrophe models are typically 
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used to determine the AALs for the earthquake and cyclone perils and these 

models are the most developed, given these perils are most likely to 

represent the Probable Maximum Loss (PML) events for reinsurance 

purposes. 

Figure 4.1 Average annual losses for weather related natural hazard perils16 

 

 

Geographic allocation of annual losses 

Once the AAL for a peril is chosen, the next question is how to allocate the 

AAL. Due to the sparse nature of natural hazards claims data it is difficult to 

build traditional generalised linear type risk models. Instead, insurers tend to 

revert to first principles when building relative risk models for natural hazards. 

Table 4.1 lists some factors by peril that could be used to determine relative 

risk.  

Table 4.1 Factors by peril that could be used to determine relative risk 

Riverine Flood Bushfire Cyclone 

Distance to 

watercourse 

Distance to bushland Distance to the coast 

Elevation Type of vegetation Terrain roughness 

Floor Height Type of construction Year of construction 

Insurers are also adapting engineering principles, such as average 

recurrence intervals (ARIs) and vulnerability curves, to develop pricing 

models. For example with riverine flood, the National Flood Information 

Database (NFID) provided by the Insurance Council of Australia contains 

flood depth ARIs at the individual property level that can be utilised to 

develop relative flood risk models. 

                                                 

 
16From (Actuaries Institute, 2013) 
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Geographic granularity 

The level of granularity is also an important consideration when building 

relative risk models for the natural hazard perils. For perils such as riverine 

flood and bushfire, the relative risk can be different between two 

neighbouring properties and as such, insurers are increasingly developing 

models that rate at the individual property level. For storm, hail and cyclone, 

damage footprints typically tend to be wider, so the geographic granularity 

of these perils is broader at the suburb or postcode level.  

Risk pricing versus risk pooling 

As individual risk pricing is increasingly used by insurers, risk pooling, or cross 

subsidisation is less likely to occur.  One illustration of this is the increase in 

strata premiums for North Queensland since 2007.Following greater 

availability of cyclone risk information, insurers increased the risk pricing for 

properties in North Queensland, thereby reducing the cross subsidy from 

other properties (Martin, 2012). 

4.3 Methodology for case study scenarios 

A number of scenarios were developed to assess the impact on peril AALs as 

a result of various climate change impacts. To model the AAL impacts, an 

Australian wide residential dataset of over 7.5million addresses was 

developed, containing a representative mix of building characteristics. 

Buildings and contents premiums were then modelled from this data set 

using the premium rating from a large multi-line insurer. For the baseline 

present day case, existing peril rates were used and the inputs as well as the 

peril pricing models were adjusted to reflect the relevant future scenarios. 

The present day AALs were taken from (Actuaries Institute, 2013). More detail 

will be provided in the subsequent case studies. 

No allowance for inflation and changes in exposure 

To simplify the modelling and capture the essence of the climate change 

impact on insurance costs, future inflation of the premium rates and 

changes to population exposure were not allowed for. In reality, it would be 

expected that premiums would inflate over time in line with changes to the 

costs of building materials and labour. The Australian population will 

continue to grow into the future and the geographic distribution of this 

growth could have a material impact on future insurance costs, regardless 

of whether or not there are climate change impacts. 

Modelling of co-incident events 

Each of the perils modelled in the case studies are done so in isolation. In 

reality more than one of the perils can occur at once, such as a cyclone 

with storm surge at a king tide with subsequent inland flooding. The climate 

science literature tends to focus on the primary peril and ignores any 

additional perils. It is easy to ignore as it is very hard to model all the 

components jointly. Consequently the AAL impacts by peril have been 
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considered independently of the other perils and this is a gap worth 

considering for future studies. 
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5. A case study on bushfires 

5.1 A history of bushfires in Australia 

Table 5.1 The losses from some of the bushfires to have hit Australia since 2006 

Date Event 

2011 

Normalised 

Economic Loss 

$millions17 

2011 

Normalised 

Insured Loss 

$millions18 Insured % 

Feb-2009 Victorian 

Bushfires “Black 

Saturday” 

1,710 1,266 92% 

Feb-2011 Perth bushfires N/A 39  

Nov-2011 Margaret River 

bushfires 

N/A 53  

Jan-2013 TAS bushfires 110 89 

(as at 

31/01/2013) 

81% 

Jan-2013 Bushfires in 

Coonabarabran, 

NSW 

N/A 35 

(as at 

31/01/2013) 

 

Oct-2013 NSW bushfires 300 183 

(as at 

31/10/2013) 

61% 

Jan-2014 Perth bushfires N/A 15 

(as at 

31/01/2014) 

 

5.2 IPCC 2014 on bushfires in Australia 

Table 5.2 summarises the observations and projected change in climate 

variables presented in Table 25-1 of the IPCC 2014 report (IPCC, 2014). 

The IPCC report indicates a potential for higher concentrations of CO2 in the 

atmosphere to enhance fuel loads by increasing vegetation cover in some 

regions. Fire season length will start earlier and last longer in already high risk 

areas. This reduces the opportunity for controlled burning. 

                                                 

 
17 From Swiss Re SIGMA reports (2007 – 2014) 
18 From (Insurance Council of Australia, 2014) 



Can actuaries really afford to ignore climate change? 

39 

Table 5.2 Assumptions for bushfires in Australia 

 Literature 

Historical 

Observations 

(IPCC, 2014) high confidence: 

 A significant trend of more frequent and intense hot 

air temperature extremes and rarer cool extremes 

(these observed trends are partly attributable to 

anthropogenic climate change)  

 An increase in fire weather since 1973 

Projected 

change 

(IPCC, 2014) high confidence: 

 Hot days and nights will be more frequent over the 

next century and cold nights less frequent  

 Fire weather will increase in most of southern 

Australia due to hotter and drier conditions. For 

example, an increase in days with very high and 

extreme fire danger index by 2-30% by 2020 and 5-

100% by 2050. 

5.3 Home Insurance impacts from changes to Bushfire risk 

Linkage from emission scenarios to insurance costs 

An important determinant of the insurance cost of bushfire is the potential 

fire weather in a given region. The widely used measure of fire weather is the 

Macarthur Forest Fire Danger Index (FFDI), which is used as a proxy for fire 

weather. FFDI is an exponential function of dryness, temperature, wind 

speed and humidity. An equivalent measure exists for grassland fire potential 

(GFDI). In the following scenario modelling, the FFDI has been used to link 

the emission scenarios to changes in the insurance costs of bushfire. The 

modelled scenarios have incorporated changes to the mean FFDI by state, 

and these regional differences were selected as a combination of views 

from a number of literature sources, as described in Table 5.4. This table also 

highlights the assumptions selected in (Actuaries Institute, 2011) and 

(Actuaries Institute, 2013). 

Bushfire scenario state assumptions for increase in mean FFDI 

The state level assumptions shown in Table 5.3 were chosen as a 

combination of the results from (Pitman, Narisma, & McAneney, 2007), and 

the subsequent update in (Clarke, Smith, & Pitman, 2011). These results were 

also cross checked against (Lucas, Henessy, & Bathols, 2007)for broad 

consistency. (Pitman, Narisma, & McAneney, 2007)provided a range in the 

increase of fire potential for each state and the midpoint was then chosen, 

e.g. Perth increases in both the high and low emission scenarios between 

10% and 25%, so 17.5% was chosen. 
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Table 5.3 Bushfire scenario assumptions for increase in mean FFDI in 2100 by state 

State 

Low emission 

scenario 

High emission 

scenario 

ACT 18% 38% 

NSW 38% 75% 

NT 18% 38% 

QLD 18% 38% 

SA 5% 18% 

TAS 5% 18% 

VIC 38% 75% 

WA 18% 18% 

ALL STATES 27% 54% 

Modelled scenarios 

Out of each of the perils modelled in this paper, the climate science behind 

increases in temperature and subsequent impact on fire weather was the 

most well understood and widely researched, so it was straightforward to 

adapt the climate modelling to insurance pricing. For the bushfire peril two 

modelling scenarios were chosen; FFDI impacts resulting from a low emission 

scenario and a high emission scenario. Australian climate science referred to 

in this paper have used low emissions scenarios from either the B1 or B2 SRES 

scenarios, and the high emissions scenarios are from the A2 or A1F1 

scenarios.  

A third scenario was developed using the same increase in FFDI as 

(Actuaries Institute, 2013). Table 5.4 illustrates the literature that the modelled 

scenarios were developed from. The climate science literature to date has 

used the SRES version of emissions scenarios and these, as discussed in 

Section2.3, have now been superseded with the RCP scenarios. The first two 

modelled scenarios are comparing the increase in FFDI and subsequent cost 

of insurance between 2014 and 2100; however the third scenario was based 

off assumed FFDI increases to 2070. 
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Table 5.4Assumptions on changes to bushfire risk in Australia 

Scenario Assumptions References 

AI2011  Assumed 100% increase in costs  

AI 2013 Assumed 100%increase in costs (Lucas, Henessy, & Bathols, 2007): 

Increase in frequency of extreme 

fire danger days of 

 10-50% by 2050 based on 

B1 emissions scenario 

 More than 100% based on 

A1F1 emissions scenario  

(Hasson, Mills, Timbal, & Walsh, 

2009): 

Change in frequency of extreme 

fire danger conditions based on 

A2 emissions scenario of 

 -25% to 102% by 2050 

 77% to 312% by 2100 

1 Low emissions scenario (B1/B2) 

where mean FFDI increases by 25% 

by 2100, with differences by region 

(Lucas, Henessy, & Bathols, 2007) 

and 

(Pitman, Narisma, & McAneney, 

2007): 

Fire potential increases by 25-50% 

over most of the continent by 

2100 based on B2 

2 High emissions scenario (A2/A1F1) 

where mean FFDI increases by 50% 

by 2100, with differences by region 

(Lucas, Henessy, & Bathols, 2007) 

and 

(Pitman, Narisma, & McAneney, 

2007): 

 Fire potential increases by 

50+% over most of the 

continent by 2100 based 

on A2 

(Clarke, Smith, & Pitman, 2011): 

 Strong increase in 

magnitude in SE Australia 

under A2 scenario 

3 AI 2013 assumptions using same 

methodology as scenarios 1 and 2, 

i.e.: 

Increase in frequency of extreme fire 

danger days of 

 More than 100% based on 

A1F1 emissions scenario  

(Lucas, Henessy, & Bathols, 2007) 
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Results 

Table 5.5 Australian wide average annual bushfire losses 

Scenario 
Claims cost 

$M 

Difference 

$M 

Difference 

% 

Current (2013) 134   

AI 2011 268 +134 +100% 

AI 2013 268 +134 +100% 

1 172 +38 +29% 

2 209 +75 +56% 

3 289 +155 +116% 

Table 5.5 contains the outcomes of the bushfire scenario modelling. The 

results demonstrate that there is a roughly linear relationship between the 

change in the mean FFDI and the subsequent Average Annual Loss (AAL). 

Both the low and high emission scenarios fall short of the expected increase 

estimated from (Actuaries Institute, 2013). 

The main driver of this difference is the assumed change to the FFDI.As 

scenario 3 demonstrates, if the (Actuaries Institute, 2013) assumptions of 

100% increase to extreme fire days were adopted then a broadly similar 

result would have been obtained. This highlights that whilst it is 

straightforward to develop similar results using the same underlying climate 

change assumptions, the final impacts can vary greatly depending on the 

assumptions chosen. Bushfire climate change impacts, given a particular 

emissions trajectory, are arguably most well understood by the climate 

science community. However the issue is that each of the different emissions 

trajectories is plausible and it is this uncertainty around which of these 

trajectories is the ‘right’ one that makes it tough to then land on insurance 

impacts with a reasonable level of confidence. 

5.4 Caveats of the bushfire pricing models that could be accounted for in future 

studies 

As described in section 5.3, FFDI, used as a proxy for fire weather, is an 

exponential function of dryness, temperature, wind speed and humidity. 

(Clarke, Smith, & Pitman, 2011) describes the following caveats for models of 

FFDI. 

Changes in wind speed and humidity have very little impact on the pricing 

models as less is known about the skill of global climate models at simulating 

these over Australia. Only daily average values of humidity and wind speed 

are available, not the value at any point in time. 

The pricing models do not consider changes in fire regimes, which is a 

possible consequence of climate change. Tropical savannah woodlands 

and grasslands burn on an annual basis, whereas temperate heathlands or 

dry sclerophyll forests have a return interval of 7 to 30 years. Wet sclerophyll 

forests experience fire less frequently, but more intensely. Fires in rainforests 

are very rare. More research is needed into the effect of changes in fire 
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frequency and intensity on these different landscapes. More frequent fires 

could inhibit the growth of trees and increase the span of savannah 

grasslands.  

Increases in atmospheric CO2 and rainfall can increase fuel loads (Hughes & 

Steffen, 2013). An increase in fuel loads is not taken into account by the FFDI 

and hence does not contribute to our bushfire pricing models. 
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6. A case study on cyclones 

6.1 A history of cyclones in Australia 

Table 6.1 and Figure 6.1 detail some of the cyclones and associated losses to 

have hit Australia in recent years. 

Table 6.1 The losses from some of the worst cyclones to have hit Australia since 2006 

Date Event 

2011 

Normalised 

Economic Loss 

$m19 

2011 

Normalised 

Insured Loss 

$m20 

Insured 

% 

March 

2006 

Tropical Cyclone 

Larry 

1,692 609 36% 

March 

2007 

Cyclones George 

and Jacob 

N/A 12  

February 

2011 

Tropical Cyclone 

Yasi 

2,080 1,469 71% 

January 

2013 

Ex Tropical 

Cyclone Oswald 

(NSW and QLD) 

1,650 1,098 

(as at 

31/01/2013) 

67% 

April 2014 Cyclone Ita in 

QLD 

N/A 8.4 

(as at 

15/04/2014) 

 

In Figure 6.1 the red tracks are category 5 cyclones, the worst category of 

cyclones; orange tracks are category 4, yellow tracks are category 3, brown 

tracks are category 2 and grey tracks are category 1. The graph shows the 

tracks of some of the worst cyclones to have hit Australia up to 2011.  

                                                 

 
19 From Swiss Re SIGMA reports (2007 – 2014) 
20 From (Insurance Council of Australia, 2014) 



Can actuaries really afford to ignore climate change? 

45 

Figure 6.1 Cyclone paths of some tropical storms21 

 

6.2 IPCC on cyclones in Australia 

Table 6.2 describes the assumptions underlying the AI estimates and is 

consistent with our scenarios. It recounts the observations and projected 

change in climate variables presented in Table 25-1 of (IPCC, 2014). 

Table 6.2 IPCC 2014 on cyclones in Australia 

 Literature 

Historical 

Observations 

(IPCC, 2014) medium confidence: 

 There has been no regional change in the number 

of tropical cyclones or in the proportion of intense 

cyclones over the period 1981-2007, 

 The frequency of severe land falling tropical 

cyclones in north east Australia has declined 

significantly since the late 19th century, and  

 The east-west distribution of tropical cyclones has 

changed since 1980. 

Projected 

change 

(IPCC, 2014) low confidence: 

 Tropical cyclones are projected to increase in 

intensity but their frequency is projected to remain 

similar or decrease.  

 Tropical cyclones are predicted to occur further 

south. 

                                                 

 
21 From (Staff, 2011) 
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6.3 Home Insurance impacts from changes to Cyclone risk 

Uncertainty in the climate science for future cyclonic activity 

As discussed in sections 2.5 and 6.2, there is insufficient historical evidence to 

suggest an increasing trend in the frequency or severity of cyclones over the 

last 20-30 years and there is low confidence around how climate change will 

affect cyclone activity into the future. Given the long return periods for 

cyclones and the short observational period, this is not unexpected. 

Estimating future cyclone activity is complex as the different climate 

parameters, such as sea surface temperature, vertical wind shear and 

relative humidity, contributing to hurricane genesis are expected to change 

in different directions under future climate scenarios. Table 6.3 illustrates the 

directional impacts. The website http://www.gfdl.noaa.gov/global-warming-

and-21st-century-hurricanes provides a good explanation of these 

parameters and provides more detail around these issues. 

Table 6.3 Model-projected changes relevant to hurricanes over various basins22 

Ocean 

Basins 

Effect of 

Ocean 

Warming 

Effect of Wind 

Shear Change 

Effect of Relative 

Humidity 

Change 

Net 

Effect 

Atlantic and 

East Pacific    ? 
West Pacific 

and Indian 

Ocean 
    

Linkage from emission scenarios to insurance costs 

When referring to the intensity of a cyclone, the literature is generally 

referring to wind speed. (Crompton, Schmidt, Wu, Pielke Jr., Musulin, & 

Michel-Kerjan, 2010) summarises a number of different US hurricane studies 

that illustrate losses as a function of wind speed. The first three cyclone 

scenarios in this paper have been developed form the results of various 

authors cited within the (Crompton, Schmidt, Wu, Pielke Jr., Musulin, & 

Michel-Kerjan, 2010)report. (Nordhaus, 2010) was referred to in particular 

given the wide range of losses that this study produced (29% to 219%, with a 

mean loss of 113%) from increases in intensity ranging between 8.7% and 

13.7%. (Nordhaus, 2010) was a good example to illustrate the uncertainty in 

the change in cyclone intensity and the resulting large range of potential 

losses. 

It is important to note that these scenarios are based on the Atlantic Basin, 

for which there is more certainty around future increases in hurricane 

intensity than cyclone activity around Australia. Section 2.5 mentions that 

Australian cyclone intensity increases could reasonably range between 0% 

                                                 

 
22 From http://www.gfdl.noaa.gov/global-warming-and-21st-century-hurricanes#details 

http://www.gfdl.noaa.gov/global-warming-and-21st-century-hurricanes
http://www.gfdl.noaa.gov/global-warming-and-21st-century-hurricanes
http://www.gfdl.noaa.gov/global-warming-and-21st-century-hurricanes#details
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and 10%. Heavy precipitation in cyclonic events could also increase by 10%; 

however this has been ignored in the following scenarios. 

There are also likely to be significant impacts to cyclonic storm surge losses 

as the mean sea level is also predicted to rise by 2100. These impacts have 

been ignored in the following scenarios, but should ideally be considered in 

a complete analysis of cyclone impacts on insurance and economic losses. 

(Crompton, Schmidt, Wu, Pielke Jr., Musulin, & Michel-Kerjan, 2010) also 

highlight the importance of incorporating future changes in exposure. 

(Pielke Jr, 2007) adds between 180% and 600% in the losses due to changes 

in exposure and (Schmidt, Kemfert, & Faust, 2009) adds an additional impact 

of 297% to intensity impacts.  

Figure 6.2 Australia wind zones classifications23 

 

The scenario modelling in this paper considers changes in exposure by 

shifting the cyclone genesis (region C in Figure 6.2) and decay regions 

(region B) southwards by 1-3 degrees of latitude for scenarios 4 to 6. The 

scenarios assumed that there would not be any changes to the building 

codes for region B areas that now had region C cyclone hazard, reflecting 

the higher vulnerability of this housing stock. The scenarios also didn’t 

consider further increases in cyclone intensity or increased housing 

                                                 

 
23 From http://www.buildex.com.au/windspeed.html 

http://www.buildex.com.au/windspeed.html
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vulnerability in existing current cyclone prone areas such as Cairns, Mackay 

and Townsville as those impacts were covered in scenarios 1 to 3. 

Modelled Scenarios 

Table 6.4 Assumptions on changes to cyclone risk in Australia by 2100 

Scenario Assumptions References 

AI 2011  100% increase in 

losses 

 

AI 2013 Assumed no 

change, due to 

roughly offsetting 

factors 

(Abbs, 2010): 

 Decrease in the occurrence of Tropical 

Cyclones (TCs) 

 Small decrease in duration 

 Southward movement of 100km in the 

genesis and decay regions 

 Larger number of TCs producing higher 

wind speeds in 2070 

1 30% increase in 

losses 

(Bender, et al., 2010): 

 Damage potential increase of roughly 30% 

projected based on A1B scenario24 for 

mean US Hurricane damage 

(Nordhaus, 2010)25: 

 29% is the lower end of the estimated 

increase in mean damage in 2100 reflecting 

a conventional wind speed damage 

elasticity 

2 100% increase in 

losses 

(Nordhaus, 2010): 

 The central estimate is that the impact of an 

equilibrium double of CO2-equivalent 

atmospheric concentrations would lead to 

an increase in the mean US hurricane 

damages of 113%. 

3 230% increase in 

losses 

(Nordhaus, 2010): 

 219% is the upper end of the estimated 

increase in mean damage in 2100 reflecting 

higher wind speed damage elasticity and 

higher semi-elasticity of maximum wind 

speed in US Hurricanes 

                                                 

 
24Projected using 18 models from the World Climate Research Program coupled model 

intercomparison project 3 (CMIP3) based on the IPCC A1B emissions scenario: strong 

economic values, increasing globalisation, technology balanced across different energy 

sources 
25The (Nordhaus, 2010)paper study examines the economic impact of US hurricanes. This 

economic based research of damages is not available for Australian cyclones. 
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Scenario Assumptions References 

4 Southward 

movement in 

cyclone genesis and 

decay by 1 degree 

latitude 

(Abbs, 2010): 

 Southward movement of 100km in the 

genesis and decay regions 

5 Southward 

movement in 

cyclone genesis and 

decay by 2 degrees 

latitude 

(Holmes, 2008): 

 Recommendation to increase cyclone wind 

region C southward 2 degrees 

(Leslie, Leplastrier, Buckley, & Karoly, 2007): 

 Southerly shift of over 2 degrees found in 

cyclone genesis region by 2050 

6 Southward 

movement in 

cyclone genesis and 

decay by 3 degrees 

latitude 

(Leslie, Leplastrier, Buckley, & Karoly, 2007): 

 Simulation prediction of category 3 cyclone 

hitting Brisbane by 2047 

Results 

Table 6.5 Australian wide average annual cyclone losses 

Scenario 
Claims Cost 

$M 

Difference 

$M 

Difference 

% 

Current (2013) 302   

AI 2011 604 +302 +100% 

AI 2013 302 0 0% 

1 393 +91 +30% 

2 604 +302 +100% 

3 997 +695 +230% 

4 350 +48 +15% 

5 396 +94 +31% 

6 510 +208 +69% 

Our results are likely to under estimate the impact of climate change on 

cyclone losses as our analyses excludes the impact of the following perils, 

which often occur simultaneously with cyclone wind losses: cyclonic surge, 

hail, heavy precipitation and coastal flooding.  Further the increase in claims 

costs due to these scenarios is being spread across the whole of Australia, 

whereas the impact is likely to be much greater in the individually affected 

locations. 

Scenarios 1 to 3 were straightforward to model as the base rates of the 

cyclone pricing model were lifted by the increase in the losses for each of 

the scenarios, as shown in Table 6.4. The scenarios encompass a large range 

of possible outcomes and these outcomes encompass the range of author 

results as described in (Crompton, Schmidt, Wu, Pielke Jr., Musulin, & Michel-

Kerjan, 2010). The large range of results highlights the uncertainty in both the 

potential change in hurricane intensity as well as uncertainty in converting 

the change in intensity to a loss. 
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(Crompton, Schmidt, Wu, Pielke Jr., Musulin, & Michel-Kerjan, 2010) makes 

evident that increases in the intensity for US hurricanes will lead to an 

increase in losses which are multiples higher than the windspeed increase 

itself. For example, (Nordhaus, 2010) predicted windspeed increases ranging 

between 8.7% and 13.7%, but the range of losses is between 29% and 219%, 

and these results do not include increases in exposure. Using the Australian 

comparison from section 2.5, (Christensen, et al., 2013) predicts that 

increases in Australian cyclone intensity ranges between negligible and 10%. 

Under the assumption that the relationship between increases in US 

Hurricane intensity and property losses can be applied to increases in 

Australian cyclone intensity, the losses from scenarios 1 to 3 are not 

unfeasible.  

Scenarios 4 to 6 consider the southern movement of cyclone genesis and 

decay, as posited by (Leslie, Leplastrier, Buckley, & Karoly, 2007), (Holmes, 

2008) and (Abbs, 2010). There is no allowance for an increase in cyclone 

intensity as per scenarios 1 to 3. The scenario 4 increase of 15% in the AAL is 

moderate, however this is since the affected population centres that would 

now be deemed as cyclone prone wind zone C are small for both WA and 

QLD. Hervey Bay is the largest affected centre with a population of over 

70,000. For WA, there are no major centres with populations greater than 

50,000 that will be redefined as cyclone prone by any of these scenarios. 

However scenarios 5 and 6 extend the cyclone decay wind zone B down to 

Perth and so there will still be increased cyclone hazard and subsequent 

contribution to the increase in AAL. 

Scenario 5 extends the cyclone wind zone C down to the Sunshine coast in 

QLD and the decay zone B to Taree in NSW, leading to an increase in AAL of 

31%. Scenario 6 considers Brisbane being included as wind zone C and 

Newcastle in NSW being included in windzone B. The resulting AAL is 

impacted by 69%. The modelling also assumes building standards remaining 

unchanged to the present, so in addition to the cyclone hazard itself 

increasing, the increased property vulnerability is also playing a part in these 

results.  

(Actuaries Institute, 2013) determined the cyclone AAL impact from climate 

change as 0%, mainly from the interpretation of modelling from (Abbs, 2010). 

The Abbs results, which stated a 50% decrease in frequency, an increase of 

intensity of up to 10% and a southwards track of 100km, were interpreted as 

being largely offsetting. This study differs primarily in that it is assumed that 

the frequency of cyclones remains unchanged, in line with guidance from 

the latest IPCC view in Table 6.2. Consequently all the AAL results in this 

paper exceed those from (Actuaries Institute, 2013). 

6.4 Caveats of the cyclone pricing models that could be accounted for in future 

studies 

A major caveat of tropical cyclone models is described in sections 3.3 and 

3.4 of (Abbs, 2012): the resolution produced by global climate models is not 

sufficient for quantitative projections of changes in intensity and rainfall in 

Australia. Whilst most studies predict an increase in tropical cyclone intensity, 
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the literature is divided on whether the frequency of cyclones will remain 

similar or decrease. 

(Soden & Vecchi, 2014) highlights the complexity of projecting cyclones. 

They are influenced by factors including ocean surface temperatures, upper 

atmospheric temperatures, relative humidity and wind shear. It is these 

environmental factors that global climate models model explicitly, not 

cyclones themselves due to the resolution issue already described. The net 

effect of these factors requires further investigation. 

(Crompton, Schmidt, Wu, Pielke Jr., Musulin, & Michel-Kerjan, 2010) reaches 

the conclusion that the main drivers of an increasing trend in tropical 

cyclone losses over time are socio-economic factors, principally driven by 

increasing exposure. Whilst examining the change in population exposure 

resulting from a southern shift in cyclone activity, there have been no 

allowances for population growth in the scenario modelling in this paper. It is 

possible that increases in the population could lead to a much larger AAL.  

Also, an increase in cyclone intensity in combination with a southwards 

movement in cyclone activity will also result in a much larger AAL than 

considered in the individual scenarios. Finally, the inclusion of cyclonic storm 

surge impacts would also contribute to higher AALs than presented here 

and necessary for a complete review of cyclone climate change impacts to 

insurance costs. 
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7. A case study on floods 

7.1 A history of floods in Australia 

Table 7.1 The losses from some of the worst floods to have hit Australia since 2006 

Date Event 

2011 

Normalised 

Economic Loss 

$millions26 

2011 

Normalised 

Insured Loss 

$millions27 Insured % 

Jun-2007 Hunter Valley 

and 

Newcastle 

Storm/Floods 

1,860 1,742 94% 

Jan-2011 Floods QLD 

and NSW 

6,323 2,529 40% 

Jan-2011 Floods VIC N/A 640  

Jan-2012 Floods in SW 

QLD  

350 131 

(as at 

31/01/2012) 

38% 

Feb-2012 Floods in NSW 

and VIC 

360 132 

(as at 

29/02/2012) 

37% 

Flood cover has not historically been included in home and contents 

insurance policies in Australia. The Natural Disaster Insurance Review (The 

Australian Government, 2011) presents a history of flood insurance in 

Australia. 

According to the Insurance Council of Australia, 7% of properties in Australia 

are exposed to flood risk (Actuaries Institute, 2014). It remains a challenge to 

ensure that these properties are covered by insurance policies that include 

flood cover. The issues discussed in sections 8.1 and 8.2onnon-insurance and 

affordability, are of particular relevance to flood cover. 

7.2 IPCC 2014 on floods in Australia 

Table 7.2 describes the assumptions underlying the AI estimates and are 

broadly consistent with our estimates. It recounts the observations and 

projected change in climate variables presented in Table 25-1 of (IPCC, 

2014). 

                                                 

 
26 From Swiss Re SIGMA reports (2007-14) 
27 From (Insurance Council of Australia, 2014) 
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Table 7.2 IPCC 2014 on floods in Australia 

 Literature 

Historical 

Observations 

(IPCC, 2014) high confidence: 

 Indices of annual daily precipitation extremes such 

as 95th and 99th percentile rainfalls, show mixed or 

insignificant trends 

 Precipitation events of shorter duration than a day 

show a significant increase. 

Projected 

change 

(IPCC, 2014) medium confidence: 

 Increase in most regions in the intensity of rare daily 

rainfall extremes, that is, events with a current return 

period of 20 years, 

 Increase in most regions of extremes of shorter 

duration than a day, and 

(IPCC, 2014) low confidence: 

 An increase in the intensity of 99 percentile daily. 

7.3 Home Insurance impacts from changes to Flood risk 

Uncertainty in the climate science for future flooding events 

The impact of climate change on the riverine flood peril was the most 

difficult to find in the climate science literature. This was due to a number of 

complexities associated with the modelling of climate change impacts on 

flooding. The first issue is that GCMs are not described at a resolution fine 

enough to model where future precipitation will fall. Changes in land use 

and engineering also have a major impact on the likelihood of flooding. As 

such, an increase in extreme precipitation does not necessarily lead to an 

increase in flood risk. 

Linkage from emission scenarios to insurance costs 

A climate study that related emissions scenarios to the change in flood 

depth average recurrence intervals (ARIs) or annual exceedance 

probabilities (AEP) would have been ideal to link climate change impacts to 

the insurance cost of flooding as insurers use these to determine flood risk 

costs. Unfortunately there were no studies found with these outputs. 

Instead, literature that considered changes in extreme precipitation was 

sought after, with the simplifying assumption in mind that an increase in 

extreme precipitation would lead to an equivalent increase in flood risk. 

(Westra, 2011) provides guidance on how to accommodate climate 

change into flood estimation by using sensitivity analysis between a 10% to 

30% increase in extreme rainfall. 

The next question is then what ‘extreme rainfall’ is defined as. (Rafter & 

Abbs, 2009) consider the 20 ARI level for one day rainfall and then present 

the results of a number of GCMs by region. Our modelled insurance cost 
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scenarios were developed by using guidance from (Westra, 2011) and 

assuming that the increase in extreme rainfall is equal to an increase in the 

exceedance probabilities of flooding at each flood depth per property. 

For example, under scenario 1, a flood depth of 1m with an exceedance 

probability of 5% will now have an exceedance probability of: 

   (     )        

This is approximately equivalent to saying that a 1 in 20 year flood depth will 

now be a 1 in 18 year flood depth. 

A fourth scenario was developed based off the assumptions taken from 

(Actuaries Institute, 2013). Given that scenarios 1 to 3 cover the range of 

assumptions from (Rafter & Abbs, 2009) of 14-16%, as well as the Australian 

assumptions from (Kharin, Zwiers, Zhang, & Hegerl, 2007) of 5-20%, we have 

taken the mid-range of the global increase in 1 in 20 year rainfall of 30-100%, 

i.e. 65%. 

Regional relativities for increased future extreme rainfall 2090 

Table 7.3 shows the assumed regional relativities for increased future 

extreme rainfall. These assumptions were derived from the average of the 

different GCM model outputs from table 3 in (Rafter & Abbs, 2009). They 

were then applied to each of the three scenarios to geographically spread 

the increases. 

Table 7.3 Regional relativities for increased future extreme rainfall 

Region Relativity 

North West 1.53 

Central QLD 1.14 

North QLD 1.66 

QLD East Coast 1.07 

South East QLD 0.82 

Eastern NSW 0.71 

Western NSW 0.90 

Victoria 0.73 

Tasmania 0.83 

South West 0.77 

South West WA 0.84 
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Modelled scenarios 

Table 7.4 Assumptions on changes to flood risk in Australia by 2100 

Scenario Assumptions References 

AI 2011  100% increase in 

losses 

 

AI 2013 50% increase in 

losses 

(Rafter & Abbs, 2009): 

 Most Australian regions are projected to 

have increases in extreme rainfall intensity 

at the 1-in-20 year return period by 2055, 

although some areas see modest 

decreases. Few regions experience 

decreases and larger increases are seen by 

2090 

 Model averages were NQLD 14%, QLD east 

coast 16%, Eastern NSW 15% 

(Kharin, Zwiers, Zhang, & Hegerl, 2007) 

 Shows increases in 1-in-20 year precipitation 

volumes between 5%-20% by 2100, slightly 

lower than global increases 

 Global1-in-20 year precipitation frequency 

expected to increase between 30%-100% 

1 10% increase in 

flood depth AEP 

curve (Westra, 2011): 

 Recommends that  sensitivity analysis be 

undertaken between 10% and 30% increase 

in extreme rainfall 

2 20% increase in 

flood depth AEP 

curve 

3 30% increase in 

flood depth AEP 

curve 

4 (Actuaries Institute, 

2013) mid-range 

global estimate of 

65% in flood depth 

AEP curve 

 

(Kharin, Zwiers, Zhang, & Hegerl, 2007) 

 Global1-in-20 year precipitation frequency 

expected to increase between 30%-100% 
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Results 

Table 7.5 Australia wide average annual flood losses 

Scenario Claims cost $M Difference $M Difference % 

Current (2013) 414   

AI 2011 621 +207 +50% 

AI 2013 621 +207 +50% 

1 444 +30 +7% 

2 480 +66 +16% 

3 512 +98 +24% 

4 639 +225 +54% 

The first three AAL scenario outcomes illustrated in Table 7.5 are moderate 

and each is lower than the assumed increase in the frequency. It was 

surprising to see a lower increase in the AAL relative to the increase in the 

precipitation assumptions. One driver of this result was the geographical 

distribution of the increase in frequency; the larger regional impacts were in 

lower population density regions with a high level of existing flood risk such 

as North West Northern Territory and North Queensland. As such, there was 

not as material a difference to the overall AALs as anticipated. Not only are 

the future changes to extreme precipitation uncertain, but so too is the 

geographic distribution.  In addition, these results make no allowance for 

future changes to exposure and if flood prone land continues to be zoned 

for housing then the future impacts on the AAL could be much more severe 

than illustrated above, 

There were other subtleties impacting the results as well. Increasing the 

frequency of a given flood depth by the same proportion across all return 

intervals will have a greater impact on flood risks with larger return intervals. 

For example, increasing the frequency by 30% will mean that a property with 

1-in-20 year flood risk is now a 1-in-15 year flood risk; however a 1-in-100 year 

flood risk is now a 1-in-77 year risk28.  Increasing the frequency of the existing 

low return flood risks had marginal impacts as they tended to have had high 

flood depths and were already approaching the maximum potential 

damage, e.g. a 2m flood depth may cause a 99% buildings loss, increasing 

the depth to 2.5m causes 100% loss. It followed that flood risks with higher 

return intervals (50-100yr +) had larger premium rate increases in the 

scenarios relative to flood risks at the low return intervals (20 year ARI) with 

already high flood depths. Over two thirds of the AAL is distributed to the risks 

with 20 ARI, so the overall impact to the AAL is weighted heavily towards the 

impact from these risks.  

The results of the scenarios are also lower than (Actuaries Institute, 2011) and 

(Actuaries Institute, 2013). The main driver of the differences is the change to 

the return period frequency assumption. (Actuaries Institute, 2013) 

references (Kharin, Zwiers, Zhang, & Hegerl, 2007) where 20 year return 

periods events are expected to decrease to between 1-in-15 and 1-in-10 

year events. This represents a 30%-100% increase in frequency. Applying our 

                                                 

 
28 Calculations are 1/(1/(20*1.3))=ARI of 15.38 and 1/(1/(100*1.3))=ARI of 76.9 
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modelling results to the AI assumptions in frequency of a 65% increase led to 

broadly similar results. So whilst different methodologies will lead to similar 

conclusions given the same assumptions, it is the frequency assumption itself 

that is of most importance as well as the source of the main uncertainty. 

The flood scenarios presented in this paper focussed on adapting 

prescribed precipitation scenarios and the subsequent results appeared 

to be mild in comparison to the other peril case studies. It would also be 

prudent to consider more extreme ‘what if’ cases for a complete set of 

scenarios. As a slightly different approach, one could work backwards 

from these extreme loss scenarios by determining what precipitation 

change would be required to lead to the loss and then engage with 

climate experts to understand how plausible it is. 

7.4 Caveats of the floods pricing models that could be accounted for in future 

studies 

Modelling the impact of climate driven changes in the magnitude and 

frequency of floods is very difficult for a variety reasons described in (IPCC, 

2012, p. 178), including the following: 

 Limited evidence at a regional scale, both in space and time, as 

collected by gauge stations 

 Confounding effects of changes in land use and engineering 

 Low agreement in the evidence and hence low confidence regarding 

even the sign of these changes 

 Precipitation and temperature projections can be used to project floods, 

but there is low confidence in the projection of riverine floods 

Counterintuitively, there is no one to one link between changes in heavy 

precipitation and flooding. It depends on where the precipitation falls, the 

capacity of the natural riverine systems where it falls, any man made 

catchments and levees and ultimately, from an insurance perspective, 

whether there are houses anywhere near the river. 

The flood AAL modelling in this paper does not include the impact of rising 

sea levels on coastal flooding. Impacts to overland flooding and rainwater 

runoff have also been excluded from the analysis due to the complexity in 

modelling flooding over man made areas. These are also significant 

considerations for climate change modelling and should be included in a 

comprehensive assessment on the climate change impacts to flooding.  

For all the above reasons, modelling climate impacts to flooding is a difficult 

task. There is ongoing research to improve understanding of the relationship 

between the climate and flood events, such as Prediction for Ungauged 

Basins (PUB). Advances in this area will allow modelling across all catchments 

and could bridge the gap between changing precipitation rates and the 

effect of precipitation on flooding. 
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Under-estimation 

As noted in section 7.1, only 7% of Australian properties are exposed to flood 

risk. Thus whilst the increases in claims cost are likely to be concentrated in 

individual communities with flood risk exposure, and the mean increase 

across Australia will underestimate the increase for individual communities. 
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8. Affordability, risk management and mitigation 

8.1 Economic and insured losses 

Insured losses from catastrophes are lower than total economic losses, due 

to several different causes: 

 Non-insurance – some properties and lives are not insured at all; 

 Under-insurance – other properties are not insured for the full amount that 

the property is worth, in particular under disaster scenarios; 

 Self-Insurance – losses of companies that self-insure are not captured in 

privately insured loss data; and  

 Coverage restrictions – not all natural disaster events are insurable in all 

areas. 

Discussion of gaps in insurance often goes hand in hand with questions of 

affordability. Non-insurance and under-insurance can be related to 

insurance being perceived as too expensive by consumers. Companies 

choose to self-insure because they believe it is cheaper for them to do so. 

Insurers often apply coverage restrictions for risks that cannot be pooled, or 

do not contain an element of chance.  

8.2 Affordability 

Why is affordability important for insurers? 

Increasingly insurance premiums reflect risk, and therefore high risk 

properties receive high risk premiums. 

Some might say that the affordability of insurance premiums is not an issue 

for insurers, especially if premiums are set with minimal expected profit 

margins. Further, given that only certain groups of homes are exposed to 

natural perils, the amounts involved may not be material, and insurers may 

be indifferent to the amount of policies sold. 

However, in practice, insurers are exposed to a reputational risk if premiums 

are perceived to be unaffordable.  For example, section 8.3describes how 

the insurer Suncorp has worked with the Roma council to introduce flood 

mitigation in order to ensure that premiums remain affordable. Another 

example was the adverse publicity suffered by insurers who did not provide 

flood cover following losses from the Queensland floods in 2010 and 2011.  In 

many cases, flood cover was not offered because it was perceived to be 

too expensive.  Hence it is in insurers interests to address affordability in order 

to avoid adverse publicity and mitigate any reputational risks.  Further, 

insurers want to maintain a strong relationship with the community so that 

the industry is given permission to write business. 
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Impact of climate change on affordability 

The insurance impacts on premium affordability will not be uniform across 

homes under the various climate change scenarios as insurers are 

increasingly rating risk at a risk address level rather than pooling at a less 

granular level such as postcode. As discussed in section3.5, (Actuaries 

Institute, 2013) concludes that the “total additional costs to consumers due 

to climate change will not be significant” and “small relative to the impact 

of 60 years of inflation”. However these additional costs are not uniform and 

there will be small sections of the community who will be exposed to high 

natural hazards risk and will consequently experience significant increases in 

the cost of insurance according to the case study scenarios by peril 

presented in this paper. 

Predicted changes in affordability 

One measure of affordability is the total insurance cost as a proportion of 

household income. Figure 8.1 illustrates the distribution of this measure at the 

SA129 level for buildings truncated at the 99th percentile under both the base 

scenario and each of the case study scenarios30. Figure 8.2 shows similar 

information, but is not truncated at the 99th percentile. 

Figure 8.1 shows that median levels of the affordability measures are stable 

around 1.2% for buildings insurance with the interquartile ranges also stable 

between1% and 1.4%. However, the tails for each scenario can be more 

than double the median and can exceed 5% for buildings at the 99th 

percentile and beyond 35% for the most extreme cases, as shown in Figure 

8.2. 

These figures are still an aggregation of insured data and there are 

individual property owners who don’t have insurance and will experience 

even higher costs as a proportion of income. The SA1s that are in the tail are 

predominantly flood and cyclone prone areas of North Queensland and 

North Western Australia and this also explains the further lengthening of the 

tail under the cyclone and flood scenarios, whilst the boxplots of other 

scenarios don’t change materially. 

                                                 

 
29Statistical Area 1- The Australian Bureau of Statistics smallest level of geography, which is 

based on population groupings of around 400 people. This grouping was introduced in the 

2011 census and replaces Census Collection Districts. 
30 Excludes the scenarios that use (Actuaries Institute, 2013) assumptions. 
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Figure 8.1 Buildings affordability box plots (truncated to 99th percentile) 

 

Figure 8.2 Buildings affordability box plots full distribution 

 

Increase in total premium 

To further illustrate that the impact of climate change is not uniform, one 

can consider the increase in the total premium relative to the base scenario. 

Table 8.1 demonstrates that the impact is minimal for the median property 

owner as they do not have any material bushfire, flood or cyclone risk. Whilst 

the median change is 0% and the mean changes range between 1% and 



Can actuaries really afford to ignore climate change? 

62 

12%, the changes at the 95thand 99th percentiles of SA1are much more 

material. 

The cyclone scenarios have the biggest impact to premiums and over 

300,000 households could see a buildings increase between 7% and 48%, 

depending on the scenario. 60,000-80,000 households could see increases 

between 14% and 104%, depending on scenario. These figures are likely to 

understate the level of affordability as they are based on currently insured 

properties.  Uninsured properties may have exposure to natural perils, and 

consequently have higher premiums, and be affected by climate change 

to a greater extent. 

Table 8.1 Predicted increase in buildings insurance by 2100 relative to base scenario 

 

Existing affordability issues 

Regardless of the future impact of climate change, there are currently 

affordability issues for high risk property holders, whether they live on flood 

plains or in cyclone prone areas of North Queensland. Mitigation and 

adaption of affected properties, as discussed in section8.3, are the only way 

to reduce the exposure to these perils and provide subsequent premium 

relief. The prescribed alternative of creating a government pool to ease 

affordability for high risk property owners only transfers the risk to the 

government and does not incentivise property owners or local councils to 

take action to reduce exposure to the natural hazards risk. 

Overlaying this existing affordability issue with the potential of increased 

natural hazards exposure from climate change makes it more pertinent to 

push for mitigation and adaption now. The solution will involve a multi-

disciplinary approach with co-operation between insurers, the Government, 

engineering and construction bodies, as well as academics and ultimately 

property owners. 

8.3 Effective risk management through mitigation and adaption 

The Australian Business Roundtable for Disaster Resilience and Safer 

Communities 

In December 2012, the Chief Executive Officers of Australian Red Cross, 

Insurance Australia Group, Investa Property Group, Munich Re, Optus and 

Westpac Group, formed the Australian Business Roundtable for Disaster 

Resilience and Safer Communities. The formation of the Roundtable was in 

response to the unprecedented number of floods, storms and bushfires that 

have devastated life and property across Australia in recent years. The 
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Roundtable is underlined by the belief that it is of national importance that 

Australia builds resilient communities that can adapt to extreme weather 

events. The Roundtable has released a White Paper (Deloite Access 

Economics, 2013) to assist decision making about the allocation of resources 

and support the development of policy around natural disaster mitigation.  

The key recommendations of the White Paper are to: 

 Improve co-ordination of pre-disaster resilience by appointing a National 

Resilience Advisor and establishing a Business and Community Advisory 

Group 

 Commit to long term annual consolidated funding for pre-disaster 

resilience 

 Identify and prioritize pre-disaster investment activities that deliver a 

positive net impact on future budget outlays. 

The White Paper estimates the insured losses between 2000 and 2012 

averaged $1.2 billion per annum. This is notably less than the $3.3 billion per 

annum estimated by in (Actuaries Institute, 2013). This highlights how sensitive 

the estimation of insured losses is to the underlying data, assumptions and 

methodology. The (Actuaries Institute, 2013) estimate is based on data to 

2009/10 and takes into consideration data of catastrophes over 44 years 

collected by the Insurance Council of Australia, as opposed to the 2000 to 

2012 period considered by the White Paper. What is agreed upon is that 

these costs vary significantly from year to year. In 2012 alone, the total 

economic cost (which is naturally greater than the insured cost) of natural 

disasters in Australia is estimated to have exceeded $6 billion. Even with no 

consideration for the potential impact of climate change, total economic 

costs of natural disasters are expected to double by 2030 and to rise to an 

average of $23 billion per year by 2050 (in 2011 prices). 

The White Paper examines three case studies on pre-disaster resilience 

measures. Indicative benefit-cost ratio analysis has been performed to 

quantify the benefits that can be achieved. 

Australia could save $3.0 billion on the present value of flood costs related to 

riverine flooding in NSW’s Hawkesbury Nepean area by raising the wall of 

Warragamba Dam by 23 metres. 

In areas of South-East Queensland, a program focussing on building more 

resilient houses is expected to reduce the risk of cyclone-related damage to 

houses by around two thirds; generating a benefit-cost ratio of up to 3. 

In the outskirts of Melbourne, which are vulnerable to bushfires, benefit-cost 

ratios between 1.3 and 3.1 can be achieved by:  

 Building more resilient housing,  

 Improving the management of vegetation, and  

 Moving electricity wires underground. 
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Productivity Commission Inquiry into National Disaster Funding 

The recent draft report of the Productivity Commission Inquiry into National 

Disaster Funding Arrangements states that effective risk management 

involves (Productivity Commission, 2014): 

 Owning risk — allocating responsibility for managing and funding risks 

 Understanding risk — identifying which risks are faced and their likely 

consequences, including further research and analysis where necessary 

 Treating risk — making decisions on how to best manage risks, such as 

through mitigation, insurance or by retaining risks. 

The draft report also notes that “price signals provided by insurance can be 

an effective way to convey information about risk and encourage risk 

management” and that the signal “should not be distorted by insurance 

taxes or subsidised premiums”. So whilst painful, the insurance price signals 

act as an incentive for the householder to reduce their risk. 

There is a cost to risk management, whether it be through transferring the risk 

or reducing it, and this cost needs to be traded off against stakeholder risk 

appetites and financial capacity. Insurance is a risk transfer for the 

householder, however when the risk being transferred to the insurer is high, 

the associated cost may prove prohibitive, leading to the underinsurance 

and noninsurance issues as described in section8.1. Ideally the risk needs to 

be reduced to an acceptable level; however there is a cost to this as well. 

The economic benefits need to outweigh the costs of the risk reduction and 

the cost of doing nothing in order for change to occur. 

Natural hazards risk can be defined as a function of exposure, hazard and 

vulnerability. Risk management in this context would involve reducing any 

one or combination of these factors. The hazard or probability of the event is 

largely out of our control and likely to increase over time if adverse climate 

change scenarios are borne out. However it is possible to manage the 

exposure to the hazards and the vulnerability to the hazards. Mitigation 

measures such as building flood levees, changing land use laws to prohibit 

construction on flood plains or storm surge red zones and adaption 

measures such as raising floor height and retrofitting houses to current 

cyclone building standards are all examples of ways to reduce either the 

exposure to the hazard or vulnerability of the hazard. 

Other mitigation efforts 

One recent example of effective flood mitigation is in the town of Roma in 

South West Queensland (Suncorp, 2013). Roma had been flooded three 

times in as many years from 2010 to 2012. Since 2008, Suncorp had paid out 

over $100m in claims and consequently, in addition to steep price increases 

for renewal customers at risk, had decided to not underwrite new business in 

the area. Suncorp declared it would continue this strategy until the town 

took steps to mitigate against the unacceptable level of flood risk. The local 

council did respond and a flood levee was built in early 2014 at a cost of 
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$16m. Suncorp subsequently honoured its commitment by resuming cover in 

the area and passing through significant premium reductions, with a 30% 

reduction for the average home, and as much as 80% for high risk 

properties.  

Suncorp had also commissioned Urbis, a property economics consultancy, 

to investigate the economic benefits of mitigation for a number of flood 

levee examples, including the Roma levee (Urbis, 2014). It was determined 

that the benefit cost ratio from building the Roma levee was 4.9. This is 

interpreted as a return on the investment in building the levee being $4.90 

for every $1 spent on the levee. This represents a significant economic 

benefit to the community through lower insurance premiums, avoided 

damage to residential, commercial and government infrastructure and 

avoided productivity losses from disruption to services and business access. 
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