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Economic analysis 
of natural hazard 
mitigation using 
the Quick Economic 
Analysis Tool 

Introduction
Governments operate within limited budgets and they 
need to decide how to best allocate resources for effective 
mitigation activities of natural hazards. To be effective, 
natural hazard managers need to compare the costs and 
benefits of different options and identify the option that 
provides the best value for money. Ideally, this would be 
done through a comprehensive economic analysis that 
provides information on the net benefits of each option and 
the value for money expected from each dollar invested. 

However, conducting this type of in-depth economic analysis 
can take a long time, from several months to several years 
(Florec et al. 2020; Penman, Bradstock & Price 2014). Even 
integrating new information, such as intangible (non-market) 
values, into an already completed analysis can take several 
months (Florec, Chalak & Hailu 2017). However, natural 
hazard managers may need economic information in a much 
shorter timeframe. 

If there was a tool to help them get quick and accurate 
option(s) likely to generate the best returns on investment 
and the additional information needed, this could 
significantly speed up the decision-making process. It would 
also allow for decisions to be based on evidence and that 
trade-offs between different options are fully understood. 

Such a tool has been developed for this purpose. The Quick 
Economic Analysis Tool (QEAT) is a spreadsheet-based model 
allowing a quick and rough overview of the value for money 
managers can expect from investing in various mitigation 
options. It includes tangible (market) and intangible (non-
market) values that can be affected by natural hazards.

QEAT provides a way for planners and managers to conduct 
analyses in weeks (rather than months or years) to identify:

	· the options that are worth developing business cases for
	· the type of information needed to improve decisions and 

the confidence in them. 
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Abstract
An effective way to reduce the 
impacts of natural hazards on 
communities is by mitigating the 
risks. However, mitigation requires 
time and resources, which are 
usually limited. To use resources 
effectively, planners and managers 
are best prepared when they know 
their options and which of these 
options provides the best value for 
money. When there is not enough 
information, or an analysis would 
take several months or years to 
complete, having access to quick 
economic analyses in weeks 
rather than months would be 
very useful. This paper describes 
a Quick Economic Analysis Tool, 
developed at the University of 
Western Australia, to conduct 
quick analyses. A case study is 
used of two prescribed burn 
annual rates and are compared 
with results of an in-depth analysis 
of the application of different 
prescribed burn annual rates over 
the long-term that took several 
years to complete. The results from 
the quick analysis, despite a few 
differences, were comparable to 
results from an in-depth analysis 
and provided enough information 
to determine the value for money 
that each prescribed burn annual 
rate generated. This study showed 
that the quick analysis tool would 
allow fire managers to identify 
options worthy of business cases 
and to capture the information 
needed to increase confidence in 
their decisions. 

Permissions information for 
use of this content can be 
found at https://knowledge.
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To test the tool, results obtained from a quick economic analysis 
of bushfire management in the south-west of Western Australia 
using QEAT were compared with the results of a comprehensive 
economic analysis already conducted. That analysis had taken 
four years to complete (Florec et al. 2020). This paper provides 
a summary of the arguments for and against using QEAT to 
evaluate mitigation options.

Methods

The Quick Economic Analysis Tool
QEAT is a spreadsheet that allows the user to insert relevant 
parameters and easily and quickly calculate benefit-cost ratios 
(BCRs) and net present values (NPVs). In this format, the value 
for money generated by the different options can be quickly 
compared. A sensitivity analysis can also be conducted to test the 
robustness of the results.

QEAT users must be clear about the counterfactual, that is, the 
baseline scenario to which the mitigation options are compared. 
For example, doing nothing, business as usual or other. This has 
the potential to increase transparency and reduce confusion 
sometimes associated with economic analyses of natural hazards. 
This occurs when practitioners are not clear about how the 
benefits are calculated. 

The mathematical formulation of the model embedded in QEAT 
is:

	· Compare option 1 to option x:
	ͳ using net benefits:

Net benefits option 1 = (AALB  - AALoption1) - Costoption1

Net benefits option 2 = (AALB - AALoption2) - Costoption2

Net benefits option x = (AALB - AALoptionx) - Costoptionx

(1)

where Average Annual Losses (AAL) for the baseline 
(B) or for any option are calculated as:

AALB =              ni(B)j Z j P(i,B) (2)

AALoption =              ni(option)j Zj P(i,option) (3)

	ͳ and using BCRs:

BCR option 1 = 

BCR option 2 = 

BCR option 3 = 

(4)

In equation (2), ηi(B)j is the percentage of asset j destroyed by 
natural hazard event i for the baseline scenario (B), Zj is the 
value (in dollars) of asset j, and P(i,B) is the probability of event i 
occurring under the baseline scenario (B). 

In equation (3) the same parameters are used but for a scenario 
where one of the options is implemented. The implementation 
costs of each option (Costoption) correspond to the annual costs 
of operations plus the initial fixed costs to set up the mitigation 
strategy.

Case study 
In Western Australia, the south-west forests are managed by 
the Department of Biodiversity, Conservations and Attractions 
(DBCA). The South West region (see boundaries of the three 
forest regions in Figure 1) is approximately 1.88 million hectares 
and contains a mix of forests, coastal mallee shrublands and 
heathlands, agricultural land as well as residential areas. It has 
a Mediterranean-type climate with hot dry summers and mild 
wet winters. Bushfires of different severity occur every year in 
the region, particularly in the hotter months between October 
and May when the vegetation is dry and rainfall is minimal. The 
region has a long history of prescribed burning and complex fire 
management issues because of the combination of different land 
uses and tenures, where assets are intermingled with flammable 
vegetation.

Details of the analysis
Two prescribed burning annual rates were tested. These were 
prescribed burning five per cent and ten per cent of public land 
managed by the DBCA. These targets were selected as they 
were proposed in the literature as appropriate risk reduction 
targets for this region and for other regions in Australia. The ten 
per cent target corresponds to the area that would need to be 
treated annually in order to reach the areal extent necessary 
to protect communities, the environment and biodiversity 
(Burrows & McCaw 2013); while the five per cent target has 
been suggested for other regions in enquiries conducted after 
large and economically significant fire events (Teague, McLeod & 
Pascoe 2010). The counterfactual (to which mitigation strategies 
are compared) was doing nothing; that is, no prescribed burning. 
A 20-year timeframe was used for the analysis with a discount 
rate of seven per cent.

To populate the input parameters in QEAT, historical data for 
the south-west of Western Australia for the past 60 years was 
used. Most of the data is publicly available and included lives lost, 
properties destroyed, and, in some cases, area burnt. However, 
some of the data (hectares burnt and location of the area burnt) 
was obtained from DBCA. Although the level of prescribed 
burning applied in the wider south-west region has varied 
greatly over the last 80 years, several large wildfires have caused 
significant damages in the region: 

	· In 1961, 160 houses were destroyed and the town of 
Dwellingup was destroyed.

	· In 1978, two lives were lost and six buildings destroyed; a 
narrow escape for four major towns.

∑  ∑
n    m

i=1  j=1

∑  ∑
n    m

i=1  j=1

 (AALB  - AALoption1)

Costoption1

 (AALB  - AALoption2)

Costoption2

 (AALB  - AALoptionx)

Costoptionx
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	· In 1997, two lives were lost, 21 injuries and 17 houses 
destroyed.

	· In 2003, two lives were lost, more than two million hectares 
of forest were destroyed.

	· In 2007, 16 houses destroyed in Dwellingup, three lives 
lost and a major highway closed for two weeks generating 
significant losses to some industries.

	· In 2011, 34 houses were destroyed.
	· In 2015, four lives were lost and a major highway was closed 

for several days, generating losses to the dairy industry.
	· In 2016, two lives were lost, 181 properties were destroyed 

and the town of Yarloop was destroyed.

Table 1 shows the values used for each type of asset and their 
respective sources.

Results
Table 2 shows the results obtained from QEAT. These results 
show that without mitigation, average annual losses could 
amount to $167 million. Most of the losses (61 per cent) stem 
from damage to buildings (residential, commercial and industrial 
buildings combined) followed by agricultural losses (about 25 per 
cent) and effects on human health (about nine per cent). 

The results for the two prescribed burn scenarios (five and 
ten per cent of public land prescribed burnt) in Florec and 
colleagues (2020) are shown in Table 3. The categories of assets 
included there are different from those included in QEAT, where 
four categories were evaluated instead of five. The categories 
‘urban’ and ’nature and conservation’ included in Florec and 
colleagues (2020) roughly correspond to the ‘buildings’ and 
‘environment’ categories in this study, respectively. The category 
‘infrastructure’ was not included in Florec and colleagues 
(2020). The main addition in this study was the improvement in 
information gained on non-market values for ‘human health’ and 
the ‘environment’. These were extracted from the Value Tool for 
Natural Hazards (Gibson et al. 2018), which is a database of non-
market values relevant to natural hazards. 

The results in Table 3 indicate that average annual losses without 
mitigation could amount to AU$232 million, which is about 21 per 
cent higher than the result from QEAT. The proportion of damage 
attributed to each category differs between QEAT and Florec 
and colleagues (2020). A much higher proportion of the losses in 
Table 3 stem from:

	· damage to buildings of about 73 per cent of total damages
	· environmental damages of about 14 per cent of losses, which 

is greater than what is indicated by QEAT
	· agricultural damages of about six per cent, which is 

substantially less than what is indicated by QEAT.

Acknowledging these points of difference, there is a high 
degree of complementarity in the results, particularly from 
the perspective of the outcomes that would inform decision-
making. Both models indicate that the implementation of the 
two prescribed burn scenarios (five per cent and ten per cent) 
in the case study area generated substantial benefits. Estimates 
from QEAT showed lower benefits from prescribed burning than 
those estimated by Florec and colleagues (2020). Therefore, the 
benefit-cost ratios from QEAT are also lower. Both prescribed 
burn scenarios generated good value for money in the case 
study area (i.e. BCRs were substantially higher than 1). Based on 
the BCRs, the five per cent scenario generated more value per 
dollar invested than the ten per cent scenario in both models. 
This suggests that prescribed burning has diminishing marginal 
returns; that is, after a certain point, every additional dollar 
invested in prescribed burning generates smaller and smaller 
benefits (which is consistent with previous studies (Mercer  
et al. 2007, Butry et al. 2010). However, based on NPVs, the ten 
per cent scenario provided better outcomes than the five per 
cent scenario (i.e. higher NPV), which makes it a more attractive 
strategy if the costs can be afforded.

Sensitivity analysis
Another important output of QEAT is the information it provides 
to planners and managers on the confidence they can have 
in the results and the information they need to increase that 
confidence. Results from a sensitivity analysis performed in QEAT 
for this purpose are shown in Table 4 and Table 5 for the five per 
cent and ten per cent prescribed burn scenarios, respectively. 

Figure 1: The south-western forest regions managed by the 
Department of Biodiversity, Conservation and Attractions. 
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Table 1: Value of different assets.

Type Asset ValueA Description Source

Tangible (market) assets

Buildings Residential 660,000 $/building Dunford, Power & Cook (2014)

Commercial 7,100,000 $/building Dunford, Power & Cook. (2014)

Industrial 2,300,000 $/building Dunford, Power & Cook. (2014)

Infrastructure Roads (bridges) 1,500,000 $/bridge
Main Roads Western Australia approximate 
cost of replacing the Samson Bridge, 
damaged in the Yarloop fire in 2016.

Rail NA $/km NA

Power lines 46,500 $/km Ausgrid (2019)

Power poles 10,000 $/pole Ausgrid (2019)

Agriculture Horticulture 3,000 $/ha Australian Bureau of Statistics (2017)

Grazing and 
cropping

1,000 $/ha Australian Bureau of Statistics (2017)

Vineyards 50,000 $/ha AHA Viticulture (2006)

Plantation forestry 9,000 $/ha Gibson & Pannell (2014)

Other Water catchments NA $/ha NA

Intangible (non-market) assets

Human health Life 4,900,000 $/fatality Office of Best Practice Regulation (2019)

Minor injury 26,000 $/injury Value Tool database (Gibson et al. 2018)

Hospitalised injury 73,000 $/injury Value Tool database (Gibson et al. 2018)

Serious injury 250,000 $/injury Value Tool database (Gibson et al. 2018)

Environment Threatened species 49
$/species/ 
household Value Tool database (Gibson et al. 2018)

Native vegetation 146 $/ha Value Tool database (Gibson et al. 2018)

A All values are in 2018 AUD, rounded to two significant figures.

Although the results appear robust (i.e. the proportional change 
in the results is generally a lot smaller than the proportional 
change in the parameter), some parameters deserve attention. 
The asset categories in QEAT included the category ‘buildings’, 
which has a much stronger effect on the results than any other 
asset category. This was expected as the value of buildings is 
high compared to other assets and bushfires destroy buildings. 
The category ‘human health’ (life and injuries) also has high 
value, but loss of life and injuries caused by bushfires tend to be 
less common in the case study region, and therefore have less 
of an effect on the results. For fire managers, this means that 
having better information on how effective prescribed burning is 
for protecting buildings can provide better confidence levels in 
decisions and better allocation of funding for prescribed burning. 

Another interesting parameter is the effectiveness of 
prescribed burning, or the capacity of the practice to reduce 
bushfire risk. For the five per cent prescribed burn, a change 

in the effectiveness of prescribed burning has a relatively 
high impact on the results; more so if the effectiveness is 
decreased. However, for the ten per cent strategy, a change 
in the effectiveness of prescribed burning has less impact on 
the results. For a fire manager, this means that if there are 
constraints on the area that can be burned and the area that can 
be treated is relatively small, treatments need to be targeted 
at protecting high-value assets. Thus, any changes in losses 
avoided have a high impact on the return on investment. But if 
larger areas can be burned, then the effectiveness of prescribed 
burning in reducing damage has a more moderate impact on the 
results and the confidence in the return on investment is higher.

Changes to prescribed burning costs have a very high impact on 
the results. Therefore, to increase the confidence in decisions for 
prescribed burns, it is important to have accurate data on costs 
of prescribed burning and to understand how these costs change 
for different prescribed burning activities.
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Table 2: Results with and without mitigation.

Item Estimate (AUD millions)

Average annual 
losses (without 
mitigation)

$167

Buildings $102

Infrastructure $2

Agriculture $43

Human health $15

Environment $5

Prescribe burning 
5%

Prescribe burning 
10%

Average annual 
losses (with 
mitigation)

$62 $19

Buildings $31 $7

Infrastructure $1 $0

Agriculture $26 $10

Human health $3 $1

Environment $2 $1

Average annual 
benefits

$105 $148

Present value of 
benefits

$1,117 $1,567

Present value of 
costs

$28 $55

Net present value $1,089 $1,512

Benefit-cost ratio 40 28

Table 3: Results with and without mitigation from an existing 
published study.

Item Estimate (millions)

Average annual 
losses (without 
mitigation)

$232

Nature and 
conservation

$33

Plantation forestry $15

Agriculture $15

Urban $170

Prescribe burning 
5%

Prescribe burning 
10%

Average annual 
losses (with 
mitigation)

$79 $18

Nature and 
conservation

$14 $3

Plantation forestry $5 $1

Agriculture $7 $3

Urban $54 $11

Average annual 
benefits

$153 $214

Present value of 
benefits

$1,619 $2,271

Present value of 
costs

$28 $55

Net present value $1,591 $2,215

Benefit-cost ratio 58 41

Source: Florec et al. (2020) 

Conclusion
The QEAT was used to conduct a quick analysis of two prescribed 
burning annual rates in the south-west of Western Australia. 
Results were compared with an in-depth analysis undertaken 
between 2012 and 2016. Despite some differences, the results 
from the QEAT were comparable to those of the in-depth 
analysis and provided sufficient information to determine the 
value for money that each annual rate generated. A sensitivity 
analysis conducted using QEAT demonstrated its capacity to 
show the types of additional information needed to increase 
the confidence in decisions made for prescribed burns. For the 
case study used, these were the data on the effectiveness of 
prescribed burning in reducing risk to buildings, data on the 
effects of prescribed burning when fuel loads are high in the 
region and data on prescribed burning costs. Using QEAT, rapid 

and accurate information on the costs and benefits of different 
mitigation options can be obtained, thereby saving time and 
money to agencies that need this information. By understanding 
the confidence that can be attributed to different mitigation 
decisions and prioritising the additional data needed to increase 
the confidence in those decisions, the use of QEAT can improve 
outcomes for disaster risk reduction across Australia and possibly 
for other countries.
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Table 4: Sensitivity analysis prescribed burning five per cent.

 Parameter 
changeA

Average annual 
benefits

Present value 
of benefits

Present value 
of costs

Net present 
value

Benefit-cost 
ratio

Proportional 
change in BCR

Base results $105 $1,117 $28 $1,089 40

Increase in asset values by 50%

Buildings $141 $1,495 $28 $1,467 54 25%

Infrastructure $106 $1,126 $28 $1,098 40 1%

Agriculture $114 $1,208 $28 $1,180 43 8%

Human health $112 $1,182 $28 $1,154 42 5%

Environment $107 $1,133 $28 $1,105 41 1%

Decrease in asset values by 50%

Buildings $70 $739 $28 $711 26 -51%

Infrastructure $105 $1,108 $28 $1,080 40 -1%

Agriculture $97 $1,026 $28 $998 37 -9%

Human health $104 $1,101 $28 $1,073 39 -1%

Environment $105 $1,117 $28 $1,089 40 0%

Increase in` prescribed burning effectivenessB

by 10% $112 $1,182 $28 $1,154 42 6%

by 25% $121 $1,280 $28 $1,252 46 13%

by 50% $136 $1,444 $28 $1,416 52 23%

Decrease in prescribed burning effectivenessC

by 10% $99 $1,051 $28 $1,024 38 -6%

by 25% $90 $953 $28 $926 34 -17%

by 50% $75 $790 $28 $762 28 -41%

Increase in prescribed burning costs

by 10% $105 $1,117 $31 $1,086 36 -10%

by 25% $105 $1,117 $35 $1,082 32 -25%

by 50% $105 $1,117 $42 $1,075 27 -50%

Decrease in prescribed burning costs

by 10% $105 $1,117 $25 $1,092 45 10%

by 25% $105 $1,117 $21 $1,096 53 25%

by 50% $105 $1,117 $14 $1,103 80 50%

Increase in discount rate

Discount rate 10% $105 $898 $23 $875 40 0%

Discount rate 13% $105 $741 $19 $722 40 -1%

Decrease in discount rate

Discount rate 4% $105 $1,433 $36 $1,397 40 0%

Discount rate 1% $105 $1,902 $47 $1,855 40 1%

A Only the parameter indicated on each row is changed.
B Damages are increased by a further 10%, 25% or 50%.
C Damages are decreased by a further 10%, 25% or 50%.
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Table 5: Sensitivity analysis prescribed burning ten per cent.

 Parameter 
changeA

Average annual 
benefits

Present value 
of benefits

Present value 
of costs

Net present 
value

Benefit-cost 
ratio

Proportional 
change in BCR

Base results $148 $1,567 $55 $1,512 28

Increase in asset values by 50%

Buildings $195 $2,069 $55 $2,014 38 24%

Infrastructure $149 $1,579 $55 $1,524 29 1%

Agriculture $164 $1,739 $55 $1,684 32 10%

Human health $155 $1,643 $55 $1,588 30 5%

Environment $150 $1,587 $55 $1,532 29 1%

Decrease in asset values by 50%

Buildings $100 $1,064 $55 $1,009 19 -47%

Infrastructure $147 $1,555 $55 $1,500 28 -1%

Agriculture $132 $1,394 $55 $1,339 25 -12%

Human health $141 $1,491 $55 $1,436 27 -5%

Environment $146 $1,546 $55 $1,491 28 -1%

Increase in` prescribed burning effectivenessB

by 10% $150 $1,587 $55 $1,532 29 1%

by 25% $153 $1,618 $55 $1,563 29 3%

by 50% $158 $1,669 $55 $1,613 30 6%

Decrease in prescribed burning effectivenessC

by 10% $146 $1,547 $55 $1,491 28 -1%

by 25% $143 $1,516 $55 $1,461 28 -3%

by 50% $138 $1,465 $55 $1,410 27 -7%

Increase in prescribed burning costs

by 10% $148 $1,567 $61 $1,506 26 -10%

by 25% $148 $1,567 $69 $1,498 23 -25%

by 50% $148 $1,567 $83 $1,484 19 -50%

Decrease in prescribed burning costs

by 10% $148 $1,567 $50 $1,517 32 10%

by 25% $148 $1,567 $41 $1,526 38 25%

by 50% $148 $1,567 $28 $1,539 57 50%

Increase in discount rate

Discount rate 10% $148 $1,259 $44 $1,215 28 0%

Discount rate 13% $148 $1,039 $37 $1,002 28 -1%

Decrease in discount rate

Discount rate 4% $148 $2,010 $71 $1,940 28 0%

Discount rate 1% $148 $2,669 $93 $2,576 29 0%

A Only the parameter indicated on each row is changed.
B Damages are increased by a further 10%, 25% or 50%.
C Damages are decreased by a further 10%, 25% or 50%.
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Glossary of economic terms

Benefit-cost ratio: Indicator used in benefit-cost analyses 
to measure the potential value for money that can 
be obtained from alternative investment options. It is 
calculated by dividing the benefits of an investment option 
by its costs. The BCR value (less than, equal to, or higher 
than 1) represents the benefits that can be expected for 
every dollar invested. For instance, a BCR value of 3:1 
means that for every dollar invested, the option generates 
$3 in benefits.

Present value: The current value of a future sum of money 
or a future stream of cash flows for a given period and 
a specified rate of return. Because money has interest-
earning potential, the value of a sum of money today 
(present value) is usually less than its future value.

Discount rate: The rate of return used to calculate present 
values. The discount rate selected for the analysis has an 
important impact on the results: the higher the discount 
rate, the lower the present value.

Net benefits: Calculated by subtracting the costs from the 
benefits.

Net present value: Calculated by subtracting the present 
value of costs from the present value of benefits.

Sensitivity analysis: A test of the robustness of the 
results of a study. A sensitivity analysis evaluates how the 
uncertainty in the results of a mathematical model can be 
attributed to different sources of uncertainty in its inputs. 

Market values: Assets for which reconstruction costs or 
total value can be readily estimated in dollars, because 
these items are exchanged in markets and already have 
prices (i.e. items that are normally bought or sold).

Non-market values: Also referred to as social and 
environmental assets, non-market values concern those 
things that are not exchanged in markets (i.e. are not 
normally bought or sold) and therefore do not have a price 
(e.g. biodiversity, life).
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