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Abstract 
Disasters cause enormous damages to the natural environment which underpins human 
survival, yet we largely fail to account for the loss of services from the damaged 
environmental when it comes to accounting for disaster-related costs. This is mainly due to 
lack of conventional market price-tag for the services that are readily obtained from the 
natural environment. This study presents a costing framework, following the World Bank 
(2010), and a set of methodologies for how to measure such losses. A key focus of proposed 
methodologies is to assess these losses in terms of their impacts on human well-being, 
applying both the monetary and non-monetary measures. This paper further demonstrates the 
application of the proposed framework and methodologies for assessing the loss of ecosystem 
services from bushfires in the Northern Territory (NT), Australia, where wildfires are 
frequent, extensive, and often destructive. The total bushfires-related loss was estimated at 
AU$95-132million per year. Evaluating such costs for loss of Indigenous peoples’ well-being 
who reside in remote parts of the NT, presents an estimate of AU$272 million/yr. It discusses 
the key challenges to evaluate environmental losses, particularly the importance of applying 
local values, and understanding the local context and intricacies between social and economic 
systems. The framework and methodologies presented here to evaluate environmental losses 
can be useful to inform policy planning in natural disaster management. 
 
Keywords: costing environmental losses from natural disasters, natural disasters, 
environmental losses, framework, methodologies. 
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Methodological approaches and challenges to assess the environmental losses from 
natural disasters 

 
 

1. Introduction 
Natural Disasters (ND) severely impact on human lives, affecting the physical, biological and 
social environment. Over the last 20 years (1998-2017), approximately 1.3 million people 
have been killed and another 4.4 billion people affected by NDs alone (Centre for Research 
on the Epidemiology of Disasters (CRED) and United Nations Office for Disaster Risk 
Reduction—United Nations International Strategy for Disaster Reduction (UNISDR) 2018). 
Recently, the World Health Organisation (WHO; 2019) reported that on average about 
90,000 people die and a further 160 million are impacted by NDs each year. A significant 
increase in ND frequency, intensity and subsequent impacts on human populations over the 
past 50 years (282 disasters in 2018, or 276 in 2017) presents a serious concern for 
governments globally (World Risk Report 2017; CRED and UNISDR 2018). The UN 
Secretary General has warned, “if we do not change course by 2020, we risk missing the point 
where we can avoid runaway climate change, with disastrous consequences for people and 
all the natural systems that sustain us” (CRED and UNISDR 2018).   
 
At a continental scale, Asia, followed by the Americas, Africa, Europe and Oceania, is the 
most affected by NDs (World Disasters Report 2018). Some Asia-Pacific countries such as 
Vanuatu, Tonga, Philippines, and the Solomon Islands are ranked amongst the top with 
highest degree of exposure, vulnerability and susceptibility to disasters (World Risk Report 
2017). Although globally Oceania experiences the least number of disasters, within this 
region Australia is one of the most frequently impacted countries particularly by cyclones, 
floods, and bushfires (Guha-Sapir et al. 2004; 2013).  
 
Globally, NDs cause enormous losses with an estimated direct cost of USD 2,908 billion over 
the 20 years period from 1978-97 (an average of USD 145 billion per annum), representing 
an increase of 68% over that period. These losses only account for part of the story, since 
63% of the emergency disaster-related reports to the EM-DAT (the International Emergency 
Management Database, managed by CRED) contain no economic data and very little 
accounting of environment losses, if any (CRED and UNISDR 2018).  
 
Measuring a true cost of NDs is a key challenge. To date, most studies account for 
marketable costs for loss and/or damage to direct and indirect goods and services (such as 
public and private infrastructure, crop/business systems, communication or health services), 
but exclude environmental assets and their services to people which are critical for supporting 
human well-being. The CRED and UNISDR (2018) report stresses the need to appropriately 
evaluate environmental losses. This paper addresses this important issue to appropriately 
inform future policy decisions. To do so, it focuses on: i. Developing an appropriate 
framework to account for monetary and non-monetary losses from NDs; and ii. Proposing a 
set of methodologies that help to measure NDs-related environmental losses, which are 
largely non-monetary. 
 
Currently, a globally recognized ‘handbook for disaster assessment’ by the UN ECLAC 
(United Nations Economic Commission for Latin America and the Caribbean; 2014) provides 
details on methods for measuring: i. damages of essential stocks of assets/infrastructure, 
typically using replacement values for assets in monetary terms; ii. loss of flows of products 
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and services, using the monetary value of forgone goods and services in the event of a 
disaster; and iii. impacts on the macroeconomy. However, it does not offer much detail 
regarding how to measure environmental losses. The recent Sendai Framework for Disaster 
Risk Reduction (2015-2030) also suggests developing indicators to reduce disaster risk, and 
measurement of impacts on social, economic, and environmental conditions, yet there has 
been little progress in measuring those impacts, particularly environmental. Existing methods 
largely rely on marketable tools such as insurance losses of infrastructure, replacement cost 
of private/public buildings or services, loss of crop/livestock production, etc. as highlighted 
in a detailed review of methods (from 1,446 peer reviewed publications) by Eckhardt et al. 
(2019). To date, there is little consideration of environmental losses and their subsequent 
long-term impacts on human well-being.  
 
Lack of appropriate assessment of ND-related environmental losses is a matter of concern as 
highlighted by the UN ECLAC (2014) and CRED and UNISDR (2018) reports. This concern 
can be addressed by integrating knowledge from the emerging trans-discipline, ‘Ecological 
Economics’ that aims to understand the role of environment in the economy and for human 
well-being; as also suggested by Ratti (2017) and others from ND economics. In recent times, 
there has been growing emphasis on understanding the value of nature’s contributions 
towards modern economy (Costanza et al. 2014; de Groot et al. 2012; Daly 2013, 2015). Two 
UN initiatives, the Millennium Ecosystem Assessment (MA 2003) from 2000-2005, and the 
Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES 2019) from 
2012 to date, aim to promote recognition of the importance of natural resources in the 
development and economic policy agendas at the national and global scales. Following that 
rationale, this paper applies and integrates ecological economics approaches to measure ND-
related losses. To do so, we firstly propose a framework to outline the main losses and 
damages from NDs, particularly environmental losses, and secondly describe the trans-
disciplinary methodologies for how to measure ND-related environmental losses.  
 
Our proposed integrated framework and a set of methodologies, applying ecological 
economic principles to measure ND-related environmental losses, directly address the call 
made by Ratti (2017), Ladds et al. (2017), Handmer et al. (2018), CRED and UNISDR 
(2018), and the World Disasters Report (2018), among others. We demonstrate the 
application of our proposed framework to assess the loss of ecosystem services from 
bushfires (wildfires) in northern Australia. The outline of the paper includes a proposed 
framework followed by a range of trans-disciplinary methods applicable to measure 
environmental losses—one part of the total ND-related losses. These methods are then 
applied to measure bushfire-related environmental losses in northern Australia, followed by 
discussion and conclusion. 
 
The proposed framework and valuation techniques can help evaluate disaster-related 
environmental losses and inform ND management and mitigation policies to enhance 
resilience of both local communities and Emergency Management (EM) agencies.  
 
 

2. Framework 
We discuss two key global frameworks for assessing disaster losses (UN ECLAC 2003, 
2014; World Bank 2010) as these are the most commonly applied frameworks to measure 
disaster-related losses, and those applied in Australia. In 1991, the UN ECLAC published the 
first manual on estimating the socio-economic effects of ND, classifying effects on: i. 
property (direct damage); ii. goods and services production flows (indirect damage); and iii. 
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macroeconomic aggregates (secondary effects). That framework was further enhanced (UN 
ECLAC 2003; 2014), focusing on three main impact domains: 

 
1. Direct damages (stocks) and losses (flows)—tangible: physical—mainly including 

public infrastructure, public, business and private buildings, crop/farm land, etc. 
2. Indirect losses—occurring as a consequence of NDs—tangible: business disruption, 

loss of public services including transportation, health, education, etc.  
3. Non-marketable losses—intangible: social (fatalities, injuries), psychological (health 

impacts), and environmental losses. 
 
We consider both environmental damage and losses under ‘losses’ because (1) once natural 
systems are damaged, they do not immediately return to baseline by simply replacing or 
repairing the stock, and (2) the flow of services is potentially impacted or changed 
indefinitely.  

 
Direct damage assessment is usually measured from insurance losses, which is then used to 
calculate total damage applying factors or ‘multipliers’ (simple factors for particular types of 
disasters). The ECLAC approach is focused on estimating the cost of repairing or replacing 
damaged infrastructure as well as the impact on various social and economic sectors, such as 
education, health, balance of payments including macro-economic effects on economy, etc. 
While pragmatic, the approach of EM agencies is to primarily consider recovery costs over 
the short-term, however this results in ignoring the losses of environmental services for 
people’s well-being despite the need to include them is well acknowledged (UN ECLAC 
2014). 
 
In Australia, a similar framework is followed (Handmer et al. 2018, Ladds et al. 2017, 
Deloitte Access Economics commissioned by the Australian Business Roundtable for 
Disaster Resilience & Safer Communities [ABRDR&SC] 2017, and earlier by the Bureau of 
Transport Economics 2001, Gentle et al. 2001, and others). Here, direct losses are estimated 
largely using insurance data (depreciated economic value where applicable), indirect losses 
(e.g. loss of public or private service) from other sources of data and/or applying factors e.g. 
Insurance Loss Ratio (ILR proposed by Joy 1991)) or multipliers for death/injury, to estimate 
total costs. For example, the ILR for bushfires and storms is arbitrarily set at 35%, meaning 
the insurance losses from bushfires and storms represent 35% of the total losses. Similarly, 
the ILR for tropical cyclones, floods and earthquakes is given as 20%, 10% and 25% of total 
costs, respectively. In other words, factors of 3 for bushfires and storms, 5 for cyclones, 10 
for floods and 4 for earthquakes is typically used to calculate the total costs. Throughout 
Australia, the ILR is applied equally despite significant variations in how people value 
resources in different regional settings. 
 
Both direct damages and losses, and indirect losses are considered tangible, while social, 
psychological and environmental losses are considered intangible or non-marketable. The 
common UN ECLAC (2003) and Australian frameworks amalgamate both direct and indirect 
intangible losses into the ‘intangible’ category. In contrast, the World Bank (2010) 
framework measures the economic losses of NDs for both direct and indirect costs, each 
involving marketable and non-marketable losses, as below: 

 
1. Direct costs: 

i. Marketable: public infrastructure, public, private and business buildings, 
crops/livestock/fences 
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ii. Non-marketable: health, death, loss of ecosystems and their services, and cultural 
assets 

2. Indirect costs (as a consequence of NDs): 
i. Marketable: Business disruption, communication and network/computer 

disruption, loss of work and public services, residential and non-residential clean-
up 

ii. Non-marketable: poor health, loss of public amenity, loss of water, electricity and 
gas services, sewerage treatment, and volunteer services 

 
We used the World Bank (2010) framework for distinguishing marketable and non-
marketable losses within direct and indirect categories (Table 1), but extended that further to 
consider how the respective losses from NDs impact on people’s well-being.  
 
Table 1. 
 
To appropriately inform public policy, we posit that the total economic cost assessment 
should account both for monetary and non-monetary values. For example, loss of 
crop/pasture production can be measured in monetary units, whereas losses of human life can 
only be accounted for by number of deaths to reflect the severity of an event (cf. Handmer et 
al. 2018, and others). Here we propose a mixed set of monetary and non-monetary accounting 
tools, as explained in Table 1. 
 
Total ND costs = Direct (marketable ($) + non-marketable losses ($ and non-$ measures)) + 
Indirect (marketable ($) + non-marketable ($ and non-$ measures)) losses 
 
We acknowledge the application of simulation approaches to assess ND impacts, for 
example: various Input-Output models addressing changes in inputs due to ND impacts on 
production and consumption; Computable General Equilibrium models using production and 
demand functions and databases; or application of Hybrid models to project the economic 
impact of direct and indirect losses (details in Ratti 2017). However, these models are 
typically used to account for infrastructure or production related losses, not environmental 
losses. 

 
3. Methods to evaluate ND-related environmental losses 

We used a trans-disciplinary, ecological economics approach to infer the value (or loss) of 
Environmental Services (ES) due to NDs. This approach uses a mix of tools from social, 
ecological and economics sciences. It proposes two types of methods i.e. revealed and stated 
preference, which are commonly used to assess the price/loss of an ES from an equivalent 
market product or from people’s stated choices, respectively (Costanza et al. 1997; TEEB 
2010). The revealed methods include: Replacement Cost (RC)—using a price tag for a 
comparable market service or good; Avoided Cost (AC)—costs saved by obtaining an ES; 
and Travel Cost (TC) and Hedonic Prices (HP)—value added to people’s experience or assets 
by an ES (Table 2; details in Costanza et al. 1997; Daly and Farley 2004). Stated preference 
methods help derive values from simulated market behaviours, including: Contingent 
Valuation (CV)—Willingness To Pay (WTP) for obtaining a service and Willingness To 
Accept (WTA) for losing a service; and Choice Modelling (CM) based on individual or 
group choices for a selected option to infer its value. 
 
For example, if a flood event damages cropland in rural areas, typically that loss is assessed 
by the damage to farms (i.e. machinery, fences, electric supplies, etc.), and loss of production 
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(i.e. crop yield for the season or year). However, there are also additional important costs 
such as loss of work opportunities for the rural population engaged in farming. Such costs 
can be interpreted using the RC method. Other losses such as aesthetic and cultural amenity 
values of the landscape can be estimated using TC, ranking or mapping, as described in Table 
2. Similarly, losses to household economies in the impacted area can be inferred as the loss of 
individual and societal well-being using RC, CV, surveys, interviews or relational values that 
locals may hold for particular crops. 
 
A combination of the above methods can be used to assess the total loss of ES from NDs 
including impacts on human well-being. For that, a total area of the impacted ecosystem(s), 
and accounting for the associated loss of ES, either as a bundle or singly, would be required 
to appropriately measure the total losses.   
 
To demonstrate the application of our approach, we use the following five key ES that are 
commonly impacted by NDs (based on a review of Costanza et al. 2007; Gaddis et al. 2007; 
Mainka and McNeely 2011; Barbier et al. 2013; Talbot et al. 2018, and others): 

1. Loss of crop/farm production—assessing the market value of loss of crops/farm 
produce, plus the costs for loss of topsoil, local economies, work opportunities, and 
any other related costs, over the short and long-term.  

2. Loss of protection from storms/floods—equivalent to losses associated with 
diminished ES—for example, reduced resilience to ensuing NDs such as impacts 
from subsequent storms or flood events 

3. Loss of natural landscapes of significant conservation values including diversity of 
flora and fauna 

4. Loss of cultural and spiritual values 
5. Loss of aesthetic or scenic amenity 

 
All the values presented in Tables 1 and 2 are in Australian currency, unless stated otherwise. 
 
To measure the loss of above ES, we describe a number of methods adopted from Ecological 
Economics in Table 2, along with their analyses and examples.  
 
Table 2 
 

4. Application of non-market valuation methods to assess the loss of ES from Bushfires 
in the Northern Territory, Australia 

To demonstrate the application of our proposed framework and methodology, we present a 
case study assessing costs associated with wildfires in the Northern Territory (NT), Australia 
(Fig. 1) (for details see Sangha et al. 2019c). The wildfire-related losses of ES are measured 
‘as a bundle’ applying the Replacement Cost (RC) for managing the flow of lost ES from 
three dominant land uses in the region: i.e. i. Indigenous; ii. Conservation; iii. Pastoral. To 
elaborate these losses, we apply two scenarios, described in sections 4.1 and 4.2. 
Additionally, the wildfire-related losses for Indigenous well-being were assessed applying a 
substitute value for welfare costs.  
 
So far, there has been no accounting of wildfire-related losses of ES in the NT, particularly in 
relation to well-being losses (including impacts on cultural and sacred sites) for Indigenous 
people who live across the entire remote landscape and managed fires on a fine-scale prior to 
colonisation (Russell-Smith et al. 2003; Yibarbuk et al. 2001). There are about 66,000 
Indigenous people in the NT, of whom > 50% reside in remote areas (i.e. 35,414 people) and 
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others who regularly visit their homelands (ABS 2016). Most importantly, those who live in 
remote areas are spread widely across the entire NT landscape (Fig. 2) and many 
communities retain traditional knowledge and skills to manage fire (Russell-Smith et al. 
2013; 2019a). That knowledge has proven very useful recently in commercial fire 
management enterprises aimed at abating greenhouse gas (GHG) emissions (details in 
Russell-Smith et al. 2013). 
 

4.1 Methodology 
To assess bushfire costs, we first assessed the extent of average annual area burnt from 2000-
2018, and then estimated the costs for loss of ES from the average burnt area under three land 
use types (Indigenous, conservation, and pastoral). 
 

i. Burnt area estimates 
To quantify the extent of impact of bushfires we considered that fires greater than 10km2 
have a negative effect on ES and the well-being of people. This threshold size is significantly 
greater than the recommended >1km2 fire size that has been applied in (1) fire regime 
assessments with regard to addressing the needs of fire vulnerable fauna and flora with 
restricted home ranges and dispersal capacity in northern savannas (Evans and Russell-Smith 
2019), and (2), that is also commensurate with the mean size (63.9ha) of traditional fires 
documented from historical aerial photography in an arid setting (Burrows et al. 2006). There 
are prescribed burns in the top part of the NT which are typically <1km2. Hence, considering 
fire size >10km2 is a conservative indicator of uncontrolled fires that damage the landscape. 
Utilising a fire history archive from the North Australia Fire Information (NAFI) website 
(https://www.firenorth.org.au/nafi3/), covering the NT, 2000-2018, we created layers of 
individual fires as defined by mapped events attributed with unique dates, and classified these 
into three size classes i.e. < 10km2, 10-100km2, > 100km2. 
 

ii. Bushfire cost estimation 
ES are defined as the benefits humans derive from their ecosystems (Millennium Assessment 
(MA) 2003; 2005). To estimate the value of loss of ES from wildfire-affected landscape, we 
assessed the cost of managing ES (following de Groot et al. 2012; MA 2003) for each of the 
selected land use classes. Following a local study valuing ES from Indigenous land (Sangha 
et al. 2017), the cost of managing the flow of ES, estimated at $780/km2 (in 2018 value) was 
used for the total burnt area. For conservation, the loss of ES was assessed applying a value 
of $865/km2 derived from the average cost of managing national parks across northern 
Australia (Sangha et al. 2019a). For pastoral lands, loss of pasture production was estimated 
applying a conservative value of $264/km2 for gross income from a large north Australian 
dataset (Russell-Smith and Sangha 2018), using pasture, cattle production and financial 
income data from Holmes et al. (2017), ABARES (Australian Bureau of Agriculture 
Resource Economics and Sciences 2017), Bray et al. (2015) and others (details given in 
Russell-Smith et al. 2019b). 
 
Two scenarios were applied with respect to two fire-sizes following a four-step approach as 
below:  

1. Estimate the fire frequency from 2000-2018 for wildfires ranging in size from >10km2 

(includes fires of size >100km2), and >100km2 (excludes fires of size <100km2); 
2. Categorise the burnt area under three main land use types, i.e. Indigenous (including 

conservation and indigenously owned pastoral lands), conservation (e.g. National 
Parks, Nature Reserves, etc.), and pastoral lands. Land use types were classified using 
data from the National Native Title Tribunal, Aboriginal Land Rights Act (1976) for 
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Indigenous lands, the Collaborative Australian Protected Areas Database (CAPAD 
2016) for conservation lands, and the NT cadastre dataset for pastoral land use; 

3. Divide the NT into low (<600mm) and high (>600mm) rainfall regions, in accordance 
with current formal Australian Government savanna burning GHG emissions 
abatement methodology (Commonwealth of Australia 2018); and 

4. Estimate the costs for loss of ES associated with burnt area for each land use category 
(as mentioned above), following the rationale that healthy ecosystems deliver ES that 
contribute towards human well-being (MA 2003 & 2005; de Groot et al. 2012; 
Costanza et al. 2014 and others). 

 
Specific bushfire costing for Indigenous people: 
Bushfire costs for Indigenous lands were assessed applying a substitute value of welfare 
expenditure that the Australian government spends on Indigenous people in the NT 
(following Sangha et al. 2017). The rationale for this approach is that Indigenous people 
derive their substantial well-being benefits from being connected to their country (i.e. 
traditional estates) and the welfare sectors—economic, health and safe and supportive 
environment services—directly relate to country. In other words, we assume that bushfires 
affect the well-being of remote Indigenous people by compromising economic opportunity, 
health, and safe and supportive environment, and values.  
 
In Australia, the Steering Committee for the Review of Government Service Provision 
(SCRGSP 2017) reports on Indigenous Expenditure for six main welfare sectors, each with 3-
4 sub-sectors. Of these, three relevant welfare sectors were selected: developing a safe and 
supportive environment; healthy lives (with a sub-sector on public and community services); 
and enhancing economic participation. The average total welfare expenditure for an 
Indigenous person in the NT is $68,186 (values in 2015-16), but that amount for the selected 
sectors/sub-sectors was estimated at $30,695/person/yr (in 2018 values).  
 
The cost of bushfires in the NT was estimated only for the remote rural Indigenous 
population comprising 35,414 persons (Australian Bureau of Statistics (ABS) 2016), 
applying a substitute value of 25% of welfare expenditure on three sectors/subsectors, i.e. 
$7,673/person/yr (from a welfare cost of $30,695/person/yr in 2018 values). In doing so, a 
conservative approach was applied for considering only a 25% of loss of benefits for the 
three welfare sectors described above, as Indigenous people particularly in remote locations 
benefit multi-fold by being connected to country (as demonstrated by Burgess et al. 2009; 
Social Ventures Australia 2016; and others). Details of this methodology are published by 
Sangha et al. (2017; 2019b). All values are reported in AU$ (in 2018) except stated 
otherwise. 

 
4.2. Results 

For the NT, the average (2000-2018) total area burnt by >10km2 fires was ~221,000 km2, 
comprising 16.5% of the entire landscape (Fig. 3a-d). There was marked contrast between 
high and low rainfall regions. Under low rainfall conditions, an average of ~80,000km2 (10% 
of the region) was impacted compared to 142,000 km2 (50% of the high rainfall region). 
Notably, wildfires > 10km2 area accounted for almost 90% of the entire burnt area (Fig. 3, 
Table 3).  
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Wildfire costs were assessed applying two scenarios for the loss of ES from wildfire affected 
areas, each of size: i. >100km2; and ii. >10km2, for Indigenous, conservation, and pastoral 
land uses (Table 4).  
 
For extremely large fires of size >100km2 (using long-term average fire frequency from 
2000-2018) under Scenario 1, the total cost of bushfires was estimated at $95million/yr 
(Table 4). In relation to land use, bushfires on Indigenous lands costed $72.3million/yr, 
pastoral lands $16.5million/yr, and conservation lands $6 million/yr. As noted previously, 
each value corresponds to the management costs required to maintain the flow of ES from 
Indigenous and conservation lands, and the loss of pasture production from pastoral lands. 
 
For wildfires >10km2 size (Scenario 2), the total costs were estimated as $132million/yr 
(Table 4) where the loss was maximum for Indigenous land ($100million/yr), followed by 
pastoral ($21million/yr) and conservation ($11million/yr) lands (Table 4). 
 
Indigenous bushfire costs: 
Bushfire-related well-being losses for the Indigenous population living in remote areas were 
significant, costing about $272million per annum (Table 5). These estimates related to only 
35,414 people who live remotely in the NT and visit their country minimally once a week 
(ABS census 2016).  
 
5. Discussion 
Loss of environmental assets and services due to NDs is well acknowledged within the ND 
arena but the related frameworks and methodologies to assess the costs of those losses are 
limited. Our proposed integrated framework following the World Bank (2010), and 
methodologies addresses this gap which is well emphasised by CRED and UNISDR (2018), 
the UN ECLAC (2014) and others. In so doing, we have applied an integrated trans-
disciplinary perspective from the ecological, social and economic sciences to measure 
environmental losses using a mix of monetary and non-monetary tools (Tables 1&2).   
 
A recent detailed study of methodologies for assessing disaster costs by Eckhardt et al. 
(2019) critiques >1,400 peer-reviewed papers and 2,800 grey literature studies, and highlights 
the limitations of current approaches for a lack of usage of economic methods in costing and 
for ignoring environmental losses. Most of the studies focus only on the direct costs for 
including repair or replacement cost of the assets affected. Those authors recommended to 
update the existing UN ECLAC (2003, 2014) framework for including environmental losses. 
 
Our framework (Table 1), illustrating an outline of various kinds of ND-related losses, 
incorporates both marketable and non-marketable losses, each under the Direct and Indirect 
categories following the World Bank (2010). It introduces environmental losses under Direct 
but non-marketable losses as these losses directly impact on people’s well-being but lack any 
market measures. We particularly emphasise the need to measure the impacts of NDs on 
human well-being beyond the marketable, public or private infrastructure losses.  
 
Environmental losses can be measured by applying trans-disciplinary valuation techniques as 
demonstrated using five commonly impacted ES (Table 2). We acknowledge that losses of 
other ES such as clean air and water can be evaluated from their impact on people’s well-
being, following methods described in Table 2 and related studies in Ecological Economics. 
However, there are various challenges for estimating environmental losses from natural 
disasters: 
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1. Assessing the real value of lost ES due to the absence of established markets that offer 

a price tag for ES. Applying innovative ecological economic techniques such as RC, 
AC, TC, etc., but befitting the local context, can help to infer such values. 

2. Limited transferability of ES losses from one place to another as there are significant 
variations in geography, demography, and people’s financial affordability and value 
systems, at local and regional scales (Sangha et al. 2017; Chan et al. 2016).  

3. Understanding and incorporating non-market, particularly non-$ values, into the 
overall assessment, as suggested in our framework. For example, loss of human life 
does not require a monetary value to understand the severity of an event for policy 
decision making (in line with CRED and UNISDR 2018). 

4. Applying pluralistic, i.e. both monetary and non-monetary, values to understand the 
total losses while focusing on the purpose of an assessment. 

5. Considering environmental impacts over the long-term, such as soil erosion due to 
landslides or loss of the coastal belt due to Tsunamis, needs to be assessed over 
appropriate time scales.  

6. Most importantly, for conducting any ND-related ES assessments the aim should be 
clear and transparent to appropriately inform policy decision making.  

 
The key points when costing environmental losses are: 1. Duration of a loss; 2. Assessment 
applying pluralistic (monetary and non-monetary) values.  Firstly, a one-off assessment may 
not be adequate to explain the long-term environmental losses. For example, 65% of the 
annual costs from the US wildfires, estimated at US$63.5billion–US$285billion, occur over 
the long-term while only 35% over the short-term (Headwaters Economics (2018). The long-
term costs include restoring natural landscapes, watersheds and forests which further impact 
on property prices, businesses and tax revenues. Secondly, a set of pluralistic values 
including both monetary and non-monetary measures that link with people’s well-being, is 
essential. Well-known current economic assessments of NDs (e.g. CRED 2015, CRED and 
UNISDR 2018) account for human losses i.e. number of people impacted, deaths and 
injuries, migration, etc., along with economic losses i.e. infrastructure, public and private 
businesses and services, health and education services, applying both monetary and non-
monetary measures. Such a mixed approach will be useful for environmental losses. That 
approach will particularly suit rural and remote communities in developing countries where 
people’s livelihoods depend on natural systems but their financial affordability is limited 
(Small et al. 2017; Sangha et al. 2017; 2019a). 
 
Currently, there are only a few studies reporting the loss of ES from NDs. Costanza et al. 
(2008) reported on the value of coastal woodlands for hurricane protection in the US, 
estimated at US$3,200/ha/yr (as median), following a major Atlantic hurricane event in 2008. 
Whereas, Woosam and Kim (2014) and others have studied the impacts of hurricanes in the 
southeast US on the tourism industry, particularly the change in the number of tourists and 
related demands after the event, without accounting for environmental-related economic 
losses. Stephenson et al. (2013) evaluated various tangible and intangible costs of five main 
bushfire events in south-east Australia. They estimated intangible environmental losses, 
considering the loss of ES from 70% of the burnt areas using ES values from an international 
study by Costanza et al. (1997). For example, environmental losses from Australia’s 2009 
Black Saturday bushfires were estimated at AU$366 million for the first year, which may 
lessen the following years due to recovery. However, the authors recognised the limitations 
of applying ES values adopted from international studies with little pertinence to the local 
environment. To date, the World Bank (2010) framework is the most appropriate for 
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evaluating the social and economic impacts of NDs; this study extends that framework by 
including details on ES losses and related measurement methods.  
 
Our case study on bushfires in the NT clearly demonstrates how much loss wildfires cause to 
the well-being of Indigenous communities, even though the standard losses to infra-structure 
and other tangible attributes have, to date, been considered negligible. Underlining those 
losses for Indigenous well-being (Table 5) is essential to informing EM agencies, and it 
highlights the importance of community values concerning the natural environment. Such 
costs need to be incorporated into policy decision-making. Those losses were earlier reported 
by Sangha et al. (2019c), this paper particularly emphasises the methodologies applied to 
estimate those and other environmental losses. 
 
Accounting for the loss of environmental assets and their ES due to NDs is critical where 
people’s livelihoods greatly depend on natural systems (Hallegatte et al. 2018). These losses 
are especially important for regions such as Asia where NDs are frequent, and their impacts 
are severe and long-lasting. Any loss of natural systems affects people’s well-being from 
social, economic, cultural and individual perspectives. Accounting for these losses, using our 
proposed framework, will assist in demonstrating the role that natural resources play in local 
economies when NDs disturb such a system.  
 
The proposed framework presented here is an initial attempt. We acknowledge that it needs 
to be improved in collaboration with the Emergency Management agencies. With increasing 
intensity and frequency of NDs, and associated human and economic losses (World Disasters 
2018), realizing the importance of the natural environment and its services for our economies 
and the well-being of people becomes crucial for developing effective and long-term 
mitigation and risk reduction strategies. 
 
6. Conclusions 
This paper highlights the need to appropriately understand and incorporate both the monetary 
and non-monetary losses of the NDs into policy planning. An integrated framework and set 
of methodologies are proposed to assess such losses to the natural systems. Using a case 
study of bushfires from the Northern Territory, Australia, we demonstrate that ES losses 
range from AU$95-132 million per year, and the well-being related losses to an estimate of 
$272 million per year for the Indigenous population in the region. These losses will be much 
greater if accounted for all the NDs and over the time of recovery. 
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Table 1. Framework to measure the impact of ND on people’s well-being for various direct and 
indirect losses. 

Natural Disaster 
impacts on human 
well-being 

Economic indicator Details and sources 

Direct Marketable 
losses:  
private, business 
and public 
buildings, 
infrastructure, 
farmland, etc. 

Insurance costs or loss of farm 
production using market value 

Bureau of Transport Economics (BTE; 
2001); Handmer et al. (2018); and Ladds et 
al. (2017). 
Example: 
In Australia, loss of pastoral production is 
estimated for dry pastures at AU$30/ha, 
irrigated AU$370/ha, and fences 5000/km2 

(BTE 2001) 
Direct Non-
marketable losses: 
health injury and/or 
death 
 

Loss of work opportunity over 
a person life span estimated by 
applying ‘Value of a Statistical 
Life concept’ (Handmer et al. 
(2018) 
 
 
 
Alternatively, because human 
live is priceless listing the 
number of deaths is an 
adequate indicator itself to 
inform the policies. 

Handmer et al. (2018) 
 
Example: 
AU$4.2m is applied for loss of a statistical 
life, AU$853,000 for serious and 
AU$29,600 for minor injuries (Office of 
Best Practice Regulation 2014) 
 
However, the number of deaths can be listed 
without applying any monetary measure, 
following World Disasters Report (2018) 
and World Risk Report (2017). The serious 
and minor injuries could be costed as 
mentioned above because individuals may 
have a chance to resume normal life after 
the recovery process. 

Loss of ecosystems 
and their services 
 

Affected area of ecosystems, 
and related loss of key 
Ecosystem Services (ES)— 
farm land and livelihood 
opportunities; storm and flood 
protection; natural landscape 
with conservation values; 
cultural and spiritual values; 
and aesthetic and scenic values. 
Each ES loss should be 
assessed for their role in local 
people’s well-being applying a 
combination of marketable and 
non-marketable tools. 
 

The Economics of Ecosystems and 
Biodiversity—TEEB-ESV global database 
(van der Ploeg and de Groot 2010) offers 
monetary values for ES from different 
ecosystems (>1300 services); >600 ES 
evaluated by de Groot et al. (2012); >100 
ES values listed by Costanza et al. (1997); 
and many others. 
 
Example: 
Loss of wetlands due to hurricanes 
estimated at US$33,000/ha (in 2007 values) 
in the US (Costanza et al. 2008).  

Loss of cultural 
assets 
 

Insurance losses or reconstruction 
costs for man-made structures, 
otherwise if such an asset is part 
of a natural landscape then 

Replacement methods or reconstruction 
costs can indicate the loss of natural-cultural 
assets. For loss of nature-related cultural 
sites, cost of managing natural-cultural 
lands or the value of lost services (tourism 
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measuring the monetary/non-
monetary loss of asset’s service. 

 

Number of visitors and related 
travel costs can also reflect the 
value of lost asset.  

benefits) from the natural-cultural assets 
(World Bank Group and GFDRR 2017). 
 
There are also Willingness To Pay (WTP, to 
restore a service/good) or Willingness to 
Accept (WTA, the loss of a good/service) 
methods which are typically applied to 
evaluate natural-cultural losses, however 
their validity depends upon the socio-
economic, geographical and cultural 
perceptions of the participants. 
 
Example: 
Loss of man-made cultural sites estimated 
from loss of income from tourism. In Nepal, 
2015 earthquake damaged 750 cultural 
monuments, causing an estimated loss of 
US$600million over two years (World Bank 
Group and GFDRR 2017) 

Indirect 
Marketable losses: 
Disruption of 
Businesses, 
communication and 
network, and public 
services, etc. 

Cost of materials and services 
to restore businesses/services 
using surveys/reports, or extra 
costs incurred to meet the 
public or private needs.  
 
Insurance Loss Ratio (ILR) or 
multipliers to understand the 
total costs for different kinds of 
natural disasters. 

BTE (2001); Gentle et al. (2001); Joy 
(1991) for ILR; Handmer et al. (2018). 
 
Example: 
In Australia, the total average cost of 
cyclones, storms and bushfires and other 
ND estimated using ILR is 
AU$3.65billion/yr (in 2013 values) by 
Handmer et al. (2018).  

Indirect Non-
marketable losses: 
health, public 
amenity, 
electricity/gas/water 
services, etc. 

Cost of restoring health, public 
amenity, and other services. 
 
Indirect indicators such as 
number of people who lose 
access to, or the cost of re-
building public amenities; 
health costs to recover; or the 
cost of government services 
(repayments to the public) 
during disruption of 
electricity/gas/water services. 

ABRDR&SC (2017); Handmer et al. (2018) 
and others have applied multipliers/ILR to 
estimate the total cost, and provide no 
measure of individual non-marketable 
losses.   In addition, WTP/WTA or surveys 
can also be applied to assess the health 
impacts from NDs.   
 
However, these costs can be estimated both 
in monetary and non-monetary units. 
Example: 
Cost of loss of an urban park can be 
measured from the number of people who 
visited the park or reconstruction costs.  
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Table 2. Application of ES valuation methods to assess Natural Disaster related losses.  

Ecosystem 
Services  

Revealed Preference Methods (inferring values 
from market measures) 

Stated Preference Methods 
(inferring values from 
people’s choices/behaviours 
(simulated markets)) 

Others 

Evaluating the role of ES for peoples’ well-being in 
participation with local communities 

Common 
methods 

Replacement Cost (RC), Avoided Cost (AC), 
Travel Cost (TC) and Hedonic Price (HP) methods.  

Contingent Valuation 
(CV)—WTP for a service or 
WTA the loss of a service, 
Choice Modelling (CM), etc. 

 

Frameworks, Tradeoffs, Well-being Indices, Ordinal Ranking 
(following the Borda rule1) using surveys or interviews, and 
Scenario Planning (SP). 

1. Loss of 
farm/crop 
production and 
livelihood 
opportunities 

- Loss of 
crop/farm 
produce 

- Loss of top 
soil in crop 
systems 

- Loss of local 
economies 
and work 
opportunities  

A sum of key losses i.e. crop/farm produce, top soil, 
and local economies and job losses can be assessed 
applying different methods as below: 

i. A comparable price from the market for loss of 
crop produce, applying direct market price.  

i. RC of fertilizers (or the top soil) to replenish the 
lost soil cover corresponding to its original 
capacity 

ii. RC/substitute value for loss of local produce 
distributed within the community, and the value 
of equivalent farm jobs that are lost due to NDs. 

 
Concerns: sometimes the market price may not 
reflect the actual value of crop especially when 
people’s livelihoods are linked to their farms, hence 
accounting for loss of local economies, work 
opportunities over short and long term is critical.  

Not appropriate. 

 

 

In addition to the market values, Ranking or Well-being 
Indices can further help to infer extended livelihood values of 
lost natural resources, e.g. long-term impacts of loss of farm 
land on work opportunities, provision of food and clothes, 
social relations, etc. 
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Examples  Several studies by the FAO and UN, including 
IPCC reveal loss of billions of dollars each year to 
ND. 

FAO (2018) estimated a loss of US$250-300 
billions per annum on average to droughts, floods, 
climate change, cyclones, etc. across the globe. 

The Economics of Land Degradation (ELD; 2015) 
is a global initiative assessing the value of land and 
its services across different countries including the 
cost of land degradation where applicable: 
https://www.eld-initiative.org.  

 

 Typically, these studies include the loss of production but fail 
to include the loss of future work opportunities or the impacts 
on the well-being of the affected farming communities and 
their local economies. 

2. Loss of storm 
and flood 
protection  

Lost protection value of coastal wetlands from 
storm/flood damage can be inferred using RC for 
building levies to estimate the proportional damage 
caused by storms/cyclones. Alternatively, we can 
compare the impacted and non-impacted parts of 
the coast and equate those losses with marketable 
goods/services (GDP). 

Rehabilitation cost for coastal vegetation can also 
reflect the lost value of storm and flood protection. 

Not appropriate. 

 

Coastal vegetation while protecting population from storms 
and floods also delivers other ES such as providing habitat 
for fish and hence food for people, recreational use, and other 
timber and non-timber products. Thus, considering a 
collective loss of all those values for the impacted population 
could reflect a much accurate value. 

Examples Costanza et al. (2008) estimated the value of storm protection (US$3,200/ha/yr, as median) from the ratio of total damage (TD)/GDP for hurricane 
Katrina in Louisiana, US. They contrasted the estimated total damage with the avoided damage from storms using the areas where coastal wetlands 
were intact and offered protection. They also included other factors such as wind speed, frequency of storms, area of wetlands, and 100x100 km 
cyclone swath.  

https://www.eld-initiative.org/
https://www.eld-initiative.org/
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Barbier et al. (2013) followed a damage function approach to suggest that wetland vegetation reduces storm damage to a value of US$99-$133 for 
1% change in wetland continuity per meter, in Louisiana, US. 

3. Loss of natural 
landscapes 
supporting 
significant 
biodiversity 
values 

Usually TC method is applied to reflect the market 
value if a place is of wider public interest e.g. 
national parks/conservation lands. 

To estimate the value, the number of visitors and 
expenditure per visitor to get to the targeted 
park/conservation land are accounted for over a 
specific time period. 

Concern: It captures only part of the total value 
especially as many natural places important to 
locals also hold cultural and social relationships, 
stories and traditional learning. The above methods 
often fail to capture the actual value of those 
multiple benefits. 

It is useful to have a pre-existing study before the 
event otherwise if the event already occurred then 
non-monetary measures such as ranking, surveys or 
deliberative approaches can be applicable to 
understand the value of a foregone resource. 

WTP/WTA methods are used 
to ask the tourists how much 
they are willing to pay to 
maintain or preserve, or 
accept for the loss of, 
specific conservation area.  

 

Concern: WTP/WTA 
depends largely on people’s 
financial capacity. Often, 
people from poor financial 
background hold high value 
of such places but low 
financial affordability. These 
methods fail to capture the 
actual value (see Sangha et 
al. 2017).   

 

Ranking the role of conservation/natural lands for local well-
being using surveys, interviews, focus group or SP meetings 
can offer non-monetary measures. For monetary assessment, 
the ranks/scores can be further proportioned according to 
well-being costs (reduced) or benefits (enhanced)2.  

Examples Laurila-Pant et al. (2015) offers a review of monetary and non-monetary methods to 
assess the biodiversity value of natural systems. The former includes TC, RC and 
CV-WTP/WTA and the latter quantitative and qualitative techniques such as 
surveys, interviews, and deliberative approaches. 

TEEB-ES database offers 1310 values of natural systems from >600 studies across 
the globe with a range of monetary values (https://www.es-
partnership.org/services/data-knowledge-sharing/ecosystem-service-valuation-

Milcu et al. (2013, Laurila-Pant et al. (2015), Chan et al. 
(2016) and several others offer qualitative techniques to 
assess the value of natural systems applying socio-ecological 
context. 

https://www.es-partnership.org/services/data-knowledge-sharing/ecosystem-service-valuation-database/
https://www.es-partnership.org/services/data-knowledge-sharing/ecosystem-service-valuation-database/
https://www.es-partnership.org/services/data-knowledge-sharing/ecosystem-service-valuation-database/
https://www.es-partnership.org/services/data-knowledge-sharing/ecosystem-service-valuation-database/
https://www.es-partnership.org/services/data-knowledge-sharing/ecosystem-service-valuation-database/
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database/). Understanding and assessing these values using region specific values 
can provide a useful estimate of lost values due to a ND event. 

4. Loss of 
cultural and 
spiritual 
values 

Usually TC or sometimes RC method are applied to 
represent the market value of a cultural place. 

Concern: Often TC or RC methods capture only 
part of the total value as many natural-cultural 
places offer multiple values i.e. cultural and social 
relationships, stories and associated traditional 
learning, for the locals which are difficult to 
measure.  

 

As mentioned above, 
WTP/WTA or CM are used 
to measure the market value 
of a place particularly, if it is 
of wider public interest e.g. 
national parks/conservation 
lands. 

 

 

Cultural, particularly spiritual services are difficult to 
monetized, hence ranking, surveying or deliberative 
approaches including personal experience, imagination and 
values, or spatial representation can prove useful. 

 

Examples Costanza et al. (1997) and de Groot et al. (2012) estimated the value of recreational 
services of natural places for >100 case studies across the globe. Most of these 
values were derived using CV–WTP/WTA, value transfer or TC methods. TEEB-
ES database offers details (https://www.es-partnership.org/services/data-
knowledge-sharing/ecosystem-service-valuation-database/). These studies are 
restricted to natural not disaster impacted places, but the assessment methods can 
apply to measure the foregone value of natural systems due to ND. 

 

Infield et al. (2015) conducted a global study on analysing 
key methods to measure the value of cultural services which 
include ranking, mapping, photos, and change over time in 
ES and their importance towards peoples’ well-being; Chan 
et al (2016) suggested valuing a bundle of cultural services 
using relational (qualitative) value approach which pertains 
to all relationships between people and nature, including 
relationships that are between people but involve nature. It 
includes values such as cultural identity, social cohesion, 
learning, and moral responsibility, which can be expressed 
using conceptual diagrams. 

5. Loss of 
aesthetic and 
scenic values 

HP or RC methods are applicable. 

 

HP is used to estimate the value of aesthetic and scenic beauty of a place/house by 
comparing its value in the absence of original aesthetic and scenic beauty, or RC for 
re-habilitating the lost natural beauty of a place. 

Interview, SP, focus group meetings, or ranking to infer the 
loss of nature’s scenic and aesthetic beauty from local 
perspective. 

https://www.es-partnership.org/services/data-knowledge-sharing/ecosystem-service-valuation-database/
https://www.es-partnership.org/services/data-knowledge-sharing/ecosystem-service-valuation-database/
https://www.es-partnership.org/services/data-knowledge-sharing/ecosystem-service-valuation-database/
https://www.es-partnership.org/services/data-knowledge-sharing/ecosystem-service-valuation-database/
https://www.es-partnership.org/services/data-knowledge-sharing/ecosystem-service-valuation-database/
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Examples de Groot et al. (2012) reported the use of HP to evaluate the aesthetic value of 
forests from three case studies and of reefs from five case studies on coral reef. 
TEEB-ES database offers details (https://www.es-partnership.org/services/data-
knowledge-sharing/ecosystem-service-valuation-database/).  

 

 

1The Borda rule is a method for rank-order scoring to obtain an aggregate score. For example, individual scores for 5 chosen well-being attributes, ranking each from 1 to 
10, can be aggregated to obtain a final score (for details see Dasgupta 2004). Usually, this can be useful to inform policy decisions. 

To extend ordinal ranking for monetary assessment, well-being costs can be estimated from welfare services expenditures and then proportioned to cultural, spiritual or 
social scores. For example: an aggregate of social, spiritual and cultural score out of all well-being benefits = 22/50;  

Total well-being expenditure for an individual = $16,000, which also includes several other benefits;  

An estimated value of selected social, spiritual and cultural benefits = 22/50*16,000 = $7,040. 

Note, this type of monetary assessment requires detailed analysis of well-being attributes and related expenditure that are important to the local community. 

 

  

https://www.es-partnership.org/services/data-knowledge-sharing/ecosystem-service-valuation-database/
https://www.es-partnership.org/services/data-knowledge-sharing/ecosystem-service-valuation-database/
https://www.es-partnership.org/services/data-knowledge-sharing/ecosystem-service-valuation-database/
https://www.es-partnership.org/services/data-knowledge-sharing/ecosystem-service-valuation-database/
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Table 3.   Long-term average (2000-2018) burnt area from wildfires varying in extent from <10km2 to >100km2.  

 

Average burnt area 
(km2) from 2000-
2018  <600mm rainfall zone >600mm rainfall zone 

Total burnt area 
(km2) of the 
entire NT 
landscape 

Land use Indigenous Conservation Grazing   Total 
burnt area 
(km2) 

Indigenous  Conservation Grazing Total burnt 
area (km2) 

 

NA/No fires 356,222 3,822 341,586 701,629 130,410 16,928 156,902 304,240 1,005,869 

<10km2 2897 48 1167 4112 16,536 2,615 5,165 24,316 28,428 

 10-100km2  6,945 91 3,781 10,817 28,888 5,290 13,378 47,556 58,373 

 >100km2  47,419 387 20,621 68,427 45,363 6,719 41,986 94,067 162,494 

 % total burnt 
area of respective 
land use 

9.06   0.76 4.28 4.70% 14.37 21.07 10.14 15.19 20% 
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Table 4. Bushfire costs for the NT for >600mm and <600mm rainfall zones (values in AU$ 2018) 
applying 2 scenarios for fire extent >100km2 and >10km2, using long-term average from 2000-2018 
(Source: Sangha et al. 2019c). 

 

Regions   >600mm rainfall 
zone 

 <600mm rainfall 
zone 

Total loss (AU$ 
millions) 

Scenario 1- burnt area >100km2 

 Indigenous   $  36,986,826   $     35,382,804   $     72.37  

 Conservation   $       334,852   $       5,811,531   $       6.15  

 Grazing   $    5,443,908   $     11,084,314   $     16.53  

  $     95.04 

Scenario 2- burnt area >10km2 

 Indigenous   $  42,404,013   $     57,915,811   $  100.32  

 Conservation   $       413,413   $     10,387,273   $     10.80  

 Grazing   $    6,442,112   $     14,616,027   $     21.06  

   $  132.18 
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Table 5. Bushfire costs of fires >10km2 in size on Indigenous lands for Indigenous people in the NT. 

Indigenous land  Indigenous 
population  

Loss of well-being benefits due to wildfires 
(AU$/yr, values in 2018) 

631,863 km2 in total  Total population 58, 
238 (ABS census 
2016) 

Assuming Indigenous people in remote locations 
directly benefit from having connections with 
country (Social Ventures Australia 2016, Sangha 
et al. 2017, 2019b; and others), there are 
substantial cost-savings for Indigenous welfare 
expenditure for the government for keeping 
Indigenous estate healthy and functional apart 
from biodiversity, reduced GHG emissions, and 
other benefits for the wider Australian public.  

Bushfires >10km2 size 
burn 128, 615 km2 
almost every year 

35,414 living in 
remote locations 

Applying a substitute value for only 25% of 
welfare expenditure on three sectors/sub-sectors: 
1. A safe and supportive community; 2. 
Economic participation; 3. Healthy lives–public 
and community services, i.e. $7,673/person/yr, 
the total bushfire costs were estimated as 
AU$272million/year.  

 

 

 

 

 

 

 

 

 

                                                                                                                                                                                                                                                                                                                                                                          

 

 

 

 



 
Fig. 1. Fire frequency across northern Australia (2000-2018). 
 

  
Fig. 2. Indigenous discrete communities (using ABS 2016 census data) and dominant land 
uses in the NT. 
 



 
 
Fig. 3. The average long-term (2000-2018) fire frequency across the NT for: 

a) 2000-2004; b). 2005-2009; c). 2010-2014; d). 2014-2018 time periods. 
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