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Abstract 

There is a general perception that illegal wood harvesting occurs in developing countries 

where there is low enforcement of forest management rules for the purpose of timber 

production. However, the practice of illegal wood harvesting ensues in affluent economies, 

including Australia, where law enforcement is relatively better and selling illegal wood is 

prohibited. Illegal wood harvesting is not limited to production of high-value timber but also 

for other purposes such as firewood. Despite being a primitive source of energy, firewood is 

still recognized as an important component of household energy in different parts of the world. 

In Tasmania, a state in Australia, 26% of households use firewood as a primary source of home 

heating energy that is harvested from a mix of legal/illegal and sustainable/unsustainable 

sources.  

The practice of illegal and unsustainable wood harvesting has adverse ecological, social 

and economic impacts. Habitat for a number of threatened and endangered species in Tasmania 

has been degraded by the illegal collection of firewood. In order to control the practice and 

associated impacts, several strategies, rules and regulations have been developed at national 

and state levels. Despite existence of such rules, the unsustainable collection of illegal firewood 

has persisted in Tasmania with diverse impacts. Managing the problem requires an 

understanding of the driving forces of the practice, challenges to enforce wood collection rules, 

and the development of a legitimate wood supply chain.  

After presenting a general introduction to the problem in the first chapter, the second 

chapter of the thesis aims at analysing the institutional arrangements of the Tasmanian firewood 

industry using the institutional analysis and development (IAD) framework. The chapter 

provides perspectives on opportunities within the existing institutional setting to develop a 

market for legal and sustainable firewood. After a review of the existing policy documents, a 
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semi-structured interview questionnaire is used in the chapter to guide the discussions with 

purposively selected informants (n=20) from eleven Tasmanian firewood industry-affiliated 

stakeholder groups. The primary drivers of illegal and unsustainable wood harvesting are 

identified to be economic condition coupled with the community’s lack of awareness about the 

impacts associated with the practice on forests and forest biodiversity. Limited collaboration 

among forestry stakeholders and lack of mechanisms to differentiate the legal and sustainable 

firewood from other wood in the market have contributed to the challenges. The findings of 

the IAD framework suggest that a multifaceted approach is required to control the practice. 

From the interviews, many of the stakeholders felt that community education/information 

campaigns, better collaboration among the various agencies and stakeholders, and 

differentiation of the product with a labelling system in the market would aid in managing the 

problem. Interestingly, a review of the literature, and not stakeholders, identified the potential 

for using unmanned aerial vehicles and remote sensing to detect hotspots of the practice. 

The potential for the development of a legitimate firewood supply chain supported by a 

labelling system was explored with an application of a stated preference survey. The survey 

used a two-treatment split sample approach, where the treatment group (n=239) saw a two-

minute video (and the control group did not) before undertaking a series of choice tasks as part 

of a discrete choice experiment. The multipart stated preference survey was otherwise identical. 

The results presented in the next three chapters are produced from this survey data. To evaluate 

whether Tasmanian wood consumers would pay for the labelling system, combinations of legal 

and sustainable features of firewood were identified and presented to survey participants with 

a cost based on careful background research with government and industry, qualitative pre-

testing, followed by an online pilot and full survey.  

The survey identifies Small Native Forest Wood (harvesting wood from small native trees 

and thereby leaving hollow-bearing trees), Plantation Forest Wood (branches/thinning of 
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plantation forests), Agroforestry Farm Wood (wood from a farm established to produce 

firewood), and Repurposed Wood (miscellaneous wood from road widening or construction) 

as legal and sustainable sources of firewood. Besides the source of the wood, the labelling 

system would include two social and two environmental priorities where part of the premium 

on the firewood will be invested. The social priority ‘Keep the Poor Warm’ addresses fuel 

poverty, while ‘Job Creation for Tasmanians with Disabilities’ supports training programs in 

the firewood industry. Environmental priorities include ‘Save our Wildlife’ and ‘No Wood 

Waste in Tasmania’ where part of the premium is used to promote conservation of habitat areas 

or to avoid wood leftovers ending up in landfills, respectively. Distance (km) of wood 

production sites from consumers’ residence is included in firewood features to understand the 

role of the local attribute and how consumers may consider carbon emission while transporting 

wood over a certain distance. The distance from firewood production sites was specified as 

being within 50km, 51−100km, 101−200km or 201−300km. The Cost ($) is expressed as the 

additional cost, which ranges from $20 to $160 in $20 increments to be paid over the base price 

of $180 per trailer load of wood. Six choice tasks, consisting of four alternatives (one being an 

opt-out), were presented to participants based on a Bayesian efficient design. 

Using the control group data, chapter three of the thesis investigates acceptability of the 

labelling system by estimating consumers’ willingness to pay (WTP) for the sustainable 

firewood attributes. The models are estimated in WTP space using a two-class latent class 

model and a mixed multinomial logit model with error component. The results of chapter three 

indicate that consumers are willing to pay a premium for the firewood sourced from 

Agroforestry Farm or Repurposed Wood, keeping the Small Native Forest Wood as a base. 

Consumers are also willing to pay for the environmental priority Save our Wildlife, keeping No 

Wood Waste in Tasmania as a base. As the Distance (km) increases, consumers’ WTP tends to 

decline which indicates that consumers prefer locally produced firewood or may be considering 
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the carbon emitted from transportation. The results indicate there is potential for the 

development of a labelling system for Tasmanian firewood. Consumers’ WTP for the two 

social priorities is zero, which suggests the importance of investigating other factors that 

explain consumers’ pro-environmental and pro-social behaviour. 

In chapter four, the impact of non-attribute information on consumers’ behaviour is 

investigated by modelling the two treatments. For clarity, the control group is the focus of 

chapter three and chapter four and five utilises both treatments. The video defines unsustainable 

wood harvesting practices and explains the impacts on biodiversity. The original video was 

developed by the Natural Resources Management, South Tasmania and cut back to two minutes 

for the purpose of this survey. Data from the video and no video treatments are modelled 

separately, followed by a joint model where wood attributes are interacted with a binary 

variable for the video. The results indicate that the video has no effect on WTP. Next, a hybrid 

choice model (HCM) is estimated to explore the effects of the video on the scale parameter and 

choice certainty through a latent variable, consequentiality of the study. The findings show that 

the video has no effect on WTP, scale or choice certainty. The results of chapter four allow for 

the data from the two treatments to be pooled.  

Attitudes towards environmental sustainability are important in a state like Tasmania 

where there are highly polarized views about environmental and social priorities, e.g., 

conservationists’ vs foresters’ perspectives of sustainable forest management. Consumers’ 

WTP for legal and sustainable firewood could be explained in part by individuals’ level of eco-

consciousness. Chapter five uses the pooled data from the two treatments (n=478) in the 

estimation of the HCM to investigate the effects of consumers’ eco-consciousness behaviour 

on their WTP. 
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Chapter five of the thesis provides a more nuanced picture of the factors which 

influence the acceptance of the labelling system and consumers’ WTP. The modelling results 

indicate that consumers’ eco-consciousness behaviour is associated with level of education, 

gender, areas of residence, awareness of the impacts of the practice and perceived policy 

relevance of the study. More eco-conscious consumers are willing to pay for Repurposed Wood 

and prefer their proceeds to be invested in conservation of habitat (Save our Wildlife), which 

implies that such consumers are pro-environment. Less eco-conscious consumers are willing 

to pay for firewood sourced from Agroforestry Farm or Plantation Forests where part of the 

premium is invested in Keeping the Poor Warm, suggesting that such consumers are pro-social. 

Both more and less eco-conscious Tasmanians prefer wood sourced from a relatively closer 

distance to their residence. This evidence implies that there are Tasmanian wood consumers 

who are pro-social and pro-environment, which policymakers may wish to consider 

incorporating in the labelling system.  

Overall, this thesis identifies that the major challenges to enforcing wood collection 

rules include economic conditions of the state, high transaction costs due to limited 

collaboration among the stakeholders and the Tasmanian community’s level of awareness 

about the impacts of the practice. The results from the stated preference survey and the 

modelling support the development of a labelling system. Legal and sustainable firewood 

sellers could differentiate their product with a labelling system considering the role of 

consumers’ eco-consciousness behaviour. 
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Chapter 1 

1 General introduction 

1.1 The problem of illegal wood harvesting 

Illegal wood harvesting is a worldwide problem with a series of associated impacts. The 

nature and scale of illegal wood harvesting varies across countries based on harvesting 

purposes, demand for wood and level of enforcement (Felbab-Brown, 2011; Wakker, 2014; 

Wellesley, 2014). The outcomes of illegal wood harvesting are land use changes and 

deforestation as well as loss of forest ecosystem services, government revenue and economic 

rents (Koyunen and Yilmaz, 2009).  

Estimates by Chatham House (2015) indicate that about half of the internationally exported 

wood from developing countries is sourced from conversion of forest land and 66% of that 

wood is illegal. Other estimates suggest that between 2000 and 2012, 20 million hectares of 

forest were illegally cleared and converted to agriculture worldwide, with 75% of the 

deforestation occurring in Indonesia (50%) and Brazil (25%) (Global Forest Atlas, 2020). 

Illegally harvested wood coming from tropical regions (Amazon Basin, Central Africa and 

Southeast Asia) represents 15-30% of globally traded wood (WWF, 2020). In the USA, it is 

estimated that the price of timber declined by 7-16% due to the presence of illegal wood in the 

market (American Forest and Paper Association, 2020). Illegal wood that enters international 

markets represents about 1% of the total global production of goods and services (May, 2017) 

with an estimated loss of approximately $10-15 billion per annum globally (WWF, 2020).  

The focus of this thesis is the problem of illegal harvesting of firewood, as a subset of the 

wider illegal wood harvesting problem, using Tasmania, Australia as a case study site. Data on 

the prevalence of illegal and unsustainable harvesting of firewood in Australia in general is 
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dated (Driscoll et al., 2020). For Tasmania, the most firewood-dependent state in Australia, the 

evidence is similarly scant. However, the issue has been raised in the Tasmanian parliament, 

as well as appearing on websites of industry and environmental/conservation groups (see 

McGlone 2016; Tasmanian Greens, 2020; NRM South, 2021). 

1.2 Definition of illegal wood harvesting and the context of Tasmanian firewood  

Illegal firewood collection can range from occasional wood theft by individuals through to 

large-scale illegal logging operations. The definitions of illegal wood harvesting generally 

include some reference to the extraction of wood from a protected area on public or private 

land without the required permissions in place (Gavin et al., 2009). Different organizations and 

countries define illegal logging with reference to Acts and regulations. Some of the definitions 

are as follows: 

• the Illegal Logging Prohibition Act 2012 (Commonwealth) defines illegal logging as ‘when 

timber is stolen, harvested without the required approvals or in breach of harvesting licence 

or law; timber is bought, sold, exported or imported and processed in breach of law; and/or 

timber is harvested, or trade is authorized through corrupted practices’ (Federal Register of 

Legislation, p. 3). 

• the Lacey Act 2008 (US) states that it is unlawful to take, acquire and trade wood harvested, 

possessed, transported and sold in violation of underlying laws in the USA or foreign 

countries (US Sustainability, 2022). 

• according to European Union Timber Regulation 2010 No. 995/2010 (EU), timber is 

illegally harvested if the harvesting does not coincide with the law of the country. Legal 

timber production is characterized by obtaining the legal rights to harvest, payment of taxes 

and fees related to the harvesting, compliance with forest management and biodiversity 

conservation guides, custom and trade laws (European Commission, 2021). 
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• the Convention on International Trade in Endangered Species describes illegal logging as 

harvesting wood without permits, in violation of wood harvesting-related rules, over 

permitted volume or collecting wood with forged documents (Guertin, 2003). Wood 

harvesting is also considered illegal when the harvesters damage the trees and make them 

vulnerable to legal harvesting (Rhodes et al., 2006; Christy et al., 2007). 

In this thesis, the definition of illegal firewood harvesting fits within these broad 

definitions. The collection of firewood is illegal when:  

• firewood is collected from public forests without wood collection permits1 or commercial 

licences issued by Sustainable Timber Tasmania (public business enterprise in the forestry 

sector of the state) (Sustainable Timber Tasmania, 2020). 

• firewood is collected from private land without the permission of the landholder (Tasmania 

Police, 2013). 

• firewood is collected from crown land/national parks, reserved areas managed by the Parks 

and Wildlife Service or any other formal or informal reserves (NRM South, 2021). 

Legally harvesting wood does not necessarily imply the harvest is sustainable. In this 

context, the collection of firewood is defined as sustainable when the practice adheres to the 

2005 Code of Practice of the Firewood Association of Australia2 (FAA). Specifically, the 

practice is sustainable when all the following elements of the FAA Code of Practice are 

followed (FAA, 2005, p. 1): 

 
1 A permit is a document that firewood collectors use to collect wood from operational sites of public lands such as Permanent Timber 

Production Zone land (PTPZL) managed by Sustainable Timber Tasmania, whereas wood sellers or contractors can buy the licences to produce 

firewood for business (Sustainable Timber Tasmania, 2020). 
2 The FAA is a non-profit association established in 2005 to represent the commercial firewood industry in all states of Australia. The FAA 

operates under voluntary Code of Practice and it has five purposes: (1) to protect, enhance and improve long-term sustainability of Australian 

firewood industry; (2) to promote the members of the association as reputable suppliers of sustainable firewood; (3) promote firewood as a 
sustainable and alternative source of energy for heating and cooking; (4) to facilitate the communication among the members of Australian 

firewood industry; (5) to represent and advocate the members of the association on issues that may affect the firewood industry (FAA, 2005). 
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• firewood needs to be sourced under sustainable forest management principles to protect 

biodiversity and ecosystem processes;  

• areas where collection may have a significant impact on listed threatened species or 

ecological communities are excluded;  

• wood needs to be collected in a manner that conforms to regional vegetation plans, 

catchment/natural resource management plans or other relevant plans; 

• firewood is preferably sourced from operational sites of plantation and regenerated native 

forests, or residue from manufacturing processes or salvage operations; 

• firewood should not be sourced in contravention of any statutory Code of Practices or other 

mechanisms that control forest management and vegetation clearance and relevant laws 

relating to firewood apply in a state or territory. 

Historically, efforts have been made to limit the impacts of illegal and unsustainable wood 

harvesting, regulate the firewood industry and reduce market failure. In particular, the 

Australian and New Zealand Environment and Conservation Council (ANZECC) developed a 

national framework and states such as Tasmania have developed a permit system for wood 

collection in line with this national framework. Despite these efforts and other measures, the 

problem of illegal and unsustainable wood harvesting persists.  

This thesis is concerned with providing insights into the nature of the market failure, 

investigating opportunities within the existing institutional rules to address the problem and 

identifying strategies that will aid the development of a legitimate wood supply chain in 

Tasmania. As such, the overall objective of this PhD thesis is to generate information that the 

forestry industry and government agencies can consider and potentially use in processes to 

address externalities associated with the practice.  
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This thesis provides an overview and background to the problem, outlines the institutional 

setting which shapes the current activity, and explores the potential for the development of a 

product labelling system that would clearly identify legally and sustainably produced firewood. 

A labelling system would provide information to consumers on the nature of the product and 

harvesting/production practices. Labelling has potential to activate a market for sustainable 

wood and decrease incentives to harvest and purchase illegal firewood.  

1.3 Background and international experience 

Firewood is an important source of household energy for cooking, heating and lighting 

in different parts of the world (Serrano-Medrano et al., 2019). It is a renewable, readily 

available and affordable resource (Edwards and Langpap, 2005). Globally, about 2.5-3 billion 

people depend on fuelwood (firewood, pellets, charcoal, etc.) as a source of energy (Scheid et 

al., 2019) representing 6% of total primary energy consumption (Warde, 2019). As a 

component of fuelwood, firewood is consumed across the world, mainly in Sub-Saharan Africa, 

Latin America and the Caribbean regions that represent 37%, 28% and 2% of the global wood 

users, respectively (FAO, 2020).  

Household energy preferences are thought to change over time based on the 

socioeconomic characteristics of consumers, technological advancement and the political 

environment of the country (Serrano-Medrano et al., 2019). The change in energy use by 

consumers is commonly described with the model of the energy ladder (Kroon et al., 2013; 

Amoah, 2019). The model describes transitions in energy use and suggests that primitive fuels 

such as firewood, animal waste and agricultural residues will be replaced by transition energy 

(charcoal and kerosine) followed by more advanced energies such as Liquified Petroleum Gas 

(LPG), electricity and biofuels as socioeconomic characteristics of the users change (Kroon et 

al., 2013). However, the transition is not always linear as some of the energy sources serve as 

http://www.frontiersin.org/people/u/565879
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partial rather than perfect substitutes (Masera et al., 2000). Some consumers have strong 

preferences for using firewood when other options exist for reasons of comfort, cost, 

availability, etc. For these reasons, we observe a mix of energy sources in use in different 

countries despite the overall gradual decline in using primitive energy commodities such as 

firewood (Figure 1.1). 

Figure 1.1 The model of energy ladder (adapted from Kroon et al., 2013; Amoah, 2019). 

International experience suggests the consumption of firewood is largely determined 

by availability of energy alternatives, climatic conditions, and household income (Gioda et al., 

2019). For example, due to a lack of affordable alternatives, about 64%-84% of total household 

energy is derived from firewood in rural Nepal (Sharma et al., 2018) with a consumption rate 

of 235-1130kg per capita/year (Rijal and Yoshida, 2002). In Myanmar, 39% of households use 

firewood for cooking (Win and Mizoue, 2018) while about 69% of the public schools in 

Georgia use firewood for heating (Corso, 2013). Over 80% of households use firewood for 

home heating, and sometimes, cooking in the republic of Kosovo (Limani and Bajraktari, 2013).  
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 Despite rapid economic growth and declining use of firewood at the national level, a 

large portion of rural China depends on firewood for heating in colder seasons (Démurger and 

Fournier, 2011). In India, use of firewood has declined by 12% over the last two decades. 

However, the resource is still used by about 67% of rural Indians (Indian Ministry of Statistics, 

2020). Firewood is also a dominant energy source for cooking, lighting and preserving food in 

rural Ghana (Amoah et al., 2015), Tanzania (Scheid et al., 2019), Uganda (Egeru, 2014) and 

Ethiopia (Yigezu and Jawo, 2021), which involves, to some degree, illegal and unsustainable 

harvesting practices leading to environmental degradation. In rural South Africa, the primary 

energy sources are cow dung and firewood even though electricity is subsidized (Uhunamure 

et al., 2017). Evidence from Latin America also shows that over 30 million Brazilians use 

firewood, which is the second most used source of energy for cooking (Gioda et al., 2019).  

Whilst the majority of firewood worldwide (70%) is consumed in developing countries 

across Africa, Latin America and Asia (FAO, 1995), firewood is still used for domestic heating 

in affluent economies (Warde, 2019). For example, firewood is part of household energy 

consumption in United Nations Economic Commission for Europe (UNECE) countries (FAO, 

2018) and the USA (Marsinko et al., 1984; Song et al., 2012). About 2.5 and 9 million 

households use firewood as primary and secondary home heating in the USA, respectively (US 

Energy Information, 2014). Even though electricity is the primary source of heating in 

European Nordic countries, the use of firewood in the winter reduces electricity demand (FAO, 

2018). About 6% of Canadian households also use wood and wood pellets as their major source 

of home heating energy (Statistics Canada, 2013) though this varies considerably by region.  

Similar to other advanced economies discussed above, firewood is largely used for 

home heating in rural areas of the South-eastern states of Australia (Driscoll et al., 2000) with 

the largest reliance on firewood in the island state of Tasmania (ABS, 2014). Harvesting, 

buying and selling illegal wood occurs in several states and territories of Australia with many 

http://www.frontiersin.org/people/u/565879
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people unaware of the ecological, economic and social consequences of the practice. For 

example, in New South Wales (NSW), evidence shows that collection of unauthorised 

firewood has created a series of environmental and safety hazards (NSW, Department of Parks 

and Wildlife, 2016). In Victoria, the problem of illegal firewood harvest occurs frequently in 

undesignated wood collection areas in state forests or parks despite officers regularly patrolling 

parks, forest and reserves and taking action against the collectors (Forest Fire Management 

Victoria, 2020). Likewise, landholders are concerned about theft of firewood from their 

properties in South Australia (Herald, 2018). This evidence suggests that firewood, despite 

being a primitive energy type, is an important component of the current and future bioenergy 

(Serrano-Medrano et al., 2019).  

1.4 Tasmanian firewood  

In Tasmania, there is a limited amount of information about the current use of firewood 

and harvesting levels. From historical reports, it is estimated that in the late 1990s about 50% 

of Tasmanian households used firewood as a primary source of heating energy which amounted 

to 5.8 tonnes of firewood per household per annum (Driscoll et al., 2000). Australian Bureau 

of Statistics data suggests there has been some decline in the proportion of wood users with 

around 26% of households primarily using firewood for heating (ABS, 2014).  

Based on best available data, a report by Driscoll et al. (2000), about 80% of firewood 

is sourced from private forests and the remaining 20% from public forests. Further, 40% of 

wood users collect wood from their own land or public/other private forests and 60% purchase 

from small merchants, wood yards, relatives/friends, etc. In terms of consumption by location, 

70% of Tasmanian firewood is consumed in rural areas, 20% by urban households and 10% in 

industrial heating (Driscoll et al., 2000) as summarized in Figure 1.2.  
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Figure 1.2 Source, supply and consumption of firewood in Tasmania (adapted from Driscoll 

et al., 2000). 

1.5 Justification of the research 

Tasmanian forests represent 49% of land area in the state. While the Australian Bureau of 

Statistics reports economic data on agriculture, forestry and fisheries as one sector (ABS, 2021), 

this sector has been an important source of growth in the Tasmanian economy in terms of jobs, 

export earnings and contribution to gross state product (Economic Policy Branch Treasury, 

2021). Estimates by Schirmer et al. (2018) for the year 2015/16 indicate that the forestry sector 

of Tasmania supports over 3000 jobs with a contribution of around $314 million to gross state 

product. In 2019-2020, a total of wood and paper products worth $165.20 million were 

exported to international markets from Tasmania (Department of State Growth, 2021).  
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The firewood industry, as a component of the forestry sector, ideally utilises low value 

timber, provides a source of seasonal income and supplies the Tasmanian market with firewood. 

However, it is thought that there is a widespread problem with illegal and/or unsustainable 

harvesting of firewood which undermines legitimate businesses. Further, it is likely that there 

are large non-market values associated with critical habitat areas and that the combined market 

and non-market values make these market failures worth exploring.  

1.5.1 The impacts of illegal and unsustainable wood harvesting on habitat in 

Tasmania  

The practice of illegal and unsustainable wood harvesting has widespread impacts on 

habitat areas of native species. Based on NRM South (2021), there are 29 bird species in 

Tasmania that nest in hollows of standing trees. Four of these 29 bird species are listed as 

critically endangered including the Orange-bellied Parrot (Neophema chrysogaster), the 

endangered Swift Parrot (Lathamus discolor) and Forty-spotted Pardalote (Pardalotus 

quadragintus) and the vulnerable Masked Owl (Tyto novaehollandiae) under the Threatened 

Species Protection Act 1995 (Tasmania) and Environment Protection and Biodiversity 

Conservation Act 1999 (Commonwealth).  

Currently, the estimated population of Swift Parrots is below 300 individuals, so 

conservation efforts are particularly time critical (Olah et al., 2020). Swift Parrots are migratory 

birds that spend the winter months on the mainland of Australia and breed exclusively in 

Tasmania. To breed successfully, Swift Parrots require tree hollows characterised by deep 

pockets with small entrances critical for protecting eggs and the young fledglings. These 

hollows are found in mature eucalyptus and can take hundreds of years to form (Driscoll et al., 

2000). Such habitat areas also need to be close to sources of nectar such as the erratically 

flowering Tasmanian blue gum (Eucalyptus globulus) and black gum (Eucalyptus ovata) 
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(Webb et al., 2012). For these reasons, protecting tall trees in the species’ extremely restrictive 

breeding range is particularly important.  

1.5.2 The impacts of illegal wood harvesting on markets in Tasmania 

Historical evidence suggests that about 70% of the firewood sold by small merchants in 

Australia may be illegally harvested (Driscoll et al., 2000). Reports of individual and clusters 

of incidents exist as part of media reports of different investigations. A report by NRM South 

(2018) indicates that 480 tonnes of firewood was illegally collected from critical habitat areas 

including endangered tree species in Southern Tasmania in 2018, and the majority of such 

wood is supplied to the firewood market. Another recent case in the media reported 19 

individuals being charged over firewood worth $1 million. The wood was illegally collected 

from public reserves for commercial purposes (ABC, 2020).  

These illegal and unsustainable activities resulted in a loss of government revenue and, 

potentially, for harvesting operations to be characterized by ‘cutting corners’ with unsafe 

harvesting practices. Safety of wood collectors and liability to the landholders is another issue 

in the state (NRM South, 2021). An example is placing initial cuts in standing trees but not 

properly felling. In Joe’s Hill Forest (public forest in Southern Tasmania), such unsafe wood 

cutting practices have been observed at a rate of nine trees per hectare (NRM South, 2018).  

1.6 Building on past policy to encourage better outcomes 

Historically, to control the practice of illegal wood harvesting and develop a sustainable 

firewood industry, a series of intervention strategies were identified at a national level with an 

expectation of location specific implementation at the state level. The ANZECC taskforce 

prepared the ‘National Approach to Firewood Collection and Use’ in 2001, and within the 

report, six strategies are identified. States and territories are expected to use the framework as 



12 

 

a basis for developing their respective firewood collection and use action plan. The strategies 

are intended to improve the information base, encourage education of the community, improve 

the efficiency of wood pricing and marketing mechanisms, increase effectiveness of 

regulations, identify sustainable sources of wood, and increase firewood use efficiency and 

alternative fuels (ANZECC, 2001).  

The first ANZECC strategy encourages compilation of basic information such as the 

amount of firewood collected, the source of the wood and collection time. However, 

understanding the pattern of firewood use and the actual amount consumed per household is a 

challenge in Australia owing to lack of up-to-date data.  

The second strategy is designed to educate the community on ecological benefits of leaving 

fallen and standing deadwood on the land and fostering consumers’ preferences for other 

sources of firewood. Collectors prefer standing or fallen deadwood because it is dry and burns 

easily (Morroni and Musk, 2014). Collection of deadwood is also considered being part of good 

land management practices ‘cleaning up the forests’, ‘keeping the farm tidy’, to control feral 

pests, and reduce fire risk, etc. (NRM South, 2021).  

The third strategy, pricing and market mechanisms, aims to introduce a code of practice on 

firewood collection and supply in Australia. The code of practice would encourage the 

collection and supply of firewood from public and private forests in a sustainable and legal 

manner that will aid the development of a sustainable firewood supply chain.  

The fourth strategy focuses on improving the enforcement of the existing regulations 

to control the practice and associated impacts on threatened forests and forest biodiversity.  

Closely aligned, the fifth strategy encourages using waste (timber leftovers) and wood 

from thinning of plantation and sustainably managed native forests as sources of firewood. In 

Tasmania, leftovers from plantation timber, small native forests, wood from agroforestry farm 
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and repurposed wood such as old fences, road widening, or construction can be sustainable 

sources of firewood.  

The last strategy focuses on increasing efficiency of wood heaters or providing the 

consumers with alternative sources of fuel. 

Since the release of the ANZECC report, as part of the national firewood collection and 

use approach, the FAA has developed a Voluntary Code of Practice which it uses to promote 

members as reputable wood suppliers (FAA, 2005). However, as of 2021, there are only three 

full members of the FAA in Tasmania and thus the impact of the FAA on the firewood market 

seems to be minimal. Following the ANZECC approach, Tasmania also put in place a number 

of firewood collection rules involving commercial licences issued by Sustainable Timber 

Tasmania, provision for verbal agreements between private landholders and wood collectors. 

Despite the development of various firewood collection rules, regulations, and the Code of 

Practice, controlling the illegal and unsustainable practice is still a challenge.  

1.7 Methodology 

Using relevant economic research methodologies, this thesis examines existing 

institutional arrangements of the industry and explores potential approaches such as 

information and product labelling that may aid in reducing the impacts of the market failure. 

1.7.1 The institutional analysis and development (IAD) framework  

The IAD framework is a conceptual way of organizing information with the aim of 

identifying potential sources of market failure and whether agencies, groups of individuals or 

communities are potentially able to overcome these failings through collective action (Ostrom, 

1994). The interaction of people and their many motivations within a set of institutional 

arrangements shape whether resources are likely to be used productively to benefit all of 
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society or just benefit a segment (Ostrom, 2011). In the exploration of market failures, 

contextualization becomes particularly important. The flexible IAD framework considers 

exogenous factors such as biophysical factors of the resource, social characteristics and the 

cultural setting of the community that influence the institutional arrangements. In the context 

of the Tasmanian firewood industry, biophysical conditions of the forests (e.g., forest types), 

and community’s lack of understanding of the impacts of illegal and unsustainable firewood 

collection are important factors to consider in designing strategies that will help manage the 

problem. Also, the framework incorporates outcome evaluation criteria to distinguish the 

strength and weakness of given institutional arrangements (Imperial, 1999). Applying the 

framework allows critical factors to be isolated in resource management strategies (Imperial, 

1999).  

1.7.2 Application of non-market valuation techniques  

Consumer information through a labelling system and education more broadly are 

identified in the IAD chapter and explored as a potential strategy in the subsequent chapters of 

this thesis. Labelling can be used with consumer products to differentiate sustainably produced 

goods and services from other products. The key is whether consumers are willing to pay for 

these product characteristics, which are highlighted through information and packaging (Auger 

et al., 2003). As firewood labelling is largely outside the experience of consumers, there is 

limited purchase data in the market. Thus, the use of revealed preference techniques is largely 

precluded. Instead, stated preference techniques are required. In this regard, the thesis employs 

a discrete choice experiment (DCE) as part of a larger survey to gather data on preferences of 

potential consumers. 

In this DCE, product attributes and associated levels are organized as bundles of firewood 

attributes in choice tasks. The attributes include legal and sustainable sources of wood (Small 
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Native Forest Wood, Agroforestry Farm Wood, Plantation Forest Wood and Repurposed Wood) 

and other firewood characteristics that are potentially important to consumers, including using 

proceeds for environmental priorities (Save our Wildlife and No Wood Waste in Tasmania) and 

social goals (Keeping the Poor Warm and Job Creation for Tasmanians with Disabilities). 

Other attributes include Distance (km) to source of wood and Cost ($). The data collected with 

the DCE, and the larger survey are analysed using a choice modelling approach (Hensher et al., 

2015; Mariel et al., 2020). In this thesis, particular attention is paid to preference heterogeneity 

and incorporating attitudes into hybrid models of choice.  

1.8 Research questions 

Managing the problem of illegal and unsustainable firewood harvesting and associated 

impacts requires a holistic approach. Public and private forestry officers, firewood producers, 

consumers and non-government organisations need to work together to develop solutions. In 

an environment of competing priorities, new evidence would aid in justifying investments in 

new programs/projects to promote a legitimate wood supply chain. Accordingly, this thesis 

focuses on answering four research questions:  

Research question 1: Are there opportunities within the existing institutional setting to 

develop a market for legal and sustainable firewood? The problem of illegal and unsustainable 

wood harvest is still a challenge in Tasmania despite the existence of the permit system, a 

Voluntary Code of Practices and several environmental Acts that delineate areas where wood 

can be harvested. Further, are there institutional gaps that influence enforcement of wood 

collection rules? Accordingly, the thesis applies Ostrom’s IAD framework to analyse the 

institutional arrangements of firewood collection in Tasmania in the second chapter. Through 

a review of existing policy documents and in-depth interviews with selected forestry entities, 

the chapter outlines the institutional arrangements of the industry, the different actors, and 
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effects of the illegal and unsustainable practice on wildlife, economic activities, and public 

safety. Chapter two identifies the factors that make enforcement of the rules-in-use difficult in 

practice as well as some potential remedies to reduce the market failure. 

Within the time and limited resources of a PhD program, the thesis explores two of the 

conclusions from the IAD chapter, namely, the use of community education to influence choice 

and the development of a labelling system. A firewood labelling system will differentiate 

legally and sustainably harvested wood from other wood in the market. Expanding on these 

conclusions, a survey incorporating a DCE and an extensive set of questions on firewood use, 

knowledge of the illegal activities and associated impacts, and attitudes was developed to elicit 

consumer preferences for different labelled firewood. As the role of community education is 

often of interest to government agencies and is mentioned by the stakeholders, a split sample 

treatment was developed where half of the sample (n=239) is randomly assigned to a two-

minute video that depicts some impacts of the current wood harvesting practice on forest 

biodiversity. The control group (n=239) does not see the video. The data collected from the 

survey is used in the next three chapters (chapter three, four and five). 

In chapter three, consumer acceptance of a wood labelling system is explored through 

analysis of consumer preferences. Research question 2 asks how much are Tasmanian wood 

consumers willing to pay for firewood with a variety of attributes? Using the data from the 

control treatment, willingness to pay (WTP) estimates for different firewood attributes are 

presented in this chapter. The results suggest that consumers are willing to pay a premium for 

firewood sourced from Agroforestry Farm or Repurposed Wood, where part of the premium is 

invested in conservation of habitat of threatened animals of Tasmania ‘Save our Wildlife’. 

Consumers prefer wood coming from a closer location to their residence as indicated by 

declining WTP as Distance (km) increases. The chapter is thus able to contribute to the public 
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policy discussions on legitimate wood harvesting practices (acceptance of wood labelling 

system in Tasmania) as well as the wider labelling literature. 

Research question 3: Besides the attributes of a product, how are consumer preferences 

influenced by information? The stated preference literature on the impacts of information on 

preferences and choice is mixed. This thesis explores whether information in the form of a 

video influences consumer preferences when awareness is raised on some impacts of the 

current wood harvesting practice on forest biodiversity. So, the fourth chapter poses the 

question ‘does non-attribute information matter in the case of willingness to pay for sustainable 

Tasmanian firewood?’ This chapter is able to contribute to the literature on information 

provision and preferences as well as contribute to discussions on the potential usefulness of 

community education.  

Research question 4: How are preferences for firewood shaped by environmental 

attitudes? Extending models of consumer preference may provide insights that can be used to 

build a market for legal and sustainable firewood. Tasmania is a good case study site as views 

on forest management (e.g., pure conservation vs forestry jobs) are quite polarised. 

Incorporating attitudes in a model of choice results in a model that is more behaviourally 

realistic and provides indications on what different consumers are willing to support through 

their purchases.  

With the empirical papers, there is some unavoidable repetition which occurs with 

introducing the problem, providing background on Tasmania, the description of the survey and 

the econometric framework.  

1.9 Significance of the thesis  

The research questions, data collection and analysis are intended to contribute to a wider 

public policy discussion on sustainable wood harvest. Analysis of the institutional 
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arrangements underpinning firewood collection and supply helps identify the many challenges 

including the market failure in managing the resource. The institutional analysis provides a 

base for the choice modelling work that follows. 

 This thesis provides new insights to forestry economics and the consumer labelling 

literature through the application of these choice modelling techniques. Model results presented 

in the thesis indicate that consumers are willing to pay a premium for wood with different 

characteristics as part of a labelling system. The forestry industry and government agencies can 

use the information on consumer acceptance of the labelling system and the WTP in their 

deliberations. Private landholders can utilize the information produced in this thesis to assess 

the potential for firewood harvested with a range of characteristics or where proceeds are used 

to address environmental or social goals (e.g., engage in social enterprise). Similarly, managers 

of public forests can use the information in decision-making on alternative uses of wood or in 

the evaluation of biodiversity conservation policy in the state.  

The problem of illegal and unsustainable firewood collection is common across Australian 

states and territories with different levels of severity. While the data and analysis are from a 

particular case study site, some of the insights on consumers’ behaviour and their WTP for 

particular attributes could be transferred to other areas where illegal wood collection is a 

problem. This thesis can also be used as a reference for future research in Australian bioenergy, 

sustainable forest management, value supply chains, and biodiversity conservation schemes. 

Finally, this thesis contributes to approaches that aid achievement of the two objectives of the 

‘National Approach to Firewood Collection and Use’, namely, the protection of remnant native 

vegetation, threatened ecosystems and habitat for the threatened and declining species; and 

encouraging ecologically sustainable firewood collection from native forests, woodlands, and 

plantations (ANZECC, 2001, p. 7).  
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1.10 Roadmap of the thesis 

The thesis is a compilation of four papers on the institutional setting and the potential for 

consumer education and labelling. In the next chapter, the institutional arrangements 

underpinning the industry, rule enforcement challenges, and remedies are investigated with an 

application of the IAD framework. Chapter three expands on one conclusion of the IAD and 

presents consumers’ WTP for labelled wood. In chapter four, results of the video and no video 

data, and other models are presented. The role of attitudes and preferences with respect to WTP 

is investigated in chapter five. In chapter six, the key findings are summarised, policy 

implications discussed, limitations of the research outlined, and future research directions 

considered. In the Appendices, selected environmental Acts reviewed as part of IAD chapter 

(Appendix I), stakeholders’ interaction table as part of IAD (Appendix II), in-depth interview 

questions used in the IAD (Appendix III) and the DCE survey used in labelling, information 

and eco-consciousness chapters (Appendix IV) are provided as reference material.  
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Abstract 

Illegal firewood collection from public and private forests in Tasmania, Australia is 

widespread and is a challenging problem to control. The practice has adverse effects on habitat 

areas and depresses the market price of all firewood (legal and illegal). While Tasmania has 

developed a body of legislation, rules and policies over time, the problem has persisted. This 

study utilises an institutional analysis and development framework to assess existing 

arrangements of firewood collection and identifies potential strategies that will aid in 

controlling the problem. We conduct a review of legislation, rules and policies and undertake 

in-depth, semi-structured interviews with purposively selected informants (n=20) from eleven 

Tasmanian firewood industry-affiliated entities. Through this process, we identify key 

governance challenges associated with enforcement and information. We find a need for 

extending authority to enforce rules and enhancing community education to raise awareness 

about the social, ecological and economic effects of illegal harvesting. We suggest introducing 

forest unmanned aerial vehicles to detect hotspots and developing a legitimate firewood supply 

chain in the state. In combination, these measures may aid in reducing this long-standing issue.  

Keywords: firewood; illegal; institutional analysis and development framework; market failure; 

enforcement costs.  
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2.1 Introduction  

Illegal forest harvesting remains a global concern despite receiving considerable attention 

from government agencies, international and local non-governmental organizations as well as 

academic scholars (Alif et al., 2020). The nature and scale of illegal logging varies from country 

to country based on the use value of the wood and level of enforcement of forest management 

laws (Catheman House, 2015). In the case of firewood, according to best available data, about 

1.9 billion m3 of wood (firewood, charcoal, pellets, etc.) is collected annually at the global level 

(UN, 2020) and is thought to be a mix of legal and illegal wood (FAO, 2016). In Australia, 

based on the limited data that exists, approximately 20% of the country’s annual firewood is 

thought to be collected illegally from public lands (Driscoll et al., 2000).  

With growing populations, the strategic goals of forest related planning processes are 

to encourage collective efforts to manage natural resources for better societal and 

environmental outcomes e.g., more productive and sustainable forestry operations (FAO, 2019). 

In some cases, there are deficits in the policies and legislation to support the achievement of 

goals and targets. For example, Fernandes et al. (2020) evaluate the impacts of deforestation in 

Brazil and the ensuing carbon emissions and biodiversity loss and conclude that institutions 

that support the development of conservation reserves are required. In Ethiopia, forests and 

wetlands declined by 35% and 24%, respectively, whereas cultivation and settlement lands 

have significantly increased between 1973 to 2019 and are associated with shifts in the 

traditional land use institutions (Hailu et al., 2020). Other scholars have explored through 

discursive institutionalism the dynamics of change with respect to forest resource management, 

moving from feudal control through to processes which embed forest-based communities in 

planning (Laudari et al., 2020).  
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In Tasmania, our case study site, illegal collection of firewood imposes a series of 

externalities on landholders and society more generally as unsustainable harvesting causes 

habitat loss, public safety concerns, loss of economic rents, erosion of property rights, and 

discourages the development of an ecofriendly industry (Morroni and Musk, 2014; NRM South, 

2018). Collecting firewood from a landholder’s own property, others’ land with permission or 

public land with permits/licences may be legal but does not necessarily ensure the sustainability 

of the practice or vice-versa. The rational actions of firewood collectors in meeting their 

consumption or commercial needs can result in socially suboptimal outcomes, especially with 

respect to ensuring critical habitat is left intact. Noncompliance with the rules (wood theft and 

illegal forest practices) is also a criminal offence (Tasmania Police, 2013). However, solving 

illegal firewood harvesting in a cost-effective manner requires more than a strict enforcement 

of rules. We suggest that a better understanding of institutional arrangements of the industry, a 

fresh consideration of technology and the potential roles of forestry affiliated entities in 

enforcement is required.  

To analyse institutional arrangements of firewood collection, we employed an Institutional 

Analysis and Development (IAD) framework. The IAD framework has been applied to 

governance challenges of a range of public, quasi-public and common pool resources (Ostrom, 

2011) including the provision of urban green spaces (Mekala and Hatton MacDonald, 2018), 

achievement of conservation goals at a landscape level (Mannetti et al., 2017), social and water 

conservation (Nigussie et al., 2018) and the sharing of water resources e.g., irrigation (Cox, 

2014). It is a flexible framework which allows the analyst to identify a range of external factors 

that influence management of the resource (e.g., biophysical factors, rules-in-use, norms and 

community attributes), and outcomes based on evaluation criteria (Sarr et al., 2021).  

This study contributes to discussions on land use policies, challenges of sustainable use of 

resources and IAD literature using illegal firewood collection in Tasmania as a case study site. 
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The IAD framework was useful for identifying the roles and responsibilities of the actors, 

difficulties in enforcing rules, and strategies for collaboration. Foreshadowing the results of the 

analysis, a multi-faceted approach is likely to be required including community education, 

trialling technological innovations and greater collaboration in enforcement. Development of 

a legitimate firewood supply chain that fills consumer demand for affordable home heating 

holds potential as a means of reducing market failure. 

In the next section, a microeconomic framework which underpins illegal activity such as 

illegal wood harvesting is presented. Section three presents the IAD framework in the context 

of Tasmanian firewood, data collection, and analysis methods. In section four, we present the 

results which are discussed in section five against evaluation criteria. Finally, we provide some 

concluding remarks section six. 

2.2 A microeconomic rationale for illegal wood harvesting  

To foster investment, governments protect property rights through legal systems and a 

culture of law and order. However, the level of enforcement is a resource allocation decision 

which alters the payoffs and costs for the different actors. Offenders take into consideration 

the marginal benefit of the illegal activity against the marginal cost including the 

probability of detection as well as the nature and extent of punishments (Becker, 1968). For 

society, there are a series of impacts associated with different offenses which include 

diseconomies and negative externalities, all of which accumulate with an increasing 

number of offenses.  

Using a normative model, Becker (1968) describes mechanisms that rule enforcing 

entities might consider in discouraging violation of the rules. The optimal level of enforcement 

is where marginal social benefit equals the marginal social cost due to the illegal practice. 

Taking action against the offender involves evaluation of the cost of investigating, including 
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the probability of conviction and size of the punishment (fine, imprisonment, etc.). Further, it 

is essential to consider how responsive potential offenders might be as imposing punishment 

can be costly requiring public/private expenditure to process (Becker et al., 2013). In such a 

situation, the development of optimal policies to combat illegal behaviour requires an 

understanding of decision variables such as expenditure on policing, the courts, etc (Becker, 

1968).  

In the current literature, the management of illegal practices related to natural resources 

require collective efforts, efficient and effective enforcement of rules, and positive 

psychological and attitudinal perceptions of the actors (Johnpaul et al., 2021). Efficient and 

effective rule enforcement supports joint forest management, including collective actions, all 

of which potentially reduces illegal harvesting or overharvesting with the possibility of 

rehabilitation of the forest ecosystems (Arifanti et al., 2022; Kasymov et al., 2022). Efficiency 

in enforcement of natural resource management regulations is also influenced by several 

factors including economic, ecological, political, socio-cultural, and the nature of geographical 

dimensions with varying weight of each determining factor across regions (Kimengsi et al., 

2022). Using a quantitative approach, Zhang et al. (2021) indicate that efficiency in 

enforcement of the new Ambient Air Quality Standard (established in 2012) and associated 

impacts on improvement of corporate environmental performance in China is influenced by 

information and administrative hierarchical transparency. Other studies identify limited 

funding and cost recovery, multiple layers of enforcement, different incentives and interests of 

enforcing bodies, and diverse and conflicting interests of the actors as factors that determine 

optimality and efficiency of enforcement of forest related rules (Robinson, 2009).  

Forest management attitudes (forest owners and users’ beliefs, traditions and values) also 

influence the ecological, recreational, and production values of forest (Nordlund and Westin, 
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2011). In such a situation, understanding of the extent and directional influence of value 

orientations on forest conservation and management attitudes and behaviours is particularly 

important. For example, a study by Johnpaul et al. (2021) concludes that positive 

attitudes/behaviours of forest users are linked to cultural beliefs/norms, compliance to forest 

rules, and level of participation in forest management, whereas negative conservation 

attitudes/behaviours are triggered by factors such as dependence on forest resources, benefits 

from conservation (e.g., low benefits), and cost of conservation incurred by the participants. 

2.3 Materials and methods 

2.3.1 Study area 

We conducted the study in Tasmania, Australia. Tasmania is an island state off the south-

eastern coast of Australia and is one of the seven Australian states and territories. It has a total 

area of 6.3 million hectares with 3.34 million hectares of forest. About 58% of native forest is 

in conservation reserves. Approximately, 1 million hectares of forest are privately owned, and 

the balance is in public ownership (Forest Practices Authority, 2017). Compared to the rest of 

Australia, where annual temperatures range from 17°C to 23°C, Tasmania is characterized by 

colder weather conditions 3°C to 11°C (Climate and Weather, 2020). The population of 

approximately 541,000 people (ABS, 2021) occupy about 241,000 dwellings (ABS, 2016). 

Historically, cold weather, poorly insulated housing stock and increasing energy costs 

coupled with relatively low-income (median weekly income of $1,000 as compared to $1,305 

at national level) (ABS, 2016) have resulted in the largest volume of firewood being used in 

the state (5.8 tonnes per household) relative to the rest of Australia (3.3 tonnes per household 

at national level) (Driscoll et al., 2000; ABS, 2014). Around 26% of households in the state 

depend on firewood as a primary source of home heating energy (ABS, 2014). This relatively 

high reliance on firewood for home heating in Tasmania has continued over the last twenty 
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years following the Driscoll et al. (2000) report (and confirmed through personal 

communications with commercial firewood operators). A major portion of households in urban 

areas, who use wood for home heating, purchase firewood from large commercial firewood 

suppliers, roadside sellers and other informal sources. Some wood users obtain firewood from 

their own land, collect from private land of others or public forests (Driscoll et al., 2000).  

In Tasmania, there is also a tradition of collecting firewood to sell as a source of income or 

as part of recreational activity. To understand the impact of these practices, in 2003, annual 

firewood consumption in Tasmania was estimated to be 610,000 air dry tonnes (equivalent to 

1.2 million green tonnes) which is the second largest use of timber behind industrial production 

of pulpwood for the export woodchip market. Wood with an average retail price of $85 per 

tonne (at that time) delivered to homes representing about $52 million per annum to the 

industry, with little return to forest owners (Resource Planning and Development Commission, 

2003). Figure 2.1 presents the types of forest areas, roads that facilitate transportation of 

firewood and major cities (Devonport, Launceston and Hobart) within the state. 
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Figure 2.1 Map of Tasmanian forests. 

2.3.2 Selection of informants 

We conducted 20 in-depth interviews with purposively selected informants from eleven 

entities that are directly or indirectly involved in the firewood industry (Table 2.1). The 

questions in the semi-structured interview focus on how each entity perceives the problem of 

illegal firewood collection, causes and impacts of the problem, reasons for continuation of the 

problem despite existence of the rules, challenges in enforcement of the rules and possible 

remedies. However, given the different roles of the entities, questions in the second half of the 

interview were tailored to elicit information from the different perspectives (Appendix III).
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Table 2.1 List of entities and number of informants participated in the in-depth interview.  

Entities  Description  Number 

Sustainable Timber Tasmania Sustainable Timber Tasmania is a government business enterprise which is required under the Forest Management Act 2013 

(Tasmania) to make available up to 137,000 m3 of high-quality saw and veneer logs every year (Department of State Growth, 

2017). Other timber products are supplied to domestic and international markets. Firewood permits are issued to commercial 

and non-commercial entities. The enterprise manages public land classified as Permanent Timber Production Zone Land.  

3 

Private Forests Tasmania  Private Forests Tasmania is a government authority that facilitates development of forest resources on private land in a manner 

consistent with sound forest and land management practices. Tree Alliance is a marketing campaign run by Private Forests 

Tasmania aiming to raise awareness of agroforestry farms and the benefits of trees on farms (Private Forests Tasmania, 2021). 

1 

Tasmania Police Tasmania Police is the primary law enforcement agency in Tasmania, with more than 1,200 officers across the state (Tasmania 

Police, 2021).  

1 

Parks and Wildlife Service Parks and Wildlife Service is a state government body which is responsible for protected areas in Tasmania including public 

lands such as national parks, historic sites, and regional reserves under the umbrella of the Department of Primary Industries, 

Parks, Water and Environment (DPIPWE) (Parks and Wildlife Service, 2021).  

1 

Environmental Defenders Office The Environmental Defenders Office is a non-governmental/not-for-profit organization. It is an accredited community-level 

service that seeks to protect and defend Australia’s wildlife, people, and places (Environmental Defenders Office, 2021).  

1 

NRM South/North/Tamar These are Natural Resource Management (NRM) organizations in the South, North and Northwest (Tamar) of Tasmania. The 

three Tasmanian NRMs are part of the collective 56 NRM regions across Australia (NRM, 2018). The NRM regional bodies 

are independent non-statutory body under the provisions of the Tasmanian Natural Resource Management Act 2002 (Tasmania) 

that receive funding according to national priorities for natural resource management delivered on the ground (NRM, 2021). 

2 

Firewood sellers who are members of the 

Firewood Association of Australia 

(FAA) 

Firewood sellers that are members of the FAA operate with a commercial licence issued by Sustainable Timber Tasmania. 

These operators may harvest from private land under appropriate permits. 

2 

Private landholders Private landholders grow trees for timber production and/or have private reserves. Private landholders can provide wood 

collectors with permission to access their forests to collect firewood. Large scale harvesting operations must be done under the 

authority of a certified Forest Practices Plan authorised by the Forest Practices Authority (FPA). 

2 

Forest Practices Authority  FPA is an independent government statutory body that administers the Tasmanian forest practices system on both public and 

private lands according to the Forest Practices Act 1985 (Tasmania). The primary responsibility of the Authority is regulating 

the management of forest and non-forest threatened vegetation (Forest Practices Authority, 2021). 

2 

Forestry Academics  Researchers from the University of Tasmania and government researching on sustainability and biophysical nature of the forests. 2 

Firewood consumers Tasmanians who use firewood as a source of heating energy and/or for cooking. 4 

Total   21* 
* does not add up to 20 because some participants have two roles. Also, the illegal wood collectors are not included in the interview due to difficulties associated with identifying such individuals and ethical 
concerns associated with the topic. 
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2.3.3 Applying IAD framework in the context of Tasmanian firewood  

In the analysis of the many challenges in natural resource management, the IAD 

framework highlights a standard set of factors that may influence resource use including 

biophysical factors, community attributes and the rules-in-use. The resulting outcomes 

associated with exogenous factors and the actors involved in decision-making can then be 

evaluated against a series of criteria (Imperial, 1999; Ostrom, 2011). 

2.3.3.1 Exogenous factors  

In the context of Tasmanian firewood, the biophysical factors include types of forests 

(native/plantation), and location of the forests that are prone to illegal and unsustainable 

harvesting. In terms of type of forests, 91% of Tasmanian forests are native species (dry 

eucalypt, cool-temperate rainforests, wet eucalypt and subalpine eucalypt) and 9% is plantation 

forests (Forest Practices Authority, 2017) (see Figure 2.1). About 68% and 32% of the forests 

are public and private tenure, respectively (Morroni and Musk, 2014) and illegal firewood 

collection occurs in both tenure types across Tasmania. Community attributes include shared 

values, norms, beliefs, and heterogeneity in recognizing the problem and associated impacts 

(Imperial, 1991) as summarised in Figure 2.2. 

Figure 2.2 IAD framework (adapted from Ostrom, 1994). 
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2.3.3.2 Actors and the action arena  

Actors are individuals or organizations that make decisions on management of the 

resource and presented in the action arena of IAD as units of analysis (Crawford and Ostrom, 

1995; Ostrom, 2011; Li et al., 2016; Brodrechtova et al., 2018). In this study, the actors are 

Tasmanian forestry agencies, private landholders, consumers, firewood sellers and 

environmental NGOs that directly or indirectly influence the industry (Figure 2.2 and Table 

2.1). The interaction among the actors is an important component of the IAD framework which 

will lead to desired or undesired outcomes. Patterns of interaction among actors are influenced 

by external factors such as the diverse attributes of the community, biophysical conditions of 

the resource, and rules-in-use (Ostrom, 1994; Imperial, 1999; Ostrom, 2011). For example, 

Sustainable Timber Tasmania and Parks and Wildlife Service must interact and collaborate 

with Tasmania Police to bring illegal wood collectors to court. Parks and Wildlife Service, 

Sustainable Timber Tasmania and private landholders cooperate and share information on 

illegal activities.  

Actors in the action arena refer to the rules-in-use to explain and justify their interactions 

with fellow participants and make decisions about management of the resource (Ostrom et al., 

1994; Imperial, 1999). Following the approach of Polski and Ostrom (2017), the rules-in-use 

in the context of Tasmanian firewood can be categorized as position rules (specify the roles of 

the actors such as forestry stakeholders and how they should perform their activities), e.g., 

different Acts under which each forestry entity operates (see Appendix I); boundary rules 

(determine who can collect firewood and from where they can collect), including wood 

collection rules such as permits, permissions or licences; and authority rules (determine what 

actions an actor be able to take if firewood is illegally collected) such as the confiscation of 

wood or legal charges. Collectors operating within the rules would obtain a wood collection 

permit for an operational site of Sustainable Timber Tasmania, which is accessible for 
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collection of firewood for home consumption as shown in Figure 2.3. These individuals would 

have access to information about collection practice which is sustainable. Similarly, 

commercial operators operating within the rules would be complying with the provisions of a 

certified Forest Practices Plan3. Other informal agreements are also possible where firewood 

collectors can enter into verbal agreements with landholders to collect firewood from privately 

owned forests (Sustainable Timber Tasmania, 2020).  

Figure 2.3 Map of public forest operational sites accessible for firewood (Sustainable Timber 

Tasmania, 2021b; used with permission). 

2.3.3.3 Evaluation criteria 

Outcomes associated with current rules-in-use can be evaluated using different 

evaluation criteria. We adapt four outcome evaluation criteria from the literature (Imperial, 

1999; Ostrom, 2011). We examined the potential impacts of illegal firewood collection and 

 
3 Generally, collection of firewood on the following public lands is either not permitted or requires permits. These lands include National 

Parks, Public Reserves, Game Reserves, Natural Recreation Areas, Conservation Areas, Historical Sites, and Regional Reserves as defined 
under the Crown Lands Act 1976 (Tasmania); other crown lands i.e. the type of public land that does not currently have reserve status and 

defined under the National Parks and Reserves Management Act 2002 (Tasmania); Permanent Timber Production Zone and under the Forest 

Management Act 2013 (Tasmania); and Future Potential Timber Production Zone Land under the Forestry (Rebuilding the Forest Industry) 
Act 2014 (Tasmania). Under the Nature Conservation Act 2002 (Tasmania), an individual would need to acquire a permit to take any native 

plants from Private Sanctuaries if the collector is not the owner of the land. Other private forests are defined under the Private Forests Act 

1994 (Tasmania). Whether the lands are private or public, an approved Forest Practices Plan, certified by the Forest Practices Authority 
according to the Forest Practices Act 1985 (Tasmania) is required to harvest wood unless there is an exemption under the Forest Practices 

Regulations, such as small-scale operations with negligible environmental impact. 
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highlight the level of enforcement of the rules-in-use to control the activity using these criteria. 

The criteria include economic efficiency, equity, accountability and adaptability of the rules-

in-use. Economic efficiency of the rules-in-use requires evaluation of net benefits relative to 

an allocation of resources (Ostrom, 2011).  

Institutional performance can also be evaluated from a variety of equity perspectives. 

We draw a particular interpretation of equity, ‘those who benefit from a service should bear 

the burden of financing it’ (Imperial, 1999; p. 457) as well as consideration from a 

distributional perspective. Accountability can be enhanced where there are opportunities for 

the actors to monitor the behaviour of others (Imperial, 1999). Adaptability evaluation criterion 

involves encouraging learning and institutional innovations and enabling the agencies to create 

a capacity to respond to changing institutional environments (Whaley and Weatherhead, 2014).

2.3.4 Data collection and analysis   

The data was collected from October 2019-May 2020. Due to the social distancing 

requirements imposed through the COVID−19 pandemic, most of the in-depth interviews were 

conducted via internet platforms such as ZOOM, Microsoft Teams, or over the phone. Initial 

invitations to participate in the study were extended via email by one of the lead investigators 

(ET). Interviews were on average approximately 30 minutes, but some extended to 2.5 hours. 

The participants were interviewed separately by one interviewer (NA). With the consent of the 

individuals/organizations, detailed notes were taken to create a qualitative dataset for 

categorizing themes and analysing using content analysis i.e., content structuring and 

summarization (Mayring, 2000; Duncker et al., 2012).  

We employed NVivo to facilitate categorization of the detailed notes into major themes 

(Nvivo QSR International, 2020) initially by the lead author on the team (NA) and checked by 

others (ET and DHM). The text analysis resulted in major categories of themes, driving forces 
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and impacts of the problem, challenges to control and remedies to the practice (Table 2.3, 2.4 

and 2.5). Subsequently, under each major theme, we investigated what each actor considers to 

be the main problem, difficulties in enforcing the rules, impacts of the practice and possible 

remedies to the problem. Due to sensitivities, we do not quote or identify participants directly. 

2.4 Results  

2.4.1 Tasmania’s firewood collection rules and associated outcomes 

Initial questions in the in-depth interviews were used to further confirm some of the 

rules-in-use, understand the context and the desired/undesired outcomes. For example, there is 

a straightforward online permit system in place for collection of firewood from public 

forests/Permanent Timber Production Zone Land, for home consumption (Sustainable Timber 

Tasmania, 2020). Households who want to collect wood for home consumption can apply for 

a permit through an automated system with an online application platform and maps that 

delineate where firewood collection is allowed in public operational sites. Interviews 

confirmed that the number of permit applications for home consumption is relatively small 

even though the permits are accessible online and inexpensive.  

The in-depth interviews with national parks and reserves commissioners reveal that 

while legislation prohibits felling of trees in parks and reserves, illegal wood collection is 

occurring in prohibited areas (Table 2.2). For example, in 2020, commissioners pointed out 

publicly available information such as 122 trees were unlawfully felled in conservation areas 

in the Central Highlands of Tasmania (Parks and Wildlife Service, 2021). 

Overall, illegal firewood harvesting from public and private forests is believed to be a 

persistent problem in Tasmania (NRM South, 2021). Under the state’s Criminal Code (s.234 

of the Criminal Code Act 1924 (Tasmania)), wood theft is a criminal matter if individuals take 

wood from public forests without appropriate licences or permits or from private forests 
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without permission (Tasmania Police, 2013). In such cases, the illegal firewood collectors may 

face legal charges, and/or have the wood confiscated. There are several other pieces of State 

and Commonwealth legislation and Acts that shape resource use. These Acts differentiate lands 

that are either not available for firewood collection due to ecological importance of the forests 

(ANZECC, 2001) or because of threatened species mentioned under the Acts being protected 

in the Forest Practices Plan. 

Interviews with private landholders and government agencies were used to understand 

the provisions for wood to be collected from privately owned forests. Verbal agreements, while 

convenient, cause difficulties in enforcement if the agreement is broken by any of the parties.  

A review of policy documents and websites reveals that there are numerous provisions 

for commercial licences to harvest and sell firewood in a legal and sustainable manner. As part 

of interviews, for example, it was confirmed that timber affected by bushfire or planned burns 

by Sustainable Timber Tasmania which may not be suitable for commercial products can be 

supplied to firewood businesses.  

There have been high-profile enforcement operations in the last few years. For example, 

in the winter of 2020, charges were laid relating to over $1 million in retail value of illegal 

firewood being collected from a single public forest (ABC, 2020). Outside of isolated cases 

where illegal wood has been seized, much of the illegal wood is thought to find its way into 

the market for home heating.  

Overall, landholders, firewood businesses and Forest Practices Authority felt the 

prevalence of illegal firewood puts downward pressure on prices which makes holding 

commercial licences and harvesting sustainably to be less profitable.  
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Table 2.2 Firewood collection rules, application context of the rules and outcomes.  

Rules Context (from review of documents and in-depth interviews) Outcome (from in-depth interviews) 

 

Permits  

• The permit system was initiated in 1992 and granted subject to the provisions of the 

Forestry Act 1920 (Tasmania) which is currently known as the Forest Management Act 

2013 (Tasmania) 

• The permits must be carried while harvesting wood and produced on demand by an 

officer or law enforcement 

• The permits are subject to compliance with the Forest Safety Code Tasmania 2007 

(Tasmania)  

• No cutting of live trees is permitted. Domestic permit holders can collect firewood from 

the debris and waste on the specified Sustainable Timber Tasmania site 

• 30m3 of wood is permitted per annum for a collector 

• Permit holders need to make thorough inspection of the sites before departing 

• Woodcutting is not permitted on days when a weather warning is issued, or a total fire 

ban declared 

• Any fires are to be immediately reported to the Tasmania Fire Service on the 000 

number 

• Intended to set out conditions for legal harvest 

• May have reduced number of individuals randomly 

selecting forests and shifting activity to designated 

locations that are easily accessible 

• The permit system is not adequately controlling the 

problem.  

Commercial licence  

• A contractor or a firewood business can apply for a commercial licence 

• A landholder wanting to harvest wood (over 100 tonnes) needs to prepare the Forest 

Practices Plan that will be approved by the Forest Practices Authority  

• The contractor needs to adhere to all safety requirements 

• The operator is responsible for operational sites while wood is being harvested 

• Enable commercial firewood harvesting from public 

forests 

• The active presence of illegal wood collection distorts 

the price of the firewood reducing profit margins on 

legally sourced wood 

Private agreements 

• Individuals or businesses can request permission of private landholders and harvest 

firewood 

• The two parties make a verbal agreement on amount of wood to be collected, period of 

harvest and associated payment 

• May reduce the cognitive burden, but difficult to 

monitor and costly to chase non-payment  

• Nuisance factor: leaving gate open, wood misuse, etc.  

• Trespass and theft especially where there are absentee 

landholders or forests are remote from a residence. 

Contravention of rules  
• Criminal Code 1924 (s.234) (Tasmania) states that wood theft is a criminal matter if 

individuals take wood from public forests without appropriate licences or permits or 

from private forests without permission 

• The active presence of illegal wood collection distorts 

the price of the firewood reducing profit margins on 

legally sourced wood 
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2.4.2 Driving forces behind illegal firewood collection  

Addressing the problem of illegal firewood harvesting requires identifying reasons why 

people are involved in the practice, gaps in enforcement and the roles of organizations. With 

rising retail electricity prices in Tasmania (Parisot and Nidras, 2016), firewood is a reasonably 

economical way to heat a poorly insulated home. The interviewees suggested that legal and 

illegal firewood is readily available on internet websites such as Gumtree 

(https://www.gumtree.com.au) or through roadside purchase. However, the interviewees were 

clear in expressing a view that there is a general lack of information within the community 

about the effects of illegal firewood collection on the market for firewood. Similarly, there is a 

general lack of understanding about the impact on forest biodiversity through loss of habitat 

through unsustainable forestry practices.  

Interviews with forestry officers and NGOs suggest that some of the illegal/legal firewood 

collectors are characterized as low-income households, in situations of fuel poverty, or perhaps 

seeking additional income (due to unemployment or under-employment), especially during 

peak demand periods for firewood (Table 2.3). Small firewood sellers e.g., a significant portion 

of roadside sellers, sell firewood as a seasonal source of additional income. These sellers may 

have harvested from their own land, others’ land with/without permission, or public forests 

with/without permits. There is no immediately cost-effective way to identify illegally harvested 

wood.  

Interviews revealed that illegal firewood collectors prioritize forest which are accessible 

for their equipment and vehicles as well as the preferred type of tree species for firewood, all 

leading to targeting easily accessible native forest areas. Preferences for some species have 

further endangered the threatened native vegetation communities such as Black Peppermint 

(Eucalyptus amygdalina) forest, which is listed under the Tasmanian Nature Conservation Act 
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2002 (Tasmania) (Forest Practices Authority, 2017; NRM South, 2018). The in-depth 

interviews also revealed that illegal firewood collection occurs in Crown lands and National 

Parks, where harvesting firewood is generally prohibited. 

Finally, we turn to consumers. Due to the shared nature of forests and culture of a 

community, there may be a tendency for individuals to consider forest related services as a 

freely accessible benefit (Dorji et al., 2019). This theme also emerged in interviews that 

firewood from public land should be a free resource that everyone is entitled to access. Also, 

collection of firewood for home consumption is considered as part of an inherited culture. For 

some Tasmanians, the practice is summarised as ‘my Dad did it this way and so I should be 

able to do it too’. Such beliefs are essentially perceived property rights which are counter to 

the existing regulatory framework. While there are some provisions for low-income households 

e.g., permits are discounted, firewood is not freely available.  

Under current regulations, living trees are not to be felled under the permit system. Instead, 

wood left after harvesting on operational sites of Sustainable Timber Tasmania is made 

available for the firewood collector (Sustainable Timber Tasmania, 2020). It was noted in the 

interviews that permit holders may view the wood on Sustainable Timber Tasmania operational 

sites as debris, ‘leftovers’ and not prime firewood that can be easily split and stacked. Access 

to sites provided by Sustainable Timber Tasmania does not match collectors’ expectations. 

Further, in interviews, permitted areas are considered remote relative to the population centres 

on the island.
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Table 2.3 Actors and their views on the extent of illegal wood collection. 

Entities Causes of the problem Effects of the problem 

Government  

• Easy access to market 

• Local economic factors e.g., additional income 

• Lack of awareness about the effects of the illegal wood 

collection on forests and forest biodiversity  

• The wood harvesters may think that the community appreciate 

when they supply the wood at a lower price  

 

• Forest and habitat loss  

• Safety concerns 

• Dumping household rubbish in the forest   

NGOs  

• Limited public awareness about the impacts of the practice 

• Need for subsidised home heating for low-income households  

• Economic drivers (need for some additional income) 

• Habitat loss (loss of deadwood that is ecologically important) 

• Forest loss (loss of threatened community of forest species and other 

vegetation communities)  

• Revenue loss for the regulated firewood 

Private 

landholders  

• Government regulations prohibit wood collection from easily 

accessible public forests e.g., roadside forests. This pushes the 

collectors to access to private lands 

• People need to heat their homes 

• People need to earn an income   

• Wood misuse and wood collectors are not paying “full cost” of wood  

• Collectors have been known to dump household rubbish from the trailer and 

fill the trailer with illegally harvested wood 

• Fences are cut and gates left open  

• Cutting trees that could potentially be used for other commercial purposes  

• Safety of the collectors (the tree may fall in the wrong direction)  

• Theft of other property and insurance liability  

• Fire risk to the property (e.g., while making coffee or smoking) 

Wood sellers  

• Low income (gain an additional income) 

• Want to minimise or avoid high costs associated with 

production of legal and sustainable e.g., accreditation, buying 

machinery, apply for the Forest Practices Plan, etc.  

• Depresses market price of legal and sustainable firewood  

• Profit loss (illegal wood sellers supply wood of the same or more quantity at 

lower price which tends to affect the price of the legal and sustainable wood) 

Academics  

• Lack of public awareness or knowledge about the ecological 

impacts of the practice  

• Consumers don’t question the source of the wood in the market 

but focus on the price  

• Collectors may know the practice is illegal but ignore 

associated impacts  

• Consumers lack knowledge of impacts of illegal collection 

• Habitat loss (standing and fallen dead trees are important habitat) 

• Forest loss (there are particular forest species that are categorized as threatened 

species and need conservation while at the same time preferred by the 

collectors for firewood) 

• Loss of wood debris that might be important for forest biodiversity  

• Wood misuse (inefficient ways of harvesting wood)  

Consumers  

• Limited enforcement of regulations  

• Consumers looking for low-cost ways to heat their home  

• Roadside trailer load is cheaper 

• Habitat loss  

• Concerns about safety of the collectors  
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2.4.3 Impacts of illegal firewood collection  

The impacts associated with illegal firewood collection are diverse and, in some cases, 

irreversible according to our participants. Note in many cases, our participants would also point 

to publicly available information to provide a context for us. Standing or fallen deadwood is 

desirable wood from the collectors’ perspective as it is dry and ready to burn. However, 

deadwood serves as habitat for some critically endangered, endangered, and vulnerable species, 

(NRM South, 2021). Following all environmental and legal standards adds a series of 

administrative costs to operations e.g., preparation of Forest Practices Plan, safety assurances 

and paying tax e.g., goods and services, payroll, and income tax. The existence of illegal 

firewood in the market affects the price of firewood as at present legal and illegal wood are 

indistinguishable and largely perfect substitutes. In some cases, illegal wood collectors harvest 

living trees that could potentially be used for other higher-value purposes than firewood e.g., 

saw logs, furniture, veneers, etc. 

Participants in interviews noted there are a range of other impacts. Illegal firewood 

collection is associated with rubbish dumping in forests suggesting a general disregard for 

common-property, forested areas. Generally, illegal rubbish dumping is an issue on public land 

across Tasmania with significant impacts on the environment, economic activities, and public 

safety. Sustainable Timber Tasmania manages the inspection and facilitates clean-up of 

illegally dumped rubbish each year. In 2019/20 and 2020/21, Sustainable Timber Tasmania 

spent $65,000 and $55,000, respectively to clean-up illegally dumped rubbish (Sustainable 

Timber Tasmania, 2021a). After dumping rubbish, the collectors fill the trailer with wood that 

will either be sold or used for home consumption. There are also other associated impacts such 

as fire risks, accident liability issues, gates left open, cut fence lines and damage to roads in 

winter. The interviews also revealed that illegal wood harvesting may be associated with 
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‘money laundering’ i.e., the illegal harvesting is carried out in conjunction with more serious 

criminal activities such as drug operations. The interviewees note that illegal wood collectors 

use forests that are particularly distant from residential areas as a place for drug transactions to 

avoid any police inspections which they might face around cities and towns. The practice may 

also contribute to air pollution due to the supply of green wood (wood that is not up to standard 

in terms of dryness) to the market. 

2.5 Discussion  

2.5.1 Insights from the IAD framework 

The interviews and document analysis reveal that the various actors take quite distinct roles 

in the management of resources. Some environmental groups provide evidence and take a clear 

stance on conservation of the environment, including forests. For example, the Environmental 

Defenders Office and regional NRM organizations such as NRM South, North and Northwest 

(Tamar) promote conservation of forests for ecological and social benefits. Such organizations 

encourage firewood purchasers to ask the sellers about the source of the wood and harvesting 

practices. Public business enterprises e.g., Sustainable Timber Tasmania manage Permanent 

Timber Production Zone Land, produce timber for domestic and international markets with 

associated earnings, employ people, while at the same time providing collectors with 

discounted wood collection permits. Parks and Wildlife Service is concerned primarily with 

conservation of national parks, public reserves and Crown lands, while Tasmania Police and 

Forest Practices Authority enforce different rules-in-use (Table 2.4).  

While there is an extensive body of legislation, regulations, and codes developed 

overtime, there is a varying level of knowledge of the rules in the wider community and 

therefore limits to the influence rules may have on controlling illegal activity (NRM South, 

2021). For example, collectors may not be fully aware of regulations on removing deadwood 
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from a public forest, let alone ecological, social and economic impacts due to a lack of explicit 

information on consequences of the practice. This suggests a further role for education and 

information provision.  

The in-depth interviews with forestry stakeholders suggest that monitoring and 

enforcement of the practice is still a challenge. Investigating wood theft is labour intensive and 

Tasmania Police face limits on the time and resources which can be devoted even to large-scale 

illegal operations. This suggests, from an economic perspective, that labour-saving technology 

for monitoring and enforcement is required. Currently, rule enforcement consists of occasional 

inspections where forestry officers visit sites, assess previous activity, check for permits if there 

is current activity and observe whether the collection complies with regulations. In instances 

of non-compliance, forestry officials are required to call Tasmania Police. When the collectors 

are not directly observed engaging in illegal activity, the wood is not easily traceable. If the 

collector leaves before Tasmania Police arrive, it can be difficult to gather sufficient evidence 

to prove an offence has been committed. New techniques are emerging from the scientific 

literature, which suggest genetic testing may be useful in tracing origins of timber and obtaining 

convictions (Irwin, 2019) on high-value timber.  

Some of the land management entities in Tasmania e.g., Parks and Wildlife Service 

have the power to act on the spot through the National Parks and Reserves Management 

Regulations 2019 (Tasmania). For example, a fine of up to $2600 per offense can be issued 

and equipment can be seized e.g., confiscation of the chainsaw and the wood (Parks and 

Wildlife Service, 2014). However, forestry officers from Sustainable Timber Tasmania must 

work with Tasmania Police to charge collectors under the state’s Criminal Code.  

Traditionally, illegal activity has been identified by observant neighbours reporting 

activity through initiatives such as Bush Watch where the users of bush or recreational areas 
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report unusual activities in the forests (Bush Watch Tasmania, 2021). Once a potential site has 

been identified, installing cameras in the forest to take pictures is another means of obtaining 

sufficient information and evidence to prosecute the matter in court. However, there are limits 

to the number of cameras that can be installed and monitored as the strategy is labour intensive. 

Birds, wind and rain can also impact the performance of cameras or shift position of the 

cameras. This suggests a role for new technologies, even as pilot projects, to aid in detection 

over traditional approaches. 

In order to facilitate sustainable management, clear demarcation of boundaries of the 

resource and differentiating the roles of managing organizations are critically important. 

Overlapping boundaries of resources, or perceived overlaps, may cause difficulties in 

enforcement of property rights and harvesting the resources (Ostrom, 2011). In the case of 

Tasmania, organizations such as Sustainable Timber Tasmania and Parks and Wildlife Service 

both manage public lands where, in some cases, the parcels of land are adjoining, even though 

their management objectives are different (see Table 2.1). Generally, firewood collection from 

Parks and Wildlife Service areas is prohibited, whereas people may be permitted to collect 

firewood from the Sustainable Timber Tasmania operational sites. However, the difference 

between the reserves and forestry areas may not always be clear to collectors even though such 

an excuse is considered as tenuous by some of the forestry stakeholders.  

Some of the small-scale illegal activity may be associated with the existence of an 

information asymmetry in that collectors may be unaware of the rules or consider the activity 

to be too trivial. For example, some of the community members collect firewood as a 

recreational activity. Under regulations, people are generally allowed to access public lands for 

recreational activities such as bushwalking or camping without permits. 
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Table 2.4 Challenges to enforce the rules. 

Challenges  Description 

Collection side 

Firewood collection as a culturally inherited practice 
• Collection of firewood for home consumption is considered as part of an 

inherited culture 

Philosophy behind the permits does not always match expectations 
• Wood available for collection on Sustainable Timber Tasmania operational 

sites is viewed as ‘leftover wood’ and not prime firewood that can be easily 

split and stacked 

Limited public knowledge of demarcation between permitted/not permitted areas 
• In some cases, firewood is illegally collected from prohibited areas due to 

lack of clear demarcations 

Differentiation of recreational activities and households’ basic needs 
• In some parts of the community, collecting firewood is viewed as a 

recreational activity while others collect firewood as household need 

Lack of differentiation of legal and sustainable firewood from others •  legitimate firewood is not easily distinguished from illegal collected wood 

Government agency side 

Limited collaboration among some of the actors/stakeholders  • Limited collaboration among the stakeholders in enforcement 

High cost of enforcement 
• Investigating wood theft is labour intensive requiring stakeholder 

collaboration 

Limited power of some forestry officers to enforce the rules 
• Some of the land managing entities such as Parks and Wildlife have the 

power to take immediate actions on the spot whereas others have limited 

power to act 

Detecting illegal firewood collection 
• Current means of detecting the illegal activity could be enhanced through 

trials of different technologies 
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2.5.2 Evaluation against criteria 

2.5.2.1 Efficiency  

Based on outcome evaluation criteria introduced in the methods section, we observe the 

existence of gaps in the institutional arrangements and coordination of actors which shape the 

Tasmanian firewood industry. There is a potentially sub-optimal level of enforcement of the 

rules from a societal point of view. First, the loss of non-market values associated with habitat 

loss will be less apparent to agencies outside natural resource managers. Second, monitoring 

and enforcement is labour intensive and compounded by the high transaction costs associated 

with coordination among agencies i.e., Sustainable Timber Tasmania or one of the NRM 

agencies getting a police presence on site when illegal activity is detected. A lack of resourcing 

across agencies has resulted in potential holes in the detection of activity beyond the hotspots. 

Interviews indicated that a culture of illegal activity is being perpetuated since illegal wood 

collectors view probability of being caught as low though recent high-profile cases may have 

highlighted the consequences of detection.  

2.5.2.2 Equity  

There are also inequities which emerge from a societal perspective as illegal wood 

collectors harvest wood without bearing the full cost of the activity including the loss to society 

due to impacts on habitat as well as loss of revenues/rents associated with the wood, especially 

in comparison to the existing commercial operators. This is related to the accountability of the 

different actors to each other and society more generally. Tasmania is characterised by a history 

of stagnant economic growth, environmental protest e.g., Franklin dam project. This legacy 

has resulted in new developments involving public scrutiny and considerations of social licence 

to operate (Dare et al., 2014). 
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2.5.2.3 Accountability and adaptability  

Based on Ostrom’s approach of sustainable natural resource management, actors are 

expected to be accountable for their actions. In the context of Tasmania, illegal wood collectors 

need to face the legal actions and cover associated sanctions. Finally, adaptability within the 

rules-in-use is best considered within the context of limited increased resourcing for agencies 

for enforcement. Limited resourcing suggests gains in societal benefits will be the result of 

innovation and collaboration among agencies. Analysis of interaction points among the actors 

suggests numerous opportunities exist through inter-agency working groups, steering 

committees, workshops, conferences, with the exception of consumers where there are no peak 

bodies and thus few points of interaction exist. 

2.5.3 Potential for better collaboration 

One of the major challenges in natural resource management and forestry in particular is 

transaction costs associated with rule development, monitoring and enforcement (Galik et al., 

2009). In Tasmania, improved inter-organizational linkages and sharing tasks may reduce 

transaction costs of rule enforcement (McIntyre and Schultz, 2020; Wu et al., 2020). At present, 

there are limited number of points of interactions among a few of the entities. Figure 2.4 shows 

the current interaction points among the organizations, which require improved collaboration. 

For example, at present, consumers are likely to have limited interaction with any of the entities 

outside the firewood seller. To access information on the impacts on unsustainable harvest, 

consumers would need to seek out information from government agencies, NGOs, etc. More 

information on interaction of the stakeholders is provided in Appendix II. 
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Figure 2.4 Present stakeholders’ interaction. 

As the current interaction is limited between a few of the organizations, and collaboration 

among the stakeholders is relatively weak, it is particularly important to improve interagency 

collaboration. Collaboration will aid in reduction of transaction costs in rule enforcement when 

supported by sharing of information and knowledge among the actors. However, it is important 

to acknowledge that the creation and sharing of information and knowledge also incur costs. 

Figure 2.5 shows the potential collaboration model among the stakeholders. Potential 

collaborations among the entities are multidirectional, indicating that each entity can act to 

minimize the negative impacts associated with the illegal activity and collectively reduce 

transaction costs. Areas of collaboration might include education campaigns, enhanced 

information sharing and monitoring of land use changes. Governmental organizations such as 

Parks and Wildlife Service, Tasmania Police, Forest Practices Authority, and NRM 

organizations can facilitate the collaboration by creating linkages among private forest owners, 

non-governmental organizations, the community, legal firewood sellers and forestry academics 

in the co-creation of knowledge and evidence around sustainability of the industry.  
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Figure 2.5 The potential for stakeholders’ collaboration. 

Finally, we present the role of each entity and impacts that improved collaboration may 

bring to a more effective enforcement. The collaboration and effective rule enforcement will 

reduce the illegal wood collection and associated impacts and will also aid in development of 

a legitimate wood supply chain in Tasmania (Figure 2.6). 

Figure 2.6 Improved collaboration model of the stakeholders to control the problem. 
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2.5.4 Recommendations  

All the stakeholders included in this study recognize the difficulty in controlling illegal 

firewood collection within the current resourcing of enforcement and the current rules-in-use. 

Potential approaches that emerged from the interviews as remedies to control the problem 

include community education (creation of community awareness), strengthening cooperation 

among the stakeholders that are directly or indirectly involved in the industry, addressing fuel 

poverty, and increased resourcing of regulatory entities to monitor the practice and 

establishment of a sustainable firewood supply chain (Table 2.5). All these approaches fit 

within the current rules-in-use.  

Part of addressing illegal firewood collection may lie in developing a legitimate firewood 

supply chain as an alternative. This is also supported by the literature where certification of 

forest products has been promoted to control illegal logging among wood producing and buying 

countries (Piabuo et al., 2021).  

Developing materials for primary school children and teachers may be a practical means of 

providing information on the externalities associated with collecting deadwood or cutting live 

trees on reserves. Insights from the in-depth interviews also show there is a possibility to 

disseminate information through advertising campaigns such as ‘Why do we burn animals’ 

homes to warm our houses?’ For example, an online game application was developed in 

Malaysia to educate the community about severity of illegal logging while entertaining the 

gamers (Yussof and Shafiril, 2019). Some of the illegal collectors know that collecting 

firewood from private or public property is unlawful but are unaware of the effect of illegal 

firewood collection on the environment and sustainability of Tasmanian forests. Visual 

depictions of devastated habitat on social media such as Facebook or Instagram could be used 

in disseminating information. Social media may be preferable as using advertisements on other 
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media such as radio and TV no longer has extensive penetration across age groups (Morgan, 

2020). 

Table 2.5 Potential strategies to control illegal firewood collection. 

Strategies  Description 

Educate the community 
• Developing materials for primary school children and 

teachers may be a practical means of providing information 

on the externalities associated with firewood collection.  

Social media as a means of information 

dissemination 

• Visual depictions of devastated habitat on social media such 

as Facebook, YouTube or Instagram could be used in 

disseminating information 

Market-based instrument 
• Labelling systems to provide information on positive features 

of particular practices as a means of reducing market failure 

Stakeholders’ collaboration to act collectively 
• Strengthening collaboration among the stakeholders and 

sharing cost of rule enforcement will aid in controlling the 

practice 

New technologies 
• Introducing a different approach to support monitoring 

hotspots of the practice e.g., remote sensing, unmanned aerial 

vehicles 

Private forest firewood agreement 

 

• Development of standardised agreements to collect firewood 

from private forests to make the agreement between wood 

collectors and landholders more formal  

  

Market-based approaches e.g., labelling systems (closely related to certification 

systems) have been applied to various environmental resources as an instrument to reduce 

market failure (Lockie, 2013; Gao et al., 2020). Transparent labelling systems, as mentioned 

in qualitative research by Pelly et al. (2020), have the capacity to provide consumers with 

information on production process as well as create consumer trust in products. In line with 

this, firewood labelling could encourage consumers to pay more for wood sourced sensitively 

to biodiversity (Betts et al., 2021) and contribute to overall sustainability of the industry 

through development of a legitimate firewood supply chain. 

There are potential strategies which did not emerge from the interviews. New 

technologies could support and enhance current efforts to monitor hotspots where illegal wood 

collection frequently occurs. Audio recording detection, remote sensing and unmanned aerial 

vehicles have potential in reducing the cost of detecting hotspots of the activity. For example, 

a study by Mporas et al. (2020) indicates that machine learning and classification of audio 
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recordings can be used in detection. Fixed wing long-distance drones and quad-copters have 

been used in Indonesia, Malaysia, Brazil and Peru to identify illegal land clearance (Jiménez 

and Mulero, 2019). These technology-based approaches align with the call by NGOs and the 

forestry academics for enhanced data collection for monitoring land use changes. 

Often firewood collection from privately owned forests is through simple informal 

verbal agreements. While this potentially reduces cognitive burden, it may cause difficulties in 

enforcement of the agreements. For this reason, it might be appropriate to develop ‘private land 

firewood collection permits’ similar to public land wood collection permits with terms and 

conditions. Private land-oriented permits could be developed by government agencies such as 

Private Forests Tasmania and/or Forest Practices Authority and thereby reduce transaction 

costs on the part of private landholders.  

2.6 Concluding remarks  

The IAD framework was applied in an effort to explore and uncover the potential causes, 

associated impacts, and difficulties in controlling illegal firewood collection in Tasmania. The 

framework is useful in that it provides a flexible approach to examining the role of actors, 

interaction amongst actors, and the potential for improving resource management. 

Underpinning illegal wood collection is the need for home heating, need for seasonal income 

coupled with a limited understanding of the impacts of the unsustainable harvest practices by 

consumers. The interviews revealed that illegal harvest is associated with degradation and loss 

of habitat, erosion of property rights, reduced market prices and safety issues. The challenges 

that limit enforcement of the rules are high transaction costs and limited collaboration in 

enforcement. Themes emerged on community education, stronger collaboration on 

enforcement and introduction of new monitoring technologies for detection of illegal activity. 

Finally, differentiation of legally and sustainably harvested wood in the market through 
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labelling has the potential to foster the development of a legitimate firewood supply chain in 

the state and reduce the market failure. 
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Abstract  

Illegal firewood collection has a series of unintended environmental, economic, and 

public safety impacts associated with harvesting undermining the development of a sustainable 

firewood industry. In this paper, we present Tasmanian firewood consumers with a labelling 

system and explore their willingness to pay for labelled firewood. We employ a discrete choice 

experiment with 239 potential firewood consumers. We estimate consumers’ willingness to 

pay for different sources of firewood, coming from different distances, and whether it is 

important for a share of the proceeds to be invested in social or environmental priorities. To 

account for preference heterogeneity, we estimate a two-class latent class and mixed 

multinomial logit models. The results from the first class of the latent class model and mixed 

multinomial logit model suggest that consumers are willing to pay a premium for repurposed 

wood, firewood sourced from agroforestry-based operations, proceeds invested in wildlife 

conservation, or the firewood comes from sites closer to their residence. The second class from 

the latent class model is characterised by consumers who are concerned only with the cost. Our 

survey respondents prefer their firewood to be accredited and regulated by independent non-

profit bodies such as the Firewood Association of Australia. Policymakers may consider 

utilizing the findings in the development of a labelling system for Tasmanian firewood. 

Keywords: discrete choice experiment; firewood; illegal firewood collection; stated 

preference; supply chain. 
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3.1 Introduction  

Illegal wood harvesting is a global concern that ranges from large-scale illegal logging 

operations to opportunistic collection of wood as fuel (Global Forest Atlas, 2020). Globally, 

nearly 1.9 billion m3 of wood is annually collected to be used as fuel (FAO, 2010) with some 

portion illegally sourced (Arnoldo, 2002). Data for Australia is sparse and dated with Driscoll 

et al. (2000) estimating that firewood worth $260 million is illegally harvested annually from 

public land. In order to control the practice of illegal and unsustainable wood harvesting, there 

are strategies, rules and regulations in place across Australian states. A recent website search 

for news reports on the incidence of illegal firewood harvest and associated campaigns reveals 

regular information campaigns by natural resource management agencies (e.g., NSW 

Department of Planning, Industry and Environment, 2020) and news reports of fines and arrests 

(Forest Fire Management Victoria, 2017). 

 In Tasmania, our case study site, news agencies reported incidents of alleged firewood 

theft with an estimated value of $1 million from public land, where 19 individuals were charged 

with illegal wood harvesting in critical habitat areas (ABC, 2020). The negative effects from 

this illegal activity flow-on to the livelihood of communities and regions, and result in the loss 

of economic rent and/or resource revenues for governments (Santos de Lima et al., 2018), loss 

of critical habitat areas, carbon storage, and other forest-based ecosystem services (Ranius et 

al., 2017; Rivera et al., 2017). 

Firewood remains an affordable and renewable source of energy in high-income 

countries (Warde, 2019). For example, in some European countries, firewood accounts for 9% 

of household’s energy consumption in Finland (Vertin et al., 2009), 25% of heating energy in 

Sweden (Statistics Sweden, 2007, cited in Lindross, 2011), and half of the households in 

Norway have wood stoves (Faull, 2018). About 6% of Canadian households use wood and 
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wood pellets as their main source of home heating energy (Statistics Canada, 2013) though this 

varies considerably by region. In Australia, firewood is used for home heating in rural areas of 

the south-eastern states of the country (Driscoll et al., 2000). Among the states and territories 

of Australia, the largest reliance on firewood is in the island state of Tasmania where 26% of 

the population uses firewood as the primary source of heating energy (ABS, 2014) and their 

firewood is a mix of legal/illegal and sustainable/unsustainable wood (NRM South, 2018).  

Many Tasmanian households purchase their firewood for home consumption with 

limited information on the sources of the wood or the impacts of harvesting practices. State 

forestry agencies are aware that at least a portion of purchased firewood in the informal market 

comes from illegal sources. Illegal harvesting undermines further development of a sustainable 

firewood industry as illegal harvest is notably on protected areas, often targeting large trees. 

While Tasmania Police have engaged in a number of high-profile efforts to target illegal 

activity (Tasmania Police, 2013) and natural resource management agencies provide 

information on best practice firewood collection (NRM South, 2020), there is a role for 

research in contributing to development of a legitimate firewood supply chain (supported by a 

labelling system) in the state and resolving the market failure. A labelling system has the 

potential to differentiate legal and sustainable firewood in the market, help consumers make an 

informed purchase decision by reducing information asymmetry. In this study, consumers are 

presented with a new firewood labelling scheme with different features to investigate 

consumers’ interest and willingness to pay (WTP) for legal and sustainable firewood. 

To estimate consumers’ WTP for policy-relevant attributes of firewood, we use a stated 

preference method. Stated preference techniques have been applied to various environmental 

resources with public good characteristics such as forest ecosystem services (Müller et al., 

2020); marine ecosystems (Xuan and Sandorf, 2020) and recovery programs of shellfish 

affected by illegal harvest (Alló and Loureiro, 2018). Stated preference techniques are regularly 
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used with private goods to explore the importance of labelling (e.g. Loureiro and Umberger, 

2002; Caputo et al., 2013; Mugera et al., 2017). In a similar fashion, we employ a discrete 

choice experiment (DCE) to present combinations of attributes of a sustainable firewood 

product, collect data on preferences and trade-offs and estimate consumers’ WTP for different 

attributes. This research contributes to a growing literature on consumer labelling in support of 

sustainable production practices and has consumers trading off different social and 

environmental priorities. The research has practical implications for government agencies and 

industry looking for potential strategies to control the practice of illegal firewood collection. If 

it can be demonstrated that consumers are willing to pay a premium for a legally and 

sustainably harvested wood, then there is potential for government and industry to invest in 

strengthening the institutional arrangements and enforcement activities and for firewood 

harvesters to invest in accreditation. 

In the next section, the paper presents background of Tasmanian firewood, illegal 

firewood collection and existing rules to control the problem. Section three provides an 

overview of previous studies on labelling of wood products. Section four presents materials 

and methods applied, followed by the results and discussion supported by related literature in 

section five. Finally, we provide a conclusion and implications of the findings on firewood 

collection and supply policy.  

3.2 Background  

A national approach to managing firewood collection and use was developed by the 

Australian and New Zealand Environment and Conservation Council taskforce (ANZECC, 

2001). Based on the approach, a non-profit organization, Firewood Association of Australia 

(FAA) was established to facilitate supply of legal and sustainable firewood across the country 

(FAA, 2005). However, there are only three firewood sellers that are full members of the FAA 
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in Tasmania as of 2021, whereas there are eight in South Australia, eleven in Victoria, five in 

Western Australia, and four in the Australian Capital Territory, as well as two international 

wood sellers as affiliated members of the FAA (FAA, 2021). Tasmania has the fewest number 

of FAA member firewood sellers but likely has the highest per household consumption of 

firewood annually e.g., dated estimates indicate 5.8 tonnes/household/year (Driscoll et al., 

2000).  

The current Tasmanian forest practices system was created through the Forest Practices 

Act 1985 (Tasmania), with the supporting Forest Practices Code and the authorization process 

of certified Forest Practices Plans (Forest Practices Authority, 2021). Collection of firewood 

in public forests requires either wood collection permits (collection of firewood from public 

forest operational sites for home consumption i.e., wood not for sale) or a commercial licence 

issued by Sustainable Timber Tasmania in case the wood is for business purposes (Sustainable 

Timber Tasmania, 2020). Firewood collection on private land requires permission of the 

landholder. Tasmanian forestry regulations limit the amount of wood that can be harvested to 

small scale activities. The limits are in the order of 100 tonnes per property per year or 

harvesting from one hectare of trees per property per year, whichever is the lesser. Harvesting 

above this level requires a certified Forest Practices Plan (Forest Practices Regulations, 2017)4. 

Despite clear planning processes in place, firewood theft in private and public land is a 

continuing problem which includes felling of large trees and taking of large dead logs that may 

be important habitat for threatened species (Koch et al., 2008; Gates and Ratkowsky, 2017). 

Illegal firewood collection has the potential to destroy critical habitat for Tasmanian 

endemic birds such as the Yellow-Tailed Black Cockatoo (Calyptorhynchus funereus) 

 
4 There is also an extensive body of Commonwealth and State legislations that guide forest management and harvesting practices (e.g. Forest 
Practices Act 1985 (Tasmania); Forestry (Rebuilding Forestry Industry) Act 2014) (Tasmania); as well as covering threatened and endangered 

species (e.g. Threatened Species Protection Act 1995; Nature Conservation Act 2002(Tasmania)); and the Commonwealth legislation such as 

the Environmental Protection and Biodiversity Conservation Act (EPBC Act) 1999 and the Illegal Logging Prohibition Act 2012) 
(Commonwealth). Likewise, firewood collection in public forests without a permit or on private land without permission is a criminal offence 

(Tasmania Police 2013, see also Department of State Growth 2017). 
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(Wapstra, 2004; Koch et al., 2018) and Swift Parrots (Lathamus discolor) due to the removal 

of trees with hollows or potential for hollows (NRM South, 2018). The practice also affects the 

market for legal and sustainable firewood with Morroni and Musk (2014) estimating that 40% 

of harvested wood in Tasmania is sold, potentially distorting the market-clearing price. 

Moreover, public safety is a concern where unsafe practices can result in harm to collectors 

and with liability issues to the landholders (NRM South, 2018). 

3.3 Literature on labelling of wood products 

Labelling exists at the intersection of marketing and economics. Through a marketing lens, 

the design of a positive, congruent image with written content (D’Astous and Mathieu, 2008) 

can work together to successfully evoke price acceptability. Marketing research has 

demonstrated this with, for example, FAIRTRADE labelling (Hur et al., 2020). From an 

economic perspective, labelling serves to reduce information asymmetry between producers 

and consumers on production processes. With better information, consumers can make 

informed product choices. Labelling provides producers with a means of differentiating their 

product and its particular characteristics from other products in the market. Importantly, 

labelling systems also have the potential to encourage development of new markets for goods 

produced in a sustainable manner (McCluskey and Loureiro, 2003; Mugera et al., 2017).  

The existing literature provides some evidence that consumers are willing to pay for goods, 

including wood products, that are produced in an environmentally sustainable and socially 

responsible manner. For example, in a study of American and Chinese consumers, consumers 

are willing to pay more for wooden furniture when they know the corporate social 

responsibility rating of a company (Cai and Anguilar, 2013). A study by Higgins et al. (2020) 

highlights that consumers in Northern Ireland are willing to pay more for ecolabelled wooden 

kitchen spoons. Jensen et al. (2004) estimate that 35% of a sample of US consumers are willing 
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to pay a higher premium for wood products that have an ecolabel compared to unlabelled 

products. The average premium that Malaysian manufacturers are willing to pay for certified 

wood to be used in builders’ joinery and carpentry work is estimated to be 4.5% of the base of 

price. This premium is associated with an expected increase in sales, reputational gain, and 

profit (Mohamed and Mardhiah, 2014). In South Korea, consumers’ WTP for Forest 

Stewardship Council certified copier paper, wooden picture frames, wooden tables and wood 

flooring range from 6.8% to 11.6% over non-certified products (Cha et al., 2009). Chilean 

firewood consumers are willing to pay a 10% of the base price  for certified firewood (Vásquez 

Lavin et al., 2020). Consumers’ WTP for labelled wood products is summarised in Table 3.1 

and an interested reader is directed to a meta-analysis by (Cai and Aguilar, 2013). Some of 

these labels have been successfully introduced in international markets, demonstrating through 

market choices, that these labels address an informational need. 
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Table 3.1 Consumers’ WTP for labelled wood products. 

Authors Country Wood Product Labels  WTP 

Cai and Anguilar (2013) USA/China Wood product (dining table) Corporate Social Responsibility $17.37/$17.73 

 USA/China Wood product (dining table) Country of Origin $16.70/$3.30 

Donovan and Nicholls (2003) USA Wood product (end table) Country of Origin $82 

Vásquez Lavin et al. (2020) Chile  Firewood  Certified firewood  10% of base price 

Veisten (2007) England/Norway  Wooden dining table  Ecolabel 2%-16% of base price 

Mohamed and Mardhiah (2014) Malaysia  Construction timber  Certified wood logo 4.5% of base price 

Mohamed and Noor (2012) Malaysia  Wooden furniture  Certified wooden household furniture 18% of base price 

Cha et al. (2009) South Korea  Table, wood flooring, copier paper, 

and wood frame 

Forest Stewardship Council 6.8%, 7.6%, 9.8%, 11.6% of 

base price 

Jensen et al. (2004) USA  Wooden shelf, chair, and table Environmentally certified hardwood 

product 

$3.74, $15.94, and $45.07  

$=US Dollar.
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However, it is important to acknowledge the potential for some producers to hide their 

production methods and attempt to capture any labelling system premiums (Schumacher, 2010). 

As well, there are limitations in the conveyance of credible information to the consumers 

(Yokessa and Marette, 2019). Overall, this literature indicates the potential for social and 

environmental concerns of producers and consumers to be addressed in development of product 

labels, with varying levels of recognition, acceptance, and trust notwithstanding (Janssen and 

Hamm, 2012).  

3.4 Materials and methods  

3.4.1 Study site 

Tasmania is a small island state off the coast of mainland Australia with a population of 

just over half a million people (ABS Census, 2016). It has a cool-temperate climate with annual 

temperature that ranges from 3 to 11°C in winter and 17 to 23°C in summer. Rainfall varies 

dramatically across the island, with an average of 626mm in the capital city Hobart while on 

the west coast the annual average is 2,400mm (Climate and Weather, 2020). The island is about 

68,400km2 of which 33,516km2 is forested. About 91% of the state’s forest is native species. 

Tasmania’s forest areas consist of dry eucalypt forest (45%), cool-temperate rainforests (20%), 

plantation (9%), wet eucalypt forests (24%), and sub-alpine eucalypt forest (2%) (Department 

of State Growth, 2017). Figure 3.1 shows major cities in the state, forests and the road 

infrastructure that facilitates transportation of firewood.  
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Figure 3.1 Map of Tasmania, Australia with forest areas. 

3.4.2 The survey  

A survey was developed to explore the potential use of labelling system as a strategy to 

differentiate legal and sustainable firewood in the market. After an initial informed consent 

page (Ethics Reference # H0018411), screening questions were used to identify firewood 

consumers (e.g., having a fireplace/woodstove, past purchases, and intentions to buy in near 

future). The second section elicits information on household use of firewood and general 

awareness of the consequences of illegal firewood collection. The third section explains the 

attributes for a DCE, reminders of budget constraints, public policy consequentiality and a 

request for a truthful revelation of preferences followed by six choice tasks and debriefing 
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questions. The fourth section presents a set of attitudinal questions on consumer intentions. The 

survey finishes with standard sociodemographic questions.  

3.4.3 Attributes and levels  

A structured approach was followed to develop a large set of potential attributes of the 

product through discussion with firewood sellers, consumers, and agencies. The steps followed 

to identify sound attributes include (1) initial review of the literature; (2) discussion with 

research team members; (3) discussion with forestry experts; (4) visit to firewood industry site; 

(5) phone interviews with wood consumers and (6) further discussion with research and 

forestry experts. We identified seven attributes from expert opinion and the literature including 

firewood moisture content, tree species, type of forest (old-growth, native regrowth, or 

plantation), tenure type (private or public), social and environmental priorities, distance from 

the sources of the wood, and the cost. To simplify the exercise, the first three attributes were 

held constant with participants being told the firewood is dry, legally, and sustainably sourced, 

and delivered with a tax receipt (Table 3.2). The wording of the survey and the description of 

attributes were tested using semi-structured interviews (n=13)5 with participants recruited from 

a local marketplace website and a local research recruitment group on Facebook.  

Sustainably sourced wood minimises ecological impacts on existing forests and seeks 

to retain standing and fallen deadwood as well as forest floor debris in order to provide niche 

habitat (Gates and Ratkowsky, 2017). The four potential sources of firewood were described 

in terms of different legal and sustainable practices. The first source involves firewood cut from 

small native trees which serves to leave standing forest intact, especially old trees with nesting 

 
5 The in-depth interview participants (n =13) who pre-tested the survey came from a range of age cohorts and employment backgrounds. Most 

importantly, all the participants were wood consumers and from all over Tasmania. The participants were able to identify the wood features 

preferred by consumers and if wording of the survey was easily understood. In the survey (n =478), about 21.55% of the participants is sampled 
from 18-29 age group, 21.55% from 30-44, 25.52% from 45-59, and 31.38% of the sample is from age group above 60 year old. In terms of 

location, 50% of the sample is located in the greater Hobart region. 
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hollows or trees with the potential to develop hollows. Wood from pruning/ thinning plantation 

forests or agroforestry operations are also the second and third source of sustainable firewood, 

respectively. Finally, a miscellaneous wood category was created with sources such as urban 

tree lopping, wood from road widening, fire management, untreated pallets, fence posts, etc. 

which could be used as a source of firewood.  

Increasingly, consumer products are introducing labelling mechanisms to align the 

products with social and environmental priorities. In this study, two social priorities were 

identified for the labelling system where a share of the proceeds from the premium would be 

used to support training of disabled people to work in firewood/forestry industry (Job Creation 

for Tasmanians with Disabilities) or to address fuel poverty among lower-income households 

and pensioners who use firewood as a primary source of energy–labelled as Keeping the Poor 

Warm. In terms of the environment, two attribute levels were identified where 1) a share of the 

proceeds would be invested in protecting habitat areas and conserving Tasmanian wildlife 

(Save our Wildlife) such as the critically endangered Swift Parrots (Lathamus discolor) and 

Tasmanian Devils (Sarcophilus harrisii) and 2) a share of the proceeds would be used to 

promote recycling to reduce the amount of wood which currently ends up in landfills–labelled 

as No Wood Waste in Tasmania.  

The location of harvesting and associated carbon miles may also enter the consumer 

decision process. In this case, the attribute was defined as the Distance (km) from where the 

firewood is sourced. The cost attribute was defined as the extra cost ranging from $20 to $160 

with $20 increment over the standard price of $180 for a trailer of firewood. The standard price 

was established by monitoring and recording prices from an online advertising site, Gumtree 

(www.gumtree.com.au), for firewood in 2019-20. The alternatives are arranged as 

combinations of attribute levels as Trailer A, Trailer B, Trailer C, and the opt-out alternative ‘I 

would buy other wood’.   

http://www.gumtree.com.au/
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Table 3.2 Firewood attributes and levels. 

Attribute name Attribute level Picture/Symbol  Description 

Source of Wood 

Small Native Tree 

Wood  
 

cutting small to medium native trees and 

leaving large trees and deadwood 

Plantation Forest 

Wood  
 

wood from thinning and pruning of 

plantation forests 

Firewood Farm 

(Agroforestry) Wood 
 

trees grown for the purpose of firewood 

production 

Repurposed Wood  

 

wood from re-purposed and recycled wood 

including urban tree lopping, road 

widening and fire management 

Environmental and 

Social Priorities 

Job Creation for 

Disabled Tasmanians  

 

support people with disabilities receive 

training and employment opportunities in 

firewood/forestry industry 

Keeping the Poor 

Warm 
 

help pensioners and people on low income 

to address fuel poverty 

Save our Wildlife 

 

invest in protecting habitat of threatened 

species such as Swift Parrots and 

Tasmanian Devils 

No Wood Waste in 

Tasmania 

 

encourage recycling and reuse of wood for 

other purposes to prevent it ending up in 

landfill 

 

Distance your 

firewood has 

travelled 

<50km  

 

your firewood comes from at most 50km 

from your residence 

51 – 100 km 

. 

your firewood comes from at most 51 – 

100km from your residence 

101 – 200 km 

 

your firewood comes from at most 101 – 

200km from your residence 

 201 – 300km 

 

your firewood comes from at most 201 – 

300km from your residence 

Extra cost per a 

trailer of firewood 

over the base price 

of $180 

The extra cost ranges 

from $20 to $160 with 

an increment of $20 

interval.   

Standard size trailer, with dimensions 

(1.5m X 2.6m X 1m = 3.9 m3) of dry 

firewood. Legally and sustainably 

harvested by trained wood harvesters. 

Split and about 12-15 inches in length. 

Delivered to your driveway with a tax 

receipt. 
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3.4.4 Experimental design and pilot survey  

The pilot and final surveys were administered to participants from Tasmania randomly 

selected to participate in the research from the Online Research Unit (ORU) panel 

(http://theoru.com/). The experimental design in the pilot survey was based on setting the priors, 

close to zero and balancing utility as there were no existing studies on labelled firewood with 

similar attributes. A sample of 76 firewood consumers was used to estimate a simple 

multinomial logit model and the estimated values of the parameters are used to update the 

priors required for simulating the experimental design for the final version of the online survey. 

The final survey used a Bayesian efficient design with D-error of 0.005316, and 60 choice tasks 

that were divided into 10 blocks, each of which contains 6 choice tasks (see Figure 3.2 as an 

example). The designs were generated using NGENE 1.01.02 (Choice Metrics, 2014). The 

order of choice tasks from each block and the order of non-cost attributes were randomized 

between participants to minimise ordering effects. Participants were randomly assigned to 

blocks.  

Figure 3.2 An example of a choice task. 

 

http://theoru.com/
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3.4.5 Model specification  

The analysis of DCE data is underpinned by the random utility theory which assumes 

that an individual derives satisfaction or utility from making choices which can be described 

in terms of systematic and stochastic components. The systematic component is a function of 

observables from the choice task and the stochastic component includes an error term. The 

utility can be written as in Equation 3.1:  

Unit =  β xnit +  εnit,                                                                                                                           (3.1) 

where Unit represents the utility an individual (n) derives from an alternative (i) in a given 

choice task (t); β is a vector of parameters to be estimated; xnit is a matrix of firewood attributes 

and εnit is the Independently and Identically Distributed (IID) Extreme Value (EV) Type I error 

term. Given the above assumption, the probability of choice yn = (in1, in2,…, inTn) over Tn choice 

tasks the participant (n) faced can be expressed by a multinomial logit model (McFadden, 1974).  

The potentially restrictive assumptions of this model can be relaxed using a latent class 

model (LCM) and mixed multinomial logit model (MMNL). Both these models have the 

advantage of accounting for preference heterogeneity. In the LCM, individuals are assumed to 

belong to a class (q) with a probability Wnq. The probability (p) that an individual (n) belongs 

to a class (q) chooses an alternative (i) from the set of available alternatives (J) can be expressed 

as (Greene and Hensher 2003) presented in Equation 3.2: 

Pnit  =    ∑ wnq
Q
q=1

exp (β xnit)

∑ exp (β xnjt)
J
j=1

                                                                                                     (3.2)             

The MMNL model is interpreted from two perspectives: error component and random 

parameter models. The error component model relaxes the IID assumption partly by 

partitioning the error component of the utility function. One of the partitions of the error term 

allows correlation, and existence of heteroscedasticity of the error terms across the alternatives 

while the other part of the error term maintains the IID assumption (Greene and Hensher, 2003; 
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Scarpa et al., 2005). The random parameter indicates that the estimated coefficients of the 

attributes are different for each sampled individual (McFadden and Train, 2000). The error 

component is included to capture the heterogeneity in variance of experimentally designed 

alternatives relative to the opt-out ‘I would buy other wood’. Equation 3.1 is respecified and 

presented in Equation 3.3:  

βk =  β̅k +  μn Zn + ψ δij  +  εnit                                                                                                                    (3.3) 

The parameter βk is decomposed into mean parameter β̅k  and individual specific random 

parameter μn Zn, ψ is a parameter of error component to be estimated and δij is a dummy variable 

for the non-status quo alternatives. The choice probability of random parameter model is 

written as an integral over all the possible values of θ (Equation 3.4): 

Pnit   = ∫ ∏
exp (β xnit)

∑ exp (β xnjt)
J
j=1

Tn
t=1  f(θn|Ω)d(θn)                                                                                 (3.4) 

where f(θn|Ω) represents the joint density of the random parameters [βn1, βn2,…, βnk] for k 

attributes, θn is a vector of random parameter and Ω is the parameters of the distribution. The 

integral of the MMNL model does not have a closed form solution and it requires using 

simulation to solve (McFadden and Train, 2000).  

We estimate the values of WTP directly using the WTP space6 model where the utility 

function can be respecified separating the price vector 𝑝  and the non-price attributes 𝑥 

(Equation 3.5): 

 Unit =  −αn pnit + βn xnit +  εnit                                                                                                           (3.5) 

where αn and βn vary randomly over individuals and 𝜀𝑛𝑖𝑡 is IID. The variance of the εnit term is 

different across participants: Var (εnit) =  kn
2(

π2

6
) where kn is the scale parameter for individual 

 
6 Despite preference space and WTP space approaches being equivalent in the way that the distribution of the estimated coefficients can be 

translated into some derivable distribution of WTP (Daly et al., 2012), the latter has some advantages over the former. WTP space simplifies 
interpretation of the estimates which might be challenging in preference space when cost and non-cost attributes follow different distributions. 

For example, a model with a non-cost attribute that is normally distributed and a cost parameter that is log-normal implies that the WTP of 

the attribute is distributed as the ratio of a normal to a log-normal. Likewise, for a model of WTP with normal distribution and log-normal 
cost parameter, the distribution of the non-cost parameter is the product of a normal and log-normal, which is a distribution that has never 

been applied in preference space literature (Train and Weeks, 2005).   
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(n). Dividing the above utility by the scale parameter kn does not affect the decision-making 

behaviour but results a new error term with constant variance 
π2

6
. We express λn = αn/kn which 

is the coefficient of cost and cn = βn/kn presenting coefficient of the non-cost attributes i.e., 

xnit as expressed in Equation 3.5, such that the utility is written as in Equation 3.6: 

Unit =  −λn pnit + (λn cn) xnit +  εnit                                                                                     (3.6) 

Further, we define the WTP by individual n (Wn) = cn/λn (Train and Weeks 2005). In this 

regard, the utility in WTP space model is expressed in Equation 3.7. 

Unit =  −λn pnit + (λn Wn) xnit +  εnit                                                                                         (3.7) 

3.5 Results and discussion  

The data was collected in July-August 2020. A total of 4886 invites were sent out to 

Tasmanian participants with repeat reminders and 478 participants were randomly assigned to 

one of two treatments for a 10.2% response rate. In this paper, we use one of the treatments 

with 239 participants whose characteristics are summarised in Table 3.3. One group watches a 

video that depicts some impacts of illegal wood harvesting as a treatment, and the control group 

does not watch the video. In this paper, we use the data from the control group to evaluate the 

acceptance level of firewood labelling system in Tasmania. 

All participants are ‘in the market’ as potential consumers of firewood with 55% of the 

sample using firewood as a primary source of heating energy. Sociodemographic 

characteristics of age and gender in the sample are in line with the Tasmanian population 

whereas our sample is different in terms of educational attainment and income. More than 50% 

of the participants in the sample have an undergraduate bachelor’s degree or above which is 

higher than the proportion observed in the population of Tasmania (according to ABS, 2020, 

24% of Tasmanians have an undergraduate degree). About 50% of the survey participants are 
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from the greater Hobart region (several postcodes in the region), whereas the rest of the 

participants are from rural Tasmania and towns outside of the greater Hobart area. It is not 

possible to obtain representative panels at the postcode level in Tasmania with online panels. 

The panels are not large enough. Individual annual income before tax indicates that about 41% 

of the sample earns $78,000 – $156,000 or more per annum noting 15% of the participants 

prefer not to state their income. While there are differences from the population, this may be 

explained in part by people living in apartments who would not use firewood being excluded 

from the study. 

Other characteristics of the sample include responses to questions on the labelling that 

most of the participants would prefer their firewood to be accredited (87%) under a mandatory 

wood accreditation process of some kind (77%). Many participants want the accreditation to 

be facilitated by independent non-profit bodies such as the FAA (45%).  

Table 3.3 Description of the sample. 

Variable Percentage (%) 

Gender (1= female) 51.46 

Education (1= University degree or higher) 51.88 

Age group  
 

     18−29 20.92 

     30−44 21.76 

     45−59 23.85 

     60−95 33.47 

Income before tax ($/annum)  

   <$33, 799 15.90 

     $33, 800 – $77, 999 27.62 

     $78, 000 – $156, 000 or more 41.42 

    Prefer not to say† 15.06 

Area of residence (1= greater Hobart region) 51.88 

Firewood use (1= primary) 54.81 

Knowledge of existence of illegal wood collection (1=yes) 76.57 

Prefer wood accreditation (1= yes) 85.60 

Prefer mandatory wood accreditation (1= yes) 77.30 

Firewood Association of Australia accredited (1=FAA) 45.30 
†= the online panel provider requires that participants are allowed to opt-out if they wish. 
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3.5.1 Econometric modelling 

The econometric models are estimated using maximum simulated likelihood in Biogeme 

2.6a (Bierlaire, 2016) adapting code from Rose and Zhang (2017). Preference heterogeneity is 

accounted for by a two-class LCM and MMNL models. Table 3.4 presents the results of LCM 

and MMNL models estimated in WTP space with confidence intervals (CIs) in Table 3.5. We 

specify J−1 Alternative Specific Constants (ASC), where (J) is the number of alternatives in 

the choice task. ASC2, ASC3, ASC4 capture right-left tendencies or other omitted variables in 

the selection of alternatives. The estimates for all the ASC in the LCM are insignificant, except 

the ASC4 which is associated with the opt-out alternative ‘I would buy other wood’ or the 

current firewood market situation (mix of legal/illegal and sustainable/unsustainable wood). 

The negative, statistically significant coefficient on ASC4 indicates that consumers are inclined 

to select away from ‘I would buy other wood’ towards a trailer with some environmental or 

social attributes.  

3.5.1.1 Latent class model 

 

Literature suggests that the choice of the number of the latent classes should be based 

on goodness of fit criteria such as the Akaike Information Criterion (AIC) or the Bayesian 

Information Criterion (BIC) (Louviere et al., 2000). However, the choice of latent classes is 

guided by interpretability level and meaningfulness of results, considering the sample size 

(Scarpa and Thiene, 2005). A two-class latent class model was selected on the basis of 

improvements in the loglikelihood function, model interpretability and preference for a smaller 

class structure given the sample size. The probability of membership in the two classes is 

identified by a class constant of 87% and 13%. The participants in class 1 are characterized by 

making trade-offs among sources of firewood, social and environmental priorities, distance, 

and cost, whereas the participants in class 2 are only concerned with cost.  
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The sources of firewood are effects-coded where wood from the small native trees is 

the base to compare the other three levels: Plantation, Firewood Farm (agroforestry-based 

operations) and Repurposed Wood. Accordingly, consumers are willing to pay, on average, an 

additional $35 (95% CI: $20.20 to $50.20) and $31 (95% CI: $13.74 to $48.66) per trailer load 

for the firewood that comes from a Firewood Farm or Repurposed Wood, respectively. The 

positive and significant WTP for these sources of firewood indicates that consumers prefer to 

maintain native forests if these alternative sources of firewood are available whereas the 

firewood from Plantation Wood is statistically insignificant.  

Among the two environmental and two social priorities, No Wood Waste (proceeds 

would be invested in diverting wood waste to alternate uses) is kept as a base to estimate WTP 

for the other three levels (Save our Wildlife, Job Creation for Disabled Tasmanians, and 

Keeping the Poor Warm). Among these attributes, consumers are willing to support wildlife 

conservation (Save our Wildlife) with an additional payment of $37.60 with 95% CI ranging 

from $19 to $56.20. There are a number of stated preference studies where WTP has been 

estimated for different endangered species, but the values can only be compared in a very 

general way. For example, public WTP for the conservation of habitat for the golden-cheeked 

warbler (Setophaga chrysoparia), a small songbird in the USA, is USD21.47 per person 

annually over a 5-year period (Ferrato et al., 2016). Likewise, a study by Gong et al. (2020) 

concludes that public WTP to conserve habitat that helps increase the population of highly 

endangered, Red-Crowned Crane (Grus japonensis), by 10% is ¥35 in China. Our study 

indicates a WTP amount per trailer load and a household might purchase one or two trailer 

loads per year. 

Our sample did not support social priorities (Keeping the Poor Warm and Job Creation 

for Tasmanians with Disabilities) as indicated by a WTP that is not statistically different from 

zero. This may indicate that consumers do not view the purchase of firewood as the right 
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vehicle to address fuel poverty or job/training programs, and perhaps further study on factors 

that influence consumers’ pro-social and pro-environmental behaviour is required.   
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Table 3.4 Estimated latent class and mixed multinomial logit in WTP space models. 

** and ***significant at 5% and 1%, respectively. Robust standard error in parenthesis. MLHS = Modified Latin Hypercube Sampling. 

Variables  

LCM MMNL error 

component  

 Class 1 estimates  Class 2 estimates  Estimates 

Class share 87% 13% − 

Class constant       1.93*** − 

  (0.24) − 

ASC2          13.70           31.10 8.70 

          (9.78)          (44.30) (8.49) 

ASC3         −1.41   1.73          −0.95 

          (8.88) (32.90)  (7.74) 

ASC4         −352*** 28.30  −441*** 

         (51.40) (53.00) (97.60) 

Source of wood (base is Wood from Small Native Trees) 

Firewood Farm Wood    35.20***  8.47      37.10*** 

           (7.65) (16.10)   (6.06) 

Plantation Wood         −12.60          −13.20            −7.64 

           (9.19)  (16.70)    (8.03) 

Repurposed Wood    31.20***    6.34         26.70*** 

            (8.91)   (18.30)     (7.55) 

Social and environmental priorities (base is No Wood Waste)  

Keep the Poor Warm          −5.51 14.60   −3.57 

           (6.77) (28.40)     (5.24) 

Save our Wildlife    37.60***   3.92         28.60*** 

           (9.49) (35.80)     (9.54) 

Job Creation         −10.10          −14.00  −5.33 

           (7.49) (13.30)    (5.49) 

Distance (km)   −0.17***            −0.25        −0.17*** 

            (0.04)   (0.16)      (0.03) 

Cost    −0.01***         −0.021***          −4.22*** 

   (0.001)    (0.01)      (0.17) 

Error component (EC)  −       −367*** 

       (87.00) 

Standard deviation parameters    

Firewood Farm Wood − −         37.20*** 

Plantation Wood − −       −63.40*** 

Repurposed Wood − −        50.90*** 

Keep the Poor Warm − −     0.01 

Save our Wildlife − −    24.00 

Job Creation − −      8.76 

Distance (km) − −            0.23*** 

Cost  − −          −1.06*** 

Statistics    

LL(0)  −1987.95 −1987.95  

LL(β)  −1616.31 −1546.15  

AIC     3278.62    3132.29 

BIC      3358.57    3201.82 

MLHS  − 5000 

Number of parameters   23               20 

n  239             239 
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Table 3.5 95% confidence intervals (CIs) of the WTP in WTP space for LCM and MMNL models. 

***indicates significant at 1%. † 95% CI overlaps zero. 

Attributes  95% Confidence intervals (CIs) 95% Confidence intervals (CIs) MMNL  

 Class 1 mean Class 1: WTP CIs Class 2 mean Class 2: WTP CIs Mean   WTP: CIs 

Firewood Farm Wood     35.20***   $20.20 to $50.20    8.41 −$23.10 to $23.93†     37.10*** $25.22 to $48.98  

Plantation Wood    −12.60 −$30.61 to   $5.41† −13.20 −$45.93 to $19.53†      −7.64 −$23.38 to $15.74† 

Repurposed Wood     31.20***   $13.74 to $48.66     6.31 −$29.53 to $42.20†     26.70*** $11.90 to $41.50 

Keep the Poor Warm     −5.50 −$18.78 to   $7.76†    14.40 −$41.06 to $70.26†      −3.57          −$13.84 to   $6.70† 

Save our Wildlife      37.60***   $18.99 to $56.20      3.92 −$66.25 to $74.10†     28.60***    $9.90 to $47.30 

Job Creation    −10.10 −$24.78 to   $4.58†   −14.00 −$40.07 to $12.07†     −5.33 −$16.09 to   $5.43† 

Distance (km)     −0.17***   −$0.26 to   $0.08      −0.25    −$0.56 to   $0.06†   −0.17***  −$0.24 to−$0.10 
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We use Distance (km) from source to purchaser to capture the product being local and 

to account for transportation-related carbon emissions. As expected, consumers’ WTP declines 

as the Distance (km) increases with WTP of −$0.17 (95% CI: −$0.08 to −$0.27) for every 1km 

further away. This result is in line with WTP studies of consumer food products such as 

Grebitus et al. (2013) which demonstrates that consumers’ WTP for apples and wine falls as 

the distance from source increases.  

In class 1 of the LCM specification, the WTP for a trailer load of wood labelled with the 

source of wood and an environmental priority can be summarised as follows: if a firewood 

seller sources wood from a Firewood Farm, then consumers’ WTP is $35 whereas the WTP 

for the firewood sourced from Repurposed Wood is $31. The consumers’ WTP for a trailer 

load of wood is $37 provided that part of the premium is invested to Save our Wildlife. This 

information will aid in evaluation of costs and benefits of developing a legitimate firewood 

supply chain in Tasmania. It is also useful for the industry and government to know that there 

is a price conscious group, class 2, where only the price is statistically different from zero.  

3.5.1.2 Mixed multinomial logit model 

 

The sign and statistical significance of the attributes in MMNL model are consistent with 

the first class of the LCM. The MMNL provides additional information with the standard 

deviation parameters and mean distribution of the WTP. The distribution of WTP for 

statistically significant attributes is in Figure 3.3. 
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Figure 3.3 Distribution of mean WTP. 

Based on the estimates presented in Table 3.4 and 3.5, the mean WTP for Firewood 

Farm Wood, Repurposed Wood, Save our Wildlife, and Distance are $37 (95% CI: $25.22 to 

$48.98), $28.60 (95% CI: $11.90 to $41.50), $26.70 (95% CI: 9.90 to $47.30), and −$0.17 

(95% CI: −$0.24 to −$0.10), respectively. The significant error component indicates that there 

is greater alternative specific variance heterogeneity in preferences for the three alternatives 

(Trailer A, B and C) than for the opt-out ‘I would buy other wood’ alternative. 

The standard deviation parameters on the attributes are significant in the MMNL model, 

except for the attributes ‘Keep the Poor Warm’, ‘Save our Wildlife’ and ‘Job Creation’. The 

standard deviations of Firewood Farm and Repurposed Wood are significant, suggesting that 

consumers have heterogeneous preferences for these sources of firewood. The mean WTP for 

Plantation Wood is not statistically different from zero but the standard deviation is significant 

indicating that even though the consumers are not willing to pay for plantation forest firewood, 

their preference for the attribute is heterogenous. While the mean WTP for conserving 
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Tasmanian wildlife is positive and significant, the standard deviation of the attribute is 

insignificant which indicates that the sample is largely homogenous in terms of their preference 

for the attribute. Similar to class 1 of the LCM specification, the mean WTP for the attribute 

Keep the Poor Warm and Job creation is statistically insignificant with an insignificant 

standard deviation indicating, homogenously, that the sample does not want to pay for these 

attributes. The Distance parameter and associated standard deviation is significant suggesting 

that consumers prefer the firewood that comes from a location closer to home but there is 

heterogeneity in these preferences. 

We use the posterior estimates of the attributes for descriptive purposes, while 

recognizing limitations of the approach. For example, we plotted the estimated unconditional 

distribution of the WTP by taking 5000 random draws (Figure 3.3). However, such an 

approach does not confirm where exactly each individual lies in the distribution of the 

preferences (Sarrias, 2020). 

3.6 Conclusion   

Firewood is used by a large number of households in Tasmania as a source of heating and 

sometimes cooking energy. The firewood industry is challenged by long-running, 

unsustainable, and illegal collection of wood with negative impacts on the habitat of 

endangered species and public safety. The illegal practices erode market prices and infringe on 

the property rights of landholders. A national approach to firewood collection and use, and 

state level wood collection rules have been developed. Despite the existence of rules, the 

problem of illegal firewood collection and associated impacts remain. One of the options to 

resolve this market failure is to build on existing consumer awareness and develop a labelling 

system that differentiates legal and sustainable firewood from illegally sourced firewood. 

Before investing in the accreditation processes, it is a useful step to explore consumer 
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preferences and acceptability of the labelling system. Applying a DCE stated preference 

method, we conclude that Tasmanian firewood consumers are willing to pay a premium for the 

firewood sourced from Firewood Farm or Repurposed Wood where part of the premium is 

invested in conservation of habitat and endangered species in the state (Save our Wildlife). This 

evidence can be used by the firewood industry, policymakers, and landholders to guide 

investment in development of a legitimate firewood supply chain. The labelling system also 

helps the consumers to make an informed purchase decision.  

This research is exploratory and could be followed up with an experimental auction. Stated 

preference surveys of private goods can be subject to a degree of hypothetical bias. Our results 

are therefore a starting point for further investment analysis. By running a survey first, we have 

established evidence that there is interest in sustainable firewood with proceeds going to 

supporting biodiversity conservation. There is no evidence of public support for using firewood 

as a vehicle for job creation for groups in society, but consumers are interested in more 

sustainable harvesting with proceeds going to saving threatened and endangered species. 
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Chapter 4 

 

4 Effects of information on choice behaviour 

 

Abstract  

This paper presents the effects of non-attribute information on consumer preferences. 

As part of a split sample survey on firewood labelling, participants in one treatment (n=239) 

were presented with a two-minute video that depicts some impacts of wood harvesting practices 

on Tasmanian forest biodiversity. A control group of (n=239) did not see the video. We first 

estimate a model on the treatment and control group separately, followed by a joint model 

where wood attributes are interacted with the video binary variable. The results show that the 

video has no significant effect in these models. Next, we use a hybrid choice model to 

investigate how information might affect the scale parameter and choice certainty through a 

latent variable created to represent consequentiality of the research project. We conclude that 

additional information has no statistically significant effect on willingness to pay, the scale 

factor or choice certainty.  

Keywords: biodiversity; consequentiality; information; treatment; video; willingness to pay. 
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4.1 Introduction  

Non-market valuation techniques can be usefully applied to examine consumer 

preferences for certain features of environmental goods and services. While there is a suite of 

techniques, including revealed or stated preference methods, revealed preference methods 

require the existence of actual product, product characteristics or market. Stated preference (SP) 

methods use survey techniques to collect information where the participants vote or select their 

preferred option as part of an exercise of simulating a market (Greene and Hensher, 2003). One 

of the SP methods, widely applied in environmental valuation, is the use of a discrete choice 

experiment (DCE) as part of a survey in which participants are presented with a series of 

alternatives to express their preference for the good over a range of payment amounts (for early 

application of the technique, see Adamowicz et al., 1998).  

As the products/goods or characteristics introduced in a SP survey are often outside the 

experience of the participant, survey designers will include information to provide a baseline. 

Boyle (2017, p. 96) summarizes this succinctly: ‘the appropriate quantity and quality of 

information required for respondents to provide valid value responses is a matter of much 

interest’. An extensive body of literature, including early contingent valuation and later DCE 

studies, suggests that presenting scenarios/attributes in different formats or providing extra 

information about the problem under study has mixed impacts on willingness to pay (WTP) 

and standard errors (see for instance early papers such as Samples et al., 1986 and Boyle, 1989).  

The focus of this study is to estimate consumers’ WTP for labelled firewood and 

provide evidence on the effects of the provision of a short video on choice behaviour. The video 

depicts some impacts of the current wood harvesting practice on forest biodiversity and 

demonstrates good harvesting practices. Consumers’ WTP for legal and sustainable firewood 

might be affected by observing the impacts of the unsustainable harvesting practice on 
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biodiversity. To explore this hypothesis, a two-minute video is presented to half of the sample 

(n=239). A five minute video was developed by the Natural Resources Management, South 

Tasmania, which we cut back to two minutes with permission of the organization for the 

purpose of this survey. We first test for parameter equality and find no evidence that the video 

group and control group datasets differ. In order to identify the effects of the video on the 

estimated WTP, we analyse the two datasets separately followed by a joint model where wood 

attributes are interacted with a binary variable for the video. We estimate confidence intervals 

(CIs) of the WTP estimates of the video and no-video groups and find that the CIs of the two 

datasets overlap, suggesting that the video information has no effect on WTP. Similarly, the 

interaction model provides no evidence that the video information has impacts on the choice 

of the attributes.  

We further explore how the video information might affect preferences and choice 

certainty through the application of a hybrid choice model (HCM). The video treatment 

variable with other sociodemographic factors is used to develop a latent variable. This allows 

us to investigate if the latent variable, consequentiality of the study, influences the scale 

parameter of the alternatives and choice certainty of the survey participants. Again, we find no 

evidence that information has an effect.  

The next section presents a review of DCE literature on impacts of information. In section 

three, we present a concise summary of the case study site, survey design and selection of the 

attributes, model specification and estimation procedures. In section four, we present the results 

and discuss. Finally, we provide concluding remarks in section five.  
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4.2 Impacts of information  

The existing DCE literature reveals a mix of evidence on how consumers’ choice 

behaviour for a particular product is affected through the provision of information. Additional 

information about the problem under investigation is presented in the form of text, video or 

image to help survey participants understand the problem under study (Caputo, 2020; Imamura 

et al., 2020; Mokas et al., 2021). In some cases, information about the attributes is also 

presented in the form of a video (Sandorf et al., 2016), static image (Mattea et al., 2016) or text 

using different emotive keywords (Rigby et al., 2016). The impacts of presenting information 

in different ways on WTP are mixed. For example, Shapansky et al. (2008) find no difference 

in magnitude of participants’ preferences and variance among three treatments with different 

levels of information on passive-use of forests in Canada. Roesch-McNally and Rabotyagov 

(2016) find some counter-intuitive results where US consumers have a higher WTP with a 

mandatory payment vehicle than voluntary approach for forest ecosystem services. A study by 

Pelletier et al. (2021) also shows that there is no difference in consumers’ WTP for restoration 

of native vegetation or improvement in recreational facilities in the Tuckean wetland in 

Australia between the group with more and less background information about the case study 

site (Table 4.1).  

Some studies conclude that provision of additional non-attribute information 

potentially enhances participants’ base of knowledge and may encourage consumers to pay 

more (Mattea et al., 2016). Using computer generated virtual images presented in static and 

video formats about the reduction of coastal erosion (Coromandel beaches) in New Zealand, 

Matthews et al. (2017) conclude that virtual information in a video form reduces left-right bias 

in response patterns. Evidence also shows that presenting extra information in text and image 

forms have positive effects on choice consistency as compared to the video format (Imamura 

et al., 2020).  
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In line with the literature related to information and consumers’ choice behaviour for 

public goods, evidence for private goods also remains mixed. For example, a study by Delong 

et al. (2021) indicates that presenting attributes in the form of text has positive effects on WTP 

of US beef consumers when compared to video format. Positive information about food safety 

in a video form has positive and significant effects on consumers’ WTP for beef, whereas 

negative information has negative and significant effects on WTP for the same product in South 

Korea (Caputo, 2020). Consumers’ WTP for beef produced through a new reproduction 

technology in Australia is not affected by the use of emotive keywords on stem cell technology 

(Rigby et al., 2016). Jessica et al. (2021) provide two groups of Canadian consumers with pros 

and cons of chicken cage systems (conventional, cage free) on animal welfare and the 

environment and conclude that such information has larger effects on marginal WTP of the 

consumers who have little experience in purchasing cage free eggs. 
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Table 4.1 Impacts of information in a selection of discrete choice experiment studies.  

Authors Country Focus of study Types of information  Impacts  

Public goods  

Shapansky et al. (2008) Canada Passive-use of forests 

Attending three meetings, attending one meeting 

only and explanation of the survey over the 

phone 

No difference in preference 

variance or WTP across the 

groups 

Mattea et al. (2016) 

 
Italy 

Landslide risk reduction 

programs in the Italian Alps 
Simulated images 

Positive effects on selected 

attributes, no effects on others 

Roesch-McNally and Rabotyagov 

(2016) 

 

United States 
Paying for forest ecosystem 

service 

Two payment vehicles for the service 

(mandatory vs voluntary) 

WTP estimated with mandatory 

approach is higher than 

voluntary. WTP estimated with 

voluntary approach is positive, 

but not significant 

Sandorf et al. (2016) Norway Protection of cold water coral 
Visual workshop and internet panel with video 

presentation of the attributes  

WTP estimates for data 

collected with video approach 

is lower with higher status quo 

bias 

Matthews et al. (2017) 

 
New Zealand 

Management of coastal erosion 

(Coromandel beaches) 

Computer generated virtual environment 

presented in static and video forms 

Video reduces left-right bias 

and has effects on WTP 

Eppink et al. (2019) New Zealand Landscape decision making Text and visual presentation of attributes 

Visual presentation of 

information reduces choice 

consistency 

Imamura et al. (2020) Japan Coral reefs 
Extra information in the form of text, static 

image and video 

Text and image have positive 

effects on WTP, whereas video 

has negative effects 

Mokas et al. (2021) Belgium 
Urban greenery (trees, bio-

retention planters) 
Text, video and virtual reality 

Virtual reality increases choice 

certainty and has positive 

effects on WTP  

Pelletier et al. (2021) Australia Tuckean wetland 

Half of the sample is provided with more 

information about the Tuckean wetland with a 

quiz. The other part of the sample is given 25% 

fewer screens of information and no quiz 

No difference in WTP across 

the groups  

Private goods 

Howard et al. (2009) Australia Screening for Colorectal Cancer 

Framing of the 

attributes in a survey (positive-number of 

cancers found or negative-the number of cancers 

missed) 

Framing attributes positively 

and negatively has positive and 

negative effects on WTP, 

respectively 
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Rigby et al. (2016) Australia 
Novel food technology (a cattle 

reproduction technology)  

Use of emotive keywords: ‘radiotherapy’ ‘stem 

cells’ and ‘artificial insemination’ 

Use of emotive keywords has 

no effects on WTP to avoid 

stem cells technology, but 

preferences are stable, and 

choices are consistent 

Britwum and Yiannaka (2019) 

 
United States 

Food safety enhancing 

technologies (cattle vaccines 

against E. coli and direct-fed 

microbials) 

Gain and loss-framed message and media story 

Loss-framed message has the 

largest effects followed by 

media story 

Caputo (2020) South Korea Irradiated beef Video information on food safety 

Negative and positive 

information about food safety is 

associated with less and more 

acceptance level of the 

labelling system by the 

consumers, respectively 

Höhler and Schreiner (2020) Germany Milk 
Two price ranges (alternatives with a higher and 

lower price ranges) 

Lower price range has higher 

impact on WTP 

Delong et al. (2021) United States Beef 
Visual (picture) and text presentation of 

attributes 

Text information has positive 

effects on WTP 

Jessica et al. (2021) Canada 
Eggs from the welfare enhanced 

production systems 

Pros and cons of housing systems on animal 

welfare and environmental impacts 

Pros and cons information have 

higher effects on WTP of 

inexperienced consumers 
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4.3 Materials and methods  

4.3.1 Study area 

The study was conducted in Tasmania (Figure 4.1), Australia which has a population 

of 541,000 people (ABS, 2021) living in 241,000 dwellings. Over the last decade, the 

population of Tasmania has been growing largely due to interstate migration (ABS, 2021). The 

state is characterized by relatively low income (median weekly income of $1000) and generally 

lower educational attainment compared to the rest of Australia (ABS, 2016). Among Australian 

states and territories, Tasmania has the highest household per capita wood consumption which 

is associated with cold weather (Climate and Weather, 2020) and house condition (Driscoll et 

al., 2000).  

Figure 4.1 Map of Tasmania and other Australian states. 
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4.3.2 Attributes and levels  

Attribute selection was based on discussions with experts in the forestry industry, visits 

to firewood production sites and in-depth phone interviews with Tasmanian wood consumers. 

Initially, seven wood features were identified which we reduced to four through further 

discussion with wood users and forestry experts. To keep the choice tasks relatively simple, 

survey participants were informed that the wood is dry, harvested from sustainably managed 

public or private forests, and delivered with a tax receipt. Keeping some attributes fixed aided 

in reducing the cognitive burden (Kessels et al., 2011). 

Four legal and sustainable sources of firewood are identified (Small Native Forest 

Wood, Plantation Forest Wood, Agroforestry Farm Wood and Repurposed Wood). These 

sources of firewood would meet consumers’ demand for wood with fewer impacts on habitat 

areas for a range of species. Trees with hollows are recognized as potential nest sites for 

threatened Tasmanian birds e.g., Swift Parrots (Webb et al., 2012). About 9% of Tasmanian 

forests are plantation forest intended to produce high quality timber for domestic and 

international markets (Department of State Growth, 2017) and the timber leftovers or trees 

from thinning and pruning of plantation forests can be used for firewood. Wood from 

agroforestry farm can also be a sustainable source. Likewise, miscellaneous wood from road 

widening, land clearing or construction can be repurposed as firewood.  

Besides the source of the wood, we identified potential social and environmental 

priorities for investing the premium on this wood. The social priorities include creating jobs 

and training programs for Tasmanians with disabilities to work in the firewood/forestry 

industry (Job Creation for Disabled Tasmanians) and discounting wood for low-income 

households for home heating (Keeping the Poor Warm). Two attributes for environmental 

priorities involve investing part of the premium to conserve habitat of threatened species or to 

recycle wood. An attribute for the distance transported to capture consumers’ preference for a 
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local product was also included. These sources of wood, social and environmental priorities 

and distance are combined with eight cost levels (an extra price added over the base price of 

$180) per trailer load. Table 4.2 provides a summary of attributes and attribute levels from the 

survey (the interested reader is referred to Abdu et al., 2021a for more information on 

development of the survey). 

Table 4.2 Firewood attributes and levels. 

Picture/Symbol  Attribute level Description 

Source of Wood 

 
Small Native Tree Wood  

small to medium native trees, leaving hollow-bearing trees that will 

be used as habitat 

 
Plantation Forest Wood  

wood from thinning and pruning of plantation forests or leftovers 

from plantation timber 

 

Firewood Farm 

(Agroforestry) Wood 

wood from agroforestry farm established for the purpose of 

firewood production 

 
Repurposed Wood  

wood from re-purposed and recycled wood e.g., urban tree lopping, 

road widening or construction 

Social and environmental priorities 

 

Job Creation for Disabled 

Tasmanians  

support people with disabilities to receive training and employment 

opportunities in firewood/forestry industry 

 
Keeping the Poor Warm 

help pensioners and people on low income who use wood as 

primary source of heating energy to buy labelled wood 

 
Save our Wildlife 

conservation of habitat of threatened species e.g., Swift Parrots and 

Tasmanian Devils 

 

No Wood Waste in 

Tasmania 

encourage recycling and reuse of wood for other purposes e.g., wood 

chips, than ending it up in the landfills 

Distance (km) the firewood has travelled 

 

<50km  the firewood comes from at most 50km from residence 

 

51 – 100 km the firewood comes from at most 51 – 100km from residence 

 

101 – 200 km the firewood comes from at most 101 – 200km from residence 

 

201 – 300km the firewood comes from at most 201 – 300km from residence 

Cost ($)  
the extra cost ranges from $20 to $160 with an increment of $20 interval over the base price of 

$180 per a trailer load 

 

Dry wood will be available in a trailer of a standard size with dimensions (1.5m X 2.6m X 1m = 

3.9 m3). The wood is legally and sustainably harvested by trained wood harvesters. The wood is 

split and about 12-15 inches in length and delivered to driveway with a tax receipt. 
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The attributes and levels were then laid out according to an experimental design 

generated with NGENE 1.01.02 (Choice Metrics, 2014). The final design was used in both 

treatments and consisted of 60 choice tasks in 10 blocks with a D-error of 0.005316. 

Participants in the video7 treatment and no-video control group were randomly assigned to 

blocks. The choice tasks consisted of three alternatives and the option ‘I would buy other wood’ 

(Figure 4.2). Two of the attributes (sources of wood and social and environmental priorities) 

are qualitative and therefore effects-coded, whereas the other two attributes (distance and cost) 

are quantitative. 

Figure 4.2 An example of firewood choice task. 

 

At the end of each choice task, participants were asked to state how certain they were 

in making their choice using scale 0 to10, where 0 is very uncertain, whereas 10 is very certain. 

Typically, the approach has been used to recode data in an effort to reduce hypothetical bias in 

stated preference surveys. It is assumed that participants who are more certain in their choices 

 
7 Participants in the video treatment were unable to proceed with the     survey without playing the video and also unbale to speed up the 

video. 
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are more likely to approximate to the actual market situation (Ready et al., 2010). In this case, 

the data will be used to model choice certainty. 

4.3.3 Model specification  

After analysing the effects of information on consumers’ WTP, we conclude that the 

information in the video does not appear to have an impact on WTP when interacted with wood 

features. We estimate an HCM that incorporates two models (consequentiality and certainty). 

Incorporation of the two models in an HCM helps generate information about the effects of 

video related variables on how participants perceive consequentiality of a survey and 

consumers’ choice certainty simultaneously, which has advantages over the estimation of two 

separate models.  

4.3.3.1 Base model  

Following the standard approach in literature, we drew upon random utility theory where 

the utility has an observable and unobservable component as shown in Equation 4.1:  

Unit =  βk xnitk +  εnit                                                                                                          (4.1)  

where Unit represents the utility obtained by a participant (n) from alternative (i) in a given 

choice task (t); β is a vector of parameters to be estimated; xnit is a matrix of k attributes and 

εnit is the Identically and Independently Distributed (IID) Extreme Value (EV) Type I error 

term. Given this assumption, the choice probability Pn = (in1, in2, …, inTn) over Tn choice tasks the 

participant (n) faced can be expressed by a multinomial logit model (McFadden, 1974). To 

allow for preference heterogeneity, we employ a mixed multinomial logit model (MMNL) that 

includes random parameters (Hensher et al., 2015). In such an approach, preferences for the 

parameters are decomposed into mean preference and individual specific deviations (Equation 

4.2): 
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βk   =  β̅k  +  σk ϕk,   ϕk ~ (0, 1)                                                                                              (4.2) 

where βk is decomposed into a mean preference  β̅k for each attribute k and individual specific 

deviation σk ϕk, where ϕk,is normally distributed. The choice probability of a random parameter 

model (Equation 4.3) is written as an integral over all possible values of θ, which does not have 

a closed form, but the solution is obtained through Monte Carlo simulation (McFadden and 

Train, 2000): 

Pnit   = ∫ ∏
exp (β xnitk)

∑ exp (β xnjtk)
J
j=1

Tn
t=1  f(θn|Ω)d(θn)                                                                           (4.3) 

where f(θn|Ω) represents the joint density of the random parameters [βn1, βn2, …, βnk] for k 

attributes, θn is a vector of random parameters. 

An error component is included to account for variance heterogeneity in experimentally 

designed alternatives relative to the opt-out alternative (Scarpa et al., 2007b) as shown in 

Equation 4.4: 

Unit = βk xnitk + ղ δij + εnit   (4.4) 

where η is a normally distributed error component associated with a dummy variable δij = 1 for 

the three non-status quo alternatives. We estimate the models in WTP space as in Train and 

Weeks (2005), where the utility function in Equation 4.1 is respecified by separating the price 

vector 𝑝 and the non-price attributes 𝑥 as shown in Equation 4.5: 

Unit =  −αn pnitk + βn xnitk  + εnit                                                                                                   (4.5) 

The utility function, in WTP space, for an alternative in a given dataset (video and no-video 

data separately) with error component is typically written out as Equation 4.6:  

Unit =  −γn pnitk + (γn Wn) xnitk  + ʓn δij +  εnit                                                                            (4.6) 

where γn is the coefficient of the cost, Wn is WTP estimates for the attributes and ʓ is a 

parameter to be estimated for an error component. To identify the effects of video information 
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on the estimated WTP, we run a joint model where wood attributes are interacted with a binary 

video variable, after analysing the two datasets separately. In Equation 4.7, ‘dVideo’ represents 

a binary variable that captures the treatment of interest (if the participants watched the video, 

dVideo = 1): 

Unit = −γn pnitk ∗ 𝑑𝑉𝑖𝑑𝑒𝑜 + (γn Wn) xnitk ∗ 𝑑𝑉𝑖𝑑𝑒𝑜 + ʓ δij + εnit                                        (4.7) 

Across the treatments, we set J−1 Alternative Specific Constants (ASC), where (J) is the 

number of alternatives in the choice task and ASC2, ASC3, ASC4 capture right-left tendencies 

or other omitted variables.  

4.3.3.2 Certainty model  

We further explore if the scale parameter of the alternatives and choice certainty are 

influenced by the extra information, following the works of Rose et al. (2015) and Pelletier et 

al. (2019). To model participant certainty, we use an HCM estimated in preference space where 

the video treatment enters the structural equation (based on Pelletier et al., 2019). A specific 

advantage associated with the approach is that it is not always the certainty level that 

determines consumers’ utility from a given alternative, but the expected utility of the 

alternative that determines the certainty level. Following this argument, we adapt the approach 

to test whether consumers’ choice certainty is significantly affected by the expected utility of 

the chosen alternative. Moreover, such a model helps to generate information related to 

consumers’ choice certainty and consequentiality of the study on the future policy 

simultaneously. The intuition of the model is summarised in Figure 4.3 with definitions of 

variables and equations following. 
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Figure 4.3 Certainty modelling framework. 

 

Unit = λn xnit β + υnit,              ʋnit ~ EV1(0, ς)                                                                           (4.8) 

CSn
∗ =  ωn VSn + μn,        μn ~ N(0, ϶)                                                                                                   (4.9) 

In = φn CSn
∗ + ϛn,             ϛn~N(0, Θ)                                                                                                              (4.10) 

ynit = {
1 if Unit > Unjt, ∀j ≠ i  

0 otherwise,                  
                                                                                                (4.11) 

In Equation 4.8, λn is a scale parameter that is inversely related to the error term, υnit. The scale 

parameter is a function of the structural parameters of video related and other 

sociodemographic factors and is defined as λn = exp ( Л CSn
∗ ), where CSn

∗  is the 

consequentiality latent variable constructed from the video related questions with other 

sociodemographic factors (VSn). For the group in the video treatment, a follow up question ‘at 

the end of the video, what kind of vehicle did you see the man driving?’ was asked and their 

answer was recorded. An effects code was created for the video related test question, where the 

answers were coded as correct = 1, incorrect = 0, and no video as a base (no-video = −1). Age 

of the participants, measured in years, and a binary variable for whether the participants live in 



112 

 

the Greater Hobart area (capital of Tasmania) are also incorporated. The socioeconomic factors 

included in the model are limited to those variables associated with the video and two other 

variables (age and location). The variables are selected and incorporated stepwise to explain 

the consequentiality and certainty based on previous information (Pelletier et al., 2019). Some 

variables, for example, using wood as primary source of heat energy, have no effect on 

consumers’ preferences (as shown in the next chapter), which may imply that primary wood 

users prioritize meeting household energy needs. 

In the survey, the perceived consequentiality of this study is queried, and the 

participants rate their response from 0 to 5, where 0 indicates no policy effect and 5 is 100% 

confident that the study will affect future government policy. In Equation 4.9, ωn represents 

parameters to be estimated for the exogenous variables (VSn), whereas μn represents the error 

term.  

In Equation 4.10, we present a measurement equation where In corresponds to a column 

vector of the indicator variables representing the responses given to the consequentiality 

question, φn is a parameter to be estimated for the latent variable CSn
∗ , and ϛn is the error term. 

Equation 4.11 is the choice indicator, which suggests that ynit is 1 if an alternative (i) is chosen 

or 0 otherwise.  

The data that incorporates the certainty scale was modelled in several ways e.g., 

segmenting the dataset based on certainty scale (Rose et al., 2015), changing the observed 

choice to status quo if the certainty level is below a threshold (Ethier et al., 2000), etc. In this 

paper, we adapt certainty modelling approach developed by (Pelletier et al., 2019) that employs 

an HCM specified in preference space. Instead of assuming certainty level of the participants 

influencing the choice behaviour, it is the choice outcome, the expected maximum utility (EMU) 

of the alternatives, that influences the certainty response. The EMU can be computed as in 

Equation 4.12 (Pelletier et al., 2019): 
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κnt = log(∑ exp  (Vnit)i )                                                                                                                        (4.12) 

where κnt represents the EMU, and Vnit is the observable component of utility associated with 

alternative (i) in a given choice task (t) for individual (n). As such, the relationship between the 

EMU and certainty response is captured as presented in Equation 4.13: 

CRnt = ψnt κnt + ϻnt,     ϻnt~EV1(0, ∑)                                                                          (4.13) 

where CRnt corresponds to the responses given to the certainty questions presented on scale 0 

to 10 at the end of each choice task, ψnt is a parameter to be estimated and ϻnt is a vector of 

error terms that is IID EV Type I. The hybrid model is estimated by solving the structural 

equation, measurement equation, choice model, and certainty response model simultaneously. 

To estimate the final parameters, we use full simulated maximum likelihood solved with 

Modified Latin Hypercube Sampling (MLHS) (Hess et al., 2006) using 5000 draws. The final 

model specification is presented in Equation 4.14 and summarised in Figure 4.3. 

l(ς ; y, I | X, ϶) = ∏ ∏ Pn(i, I|X, ϶)ynitJ
i=i

N
n=1                                                                          (4.14) 

4.4 Results and discussion  

4.4.1 WTP and interactions in WTP space  

In this section, we present the estimated model for the video treatment and control group 

separately followed by the pooled sample where wood attributes are interacted with a video 

binary variable (Table 4.3). In the video, no-video and pooled sample models both ASC2 and 

ASC3 are insignificant indicating that there is no evidence that participants are selecting these 

alternatives relative to the alternative one. ASC4 is negative and significant across the 

treatments, which implies that there is unobserved heterogeneity specific to this alternative that 

leads respondents to select the three alternatives over ‘I would buy other wood’. The error 

component is also significant across the treatments, indicating that there is alternative specific 
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variance heterogeneity in preferences for the three alternatives compared with the opt-out ‘I 

would buy other wood’. 
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Table 4.3 WTP and random parameters for the two datasets with video interaction terms. 

 

Variables 

Video WTP No-video WTP WTP with video interaction 

Estimate  Robust SE Estimate Robust SE Estimate Robust SE Interaction Robust SE 

ASC2     10.10 6.21         8.70 8.49 9.54  5.88 −  

ASC3       6.08 5.51       −0.95 7.74 3.71  4.18 −  

ASC4 −410.00***        52.00 −441.00***        97.60 −432.00*** 47.70 −  

Error component  −280.00***        38.60 −367.00***        87.00  −337.00** 40.80 −  

Source of wood (Small Native Forest Wood as a base) 

Agroforestry Farm Wood  21.80*** 4.73     37.10*** 6.06      32.30*** 5.93      −8.91       7.44 

Plantation Wood       1.06 4.08       −7.64 8.03      −4.79 8.35        6.44      11.70 

Repurposed Wood       2.78 4.77     26.70*** 7.55      21.20*** 8.13    −18.00      14.50 

Social and environmental priorities (No Wood Waste in Tasmania as a base) 

 Save our Wildlife     26.40*** 5.78     28.60*** 9.54      28.40***      10.40       −1.56       15.80 

 Keep the Poor Warm      −6.85 4.30       −3.57 5.24      −2.67 5.57       −1.92         8.26 

Job Creation     −1.94 4.12       −5.33 5.49      −6.18 6.89         3.82         7.87 

Distance (km)  −0.12***  0.03      −0.17*** 0.03      −0.16*** 0.03         0.03         0.04 

Cost ($)  −3.89***   0.17      −4.22*** 0.17      −4.24***  0.16         0.34         0.20 

Random parameter  

Agroforestry Farm Wood  12.80***  6.30   37.20***  7.18      26.00*** 8.49   

Plantation Wood  19.20***  4.45 −63.40*** 11.50    −32.50***      14.00   

Repurposed Wood  37.40*** 11.90   50.90***   7.61      43.60*** 6.46   

Save our Wildlife   27.50*** 11.50      24.00 14.50      32.70***      13.00   

Keep the Poor Warm  21.90***   8.68        0.01  13.80      14.40*** 5.53   

Job Creation  −16.80***   4.01        8.76    5.01      15.30*** 3.74   

Distance (km)  0.09**   0.04     0.23***    0.05        0.14*** 0.03   

Cost ($)  −1.28***   0.30   −1.06***    0.32      −1.17*** 0.19   

                                                         Summary statistics for models   

LL(0)      −1987.95    −1987.95   −3975.89  

LL(β)      −1463.37    −1546.15   −3023.71  

AIC  2966.74      3132.29      6103.42  

BIC   3036.27      3201.82       6220.17  

Number of MLHS draws    5000  5000   5000  

Number of parameters   20  20   28  

n   239  239   478  
** and ***significant at 5% and 1%, respectively. SE = Standard Errors. MLHS = Modified Latin Hypercube Sampling. 
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In terms of mean WTP, participants in video treatments are willing to pay $21.80 for a 

trailer of firewood sourced from ‘Agroforestry Farm’ relative to ‘Small Native Forest Wood’, 

whereas consumers’ WTP for other sources (Repurposed and Plantation Forest Wood) is not 

statistically different from zero. Among the social and environmental priorities, participants in 

the video treatment are willing to pay $26.40 to ‘Save our Wildlife’, keeping ‘No Wood Waste 

in Tasmania’ as a base. These potential consumers prefer firewood being local, i.e. consumers’ 

WTP tends to decline by $0.12 for every 1km.  

For the no-video data, consumers’ WTP is $37.10 for ‘Agroforestry Wood’ and $26.70 

for ‘Repurposed Wood’. In terms of social and environmental priorities, the participants are 

willing to pay $28.60 for conservation of habitat of threatened species ‘Save our Wildlife’, 

using ‘No Wood Waste in Tasmania’ as a base. Similar to the participants in the video treatment, 

the no-video treatment consumers also prefer wood that comes from a closer source i.e., 

consumers’ WTP declines by $0.17 as the distance increases by 1km. Also, participants in the 

pooled data are willing to pay $21.20 for the firewood sourced from ‘Repurposed Wood’ and 

$28.40 to ‘Save our Wildlife’ with WTP declining as distance increases. There is no evidence 

that the additional information in the form of the ‘Video’ affects consumers’ WTP for the 

attributes as noted by the statistically insignificant interaction terms (Table 4.3). We also 

calculate the confidence intervals (CIs) of the WTP estimates for two datasets as presented in 

Table 4.4. The results show overlapping CIs of WTP estimates, which suggests that WTP in 

video treatment and control group are not statistically different from each other. 
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Table 4.4 Confidence intervals (CIs) of WTP of video and no-video data.  

 Video data No-video data  

Attributes  Mean  Video CIs† Mean  No-video CIs† 

Agroforestry Farm Wood  21.80***     $12.53 to $31.07 37.10***     $25.22 to $48.98 

Plantation Wood    1.06     −$6.94 to   $9.06   −7.64   −$23.38 to   $8.10 

Repurposed Wood    2.78     −$6.57 to $12.13 26.70***     $11.90 to $41.50 

Save our Wildlife   26.40***     $15.07 to $37.73 28.60***       $9.90 to $47.30 

Keep the Poor Warm  −6.85   −$15.28 to   $1.58   −3.57   −$13.84 to   $6.70 

Job Creation  −1.94   −$10.02 to   $6.14   −5.33   −$16.09 to   $5.43 

Distance (km)  −0.12***     −$0.17 to −$0.07 −0.17***     −$0.24 to −$0.11 
*** indicates significance at 1%, †  indicates overlapping confidence intervals of the two datasets at 95% CI. 

4.4.2 Certainty model in preference space  

Next, we estimate an HCM in preference space. The model explores how the expected 

maximum utility, EMU is influenced by the latent variable, consequentiality of the study, 

which in turn influences respondents’ certainty in their choices. For the question about 

consequentiality, the majority of the participants are relatively confident. At the end of each 

choice task, participants are asked to rate their certainty on scale 0 to 10 and the descriptive 

statistics are presented in Table 4.5.  

Table 4.5 Description of the responses to the consequentiality question and certainty scales.  

Confidence  Frequency Percentage 

Not confident 0 21   4.39% 

1 30   6.28% 

2 68 14.23% 

3 188 39.33% 

4 119                           24.90% 

100% Confident 5 52 10.88% 

Total  478 100% 

Certainty in choice  Frequency Percentage 

Very uncertain 0 4  0.87% 

1 3  0.59% 

2 5  1.08% 

3 9  1.85% 

4 17  3.59% 

5 44  9.24% 

6 49 10.22% 

7 96 20.08% 

8 105 21.97% 

9 52 10.88% 

Very Certain 10 94 19.63% 

Total  478 100% 
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Table 4.6 Results of certainty model.  

Video and other sociodemographic factors 

HCM   MMNL with error component base model 

Parameter Robust standard error Parameter Robust standard error 

Age (year)              −0.08 (0.138) − − 

Location (Greater Hobart region = 1)                0.37 (0.772) − − 

Correct (answer to video related question is correct)              −0.67 (1.190) − − 

Incorrect (answer to video related question is incorrect)                0.38 (0.753) − − 

Consequentiality     

Latent variable (φ)                 0.33 (0.607) − − 

τ11 −4.44*** (0.456) − − 

τ12 −3.46*** (0.559) − − 

τ13 −2.39*** (0.225) − − 

τ14 −0.59*** (0.200) − − 

τ15   1.01*** (0.195) − − 

Non-attribute variables     

Scale (Л)              −0.12 (0.226) − − 

ASC1 4.67*** (1.010) 5.97*** (0.443) 

ASC2 4.82*** (1.030) 6.22*** (0.438) 

ASC3 4.69*** (0.999) 6.01*** (0.440) 

Error component              −3.22*** (0.712) 4.17*** (0.441) 

Choice task attributes     

Agroforestry Wood                 0.33*** (0.076) 0.481*** (0.071) 

Plantation Wood               −0.07 (0.051)         −0.052 (0.075) 

Repurposed Wood                 0.18*** (0.065)  0.266*** (0.077) 

Save our Wildlife                 0.32*** (0.089)  0.481*** (0.076) 

Keep the Poor Warm               −0.07 (0.044)         −0.116 (0.065) 

Job Creation               −0.02 (0.038)         −0.044 (0.059) 

Distance (km)               −0.02*** (0.001)         −0.003*** (0.001) 

Cost ($)               −4.77*** (0.223)         −0.022*** (0.002) 

Random parameters     

Agroforestry Wood −0.30*** (0.092)   0.546*** (0.107) 

Plantation Wood   0.50*** (0.126) −0.704*** (0.110) 

Repurposed Wood −0.54*** (0.128)   0.846*** (0.104) 

Save our Wildlife   0.37*** (0.098)          −0.520*** (0.097) 

Keep the Poor Warm   0.20*** (0.091)    0.375*** (0.109) 

Job Creation                −0.10 (0.076)            0.116 (0.126) 
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Distance (km)               −0.01*** (0.001)    0.004*** (0.001) 

Cost ($) −1.64*** (0.129)  −0.024*** (0.002) 

Certainty scales     

EMU (κ)              −1.21*** (0.082) − − 

τ1            −11.10*** (0.016) − − 

τ2            −10.58 *** (0.266) − − 

τ3 1.09*** (0.314) − − 

τ4 1.13*** (0.228) − − 

τ5 1.20*** (0.164) − − 

τ6 1.51*** (0.146) −  

τ7 1.47*** (0.112) − − 

τ8 1.47*** (0.068) − − 

τ9 1.80*** (0.079) − − 

τ10 1.51*** (0.078) − − 

Summary statistics of the models 

LL(0)               −3975.89           −3975.89  

LL(β) −2872.31  −2863.01  

AIC   5828.62    5766.03  

BIC    6003.74    5849.42  

Number of MLHS draws 5000  5000  

Number of parameters 42  20  

n 478  478  
*** indicate significance at 1%. Robust standard error in parathesis. MLHS = Modified Latin Hypercube Sampling. 
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In Table 4.6, we present the results of the HCM that incorporates exogenous variables (two video 

related variables-correct/incorrect answers, age and location), the consequentiality latent variable, the 

scale parameter and certainty. In the model, the insignificant parameters of video related questions 

indicate that the additional information has no effect on the latent variable. The latent variable is also 

insignificant which indicates that the variable has no effect on the response given to consequentiality 

question. An insignificant scale parameter suggests that the video has no effect on preferences.  

In this section, we kept ASC4 as a base to estimate ASC1, ASC2 and ASC3 with consistent 

interpretation across the paper. The ASC1, ASC2 and ASC3 are positive and significant relative to the 

ACS4, which is ‘I would buy other wood’. The results indicate the existence of unobserved 

heterogeneities that influence survey participants to choose the three experimentally designed 

alternatives compared to the ‘opt-out’ alternative. Similar to the previous results, the significant error 

component shows the presence of the larger heterogeneity in variance of the three non-status quo 

alternatives than the ‘I would buy other wood’. The significance level and direction of the firewood 

attributes are similar to the estimates in the base model, MMNL (Table 4.6). The results show that 

information has no effect on the WTP, scale parameter or choice certainty, whereas the EMU is 

associated with lower choice certainty which implies that higher utility does not necessarily imply higher 

certainty in choice.  

4.5 Concluding remarks 

In this paper, we provide treatment participants with a short video and estimate different models to 

explore how consumers’ preferences are influenced by non-attribute information. We conclude that such 

an information has no effect on WTP, scale factor or choice certainty, which may imply that the provision 

of some extra information in the form of a video does not result in shifts in preferences. This allows us 

to pool the data in the next chapter, where the role of attitudes is explored. Even though providing more 

information to participants has no significant effect on preferences in this study, a tailored information 
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campaign with the labelling program may be more successful. Also, generation and sharing of 

knowledge and information among the industry affiliated stakeholders might be beneficial in reducing 

the practice of illegal wood harvesting and associated impacts (as investigated in chapter 2).  
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Chapter 5 

5 Effects of eco-consciousness on consumers’ willingness to pay for labelled wood 

Abstract 

With an application of a hybrid choice model, we investigate the effects of a latent variable, eco-

consciousness, constructed from attitudes to green consumption and purchase intention on consumers’ 

willingness to pay for firewood labelled as legal and sustainable wood. We use an online survey of 

potential firewood consumers in Tasmania, Australia (n=478). A hybrid choice model is constructed that 

simultaneously incorporates discrete choice and latent variable models. We conclude that individuals’ 

eco-consciousness is associated with certain socioeconomic factors. Eco-conscious consumers are 

willing to pay more for firewood sourced from Repurposed Wood and prefer part of their proceeds to be 

invested in conservation of habitat, which implies that such consumers are pro-environment. Non-eco-

conscious consumers are willing to pay for Agroforestry Wood or Plantation Wood and prefer to support 

the poor, implying that such consumers are pro-social. Non-eco and eco-conscious consumers consider 

distance from where the firewood is coming as an important factor in purchase decisions.  

Keywords: eco-consciousness; firewood; hybrid choice model; pro-environment; pro-social. 
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5.1 Introduction  

There is a growing level of concern about the unsustainable consumption patterns of people 

(Fuchs and Lorek, 2005; Bronfman et al., 2015; Bengtsson et al., 2018) with a concomitant urgency to 

develop potential pathways to reduce these impacts (Jackson, 2009; Heath and Chatzidakis, 2012; 

Eldesouky et al., 2020). In response, there has been a growth in the development of ecofriendly products 

as well as consumer information in the form of labelling. Consumer choice and preferences for 

ecofriendly products are thought to be influenced by features of the good as well as being shaped by 

factors such as consumers’ attitudes about environmental impacts of the product. Different academic 

literatures have been developed across marketing and environmental economics – each providing 

potential insights and modelling techniques useful for understanding preferences and willingness to pay 

(WTP) for products which address particular environmental issues or concerns.  

The stated preference literature provides techniques and insights into modelling preferences and 

attitudes with latent class models (Boxall and Adamowicz, 2002) extending to some of the emerging 

hybrid choice modelling approaches (Mariel and Meyerhoff, 2016). In this application, we consider the 

problem of consumer choice with respect to product labelling of firewood used in home heating. Our 

focus is on development of labels to differentiate legal and sustainable wood from other wood in our 

case study site (Tasmania, Australia). Firewood collection has a series of externalities, including the loss 

of critically important habitat of endangered species (e.g., nesting hollows of Swift Parrots).  

Firewood collection for household and commercial purposes requires permits and commercial 

licences issued by Sustainable Timber Tasmania (a public business enterprise in the forestry sector). The 

permits delineate operational sites of public forests, when and the amount of wood that can be collected, 

whereas the commercial licence enables firewood businesses to process low quality timber and/or other 

wood and sell it as firewood e.g., timber affected by bushfires (Sustainable Timber Tasmania, 2020). 
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Despite the regulations, the practice of illegal and unsustainable firewood harvesting practice has been 

a persistent problem with diverse effects. 

A national framework was developed by the Australian and New Zealand Environment and 

Conservation Council (ANZECC) taskforce in 2001 to support the development of a sustainable 

firewood industry. Pricing and market mechanisms are strategies identified in the national framework to 

support the establishment of a legitimate firewood supply chain across the Australian states and 

territories (ANZECC, 2001). Therefore, determining consumers’ preferences for legal and sustainable 

wood in a market and consumers’ WTP for legal and sustainable firewood in Tasmania is a first step in 

investigating the potential for a wood labelling system (Abdu et al., 2021a). Such evidence potentially 

contributes to a better understanding of state-specific strategies that will help reduce illegal firewood 

collection. More information about consumers’ pro-social and pro-environmental behaviour can be 

obtained by incorporating a latent variable into the choice model. 

The lack of information for consumers and the difficulty in identifying illegal wood at present 

allow unsustainably collected firewood to persist in the market (NRM South, 2018). Existence of illegal 

and unsustainable wood in the market also depresses the price of all wood (NRM South, 2021). One way 

to manage the practice is to encourage the development of a legitimate, sustainable supply chain for 

firewood. A legitimate supply chain is more likely to be effective if it built on an understanding of 

consumers’ purchase behaviour and their WTP.  

In making purchase decisions, consumers evaluate the features of the good but are also 

influenced by latent variables (Qing et al., 2016) which shape the acceptance of new products or features 

in the market (Grimmer and Woolley, 2014; Palmieri et al., 2020). Consumers with positive attitudes 

about sustainable production systems and more conscious of the environment tend to purchase goods 

and services that are less harmful to the environment (Gatersleben et al., 2014; Grimmer and Miles, 

2017). The role of consumers’ attitudes and intentions as a measure of eco-consciousness influencing 
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pro-environmental consumption behaviour has also been explored in transportation (Daziano and Bolduc, 

2013; Kamargianni et al., 2014; Thorhauge et al., 2017). Our case study site and focus on a labelling 

system provides an opportunity to explore green attitudes and intentions on WTP for firewood. 

Understanding the linkage between the latent variable on eco-consciousness and consumer preferences 

could provide evidence that would justify investment by the firewood industry and/or government 

agencies on certification systems to underpin future development of a legitimate firewood industry.  

The relationship between latent variables and consumers’ preference for certain products has 

been investigated using a hybrid choice modelling approach where latent variables are incorporated into 

the choice model to account for the effects of consumers’ attitudes (Mariel and Meyerhoff, 2016). The 

hybrid choice model (HCM) expands the traditional random utility model by incorporating attitudes, 

perceptions and intention factors as a latent variable into the model (Daziano and Bolduc, 2009; Kim et 

al., 2014). Attitudes and intentions are not directly observable, but through a group of measurement 

equations the latent relationships are introduced into the DCE model (see for example, Mariel and 

Meyerhoff, 2016; Vij and Walker, 2016). In this study, we adapt attitudinal and purchase intention 

factors from Grimmer and Miles (2017) and incorporate into the choice model, socioeconomic factors 

of the participants and attributes of the wood. The HCM captures the interactions among several factors 

that shape an individual’s choices and preferences, in this case, firewood with various environmental 

and social attributes. We expect that incorporating eco-consciousness latent variable of the consumers 

and attributes of the firewood in one model may lead to more behaviourally realistic representation of 

the choice process in comparison to, for example, mixed multinomial logit model (MMNL). 

The contribution of this study is in demonstrating the usefulness of HCM models for tailoring 

product labelling schemes to eco-conscious and non-eco-conscious consumers. Foreshadowing the 

results, we observe that eco-conscious wood consumers prefer wood that is repurposed, habitat 

conservation, wood coming from closer wood production sites, and they are less sensitive to the cost. 

Non-eco-conscious consumers prefer the wood to come from agroforestry or plantation, to address fuel 
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poverty issues, and for the wood to come from closer wood production sites. Non-eco-conscious 

consumers are more cost sensitive.  

The remaining parts of the paper are structured as follows: section two presents methodology 

describing the study area, the online survey, and the econometric modelling approach. Section three 

presents the results followed by discussion and concluding remarks with suggestions for future policy 

options in section four. 

5.2 Materials and methods  

5.2.1 Characterization of the study site 

We conducted the study in Tasmania, an island off the East coast of mainland Australia with a 

population of around half a million. Tasmania is characterised by low educational attainments, with 

about 16.2% of the Tasmanian population having an undergraduate/above undergraduate degree (below 

the national level of 22%). Tasmania is a relatively low-income area in Australia, where 26.3% of 

households in the state earn less than $650 a week and about 8.3% earn more than $3000 per week, 

whereas at national level, 20% and 16.4% of households earn less than $650 and more than $3000 per 

week, respectively (ABS, 2016). Tasmania is the coolest region among Australian states and territories, 

with temperature ranging from 3 to 11°C in winter and 17 to 23°C in summer (Climate and Weather, 

2020). About 49% of Tasmania’s land area is covered by forests among which 91% of the forests are 

native (dry eucalypt, cool-temperate, rainforests, wet eucalypt, and sub-alpine eucalypt) and the rest is 

plantation forest (Department of State Growth, 2017). The cold weather, low incomes, poorly insulated 

houses and availability of wood results in the largest household per capita firewood consumption in 

Australia (according to best available data from Driscoll et al., 2000). Figure 5.1 shows Tasmanian 
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forests, the main roads for transportation of the wood and some major cities (Hobart, Launceston and 

Devonport) where the wood will be marketed. 

Figure 5.1 Map of Tasmanian forests. 

5.2.2 Survey development, attributes and the sample 

A survey with a split sample in two treatments was developed in 2019-20208. The survey has five 

sections starting with informed consent screens (Ethics Reference # H0018411) and the three screening 

questions as to whether the potential participant is in the market for firewood (i.e. has a fireplace in their 

 
8 In the previous chapter, the two-treatment approach was explained. The analysis indicated that the inclusion of a video in one treatment had no effect. 

This allows us to pool the two samples (n=239*2 = 478). 
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home, purchased firewood recently and/or has a plan to buy firewood in the near future). Participants in 

the survey were randomly selected from an online internet panel provider (Online Research Unit (ORU) 

of Australia, see http://theoru.com/). Section two of the survey presents a series of background questions 

about use of firewood, knowledge of the existence of illegal firewood collection and related impacts. 

Firewood with specific attributes is introduced and explained. Participants are reminded of budget 

constraints and the importance of answering as if they really had to reach into their pockets (i.e., known 

as cheap talk scripts in the environmental economics literature). A series of six choice tasks are presented 

in section three. Section four presents the attitudinal and intention statements as Likert scales followed 

by socioeconomic factors of the participants in section five.  

Firewood attributes were identified through a review of the literature, discussion with forestry 

experts, firewood sellers and consumers, and visits to firewood production sites. Initially, we identified 

seven attributes including wood moisture content, tree species, type of forest (old-growth, native 

regrowth or plantation), tenure type (private or public), social and environmental priorities, distance 

from the sources of the wood to the residence and the cost. We reduced the number of attributes to four 

based on further discussion with experts. We simplified the choice task by explaining to the participants 

that the wood is dry, legally and sustainably sourced from public or private forests, and supplied with a 

receipt (Table 5.1).  

Sustainable harvesting practice involves retaining deadwood as well as trees with hollows or the 

potential for hollows – all are ecologically important (Merganičová et al., 2012). The sources of firewood 

presented in the choice tasks are intended to meet consumers’ demand for firewood without negatively 

affecting the social and ecological contributions of the forest. In the survey, we present four legal and 

sustainable sources. The first source is firewood prepared from branches of native forests or small size 

native trees that do not have hollows or have not the potential to develop hollows recognizing the 

importance of such trees as habitat (NRM South, 2021). The second source of wood is firewood 

harvested from thinning of plantation forests, leftover timber or low-quality timber from plantation 

http://theoru.com/
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forests. Firewood from agroforestry farms is a third source. Finally, a miscellaneous wood i.e., recycled 

wood from road widening or construction (e.g., off-cuts), old untreated fencing, etc. can also be used as 

a source of sustainable firewood.  

As the focus of the paper is to identify pro-environment and pro-social Tasmanian wood consumers, 

the study also incorporates ways that the premium charged on a trailer load of firewood could be used 

for social and environmental priorities. The premiums associated with two social priorities would 

support training of disabled people to work in the firewood/forestry industry (Job Creation for 

Tasmanians with Disabilities) or to provide a discount for low-income households and pensioners who 

use firewood as a primary source of energy (Keeping the Poor Warm) to purchase labelled wood. It is 

explained that part of proceeds of the purchase will be invested in conservation of habitat of threatened 

animals of Tasmania e.g., Swift Parrots (Lathamus discolor) and Tasmanian Devils (Sarcophilus harrisii) 

– labelled as Save our Wildlife or divert timber leftover to use for other purposes and prevent it from 

ending up in landfills (No Wood Waste in Tasmania). In the latter case, part of the premium will 

contribute to waste management strategies e.g., the city of Hobart has developed a strategy that aims to 

achieve zero waste to landfills between 2015-2030 (City of Hobart, 2016). 

Distance (km) of firewood production site from consumers’ residence is incorporated in wood 

features to capture the product being local as well as the carbon emissions associated with transportation 

of the wood, which is identified to be within 50km, 51−100km, 101−200km and 201−300km. These 

three attributes of different levels are combined with eight cost levels ranging from $20 to $160, with a 

$20 increment for a trailer load. The cost is established as an extra payment made by the buyers on the 

top of the $180 for a trailer of wood. The attributes and attribute levels are summarised in Table 5.1. 
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Table 5.1 Firewood attributes and levels. 

Source of firewood Description Picture/Symbol 

Small Native Forest Wood wood produced from small size native trees that do not have hollows or limited potential to develop hollows 
 

Repurposed Wood recycling wood such as wood from road widening or construction, old untreated fencing, etc 
 

Plantation Forest Wood wood harvested from thinning of plantation forests, leftover timber or low-quality timber 
 

Agroforestry Farm Wood 
wood harvested from forest farm established for the purpose of firewood production 

 

Social and environmental priorities – part of the premium will be invested in: 
 

Keep the Poor Warm 
discounted wood for Tasmanians with low income  

 

Job Creation 
creating jobs for Tasmanians with disabilities to gain some training and be able to work in forestry/firewood industry  

 

Save our Wildlife 
conserving habitat of threatened wildlife of Tasmania  

 

No Wood Waste in Tasmania 
 investing in supporting wood reuse policies than ending it up in the landfills  

 

Distance (km) 
 

 

Under 50km 
the firewood comes from up to 50km from your residence 

 

50−100km 
the firewood comes from 51 – 100km from your residence 

 

100−200km 
the firewood comes from 101 – 200km from your residence 

 

200−300km 
the firewood comes from 201 – 300km from your residence 

 

Cost ($) 
extra cost per a trailer load on the base price $180 ranges from $20 to $160 with an increment of $20 interval 

 

 

The firewood will be labelled with a combination of the above features. Pricing is based on a standard size trailer, with dimensions (1.5m X 2.6m X 1m = 

3.9 m3), of dry firewood. The firewood is legally and sustainably harvested by trained wood harvesters, split and about 12−15 inches in length and delivered 

to the buyer’s driveway with a tax receipt. 
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5.2.3 Experimental design and survey implementation 

We first generated an initial utility balanced experimental design to use in a pilot survey. Later, 

the estimates from the pilot survey (n=76) were used to update the experimental design for the final 

survey. The final design has 10 blocks with 6 choice tasks in each block, and the D-error is 0.005316. 

Respondents are randomly assigned to 1 of the 10 blocks. The order in which the choice tasks appear in 

each block and the order of the attributes between the blocks, other than the extra cost per trailer of wood, 

is randomized. Figure 5.2 provides a sample choice task. 

Figure 5.2 An example of the firewood choice task. 

5.2.4 Green attitudes9 

Pro-environmental consumption is defined as purchasing of products that are less harmful to the 

environment, or have reduced impacts on the environment, produced from or packaged in 

biodegradable/reusable materials by responsible companies (Öberseder et al., 2011; Cleveland et al., 

 
9 Grimmer and Miles (2017) present a set of scales focused on green purchase intentions which is most closely aligned with the problem – a product which 

is sustainably produced. The Grimmer and Miles scales were developed, tested and validated in Australia. More psychometric indicators (social environment, 
attitudinal and intention factors) are included in the survey and will be included in analysis in upcoming papers.  
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2012; Grimmer and Miles, 2017). Such behaviour is influenced by several interrelated factors such as 

consumers’ attitudes, purchase intentions, social context and involvement in environmental activities 

(Grimmer and Miles, 2017; Dermody et al., 2018). The role of pro-environmental behaviour in purchase 

decision has been investigated from different perspectives e.g., use of hypothetical products (Dermody 

et al., 2018), logos of companies such as corporate social responsibility (Mohr and Webb, 2005), actual 

products e.g., bottled water (Grimmer and Woolley, 2014), transportation (Daziano and Bolduc, 2013; 

Kamargianni et al., 2014), etc. In this paper, we adapt eight psychometric indicators from Grimmer and 

Miles (2017) and develop a latent variable, consumers’ eco-consciousness, that is used to explore the 

effects of such a factor on consumers’ purchase decision of labelled firewood.  

5.2.5 Model specification  

The utility an individual derives from a given alternative has systematic (observable) and 

stochastic (unobservable) parts (McFadden and Train, 2000) as given in Equation 5.1: 

Unit =  β xnit +  εnit                                                                                                                                                          (5.1) 

where xnit is the vector of observable attributes, the potential consumer (n) viewing a choice task (t), 

selects an alternative (i) made up of the attributes described in the survey. β is a vector of parameters to 

be estimated and εnit is an error term that is Identically and an Independently Distributed (IID) Extreme 

Value (EV) Type I. For the purpose of estimating a simple multinomial logit model, a constant error 

variance across the alternatives is typically assumed. This assumption can be relaxed in the 

implementation of models such as MMNL, where preferences for the parameters are decomposed into 

mean preference and individual specific deviations (Hensher et al., 2015) as in Equation 5.2: 

β̅k =  βk +  σk ϕk, ϕk~ (0, 1)                                                                                                                             (5.2) 

where β̅k  is decomposed into mean preference βk for each wood attribute k and individual specific 

deviation σk ϕk. We incorporated an error component to account for heterogeneity in variance of the 
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experimentally designed alternatives relative to the opt-out (Scarpa et al., 2007b) as shown in Equation 

5.3: 

Unit = β̅k 𝑥nitk + η Лij + εnit                                                                                                                   (5.3) 

where η is a parameter to be estimated for the error component associated with a binary variable Лij =1 

for the three non-status quo firewood alternatives.  

In order to obtain choice probabilities in a random parameter model (Equation 5.4), it is necessary 

to integrate over all possible values of θ. Equation 5.4 is not closed form and thus requires simulation to 

obtain a solution (McFadden and Train, 2000): 

Pr(yn|xn, Ω) = ∫ ∏
exp (β̅ xnit)

∑ exp (β̅xnit)
J
j=1

Tn
t=1  f(θn|Ω)d(θn)                                                                                (5.4)  

where f(θn|Ω) represents the joint density of the random parameters [βk1, βk2,…, βnk] for k attributes, is 

θn a vector of random parameter and Ω shows the parameters of the distribution.  

We expect that consumers’ WTP for the firewood is affected not only by the features of the wood 

but also by the attitude and intention of consumers towards green consumption. We used the previously 

described psychometric indicators on pro-environmental consumption behaviour to explain participants’ 

eco-consciousness. Incorporation of this measure of eco-consciousness with socioeconomic factors and 

attributes of the wood in the HCM generates richer information about consumer preferences (Bolduc et 

al., 2005).  

The HCM is comprised of structural, measurement and choice equations (Bolduc and Daziano, 

2010). The structural models are presented in Equation 5.5 and 5.7. The relationship between the latent 

variable, representing eco-consciousness (ECO*) and observable socioeconomic factors (Zn) revealed 

by the participants is presented in Equation 5.5: 

ECOn
∗ = φn Zn  +  ωn, ωn ∽ N(0, ∑ω)                                                                                                             (5.5) 

where ECOn
∗  is a latent (unobservable) variable related to participants’ level of eco-consciousness. The 

vector Zn contains the socioeconomic characteristics of the participants. The φn is a vector of parameters 
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to be estimated to explain the association between consumers’ level of eco-consciousness and certain 

socioeconomic factors. The ωn represents a vector of random disturbance term, whereas ∑ω shows the 

covariance of the disturbance term.  

The measurement model consists of the indicators and corresponding latent variable. Equation 

5.6 links the ECOn
∗  latent variable to the response given to Likert scale 1 to 7, where 1 represents 

completely disagree and 7 shows completely agree with the statements: 

IRn =   γn ECOn
∗ +  υn, υn ∽ N(0, ∑υ)                                                                                                             (5.6) 

where IRn represents the response given to the psychometric indicators, which is influenced by the latent 

variable ECOn
∗ . γn is a vector of parameters to be estimated and captures the effect of latent variable 

ECOn
∗  on the response given to the statements. The term υn represents a vector of random independent 

disturbance term, whereas ∑υ  is the covariance of the disturbance term. The other structural equation is 

the utility function for the firewood attributes. Equation 5.1 is redefined after incorporating ECOn
∗  and 

error component as presented in Equation 5.7: 

Unit = β̅k xnitk +  γn ECOn
∗  + ղ Лij +  εnit, εnit ∽ N(0, ∑ε )                                                                                 (5.7) 

Equation 5.8 is a choice equation that shows the outcome variable ynit if a given alternative (i) is chosen 

or not:  

ynit =  {
1,      if   Unit = max  j{Uj} 

0,             Otherwise             
                                                                                                           (5.8) 

where ynit is a choice indicator with a value of 1 if alternative (i) is chosen, 0 otherwise. The probability 

that a respondent (n) would choose alternative (i) from the firewood options given the latent variable 

ECOn
∗  is presented Equation 5.9:  

Pn(i|ECOn
∗ , x;  δ)                                                                                                                                              (5.9) 

where Pn is the probability an alternative (i) is chosen by an individual (n) and δ designates all the 

parameters to be estimated (δ = {β, γ, φ}). The likelihood function of the observation is the joint 

probability of the choice and psychometric indicators. Since the ECOn
∗  is an unobserved variable, the 



138 

 

joint choice probability is obtained by integrating the latter expression over the whole space with a 

density function of the ECOn
∗ . The method involves a Bayesian approach that is built on Monte Carlo 

simulation (Kim et al., 2014). In the context of firewood, the probability that eco-consciousness 

influences consumers’ purchase of ecofriendly firewood is computed as presented in Equation 5.10: 

Pn(i|x, Z; δ) =  ʃecoPn(i|ECOn
∗ , x, γ, β )f(IR|ECOn

∗ , γ)g(ECO∗|Z, φ)dECOn
∗                                                  (5.10)                                                                                   

where δ represents the full set of parameters to be estimated (δ = {β, γ, φ}). Putting the components 

together, the first part of Equation 5.10 is the choice model. The choice model indicates how the choice 

of a given alternative (i) is influenced by the utility to be derived from one alternative vs another 

(alternative sets of firewood attributes). The second part of the integral function corresponds to the 

measurement equation where the response given to the indicator variables is influenced by the 

unobserved latent variable, ECOn
∗  and the third component of the integral is the structural equation of the 

latent variable. The summary of the modelling framework is presented in Figure 5.3.  

The WTP values are directly estimated in WTP space10 (Train and Weeks, 2005), where we 

specify J−1 Alternative Specific Constants (ASC), given that (J) is the number of alternatives in a choice 

task. ASC2, ASC3 and ASC4 capture right-left tendencies or other omitted variables in the selection of 

the alternatives. The models are estimated using a simulated maximum likelihood approach using 

Modified Latin Hypercube Sampling (MLHS) sequences (Hess et al., 2006) with 5000 draws. 

 
10 For clarity, this model is estimated directly in WTP space where the utility function in Equation 5.1 is respecified separating the price vector p and the 

non-price attributes x , Unit =  −αnpnit + βnxnit + εnit where αn  and βn  vary randomly over individuals and εnit is assumed IID. The variance of the 

εnit term is allowed to be different across participants: Var (εnit) =  kn
2(

π2

6
) where kn is the scale parameter for individual n. Dividing the above utility by 

the scale parameter kn does not affect the decision−making behaviour but results a new error term with constant variance 
π2

6
. We express λn = αn/kn as 

coefficient of the cost and cn  = βn /kn  presenting coefficient of the non-cost attributes i.e., xnit  such that the utility is written as Unit =  −λnpnit +
(λncn)xnit + εnit. We define the WTP by individual n (Wn) = cn/λn. Accordingly, the utility in WTP–space model is expressed as: Unit =  −λnpnit +
(λnWn)xnit + εnit (see Train and Weeks, 2005).                                                                     
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Figure 5.3 Hybrid modelling framework. 

5.3 Results  

5.3.1 Socioeconomic factors  

Our sample is from an internet panel and to participate people had to be in the market for purchasing 

firewood. As described in Table 5.2, approximately 49% of the participants are female with an average 

age of 48 years and thus reasonably representative of the population (ABS, 2016 reported that 51.1% of 

Tasmania’s population is female with an average age of 42 years). Participants with higher levels of 

education are overrepresented in our sample with 68% of the participants holding a bachelor’s degree or 

above education level whereas around 16.2% of the state’s population has education level of bachelor’s 

degree or above (ABS, 2016). People with higher levels of income and educational qualifications may 

have been over-sampled as a result of potential self-selection. There is also the possibility that people in 

urban areas with fireplaces who are in the market for purchasing firewood tend to have higher levels of 

education. No data is available on the education levels of people living in homes with fireplaces. 
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More than half of the participants use firewood as a primary source of heating energy and are 

located in the greater Hobart (capital city of Tasmania) region with a household size of three individuals, 

on average. The majority of the participants are aware of the existence of illegal firewood collection 

(73%) among which 82% are aware of the effects of unsustainable harvesting. Similarly, the majority of 

the participants (75%) recognize the consequentiality of the study in terms of influencing policy 

decisions associated with firewood harvest and supply in the state. 

Table 5.2 Socioeconomic factors of the participants. 

Variable Description Mean SD 

Age  age of the participants measured in year (continuous) 47.81     17.52 

Gender  gender is a dummy variable presented as 1 = female  0.49 0.50 

Education  education is a dummy variable where 1 = bachelor’s degree/above degree  0.68 0.46 

Location  location dummy is residence areas presented as 1= Hobart region 0.51 0.50 

Primary user  wood users are classified as 1= if wood is primarily used (dummy) 0.56 0.50 

Family size  family size is a continuous variable measured by the number 2.83 0.14 

Existence  if the participants know existence of the illegal practice (1= yes)  0.73 0.44 

Effects  if the participants know the existence and effects of the illegal practice (1= yes)  0.82 0.38 

Policy relevance  participants’ confident in policy impact of the study (1= very confident)  0.75 0.43 
SD = Standard Deviation. 

5.3.2 Factor analysis  

The level of agreement on a Likert scale ranges from 1 to 7 (1= completely disagree and 7= 

completely agree) as summarised in Figure 5.4.  

Figure 5.4 Psychometric indicators used in the factor analysis. 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

I think of myself as an environmentally−friendly consumer (I1)

I think of myself as someone who is very concerned with…

By buying environmentally friendly products, I can make a…

I feel I can help solve natural resource problem by buying…

I can protect the environment by buying products that are…

When I buy products, I try to consider how my use of them will…

When I next go shopping, I plan to buy environmentally…

My actual intention to seek out and buy environmentally…

Responses given to psychometric indicators on scale 1 to 7

1 2 3 4 5 6 7
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We first investigate existence of certain levels of correlations between pairs of the indicators. We 

observe the existence of significant correlations between the pairs of indicators with coefficients of the 

correlation ranging between 0.40 to 0.69 (Table 5.3).  

Table 5.3 Correlation between pairs of indicators. 

Indicators  I1 I2 I3 I4 I5 I6 I7 I8 

I1 1               

I2 

0.62*** 

(0.000) 1             

I3 

0.46*** 

(0.000) 

0.47*** 

(0.000) 1           

I4 

0.43*** 

(0.000) 

0.46*** 

(0.000) 

0.48*** 

(0.000) 1         

I5 

0.48*** 

(0.000) 

0.46*** 

(0.000) 

0.66*** 

(0.000) 

0.46*** 

(0.000) 1       

I6 

0.60*** 

(0.000) 

0.54*** 

(0.000) 

0.43*** 

(0.000) 

0.47*** 

(0.000) 

0.44*** 

(0.000) 1     

I7 

0.56*** 

(0.000) 

0.54*** 

(0.000) 

0.47*** 

(0.000) 

0.54*** 

(0.000) 

0.40*** 

(0.000) 

0.51*** 

(0.000) 1   

I8 

0.62*** 

(0.000) 

0.61*** 

(0.000) 

0.50*** 

(0.000) 

0.47*** 

(0.000) 

0.45*** 

(0.000) 

0.57*** 

(0.000) 

0.69*** 

(0.000) 1 
*** indicates significance level at α= 1%. P-values in parenthesis.  

A Bartlett test of sphericity helps to test where there are sufficient intercorrelations among the 

items to conduct factor analysis. In this case, the null hypothesis of no intercorrelation is rejected (χ2 = 

1891.76; df = 28; p<0.000). A Kaiser-Meyer-Olkin (KMO) of 0.899 was calculated which exceeds the 

rule of thumb of 0.8, which is often deemed an acceptable level for factor analysis (Tabachnick and 

Fidell, 2007). Accordingly, we identify items that are related but provide unique information. The factor 

analysis is presented in Table 5.4. Based on the Eigenvalue, one factor is identified as a latent variable 

with Cronbach’s alpha (α) = 0.894, which we named as consumers’ eco-consciousness. All factor 

loading values for eight indicators are 0.7 or above (last column of Table 5.4).  

Table 5.4 Factor analysis. 

Factors Eigenvalue Proportion probability  Cumulative probability  Factor loading for Factor1 

Factor1 4.61 0.58 0.58 I1 = 0.79 

Factor2 0.83 0.10 0.68 I2 = 0.78 

Factor3 0.62 0.08 0.76 I3 = 0.73 

Factor4 0.52 0.06 0.82 I4 = 0.70 

Factor5 0.44 0.06 0.88 I5 = 0.71 

Factor6 0.36 0.04 0.92  I6 = 0.75 

Factor7 0.32 0.04 0.96 I7 = 0.78 

Factor8 0.29 0.04 1.00 I8 = 0.82 
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5.3.3 Mean willingness to pay in willingness to pay space 

The mean WTP is estimated at an individual level with a mixed multinomial logit error component 

model included in the HCM. Reviewing the parameter estimates, the ASC2, ASC3 and ASC4 represent 

the constants associated with the second, third and opt-out ‘I would buy other wood’ alternatives, 

respectively. ASC2 is positive and significant indicating that there is unobserved heterogeneity that 

influences participants to select alternative two relative to alternative one. ASC3 is insignificant, whereas 

ASC4 is negative and statistically significant indicating that there is less tendency to select the opt-out 

compared to alternative one caused by unobserved heterogeneity. The latter implies that participants 

prefer firewood labelled as legal and sustainable than the current mix of legal/illegal 

sustainable/unsustainable firewood in the market. The significant error component indicates that there 

is greater heterogeneity in preferences for non-status quo firewood alternatives (Trailer A, B and C) 

versus the opt-out alternative ‘I would buy other wood’ (non-attribute sub-heading of Table 5.5). 

As the choice equations were specified in WTP space, the parameter estimates are the WTP for 

firewood attributes. The mean WTP estimates represent how much consumers with no latent variable, 

eco-consciousness, would be willing to pay for the labelled firewood. In estimation of WTP for the 

different sources of wood and the social/environmental priorities, it is necessary to select a base, in this 

case, Small Native Forest Wood for sources of the wood and No Wood Waste in Tasmania for priorities. 

The consumers’ mean WTP for the firewood sourced from Agroforestry Farm Wood is $25.50 and 

$26.10 for Plantation Forest Wood over the base trailer load price of $180 relative to Small Native Forest 

Wood. The mean WTP for the firewood sourced from Repurposed Wood is −$44.10 per a trailer load 

indicating that non-eco-conscious consumers would need a discount to purchase Repurposed Wood 

compared to the firewood from Small Native Forests. Relative to ‘No Wood Waste in Tasmania’, the 

non-eco-conscious consumers support proceeds going to aid addressing fuel poverty by $23.10, whereas 

such consumers’ WTP for saving the wildlife and creating jobs for Tasmanians with disabilities is zero 
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(see choice equation sub-heading in Table 5.5). The statistically significant random parameters indicate 

there is taste heterogeneity for the attributes (see random parameter sub-heading of Table 5.5).  

5.3.4 Effects of eco-consciousness on willingness to pay 

The interaction effects of the attributes with the eco-consciousness latent variable are 

summarised under the eco-conscious interaction sub-heading in Table 5.5. The estimate shows the 

effects of eco-consciousness on WTP price premium over the $180 a trailer load for labelled wood. For 

example, eco-conscious consumers’ WTP for the firewood sourced from Agroforestry is zero, whereas 

consumers would need a discount to purchase firewood from Plantation Forests relative to the wood 

from Small Native Forests. However, such consumers are willing to pay a positive premium for the 

firewood sourced from Repurposed Wood compared to firewood sourced from Small Native Forests. 

Among the social and environmental priorities, eco-conscious consumers are willing to pay for Save our 

Wildlife relative to No Wood Waste in Tasmania. These ecofriendly consumers’ WTP tends to decline 

as the Distance (km) of wood production site relative to consumers’ residence increases, indicating that 

consumers prefer firewood produced at a closer location to residence of the buyers, which might be 

associated with local attribute preference or carbon emission (eco-consciousness interaction part of 

Table 5.5).  

Generally, more eco-conscious Tasmanians prefer their wood to be sourced from Repurposed 

Wood considering ecological contribution of such wood while satisfying their energy needs, whereas 

less eco-conscious consumers would need a discount to purchase such wood. Instead, less eco-conscious 

consumers prefer wood from Agroforestry Farm or Plantation Forests and prefer the proceeds to support 

the poor. More eco-conscious consumers would like to support the policy that will encourage 

conservation of habitat of the threatened species. While it is not unexpected that more eco-conscious 

consumers are supportive of environmental labelling and willing to pay more, less eco-conscious 
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consumers prefer wood from agroforestry or plantations and appear more pro-social in so far as they 

support addressing fuel poverty (Table 5.6).  

5.3.5 Structural equation  

The structural equation captures the association of the socioeconomic factors of the participants 

with the latent variable. Using the structural equation, we observe existence of positive associations 

between consumers’ eco-consciousness behaviour and certain socioeconomic factors (the parameter 

estimates are set out under the separate structural equation heading in Table 5.5). Factors such as age 

(year), gender (being female), education (holding a bachelor’s degree or above), larger household size, 

and areas of residence are positive and statistically significant. Similarly, knowledge of the effects of the 

practice on biodiversity, and relevance of this research in influencing future policy have a positive and 

statistically significant association with the latent variable. Using firewood as a primary source of energy 

is insignificant in the structural equation indicating these consumers are less eco-conscious consumers. 

Further, knowledge of the existence of illegal wood harvesting is insignificant indicating that being 

aware of the problem does not influence consumers’ eco-consciousness unless they know the ecological 

impacts of the practice.  

5.3.6 Measurement equation  

The measurement model links eco-consciousness behaviour of the participants to the answers 

given to the statements. The answers given to all the psychometric indicators are positively and 

significantly shaped by the eco-consciousness latent variable. This implies that eco-conscious consumers 

are more likely to provide a positive response to the positive green consumption statements 

(measurement equation part of Table 5.5).  

The variable τ presents participants’ choice of the scales (1-7) for the indicator. We keep the 

seventh scale as a base and estimate the other six scales (1-6) against the base. Accordingly, all the τ 
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estimates are statistically and significantly different from zero compared to the seventh scale, except τ2. 

Compared to scale 7, participants are more likely to select scale 3-6, whereas the participants are less 

likely to select scale 1 compared to scale 7 as indicated by the negative τ1 parameter (Taus sub-heading 

in Table 5.5).  
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Table 5.5 Results of the hybrid choice model. 

Choice equation (non-attribute parameter estimates)  

HCM   MMNL with error component as base model 

Parameter Robust standard error Parameter Robust standard error 

ASC2 8.50** (4.280) 9.31*** (4.410) 

ASC3               1.93 (4.140)          2.60 (3.720 

ASC4 −444*** (44.500)        −445*** (63.900) 

Error component  352*** (46.500)        −347*** (55.100) 

Choice equation (wood attributes)     

Agroforestry Wood  24.50*** (7.190)        27.90*** (3.550) 

Plantation Wood  26.10*** (7.920)        −2.70 (3.200) 

Repurposed Wood           −44.50*** (15.400)         11.60*** (3.220) 

Save our Wildlife           −22.60 (11.600) 26.60*** (4.600) 

Keep the Poor Warm             23.10*** (8.400)         −4.10 (3.080) 

Job Creation               3.05 (9.580)         −3.14 (3.730) 

Distance (km) −0.11*** (0.033) −0.14*** (0.018) 

Cost ($) −2.81*** (0.310) −4.05*** (0.106) 

Random parameter     

Agroforestry Wood −30.20*** (2.820)   25.30*** (4.830) 

Plantation Wood −37.00*** (7.050) −33.20*** (5.110) 

Repurposed Wood   32.80*** (5.420)   46.40*** (3.520) 

Save our Wildlife  −20.30*** (5.380)    33.30*** (5.650) 

Keep the Poor Warm      3.95*** (1.930)    13.30*** (2.370) 

Job Creation    −8.55*** (3.380)    12.20*** (3.550) 

Distance (km)    −0.17*** (0.030)      0.14*** (0.019) 

Cost ($)      0.95*** (0.200)     −1.22*** (0.136) 

ECO interaction with wood attributes      

ECO X Agroforestry Wood                2.94 (3.910) − − 

ECO X Plantation Wood            −16.70 (5.880) − − 

ECO X Repurposed Wood     31.00*** (9.280) − − 

ECO X Save our Wildlife   26.70** (6.610) − − 

ECO X Keep the Poor Warm            −16.70 (4.590) − − 

ECO X Job Creation              −3.41 (5.590) − − 

ECO X Distance (km)    −0.02*** (0.018) − − 

ECO X Cost ($)    −0.59*** (0.149) − − 

Structural equation      

Age (year)      0.01*** (0.002) − − 

Gender (Female = 1)      0.53*** (0.087) − − 

Education level (1= Bachelor’s degree or above )      0.41*** (0.089) − − 

Family size (number)      0.14*** (0.032) − − 

Firewood as primary heating source (1= yes)                0.12 (0.086) − − 
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Location (1= greater Hobart region) 0.33*** (0.093) − − 

Existence (1= knows existence of the problem)            −0.11 (0.105) − − 

Effects (1= knows the effects of the problem) 0.62*** (0.119) − − 

Policy relevance of the study (1= confident/very confident) 0.79*** (0.106) − − 

Measurement equation      

ECO X I1 1.98*** (0.100) − − 

ECO X I2 1.97*** (0.103) − − 

ECO X I3 2.49*** (0.118) − − 

ECO X I4 1.90*** (0.100) − − 

ECO X I5 2.39*** (0.118) − − 

ECO X I6 1.99*** (0.103) − − 

ECO X I7 1.83*** (0.099) − − 

ECO X I8 1.86*** (0.097) − − 

Taus      

τ1            −1.42*** (0.430) − − 

τ2              0.06 (0.510) − − 

τ3 0.75*** (0.160) − − 

τ4  2.38*** (0.120) − − 

τ5  4.49*** (0.120) − − 

τ6  6.84*** (0.120) − − 

Summary statistics on the model 

LL(0)   −3975.89  −3975.89  

LL(β)   −3004.55  −3030.51  

AIC     6111.10    6101.02  

BIC     6323.75    6184.41  

Number of MLHS draws 5000  5000  

Number of parameters 51  20  

n 478  478  
**and *** indicate significance at 5% and 1%, respectively. Robust standard error in parathesis. MLHS = Modified Latin Hypercube Sampling. 
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Table 5.6 Comparison of more eco-conscious and less eco-conscious Tasmanian wood consumers.  

Attributes  Less eco-conscious Tasmanians  More eco-conscious Tasmanians  

Source of wood (Small Native Forest Wood is a base) 

Agroforestry Farm Wood  

Less eco-conscious Tasmanians prefer such wood and are willing to 

pay a positive premium compared to Small Native Forest Wood 

(positive WTP). 

More eco-conscious Tasmanians have zero preference for 

Agroforestry Farm Wood compared to Small Native Forest 

Wood (zero WTP). 

Plantation Forest Wood  

Less eco-conscious Tasmanians prefer such wood and are willing to 

pay a positive premium compared to Small Native Forest Wood 

(positive WTP). 

More eco-conscious Tasmanians are against such firewood 

and prefer to be discounted (negative WTP) to buy the wood 

compared to Small Native Forest Wood. 

Repurposed Wood  
Less eco-conscious Tasmanians do not consider such firewood as a 

source of wood that satisfies household’s demand (negative WTP). 

More eco-conscious Tasmanians only support Repurposed 

Wood and willing to pay a positive premium (positive WTP). 

Social and environmental priorities (No Wood Waste in Tasmania is a base) 

Keep the Poor Warm  

Less eco-conscious Tasmanians are willing to pay to discount the 

poor compared to the priority ‘No wood Waste in Tasmania’ 

(positive WTP). 

 More eco-conscious Tasmanians prefer part of their premium 

being invested in recycling wood ‘No wood Waste in 

Tasmania’ than helping the poor (zero WTP).  

Job Creation  

Less eco-conscious Tasmanians do not prefer creating jobs for 

Tasmanians with disabilities to work in firewood/forestry industry 

(zero WTP). 

 More eco-conscious Tasmanians do not support creating jobs 

for Tasmanians with disabilities to work in firewood/forestry 

industry (zero WTP). 

Save our Wildlife  
Less eco-conscious Tasmanians have zero willingness to pay to 

save habitat of endangered animal species (zero WTP). 

More eco-conscious Tasmanians are willing to pay positive 

amount to save endangered Tasmanian animals (positive 

WTP). 

How far the production area is from home 

Distance (km) 

Distance is considered to be an indicator of ‘preference for locally 

produced wood’ by the less eco-conscious Tasmanians (WTP 

declines as distance increases). 

More eco-conscious Tasmanians consider the distance as an 

important factor in purchasing the firewood (WTP declines as 

distance increases).  

Wood price ($/trailer) 

Cost  
Less eco-conscious Tasmanians consider cost as an important factor 

in firewood purchase decision (negative cost parameter). 

More eco-conscious Tasmanians consider cost of wood as an 

important factor in their wood purchase decision but are less 

sensitive.  
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5.4 Discussion and concluding remarks  

The HCM is a more complex model. The model may not support the development of 

policies that aim to change consumers’ behaviour through changing the value of a latent 

variable. For example, a study by Chorus and Kroesen (2014) argues that the latent variable 

used in HCM to support a policy related to marketing campaign to influence users’ perception 

of the quality of public transport has no effect on users’ behaviour. The approach also has 

limitations associated with estimation cost and some difficulties in interpretation of the results 

(Chorus and Kroesen, 2014; Mariel and Meyerhoff, 2016). However, for the right sort of 

problem and data, the literature reveals that HCM has the potential to generate more 

information and provide further insights into preference heterogeneity that may not be obtained 

with simpler models (Mariel and Meyerhoff, 2016). 

 In this study, we incorporate an eco-consciousness latent variable into a choice model 

which is useful in explaining the effects of the latent variable on consumers’ WTP for labelled 

wood. We conclude that consumers’ eco-consciousness is associated with certain 

socioeconomic factors. More eco-conscious consumers are willing to pay for firewood sourced 

from Repurposed Wood, avoiding production of firewood from living trees and preferring to 

invest part of the premium in conservation of habitat of threatened species, which implies that 

such consumers are pro-environment. These findings are in line with other studies where WTP 

is estimated with the application of HCM. For example, in a transportation study, Daziano and 

Bolduc (2013, p. 75) conclude that ‘environmentally conscious consumers are willing to pay 

more for low-emission vehicles’. Such behaviour is associated with consumers’ consideration 

of the contribution of the products to the environment. Less eco-conscious wood consumers 

prefer wood sourced from Agroforestry Farm or Plantation Forests and the social priority to 

‘Keep the Poor Warm’. This implies that less eco-conscious Tasmanian wood consumers are 

pro-social. 
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Both more and less eco-conscious consumers prefer wood coming from a closer distance, 

which is consistent with findings of Grebitus et al. (2013) that conclude consumers’ WTP for 

food products declines as distance from the source increases. Consumers’ WTP for the social 

priority ‘Job Creation for Tasmanians with Disabilities’ is zero for both more and less eco 

wood consumers. In this case, policymakers perhaps need to investigate alternative strategies 

to encourage job opportunities for such individuals rather than using the firewood industry. 

Consumers’ preferences for all the wood features are heterogenous with eco-conscious 

consumers being less sensitive to the price of the wood relative to non-eco-conscious 

consumers. 

The HCM, under certain conditions, can also lead to some improvements over simpler 

choice models in terms of identification of structural relationships between latent and 

observable variables, reducing variance of the estimated parameters, etc. (Vij and Walker, 

2016). In this paper, the HCM model generated information that are policy relevant in the 

context of Tasmania with a better model fit relative to the MMNL base model. In the MMNL, 

consumers’ WTP for the two social priorities is zero, whereas the HCM results suggest that 

there are Tasmanian wood consumers who are pro-social and pro-environment.  

The firewood industry and policymakers can use this information to develop a fit-for-

purpose Tasmanian wood labelling system by encouraging wood sellers to produce wood 

preferred by different consumers. For example, for more eco-conscious consumers, Tasmanian 

firewood labelling system can incorporate source of the wood (Repurposed Wood), 

environmental priority (Save our Wildlife), Distance (km) and the wood price ($). In the case 

of less eco-conscious consumers, the labelling can combine source of wood (Agroforestry and 

Plantation), social priority (Keep the poor warm), Distance (km) and the cost ($). 
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Chapter 6 

6 Conclusion 

Firewood remains an important component of household energy consumption in 

Tasmania. For many households, it is an affordable alternative due to the ready availability of 

firewood for purchase through large and small wood sellers, or the collection from private land 

or public forests. Whether the firewood is collected by households or purchased from wood 

sellers, the wood is likely to be a mix of legal/illegal or sustainable/unsustainable. This illegally 

and unsustainably collected wood has a series of detrimental effects such as the loss of habitat, 

loss of selected forest species, potentially sub-standard work practices on harvesting sites, and 

downward pressure on the market price of firewood.  

At a state and national level, a body of wood collection rules, state regulations, other 

supporting legislation as well as a national framework have been developed in an effort to limit 

the practice of illegal harvesting and enhance sustainability of the firewood industry. However, 

the firewood industry is one of many potential priorities for agencies to devote resources to 

enforcement. Given the many calls on public resources during the current public health crisis, 

an alternative approach is to develop and enhance markets for legally harvested wood through 

an integrated approach that involves stakeholders at different levels. Prior to taking actions, it 

is important to understand the institutional arrangements of the industry, identify the challenges 

in enforcement of the rules and design strategies that will foster sustainability.  

To address this knowledge gap and provide policymakers with intervention strategies, 

this PhD thesis aims at answering four research questions:  

(1) Where are the opportunities within the existing institutional setting to develop a 

market for sustainable firewood? 
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(2) How much are consumers willing to pay for wood which is clearly identified as 

legal and sustainable?  

(3) Does additional information about the problem of illegal and unsustainable wood 

harvesting influence choice behaviour of survey participants? and  

(4) What role do green attitudes and purchase intentions have on willingness to pay for 

labelled wood in Tasmania?  

The answers to these research questions have practical relevance to the stakeholders involved 

in developing solutions. Answering these research questions has also contributed to several 

literatures in economics more broadly.  

The institutional analysis and development (IAD) framework developed by Elinor 

Ostrom and others at the Bloomington School of Political Economy at Indiana University is 

used in this thesis to investigate the existing institutional arrangements underpinning the 

industry. The IAD framework provides a means of identifying the challenges in rule 

enforcement and provides a process for uncovering potential intervention strategies to shape 

practices. The thesis reviews policy documents developed at national and state level that shape 

the firewood industry, followed by in-depth interviews with purposively selected stakeholder 

groups using a semi-structured interview technique. The major driving force behind the 

persistence of these illegal practices is economic: the need for seasonal income and the desire 

for an inexpensive source of heating. This is coupled with limited community awareness about 

the associated adverse ecological effects on habitat areas. High costs of rule enforcement and 

limited collaboration among the forestry stakeholders contribute to the challenge. 

Strengthening stakeholders’ cooperation may reduce transaction costs, development of 

standardised private landholder agreements instead of verbal agreements, the development of 

a firewood labelling system and community education are suggested as strategies to manage 

the problem.  
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With limited time and resources, the thesis expands on two of the conclusions which 

emerged from the institutional research, namely, the potential for a labelling system and the 

role for community education in three related thesis chapters. A split sample multi-part survey 

was developed to explore the research questions and test hypotheses. Central to the survey is a 

discrete choice experiment (DCE) which outlines a series of product characteristics of a trailer 

load of firewood including cost. The survey identified four legal and sustainable sources of 

firewood. Sources of wood include Small Native Forest Wood (harvest small sized native 

forests and leave hollow-bearing trees), Plantation Forest Wood (thinning or leftovers of 

plantation forests), Repurposed Wood (miscellaneous wood such as road widening, or 

construction) and Agroforestry Wood (a farm established for production of firewood). Besides 

the sources of the wood, the survey also identified two social and two environmental priorities 

where proceeds would be invested. The two social priorities are ‘Keeping the Poor Warm’ to 

address fuel poverty and ‘Creating Jobs for Tasmanians with Disabilities’, which supports 

creation of employment opportunities for Tasmanians with disabilities. Environmental 

priorities include ‘Save our Wildlife’ and ‘No Wood Waste in Tasmania’ where part of the 

premium is invested in conservation of habitat and avoiding wood leftovers ending up in 

landfills, respectively. Distance (km) is also included in wood features to capture the 

importance of the product being local and carbon emissions associated with how far the 

firewood is transported. The distance of wood production sites relative to the residence of 

consumers is identified to be within 50km, 51 − 100km, 101 − 200km or 201 − 300km. The 

extra cost, to be added on $180 base price per trailer load, ranges from $20 to $160 in $20 

increments.  

Initially, in chapter three, the data from the control group (no-video) from the split 

sample is used to estimate consumers’ WTP for different firewood attributes with an 

application of a latent class model as well as a mixed multinomial logit with error component 
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model. From this chapter, the thesis concludes that Tasmanian firewood consumers are willing 

to pay a significant and positive premium for the firewood sourced from ‘Repurposed Wood’ 

or ‘Agroforestry Farm’ provided that part of the proceeds are invested in conservation of 

habitat of threatened and endangered species ‘Save our Wildlife’. Consumers prefer firewood 

sourced from closer locations to their residence, which indicates the importance of being a local 

product and/or lower carbon emissions.  

The results of chapter three provide government agencies, firewood sellers and private 

and public forest managers with evidence that strong support for the development of a labelling 

system exists. A labelling system will provide critical information to consumers. In this chapter, 

consumers’ WTP for environmental priorities is positive and significant while social priorities 

are not important to potential consumers. However, the analysis will be expanded and explore 

the importance of investigating factors that explain pro-social or pro-environment behaviour.  

Community education is a common suggestion to emerge from stakeholder engagement 

processes. However, the academic literature is mixed on the role information or education 

might have on consumer decision-making and choice. To test this research question, a two-

minute video that depicts some of the ecological impacts of wood harvesting is presented to 

half of the sample as a treatment. Models of WTP are estimated using the video and no-video 

data separately, followed by a joint model where wood attributes are interacted with a binary 

variable for the video treatment. The results suggest that the video has no impact on WTP. How 

generalisable this result might be to different advertising campaigns through time or to 

education programs targeting school-age children is beyond the scope of the thesis. The results 

do suggest that some extra information in the form of a video does not result in shifts in 

preferences. 

This leads to some interesting follow-on research questions on whether the video, along 

with other variables, might have an effect on certainty in the choices made as part of the DCE. 
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A hybrid choice model (HCM) is used to evaluate the effects of the video on choice certainty 

through a latent variable, consequentiality of the study. In this chapter, the thesis concludes 

that the provision of additional information has no effect on WTP, scale parameter or choice 

certainty.  

This leads to the next research question – what role might green attitudes and intentions 

play in willingness to pay? Drawing on a literature in marketing on green attitudes, all the 

survey participants were asked a series of questions on their attitudes. Confirmatory factor 

analysis of this data identified one factor (named consumers’ eco-consciousness). Building up 

the HCM through the development of a structural equation and a measurement equation, eco-

consciousness is associated with level of education, age, gender, area of residence, knowledge 

of the impacts of the practice and policy relevance of the study. More eco-conscious 

Tasmanians are willing to pay a significant  price premium for firewood sourced from 

Repurposed Wood and prefer part of the premium to be invested in conservation of habitat of 

endangered species ‘Save our Wildlife’ implying that such consumers are pro-environment. 

More eco-conscious consumers are not in favour of firewood produced from living trees. Less 

eco-conscious consumers are willing to pay for firewood sourced from Agroforestry Farm or 

Plantation Forests and prefer part of their premium to be invested in Keeping the Poor Warm, 

which implies that non-eco-conscious consumers are pro-social. For both more eco-conscious 

and non-eco-conscious Tasmanians, Distance (km) from where the firewood coming is 

considered as an important factor in firewood purchase decisions. Similarly, WTP for Job 

Creation for Tasmanians with Disabilities is zero by both more eco and less eco-conscious 

consumers, implying that consumers are not in favour of using firewood as a job creation 

strategy.  

Overall, the thesis provides new insights on illegal firewood harvest based firmly in an 

institutional understanding of the industry and identifies possible remedies to manage practices. 
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There are good indications that consumers will buy labelled firewood if it is available in the 

market and addresses issues closely connected to the product. The research indicates there are 

two different types of consumers and what they choose is different. This holds potential for 

industry and policymakers, and both may wish to consider using this evidence in the 

development of a legitimate firewood supply chain supported by a labelling system.  

The findings in this thesis have numerous policy implications. The price premiums 

estimated in this thesis indicate how much consumers would be willing to pay for new wood 

features. Firewood producers and sellers can make use of the information in their firewood 

distribution channels. Private landholders and public forest managers can also utilize the 

information to promote their sustainable wood collection practices. The logos could be used on 

websites and other marketing materials to assure consumers that the wood is legally harvested 

from sustainably managed forests. The labels will serve primarily as information that supports 

informed decision-making.  

The problem of illegal and unsustainable firewood collection is not limited to Tasmania. 

The issue is common across Australian states and territories with differing levels of severity. 

Historically, the problem was identified by environmental stakeholders and states and 

territories have developed national and state level wood action plans. However, there has been 

limited follow-up but now evidence from this study can be used by any state in Australia to 

develop state specific wood labelling. Internationally, the research approaches applied, and 

findings of the thesis may contribute to a broader understanding of these issues in the 

environmental and resource economics literature.  

Despite providing insights on the extent of the problem of illegal and unsustainable 

wood harvesting and generating some information that will aid decision-making by the 

stakeholders, this thesis has limitations. The survey data used in this thesis is collected from 

potential consumers using an online data collection platform, Online Research Unit (ORU). 
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Such a platform is accessed by Tasmanians who have internet and modern technologies such 

as tablets and smartphones. The ORU platform potentially excludes those households with 

limited access to these technologies and/or lower education levels. Also, the data used in the 

thesis is based on a stated preference method, DCE, where participants make hypothetical 

choices. While mechanisms to limit hypothetical bias are used in the survey, e.g., cheap talk, 

consequentiality and budget reminders, it is possible participants may overstate their WTP for 

attributes on offer. An alternative approach is to conduct a real choice experiment where 

participants are provided with legal and sustainable firewood with a range of characteristics 

and given an opportunity to purchase their choices. A real choice experiment or an 

experimental auction would have been an additional test of WTP, but due to limitations of time 

and resources, these approaches are left to future research.  

The sixth strategy of the national approach to firewood collection and use is the provision 

of alternative energy sources or improvement/replacement of the wood heaters to address air 

pollution. The impacts of wood heaters through pollution, especially in urban environments, is 

also an increasingly important public health issue in Australia. Not only is firewood collection 

poorly regulated but the regulation of domestic wood heaters is also poorly controlled, such 

that fine particulates in wood smoke are causing air pollution in Australian cities and towns. 

Future research could also investigate options to improve air quality issues. 

Finally, there is a lack of data on illegal firewood collection in Tasmania. While every effort 

has been made to gather anecdotal evidence and there are multiple indications of a problem, 

evaluation of future policies and programs will require benchmarks and ongoing monitoring to 

establish whether these initiatives are successful. 
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Appendices 

Appendix I: Selected environmental Acts that shape collection of firewood. 

 Acts   Description 

Threatened Species Protection Act 1995  

(Tasmania) 

Threatened species (mammals, birds, vertebrates, tree species, etc.) are protected under the Threatened Species Protection Act 1995 (s.13.1, 23.2, 

13.3) (Tasmania). The collection of firewood or any other activity needs to be Threatened Species friendly. About 29 Tasmania’s birds species 

are dependent on nesting hollows in standing old-growth trees. Four of the 29 birds are listed as critically endangered e.g., Orange-bellied Parrot 

(Neophema chrysogaster) endangered e.g., Swift Parrots (Lathamus discolor) and Forty-spotted Pardalote (Pardalotus quadragint) and 

vulnerable e.g., Masked Owl (Tyto novaehollandiae) (NRM South, 2021). Under this Act, the state of Tasmania has a legal obligation to manage 

habitat for hollow dependent species (Forest Practices Authority, 2017). 

Environmental Protection and Biodiversity 

Conservation Act 1999 (EPBC Act) (Commonwealth) 

s.188.4 of the EPBC Act states that activity recognized as a threatening development/activity needs to be evaluated on the criteria that: ‘at least 

two listed threatened species or ecological communities are adversely affected by firewood collection; firewood collection causes listed threatened 

species to be listed in high category of threat; or may cause unlisted species or ecological communities to become listed as threatened species. 

Environmental Management and Pollution Control 

Act 1994  

(Tasmania) 

Section 53 of the Act states prohibitions on ‘environmental nuisance’. The Act becomes relevant when burning affects air quality with potential 

impacts on human health. The release of particles is associated with the moisture content of the firewood and vintage/condition of the fireplace 

or woodstove. Amount and kind of particles released from firewood into the atmosphere are covered by an Air Quality Policy under this Act. The 

Environmental Management and Pollution Control (Smoke) Regulation 2019 (Tasmania) requires that any wood-fired heater or stove needs to 

comply with the 2014 Australian standard for wood heaters (Part 2-Regulation 4, 5, and 6), smoke emission (Part 3-Regulation 7) and burning of 

prohibited waste (Part 4-Regulation 8). 

Land Use Planning and Approvals Act 1993 

(Tasmania)  

This Act (under Part 2-Tasmanian Planning Schemes, number 9, 10, 11 and 12) defines and provides regulations of land use or development 

through the operation of local government planning schemes. The land use or development planning of Tasmania has two components: a map 

that divides planning authority into different land uses and, a written document that sets the conditions under which land use/development takes 

place in different Zones. This Act is applicable to all tenure types in Tasmania. Trees cleared for through approved developmental activities such 

as construction, agriculture, etc. can be supplied to the market in the form of firewood. 

National Parks and Reserves Management Act 2002 

(Tasmania) 

This Act sets out the management objectives of ten different land types: game reserves, conservation areas, nature recreation areas, regional 

reserves, historic sites, primary sanctuaries and private nature reserves. Under Part 2 of the National Parks and Reserves Regulation 2019 (s.5) 

(Tasmania) -restriction to reserved land), collection of firewood from reserved lands is prohibited. 

Crown Lands Act 1976 (Tasmania) Public Reserves and other Crown land managed under this Act are not generally available for firewood collection, but responsibly maintained 

campfires may be permitted. 

Illegal Logging Prohibition Act 2012 

(Commonwealth) 

Section 14 of the Act prohibits the importation of illegally logged timber and the processing of the illegally logged raw logs. The Act also requires 

importers of regulated timber products and processors of raw logs to conduct due diligence in order to reduce the risk that illegally logged timber 

is imported or processed (Federal Register Legislation p. 3). 

Forest Practices Act 1985 (Tasmania) An Act to ensure all forest practices are conducted in accordance with the Forest Practices Code and to establish the forest practices system. The 

objective of the forest practices system is to achieve sustainable management of Crown and private forests with due care for the environment and 

taking into account social, economic and environmental objectives. 
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Appendix II: Stakeholders’ interaction table 

  Government 

agencies 

NGOs Private 

landholders 

Wood 

sellers 

Academics Consumers 

Government 

agencies 

Interagency 

Working 

Groups and 

Steering 

Committees 

  

Tasmanian 

Forest and 

Forest 

Products 

Network 

(TFFPN) 

 

 Conferences 

e.g., Forestry 

Australia 

National 

Conference 

          

NGOs Tasmanian 

Forest and 

Forest 

Products 

Network 

(TFFPN) 

  

Conferences 

e.g., Forestry 

Australia 

National 

Conference 

Conferences, 

seminars, 

workshops 

e.g., Private 

land 

conservancy 

conference 

        

Private 

landholders 

Tasmanian 

Forest and 

Forest 

Products 

Network 

(TFFPN) 

Conferences, 

seminars, 

workshops 

e.g., Private 

Land 

Conservancy 

conference 

Conferences, 

seminars, 

workshops 

e.g., Private 

land 

conservancy 

conference 

      

Wood sellers Tasmanian 

Forest and 

Forest 

Products 

Network 

(TFFPN) 

    Firewood 

Association 

of 

Australia, 

n=3 

members 

    

Academics Joint 

supervision 

of PhD 

students. 

ARC linkage 

grants; 

Research 

Forums 

Conferences, 

seminars, 

workshops 

e.g., Private 

land 

conservancy 

conference 

Conferences, 

seminars, 

workshops 

e.g., Private 

land 

conservancy 

conference 

  ARC Centres, 

Conferences, 

seminars, 

workshops 

  

  

Wood 

Collectors 

Permits 

Maps for 

SSTT sites 

  When 

seeking 

permission 

   

Consumers        
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Appendix III: Semi-structured in-depth interview questions  

I. Questions to Sustainable Timber Tasmania (STT), former Forestry Tasmania 

We are going to ask you about the problem of illegal wood collection in Tasmania and rules, 

regulations and institutions which shape the collection of wood. However, we don’t want to 

discuss specific instances of illegal activity unless these instances are part of the public 

record.  

1. Whilst permits to allow the collection of wood were developed in 1992, illegal wood 

collection still persists in Tasmania. Looking at the map of Tasmania provided, please 

indicate the public forest lands that are the most prone to the illegal wood collection. 

No. Name of the forest land Types of the forest 

(native/plantation) 

Areas in hectares 

1    

2    

3    

4    

5    

6    

7    

2. What were the reasons that initiated development of wood collection permits?  

No Reasons for development of the permits Explain  

1  

 

 

2   

3   

4   

3. Who were the original stakeholders that participated in the development of wood 

collection permits? 

No Stakeholders Role (establishment of the rule, enforcement, 

monitoring etc) 

1  

 

 

2   

3   

4   

5   

4. Before permits were developed, were there any other firewood collection rules in place in 

Tasmania? 

 
Yes 

 No 
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If the question above is ‘Yes’, what were the collection rules?   

 

Why were those rules replaced by a permit system? 

 

5. Looking at the map of Tasmania provided, please indicate the public forests where 

firewood collection is allowed with a permit?  

No. Name of areas where the 

forest land is found (if you 

know) 

Types of the forest (native or 

plantation) 

Areas in 

hectare 

1    

2    

3    

4    

5    

6    

7    

6. Permit holders are legally entitled to collect wood from public land but, in your opinion, 

is this collection sustainable?  

 
Yes 

 
No  

  If the answer to the question above is ‘No’, please explain the reasons why the permit 

system does not necessarily ensure firewood collection is sustainable.  

 

7. In your opinion, what would need to be incorporated into the permit system to ensure that 

the firewood is collected in a sustainable manner? 

 

 

8. Are there records that indicate the success of firewood collection permit system? Are 

those records available to the public?  

 
Yes 

 
No  
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If yes, I am looking for information on the number of applications for permits, number of 

complaints and trends in complaints. 

Indicators Explanation 

 

Number of applications over 

time: the number of application 

since the development and 

enforcement of the permits 

 

 

 

 

 

Has illegal wood collection 

decreased since the permit was 

enforced? e.g. the number of 

complaints received in the last five 

years from landowners. 

 

 

 

 

 

9. Who is doing what regarding rule enforcement surrounding firewood collection?   

Agency Role 

Sustainable Timber Tasmania  

Private Forests Tasmania  

Police Tasmania  

Department of Primary Industries 

Parks, Water and Environment 

(DPIPWE) 

 

Wood merchants  

10. Can you describe the forums for stakeholders to collaborate on enforcement of the rules? 

Forums for Collaboration  
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11. What mechanisms are there to create community awareness in relation to the effects of 

illegal wood collection on forests and forest biodiversity, public safety etc.?  

Strategies  Outcome  

 Illegal 

Wood 

Collection 

Forest 

Biodiversity 

Public safety 

 

Community training: training and 

workshop 

give an example in terms of number of 

participants, where the workshop was 

conducted, participants are composed of 

(foresters, managers, farmers, wood 

sellers, public servants etc.) 

 

 

 

 

 

 

 

  

 

TV/Radio:  

do you use TV or Radio to educate the 

community about the effects of illegal 

wood collection on biodiversity? If 

Radio/TV is used to educate the 

community, please explain how it works, 

e.g. how many minutes is being allotted 

for this purpose? how many days a week 

are TV/Radio used to deliver the 

message? 

 

   

 

Other social media e.g. Facebook,  

newsletter:  

• what social media platform is 

being used?  

• who is responsible to update the 

information on the media? 

•  how is your media presence being 

monitored? 

•  how many days a week do you 

post or print the information?  

• how does the feedback from the 

public look like etc.? 

   

 

Other  
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12. Are there means of monitoring how permit holders collect firewood from public land? 

For example, is it known how much wood is being collected by an individual in a given 

period of time as specified in the permit? 

 
Yes 

 
No  

If the question above is ‘Yes’, what are the monitoring mechanisms of the wood collection 

process?  

No. Monitoring mechanisms  Explain 

1 Camera in the forest   

2   

3   

4   

5   

6   

7   

 

If the question above is ‘No’, what could be a possible way to check whether the 

collectors have followed the collection rules or not?  

No. Monitoring strategies  Explain 

1   

2   

3   

4   

5   

6   

7   

13. What mechanisms are there to deal with illegal wood collection? 

No. Past examples of illegal wood 

collection  

Name and location of the 

property if on the public record. 

Non–identifying if otherwise 

How the action was 

detected (camera, 

directly by the 

manager, other sources 

of information) 

Actions  (warning, 

report to police,  

wood  confiscation, 

other )  

1    

2    

3    

4    

5    

6    

7    
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14. Do you believe the mechanisms described above been effective in reducing illegal wood 

collection? 

 
Yes 

 
No  

If the question above is ‘No’, explain the challenges. 

 

15. From your perspective, what are the effects of illegal firewood collection on the 

following:  

Effects on  Explanation 

Tasmanian forest and forest 

biodiversity  

prompts: habitat loss, threatened forest 

species loss. 

 

 

 

Legal firewood market price 

e.g. the effects of illegally collected 

firewood on the price of legal and 

sustainable firewood. 

 

Public safety 

e.g. the number of accidents in the last 

few years. 

 

 

 

II. Questions to Private Forests Tasmania (PFT) 

We are going to ask you about the problem of illegal wood collection in Tasmania and rules, 

regulations and institutions which shape the collection of wood. However, we don’t want to 

discuss specific instances of illegal activity unless these instances are part of the public 

record.  

1. Looking at the map of Tasmania provided, indicate the areas of private forests from 

where firewood collection is permitted?  

No. Name of the forest land from 

firewood  

Area in hectares  

1   

2   

3   

4   

5   

6   

7   
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2. Have you personally observed/experienced any problems related to illegal wood 

collection from private land? Please explain:  

Indicators Explanation 

Signs are stolen   

 

Fences are broken   

Gates left open   

Waste of wood  

Other   

3. In your opinion, what are the effects of illegal firewood collection on the following:  

Effects on  Explanation 

 

Tasmanian forest biodiversity  

 

 

 

Legal firewood market price  

 

 

Public safety  

 

 

Relationships between the 

landholders/managers and the collectors  

 

4. Do you think firewood market should be certified?  

 
Yes 

 
No  

If the question above is ‘Yes’, who should certify the firewood?  

 
FSC or PEFC/AFS 

 

A dedicated firewood certification scheme (NGOs)  

 

 
Appropriate government agency _______________ 

If the question above is ‘No’, please explain why firewood should not be certified 
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5. Do you think certification should be voluntary? 

 
Yes 

 
No  

If the question above is ‘Yes’, please explain the following 

Who should bear the cost of certification?   

How difficult would certification be for the 

industry to obtain? 

 

Other (explain)   

6. Do you think certification should be compulsory? 

 
Yes 

 
No  

If the question above is ‘Yes’, please explain the following 

Who should bear the cost of certification?  

How difficult or easy is enforcement   

Anything else about certification?   

7. Who is doing what regarding rule enforcement surrounding firewood collection?   

Agency  Role  

Sustainable Timber Tasmania  

Private Forests Tasmania  

Police Tasmania  

Department of Primary Industries Parks, 

Water and Environment (DPIPWE) 

 

Wood merchants  

8. Can you describe the forums for stakeholders to collaborate on enforcement of the rules? 

Forums for collaboration  

9. Why do you think illegal wood collection occurs? 

 

10. What are the underlying reasons for this illegal activity? 
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III. Questions to Police Tasmania  

We are going to ask you about the problem of illegal wood collection in Tasmania and rules, 

regulations and institutions which shape the collection of wood. However, we don’t want to 

discuss specific instances of illegal activity unless these instances are part of the public 

record.  

1. Do you receive complaints associated with illegal wood collection? 

 
 Yes 

 
 No  

 If yes, is it possible to get some statistics on the number of complaints, fines or convictions?  

 
 Yes 

 
 No  

2. Using the map of Tasmania provided, is it possible to say which forests have been 

suspected of illegal firewood collection? Are there hotspots from where the firewood is 

being illegally collected? 

 
Yes 

 
No  

If the question above is ‘Yes’, indicate the spots where illegal wood collection complaints are 

received? 

Areas 

where the 

complaints 

are coming 

Property type 

(private/public) 

Forest type 

(native/plant

ation)  

Legal actions (Warning/ 

Wood 

confiscated/monitory 

charge/deterrents 

Outcome (Resolved 

illegal wood 

collection, creates 

grievance between 

the collectors and 

landowners etc.) 
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3. The purpose of the next question is to point us in the direction of public records.. Have 

there been cases where the matter of  illegal wood collection has appeared in court?  

Illegal wood collection story  

 

 

4. Do you believe wood is being illegally collected for firewood purposes only or other 

commercial purposes? 

Other purposes than firewood   

 

e.g. House construction  

5. Who is doing what regarding rule enforcement surrounding firewood collection?   

Agency Role: 

Sustainable Timber Tasmania  

Private Forests Tasmania  

Police Tasmania  

Department of Primary Industries Parks, 

Water and Environment (DPIPWE) 

 

Wood merchants  

6. Can you describe the forums for stakeholders to collaborate on enforcement of the rules? 

Forums for collaboration  

7. Why do you think illegal wood collection occurs? 

 

 

 

8. What are the underlying reasons for this illegal activity? 
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IV.  Questions to NRM South/North and Tamar 

We are going to ask you about the problem of illegal wood collection in Tasmania and rules, 

regulations and institutions which shape the collection of wood. However, we don’t want you 

to explicitly discuss specific instances of illegal activity unless these instances are part of the 

public record.  

1. Are you aware of the general problem of illegal firewood collection in Tasmania?  

 
Yes 

 
No  

If yes, why do you think illegal wood collection occurs given that Sustainable Timber 

Tasmania firewood collection permits exist? 

 

 

2. What are the underlying reasons for this illegal activity? 

No Associated reasons   Explain  

1 Community lack of 

awareness  

 

 

 

2   

3   

3. Does your organization educate the community about the impact of illegal wood 

collection on the forest and forest biodiversity? 

 
Yes 

 
No  

If Yes, what strategies do you use to disseminate information to the community?  

No Strategies Explain   

1 Prepare and disseminate 

brochures on the effects of 

illegal wood collection  

 

 

2   

3   
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4. Who is doing what regarding rule enforcement surrounding firewood collection?   

Agency Role 

Sustainable Timber Tasmania  

Private Forest Tasmania  

Police Tasmania  

Department of Primary Industries Parks, 

Water and Environment (DPIPWE) 

 

Wood merchants  

5. Can you describe the forums for stakeholders to collaborate on enforcement of the rules? 

Forums for Collaboration  

6. Why do you think illegal wood collection occurs? 

 

 

 

7. What are the underlying reasons for this illegal activity? 

 

8. The purpose of the next question is to point us in the direction of public records.. Have 

there been cases where the matter of illegal wood collection has appeared in court?  

Illegal wood collection story  
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V. Questions to Non–Governmental Organisations (Environment Tasmania, 

Environmental Defenders Office, Bob Brown Foundation, Tasmanian Conservation 

Trust, Landcare, Wilderness Society, Tasmanian Land Conservancy) 

We are going to ask you about the problem of illegal wood collection in Tasmania and rules, 

regulations and institutions which shape the collection of wood. However, we don’t want to 

discuss specific instances of illegal activity unless these instances are part of the public 

record.  

1. Are you aware of the general problem of illegal firewood collection in Tasmania?  

 
Yes 

 
No  

If yes, why do you think illegal wood collection occurs given that Sustainable Timber 

Tasmania firewood collection permits exist? 

 

 

2. What are the underlying reasons for this illegal activity? 

No Associated reasons   Explain  

1  

Community lack of 

awareness  

 

 

 

2   

3   

3. Does your organization educate the community about the impact of illegal wood 

collection on the forest and forest biodiversity? 

 
Yes 

 
No  

If Yes, what strategies do you use to disseminate information to the community?  

No Strategies Explain   

1 Prepare and disseminate brochures on the 

effects of illegal wood collection  

 

 

2   

3   
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4. Who is doing what regarding rule enforcement surrounding firewood collection?   

Agency Role 

Sustainable Timber Tasmania  

Private Forest Tasmania  

Police Tasmania  

Department of Primary Industries Parks, 

Water and Environment (DPIPWE) 

 

Wood merchants  

5. Can you describe the forums for stakeholders to collaborate on enforcement of the rules? 

Forums for Collaboration  

6. Why do you think illegal wood collection occurs? 

 

 

7. What are the underlying reasons for this illegal activity? 

 

8. The purpose of the next question is to point us in the direction of public records.. Have 

there been cases where illegal wood collectors have appeared in court?  

Illegal wood collection story  
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VI. Questions for Forestry Academics Group  

We are going to ask you about the problem of illegal wood collection in Tasmania and rules, 

regulations and institutions which shape the collection of wood. However, we don’t want you 

to explicitly discuss specific instances of illegal activity unless these instances are part of the 

public record.  

1. What is your area of technical expertise in forestry management? 

 

 

2. Are you aware of the general problem of illegal firewood collection in Tasmania?  

 
Yes 

 
No  

If yes, why do you think illegal wood collection occurs given that Sustainable Timber 

Tasmania firewood collection permits exist? 

 

 

3. What are the underlying reasons for this illegal activity? 

No Associated reasons   Explain  

1 Community lack of 

awareness  

 

 

 

2   

3   

4. Are their aspects of your research which consider the impact of illegal wood collection on 

the forest and forest biodiversity? 

 
Yes 

 
No  

If Yes, is there any relevant literature you can point me to?  

No Strategies Explain   

1 Journal Article   

 

2   

3   
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5. Who is doing what regarding rule enforcement surrounding firewood collection?   

Agency Role 

Sustainable Timber Tasmania  

Private Forest Tasmania  

Police Tasmania  

Department of Primary Industries Parks, 

Water and Environment (DPIPWE) 

 

Wood merchants  

6. Can you describe the forums for stakeholders to collaborate on enforcement of the rules? 

Forums for Collaboration  

7. Why do you think illegal wood collection occurs? 

 

 

 

8. What are the underlying reasons for this illegal activity? 

 

9. The purpose of the next question is to point us in the direction of public records.. Have 

there been cases where the matter of illegal wood collections have appeared in court?  

Illegal wood collection story  

 

 

 

 



180 

 

VII. Question to the Department of Primary Industries, Parks, Water and 

Environment (DPIPWE) 

We are going to ask you about the problem of illegal wood collection in Tasmania and 

rules, regulations and institutions which shape the collection of wood. However, we don’t 

want you to explicitly discuss specific instances of illegal activity unless these instances 

are part of the public record.  

DPIPWE represented the Tasmanian forestry sector and participated in a meeting held in 

Canberra in 2001 to develop a National Approach to Firewood Collection and Use. At the end 

of the meeting the participating States were tasked with  developing their own specific firewood 

collection and use action plan. Accordingly, Tasmania developed its firewood collection and 

use action plan in 2004. Both the National and Tasmanian approach identified six strategies 

that could contribute to the development of a legitimate wood supply chain. 

1. How successful were each of the strategies in Tasmania?  

No Strategies Outcome 

1 Improve the Information Base. 

 

 

 

2 Educate the Community  

3 Pricing and Market Mechanisms  

4 Regulation.  

5 Development of a sustainable 

Firewood Industry 

 

6 Firewood Use Efficiency and 

Alternative Fuels 

 

2. What additional options should be considered to reduce illegal wood collection? (prompts: 

the options may be different from the 6 strategies stated above). 

No Additional options Explanation 

1   

 

2   

3   

4   

5  
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3. Using the map of Tasmania provided, please indicate public Conservation Reserves 

where all wood collection is prohibited. Are you aware of illegal wood collection 

happening in these Conservation Reserves?  

No. Name of the areas of public reserves Area in hectare Illegal wood 

hooking exists 

(Yes/No) 

1    

2    

3    

4    

5    

6    

7    

4. What demarcation mechanisms are being used to differentiate the Conservation Reserve 

areas from other lands?  

Means of demarcation  What happens to the demarcation  

Signs: 

Do the signs make clear where the 

Conversation Reserve is?  

the signs are stolen 

the fence is broken 

the gates are left open   

wood waste and other  

 

Fences:  

Do fences keep out the illegal wood 

collectors? 

 

5. Do you think legally collected firewood should be certified?  

 
Yes 

 
No  

 If the question above is ‘Yes’,  who should certify the firewood?  

 
FSC or PEFC/AFS 

 

A dedicated firewood certification scheme (NGOs)  

 

 
Appropriate government agency _______________ 
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If the question above is ‘No’, please explain why firewood should not be certified 

 

6. Do you think certification should be voluntary? 

 
Yes 

 
No  

  If the question above is ‘Yes’, please explain the following 

Who should bear the cost of certification   

Difficulty/easiness of enforcement   

Other (explain)   

7. Do you think certification should be compulsory? 

 
Yes 

 
No  

If the question above is ‘Yes’, please explain the following 

Who should bear the cost of certification?   

How difficult would certification be for the 

industry to obtain? 

 

Other (explain)   

8. Who is doing what regarding rule enforcement surrounding firewood collection?   

Agency Role: 

Sustainable Timber Tasmania 

 

 

Private Forest Tasmania 

 

 

Police Tasmania  

Department of Primary Industries Parks, 

Water and Environment (DPIPWE) 

 

Wood merchants   
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9. Can you describe the forums for stakeholders to collaborate on enforcement of the rules? 

 

 

Forums for collaboration 

 

10. Why do you think illegal wood collection occurs? 

 

11. What are the underlying reasons for this illegal activity? 

 

 

 

12. Firewood Association of Australia (FAA) was established and enforced in 2005 

throughout Australian States and Territories, except the Northern Territory. It was 

established to promote legal and sustainable firewood businesses. However, only  a few 

of Tasmanian firewood sellers are full members of the FAA. Please explain why. 

 

 

VIII. Question to the legal firewood distributors – members of FAA 

We are going to ask you about the problem of illegal wood collection in Tasmania and rules, 

regulations and institutions which shape the collection of wood. However, we don’t want you 

to explicitly discuss specific instances of illegal activity unless these instances are part of the 

public record.  

1. Where do you source the firewood that you sell? 

No Source     Explain the collection  process (agreement, royalty etc). 

1 Public land  

 

 

 

2 Own forest   

3 Private (others)  

2. What kind of legal procedures do you follow in order to supply sustainable firewood 

in the market?  

No Legal procedure    Explain the process (agreement, royalty etc). 

1 Acquire permit   

 

2 Acquire permission    

3 Buy and re–sell the wood   

4   
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3. What kind of tree species do you collect as firewood to sell?  

No Tree species      Explain  

1   

 

2   

3   

4. Do you have any mechanisms to differentiate your firewood from illegal firewood 

sold in the market?  

No Differentiation indicators    Explain  

1  

 

 

 

2   

3   

5. Do your buyers understand that your firewood is legally collected? How so? 

No Differentiation indicators    Explain  

1  

 

FAA logo 

 

 

2   

3   

6. What do you believe are the consequences of illegal firewood? 

No Consequence   Explain  

1  

Profit loss  

 

 

 

2   

3   

7. Do consumers pay more for your firewood, compared to sellers who do not have the 

FAA logo? If consumers don’t pay the premium, who covers the cost?  
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8. Do you think legally collected firewood should be certified?  

 
Yes 

 
No  

If the question above is ‘Yes’,  who should certify the firewood?  

 
FSC or PEFC/AFS 

 

A dedicated firewood certification scheme (NGOs)  

 

 
Appropriate government agency _______________ 

If the question above is ‘No’, please explain why firewood should not be certified 

 

9. Do you think certification should be voluntary? 

 
Yes 

 
No  

If the question above is ‘Yes’, please explain the following 

Who should bear the cost of certification?   

How difficult would certification be for the 

industry to obtain? 

 

Other (explain)   

10. Do you think certification should be compulsory? 

 
Yes 

 
No  

If the question above is ‘Yes’, please explain the following 

Who should bear the cost of certification   

Difficulty/easiness of enforcement   

Other (explain)   
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11. Who is doing what regarding rule enforcement surrounding firewood collection?   

Agency Role: 

Sustainable Timber Tasmania  

Private Forest Tasmania  

Police Tasmania  

Department of Primary Industries Parks, 

Water and Environment (DPIPWE) 

 

Wood merchants  

12. Can you describe the forums for stakeholders to collaborate on enforcement of the rules? 

 

 

Forums for collaboration 

 

13. Why do you think illegal wood collection occurs? 

 

 

 

14. What are the underlying reasons for this illegal activity? 
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IX. Question to private forest owners  

We are going to ask you about the problem of illegal wood collection in Tasmania and 

rules, regulations and institutions which shape the collection of wood. However, we don’t 

want to discuss specific instances of illegal activity unless these instances are part of the 

public record.  

1. What are the characteristics of the forest on your land?  

No. Forest type (old growth/native regrowth/planation Area in ha 

1   

2   

3   

4   

5   

6   

7   

2. Do you collect firewood from your forests? 

 Yes 

 No  

If the question above is ‘Yes’, what are the purpose of the firewood collection?  

 
Home consumption as source of heating energy 

 For sale  

 
Other ______________ 

3. Do you give permission for others to collect wood from your forest? 

 
Yes 

 No  

If the above question is ‘Yes’, who do you give permission to? 

Would you consider giving permission to:  Explanation 

Relatives  

Colleagues  

Friends  

Only to those who don’t have their own forested land   

Old/retired/people in need of wood e.g. from lower 

socio–economic group 

 

Anyone who asks for the permission  
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4. If you grant permission, what kind of procedures do the collectors need to follow? 

Indicators    Explanation 

The amount of they are allowed to collect 

per day 

 

 

Number times they are permitted to collect 

in a season 

 

Time (month) they are permitted to 

collect? 

 

Type of wood they are allowed to collect 

(length, diameter, dead or live) 

 

 

No wood waste  

Close the gate  

5. Do you grow any forest only for the purpose of firewood production ?  

 
Yes 

 
No  

   If the question above is ‘Yes’, please explain the following: 

Size of the farm in hectare   

Tree species grown on the farm   

When you started growing the forest   

What made you start the business   

If the question above  is ‘No’,  do you have any plans to grow trees for the purpose of 

supplying firewood in the future?  

 

6. What problems have you observed on your land with firewood collection?   

No Main effects Explanation 

1 Unpaid or insufficient royalty  

 

 

 

2 Bogging in wet conditions 

 

 

3 Gates left open  

 

 

4 Timber cut and split in a wasteful manner  

 

 

5 Damage to land or fencing 
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7. Have you observed people collecting wood from your property without your permission? 

 
Yes 

 
No  

If the above question is ‘Yes’, how do you detect the collectors? 

No. Example of illegal wood 

collection (ensure non–

identifying) 

How the action was 

detected (camera, 

directly by the 

landowner, other 

sources of 

information/neighbour) 

What action did you 

take? (warning, report 

to police,  wood  

confiscation, allowed 

him/her to collect, 

other )  

1    

2    

3    

4    

5    

6    

7    

8. What was the outcome of any legal processes?  Were you satisfied with the legal 

processes? 

No Legal actions Outcome 

1  

 

 

 

 

2   

3   

9. Who is doing what regarding rule enforcement surrounding firewood collection?  

Agency Role: 

Sustainable Timber Tasmania  

Private Forest Tasmania  

Police Tasmania  

Department of Primary Industries Parks, 

Water and Environment (DPIPWE) 

 

Wood merchants  
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10. Can you describe the forums for stakeholders to collaborate on enforcement of the rules? 

Forums for collaboration  

11. Why do you think illegal wood collection occurs? 

 

 

 

12. What are the underlying reasons for this illegal activity? 
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X. Question Forest Practices Authority (FPA) 

We are going to ask you about the problem of illegal wood collection in Tasmania and rules, 

regulations and institutions which shape the collection of wood. However, we don’t want to 

discuss specific instances of illegal activity unless these instances are part of the public 

record.  

1.  It would be useful to understand more about the Forest Practices Code, forest 

management plans. How is the Code applicable to firewood collection?  

 

2. Are there be any plans to revise the Forest Practices Code with respect to firewood 

collection? Please explain. 

 

3. Do you think legally collected firewood should be certified?  

 
Yes 

 
No  

If the question above is ‘Yes’, who should certify the firewood?  

 
FSC or PEFC/AFS 

 

A dedicated firewood certification scheme (NGOs)  

 

 
Appropriate government agency _______________ 

If the question above is ‘No’, please explain why firewood should not be certified 

 

4. Do you think certification should be voluntary? 

 
Yes 

 
No  
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5. If the question above is ‘Yes’, please explain the following 

Who should bear the cost of 

certification?  

 

How difficult would certification be for 

the industry to obtain? 

 

Other (explain)   

 

6. Do you think certification should be compulsory? 

 
Yes 

 
No  

If the question above is ‘Yes’, please explain the following 

Who should bear the cost of certification   

Difficulty/easiness of enforcement   

Other (explain)   

7. Who is doing what regarding rule enforcement surrounding firewood collection?   

Agency Role: 

Sustainable Timber Tasmania  

Private Forest Tasmania  

Police Tasmania  

Department of Primary Industries Parks, 

Water and Environment (DPIPWE) 

 

Wood merchants  

8. Can you describe the forums for stakeholders to collaborate on enforcement of the 

rules? 

Forums for collaboration  

9. Why do you think illegal wood collection occurs? 

10. What are the underlying reasons for this illegal activity?
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Appendix IV: Survey questionnaire 

 

 

Information sheet  

Thank you for your interest in this research project investigating Firewood in Tasmania. 

PURPOSE OF THE STUDY  

The purpose of this study is to understand the demand for Tasmanian firewood and the features of the firewood that are important to consumers. 

HOW IS THE STUDY BEING FUNDED? 

This project is supported by the University of Tasmania and the Forest Practice Authority. 

WHAT WILL I BE ASKED TO DO? 

In this survey you will be asked to consider different options for firewood in Tasmania.   

We will ask some questions about your household to ensure our sample is broadly representative of Tasmania. The survey will take around 15 to 

20 minutes. 

HOW WILL THE RESULTS OF THE STUDY BE PUBLISHED? 

The results of the pilot online survey will not be published. The data collected during the pre–test/pilot will be analysed, and the results will be 

used to update the research design for the actual the survey.  This pilot online survey will be analysed anonymously. 

ARE THERE ANY POSSIBLE BENEFITS FROM PARTICIPATION IN THIS STUDY? 

By participating in this study, you will contribute to our understanding of how people value sustainable firewood in Tasmania. This will help the 

research team to update the research design and improve the survey before we go on to survey a much larger group.  

Tasmanian School of Business and Economics (TSBE) 
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ARE THERE ANY POSSIBLE RISKS FROM PARTICIPATION IN THIS STUDY? 

There are no identified risks from participating in this study. No personal identifiable information is being collected by the research team or made 

available to the research team by Online Research Unit. 

WHAT WILL HAPPEN TO THE INFORMATION WHEN THIS STUDY IS OVER? 

The data from this survey will be used in a PhD thesis and in the preparation of reports, presentations and academic journal articles. Non–

identifiable data will be archived (e.g. Data–in–Brief or Australian Data Archive public repository, https://ada.edu.au/). The data will also be stored 

in researchers’ password–protected computers and can only be accessed by the research team.   

WHAT IF I HAVE QUESTIONS ABOUT THIS STUDY? 

If you have any further questions about this study, please contact Prof Darla Hatton MacDonald on +61 3 6226 2303 

(darla.hattonmacdonald@utas.edu.au). 

Participant responses are anonymous, ensuring your privacy is protected. This study has been approved by the Tasmanian Social Sciences Human 

Research Ethics Committee at the University of Tasmania. If you have concerns or complaints about the conduct of this study, please contact the 

Executive Officer of the HREC (Tasmania) Network on +61 3 6226 6254 or email human.ethics@utas.edu.au. The Executive Officer is the person 

nominated to receive complaints from research participants. Please quote ethics reference number [H0018411]: Firewood Discrete Choice 

Experiment.  

Inquiries 

Inquiries can be directed to the research team by contacting: 

Associate Professor Darla Hatton MacDonald, Darla.hattonmacdonald@utas.edu.au 

Dr. Clinton Levitt, Clinton.Levitt@utas.edu.au 

Dr. Lena Tinch, Elena.tinch@utas.edu.au 

Nizam Abdu, Nizam.abdu@utas.edu.au 

 

https://ada.edu.au/
mailto:Darla.hattonmacdonald@utas.edu.au
mailto:Clinton.Levitt@utas.edu.au
mailto:Elena.tinch@utas.edu.au
mailto:Nizam.abdu@utas.edu.au
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Informed consent  

Please read the following statements, and if you agree, indicate your consent at the end by clicking on “yes”. 

1. I agree to take part in this research study. 

2. I have read and understood the study information. 

3. The nature and possible effects of the study have been explained to me. 

4. I understand that the study involves completing an online survey which will take about 15 to 20 minutes. 

5. I understand that participation involves no foreseeable risks. 

6. I understand that all research data will be collected using an online platform, then securely stored by the researchers in password protected 

databases while being analysed and then archived. 

7. Any questions have been answered to my satisfaction. 

8. I understand that the researchers will maintain confidentiality and that any information I supply will be used only for the purposes of 

research. 

9. I understand that the results of the survey will be used to update the experimental design for the actual survey.  

10. I understand that I cannot be identified as a participant. 

11. I understand that my participation is voluntary and that I may withdraw at any time before completing the survey (even during the survey) 

without any effect. I understand that I will not be able to withdraw my data after completing the survey. 

I understand and consent to the above statements.  

 Yes 

 No  

Tasmanian School of Business and Economics (TSBE) 



196 

 

 

Sustainable firewood in Tasmania 
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What is your age?  __________years.   Must be over 18 to participate. 

Do you have a wood heater, fireplace or wood stove that you use? 

 
Yes 

 
No  

Did you buy firewood in the last two years?     

 
Yes 

 
No  

Do you plan to buy firewood in the near future?  

 
Yes 

 
No  
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Firewood as an important source of energy 

 

 

26% of Tasmanians use firewood as a primary source of heating. 

 

QUESTION 1: Have you done any of the following in the last 12 months in Tasmania?  

Activities Click one or more 

Collected firewood 
 

Camped overnight in Tasmania 
 

Worked in the forestry industry 
 

Gone bushwalking in a forest for fun 
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QUESTION 2: Do you use firewood as your main source of heating? 

 Yes   

 No    

QUESTION 3: What do you use your firewood for?  

Click one or more Purpose 

 Heating  

 Cooking  

 Campfire  

 Other  ________________ 

QUESTION 4: Why do you like to use firewood?   

Reason Click one or more 

Easy to buy 
 

Easy to collect 
 

Cheaper compared to other energy sources 
 

High heat intensity compared to other energy 

sources 
 

I like the look and feel of the flames  
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QUESTION 5: How often do you burn wood in winter?                   

I burn wood in WINTER: Click one only  

Every day (all day) 
 

Every day (evenings only) 
 

5–6 days a week 
 

4–5 days a week 
 

3–4 days a week 
 

2–3 days a week 
 

1–2 days a week 
 

Occasionally (example, 1–2 times a MONTH) 
 

Less often (example, 1–6 times a YEAR) 
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Source of Tasmanian firewood 

 

 

 

 

40% of firewood users collect their own wood. 

60% of the users buy their wood. 

 

80% of Tasmanian firewood is sourced from private forest and 20% from public forest. 

 

QUESTION 6: Where do you get your firewood?  

Click one or more   Where you collect get your firewood?  

 
Collect from my own land 

 
Buy 

 
Collect from public forest with collection permit from Sustainable Timber Tasmania  

 
Collect from private property with the landholder’s permission (example, friend’s or relative’s land) 

 
Other__________________ 
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QUESTION 7: If you buy, where do you buy your firewood?  

Skip this question if the respondent does not buy firewood.  

Click one or more Where you buy your firewood? 

 
Store 

 
Neighbour or friends  

 
Roadside (example, trailer or ute 

load)  

 
Wood yard 

 
Gumtree  

 
Newspaper 

 
Poster or flier 

 
Facebook 

 
Other __________________ 
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But there is a problem associated with wood collection: 

 

 

  

There is a lot of illegal and unsustainable firewood collection going on in Tasmania: 

• In May 2020, during the COVID−19 lockdown, firewood that worth $1million was illegally collected 

• More than half the wood stolen is habitat for animals.  

• It takes about 120 years for a tree to develop hollows suitable for animals to use.  

• Illegal cutting results in a loss of habitat area for a number of Threatened Species including Swift Parrots 

and Tasmanian Devils.  

• Illegal sources undercut sustainable sources.  

• Wood hookers often practice unsafe techniques putting themselves and others at risk. 

QUESTION 8: Did you know that illegal wood collection exists in Tasmania? 

 
Yes 

 
No  
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QUESTION 9: Did you know that illegal wood collection destroys habitat areas? 

 
Yes 

 
No  

 

Your firewood  

 

 QUESTION 10: How much firewood did you burn in the last year? Fill in one only. 

Amount of firewood burnt in last year  Unit of measurement 

 

 

 

 

Amount   

  

 

Tonne 

Half a tonne trailer 

 

m3 

 

 

Bag of 20 kg each 
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 QUESTION 11: Firewood is sold in a number of ways.  How much would you pay for the following firewood? 

 

Amount of firewood Picture Price you would pay ($) 

Volume: A trailer load of 

1.5m x 2.6m x 1m (4m3) 

 

[___________] 

Volume:  1 m3 

 

[___________] 

A 20 kg bag 

 

[___________] 
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Firewood in Tasmania comes from both legal and illegal sources. This is what we mean by “legal”  

Legal firewood is: 

• Firewood collected from private forests with permission of the owners.  

• Firewood sourced from public forests with a collection permit issued by Sustainable Timber Tasmania (STT). 

• Wood collected from your own land. 

 
 

And this is what we mean by “sustainable” firewood:  

Sustainable firewood comes from: 

• Wood collected following environmental guidelines. 

• Leftover wood sourced from approved harvesting on 

private or public lands.  

• Wood that is NOT from conservation areas or from 

regional reserves.  

• Wood that is NOT harvested from threatened forest types 

such as dry sclerophyll forest. 

• Wood that is NOT  harvested from old growth forests.  

 
 

QUESTION 12: How sure are you that the last load of wood you bought was sustainably sourced?. Click one only.  
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No idea  
   

100% 

sure 

0 

 

1 

 

2 

 

3 

 

4 

 

5 

 

QUESTION 13: How sure are you that the last load of wood you bought was legally sourced? Click one only.  

No idea  
   

100% 

sure 

0 

 

1 

 

2 

 

3 

 

4 

 

5 
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Please watch the following 2:18 minute video on firewood collection in Tasmania. It will help you understand the 

legal and sustainable firewood collection. 

                                                       

https://youtu.be/EkPCre29djE 

 

QUESTION 14: Based on the firewood video, which one of the following is associated with illegal wood collection? 

 Illegal wood collection affects biodiversity  

 Illegal wood collection has no effects on wood collection 

safety 

 Everybody can collect wood without permission  

 I am NOT sure  

 

QUESTION 15: Based on the video, how much is the permit for a tonne of wood collected? 

 $5–$6/tonne   

 $2/tonne  

 $4/tonne  

 $3/tonne  

https://youtu.be/EkPCre29djE
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QUESTION 16: At the end of the video, what kind of vehicle did you see the man driving?  

 Small car  

 A truck  

 A ute  

 A small bulldozer 

 I am NOT sure  
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Now we are going to show you some features of legally sourced and sustainable firewood. We will present some 

features of firewood that could be on the market in the next two years. 
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Source of your firewood 

 

Wood from small native trees: 

Leaving large trees that have hollows or may form hollows. 

Cutting small to medium living trees – deadwood is important for native birds and animals. 

Wood produced and supplied this way contributes to Tasmanian biodiversity conservation. 

 

Wood from re–purposed wood: 

Recycled wood such as from old fence posts, mill cut–offs, building demolition, tree lopping, urban salvage, road widening, fire 

management etc. 

By products from wood processing operations such as woodchips. 

Wood produced and supplied this way contributes to local job creation. 

 

 

Wood from plantation forest: 

Logs from plantations which are not saw logs or peeler logs. 

Wood from thinning and pruning of plantation forests. 

Wood produced and supplied this way contributes to local job creation. 

 

 

Wood from firewood farm: 

Wood harvested from agroforestry trees grown for the purpose of firewood production only. 

Wood produced and supplied this way contributes to local job creation and biodiversity conservation. 
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Environmental and social priorities where part of your money will be invested 

 

 

Save our wildlife 

Part of the money you pay for firewood with this logo will be used to protect habitat of threatened species such as Swift 

Parrots and Tasmanian Devils. 

 

 

 

Create jobs for Tasmanians with disabilities 

Part of the money you pay for firewood with this logo will be used to support people with disabilities receive training and 

employment opportunities in the timber industry. 

 

 

 

 

 

Keep the poor warm 

Part of the money you pay for firewood with this logo will be used help pensioners and people on low incomes who use 

firewood as main source of heating to buy wood that is legally and sustainably harvested. 

 

 

 

 

No wood waste in Tassie 

Part of the money you pay for firewood with this logo will be used to encourage recycling and reuse of wood to prevent it 

ending up in landfill. 
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Distance your firewood has travelled in km 

 

 

Your firewood comes from at most 50km from your residence. 

 

 

 

Your firewood comes from at most 51–100km from your residence. 

 

 

 

 

Your firewood comes from at most 101–200km from your residence. 

 

 

 

 

Your firewood comes from at most 201–300km from your residence. 
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Before you make your choice: 

 

We are going to present some firewood features. What we want you to do is simple: Tell us which one of the three firewood 

trailers (Trailer A, Trailer B or Trailer C) you buy or if you would spend your money on something else (buy none of 

these).  

Answer by ticking the appropriate box . 
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Important Information 

Firewood can be sold by weight or by volume.  Most people have their wood delivered by a trailer load.  To make this clear, here is a 

1.5m X 2.6m X 1m Trailer with wood. 

 

 

Each option describes your firewood as: 

1 trailer load of very dry firewood (1 trailer load = ½ tonne = 25 bags of 20 kg each).  

From a mix of native tree species.  

Legal and sustainable harvested by trained wood harvesters.  

Split and about 12–15 inches in length. 

Delivered to your driveway. 

Supplied with a receipt. 

            The base price of this trailer load given market conditions is $180. 
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QUESTION 17: How much wood is 1 trailer load of firewood in this survey?  

 1 tonne 

 ½ tonne 

 2 tonne 

 3 tonne 

 I am NOT sure 

 

QUESTION 18: What is the base price given for a trailer load of firewood in this survey? 

 $160  

 $140 

 $120  

 $180  

 I am NOT sure 
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Example of the choice task. In this example, Trailer B is chosen.  

FEATURE TRAILER A 
 

TRAILER B TRAILER C I WOULD BUY 

OTHER WOOD  

 

Source of firewood  

Firewood farm wood  

 

Small native forest wood 

 

Re–purposed wood 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Environmental and social 

priorities  

Save our wildlife 

 

Keep the poor warm 

 

No wood waste in Tassie  

 

 

 

Distance (km) 

Under 50 km radius  

 

50–100 km radius  

 

50–100km radius  

 

$180 PLUS  

this additional cost ($) per 

Trailer  

   

I would choose:   

Choose one only 

 

A 

 

B 

 
 

C 

 

$20 $80 $60 
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Remember: 

 

You can choose either TRAILER A, B, C or ‘I would other wood’ by clicking on the appropriate box. Please 

remember there are no right or wrong answers – we want to find out what you think would be the best way to 

conserve forest biodiversity, help Tasmanians and meet your firewood needs.  



219 

 

 

A problem 

 

Research has found that, when answering surveys, some people say they would buy environmental products but really, they 

would not, if they had to pay more.  They ignore the cost to their household.  We are going to present you with some 

choices. When answering these questions please keep in mind your available household income and all the other things you 

have to spend money on. 

It is very important that you answer the following questions 

as if you really were going to buy a trailer load of wood. 

The results from this survey will be made available to government and to industry associations to better inform future public 

policy. 

 

 

The base price of this trailer load given market conditions is $180. 
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QUESTION 19: Make your choice 

FEATURE TRAILER A 
 

TRAILER B TRAILER C I WOULD BUY 

OTHER WOOD  

Source of firewood  Small native forest wood 

 

Firewood farm wood  

 

Repurposed wood  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Environmental and social priorities  Save our wildlife  

 

Job creation  

 

Keep the poor warm  

 

Distance (km) 50–100 km radius  

 

Under 50 km radius  

 

200–300 km radius  

 

$180 PLUS  

this additional cost ($) per Trailer  

   

I would choose:   

Choose one only 

A 

 

B 

 

C 

 

$40 $20   $160 
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FEATURE TRAILER A 
 

TRAILER B TRAILER C I WOULD BUY OTHER 

WOOD 

 

 

Source of firewood 

 

Repurposed wood 

 

Repurposed wood 

 

Small native forest wood 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Environmental and social priorities 

Keep the poor warm 

  

Job creation 

  

Save our wildlife  

 

 

 

Distance (km) 

50–100km radius  

 

200–300 km radius  

 

Under 50 km radius  

 

 

$180 PLUS  

this additional cost ($) per Trailer  

   

I would choose:   

Choose one only 

A 

 

B 

 

 

C 

 

$160 $20 $40 
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FEATURE TRAILER A 
 

TRAILER B TRAILER C I WOULD BUY OTHER 

WOOD 

Source of firewood 

 

 

Re–purposed wood 

 

Firewood farm wood   

 

Plantation forest wood   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Environmental and social priorities  

No wood waste in Tassie  

 

Job creation  

 

Save our wildlife  

  

 

Distance (km)  

50–100 km radius  

 

200–300 km radius  

 

200–300 km radius 

 

 

$180 PLUS  

this additional cost ($) per Trailer  

   

I would choose:   

Choose one only 

A 

 

B 

 

 

C 

 

$160 $140    $100 
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FEATURE TRAILER A 
 

TRAILER B TRAILER C I WOULD BUY OTHER 

WOOD 

 

Source of firewood 

 

Firewood farm wood 

 

Small native forest wood 

 

Plantation forest wood 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Environmental and social priorities 

Keep the poor warm 

 

Save our wildlife  

  

No wood waste in Tassie 

  

 

Distance (km) 

 

200–300 km radius 

  

200–300 km radius  

 

Under 50 km radius  

 

 

$180 PLUS  

this additional cost ($) per Trailer  

   

I would choose:   

Choose one only 

 

A 

 

B 

 

 

C 

 

$120 $140 $20 
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FEATURE TRAILER A 
 

TRAILER B TRAILER C I WOULD BUY OTHER 

WOOD 

 

 

Source of firewood  

Plantation forest wood  

 

Re–purposed wood 

 

Small native forest wood 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Environmental and social priorities 

 

Job creation  

 

Keep the poor warm  

 

Save our wildlife 

 

 

Distance (km) 

 

Under 50 km radius  

 

200–300 km radius  

 

200–300 km radius 

 

 

$180 PLUS  

this additional cost ($) per Trailer  

   

I would choose:   

Choose one only 

 

A 

 

B 

 

 

C 

 

$20 $140 $80 
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FEATURE TRAILER A 
 

TRAILER B TRAILER C I WOULD BUY OTHER 

WOOD 

Source of firewood 

 

Firewood farm wood 

 

Small native forest wood 

 

 Plantation forest wood  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Environmental and social priorities 

Job creation  

 

No wood waste in Tassie 

 

Keep the poor warm   

 

Distance (km) 

 

200–300 km radius  

 

200–300 km radius  

 

100–200 km radius 

  

$180 PLUS  

this additional cost ($) per Trailer  

   

I would choose:   

Choose one only 

A 

 

B 

 

 

C 

 

How certain were you of your above choice? 
Very uncertain                                                                                                                                                                                                                                             very certain  

0 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

 

7 

 

8 

 

9 

 

10 

 

 

$120 $20 $40 
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QUESTION 20:

Which feature is the most 

important in your choice?  

 

Source of the wood  

 

Environmental and social priorities  

 

Distance  

 

Price  

 
 

QUESTION 21: 

Is there a feature of the 

firewood which you didn’t 

use in making your  

choice? 

Source of the wood  

 

Environmental and social 

priorities  

 

Distance  

 

Price  

 
 

I used them all 

 

QUESTION 22: To what extent did you pay attention to the following firewood features when made your choice?  

                   

Indicators Never Seldom Often Always 

Source of the wood       
 

Environmental and social priorities         
 

Distance from where the wood comes   
   

Extra cost for a Trailer load of wood  
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QUESTION 23: When looking at the source of the wood, was there a source which was unimportant to you? 

 

Wood from small native trees 

 

 

Wood from re–purposed wood 

 

 

Wood from plantation forest 

 

 

Wood from firewood farm 

 

 

QUESTION 24: When looking at the logo on the wood, was there a source which was unimportant to you? 

 

Save our wildlife  

 

 

 

Create jobs for Tasmanians with disabilities  

 

 

 

Keep the poor warm  

 

 

 

No wood waste in Tassie 

 

 



228 

 

QUESTION 25: Why did you click on the box “spend your money on something else”? Was that because:   

Tick one or more Reason 

 You can’t afford the extra cost  

 You don’t believe the money collected with these logos will help Tasmanians.  

 You don’t believe these problems can be solved.  

 You don’t care if the firewood is sustainable or not.  

 You don’t care if the firewood is legally sourced or not. 

  Illegal wood collection is not a problem in Tasmania. 

 You pay too much in taxes already.  

  Government should enforce their regulations and you shouldn’t have to pay 

 Other___________________________________ 

 

QUESTION 26: Do you think firewood market should be certified?  

 

 
Yes 

 
No  

[The following question will appear ONLY if the answer to the above question (Q26) is ‘Yes’] 
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QUESTION 27: The certification should be?  

 
Voluntary  

 
Mandatory  

 
Mandatory or Voluntary  

[The following question will appear ONLY if the answer to the above question (Q26) is ‘Yes’] 

 

QUESTION 28: Who do you want to certify your firewood? 

 

 Any Tasmanian government body 

 Environmental NGOs 

 Both environmental NGOs and government body  

 Independent firewood associations such as Firewood Association of Australia (FAA) 

 Other____________________________________ 
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QUESTION 29: Are you involved in any environmental groups? 

 
Yes 

 
No  

QUESTION 30: How confident are you that this survey could influence public policy on firewood in Tasmania? Click one only.  

Not 

confident  

 
   

100% 

confident  

 0 

      

1 

 

2 

 

3 

 

4 

 

         5 
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If you purchased your last load of wood, please answer the next five questions. 

QUESTION 31: The last time you purchased a load of firewood, did you receive a receipt?  

 Yes  

 No  

 I can’t remember  

 

QUESTION 32: Was the firewood you purchased last time dry? 

 Yes  

 No  

QUESTION 33: Do you know the tree species you bought last time? 

 Yes, and it was type of tree?  _____________________ 

 No  

 I can’t remember  
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QUESTION 34: Was the firewood you bought last time delivered to your home? 

 Yes  

 No  

 I can’t remember  

QUESTION 35:Was the firewood you bought last time stacked? 

 Yes  

 No  

 I can’t remember  

QUESTION 36: Did you watch the 2–minute video prior to making your firewood choices? 

 
Yes 

 
No  

QUESTION 37: Did you watch the ENTIRE  video prior to the firewood choices? 

 
Yes 

 
No  
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QUESTION 38: Indicate the level of your agreement with the following statements. The statements are NOT specific to firewood. They are 

general statements about your purchase behaviour.  

 

Indicators  Completely 

disagree 

Mildly 

disagree 

Moderately 

Disagree 

Neither Mildly agree Moderately 

Agree 

Completely Agree 

When I buy products, I try to 

consider how my use of them will 

affect the environment. 
 

       

It is impossible for the individual 

consumer to do anything about 

environment. 
 

       

Each consumer's behaviour can 

have a positive effect on society by 

purchasing products sold by 

socially and environmentally 

responsible companies. 
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 Indicators  Completely 

disagree 

Mildly 

disagree 

Moderately 

Disagree 

Neither Mildly 

agree 

Moderately 

Agree 

Completely 

Agree 

Before purchasing a product, it is 

important to know what others think 

of different brands or products. 

       

 

Before purchasing a product, it is 

important to know what kinds of 

people buy certain brands or 

products. 

       

 

Before purchasing a product, it is 

important to know what others think 

of people who buy certain brands or 

products.  

       

 

Before purchasing a product, it is 

important to know what brands or 

products to buy to make good 

impressions on others. 
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Indicators  Completely 

disagree 

Mildly 

disagree 

Moderately 

Disagree 

Neither Mildly 

agree 

Moderately 

Agree 

Completely 

Agree 

I think of myself as an 

environmentally–friendly 

consumer.   

       

I think of myself as someone who 

is very concerned with 

environmental issues.   

       

I would be embarrassed to be seen 

as having an environmentally–

friendly lifestyle.  

       

I would NOT want my family or 

friends to think of me as someone 

who is concerned about 

environmental issues.  
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Indicators  Completely 

disagree 

   Mildly 

disagree 

Moderately 

Disagree 

Neither Mildly 

agree 

Moderately 

Agree 

Completely 

Agree 

When I next go shopping, I plan to 

buy environmentally friendly 

products. 

       

My actual intention to seek out and 

buy environmentally friendly 

products is strong.  

       

By buying environmentally 

friendly products, I can make a 

difference in helping the 

environment. 

       

It is easy for me to look for, get 

money and buy environmentally 

friendly products. 

       

It is difficult for me to look for, get 

money and buy environmentally 

friendly products. 

       

My family think that 

environmentally friendly 

consumption is a good thing. 

       



237 

 

My friends think that 

environmentally friendly 

consumption is a good thing. 

       

My colleagues think that 

environmentally friendly 

consumption is a good thing. 

       

It is important to me what my 

family thinks of me with regard to 

my environmentally friendly 

purchases. 

       

It is important to me what my 

friends think of me with regard to 

my environmentally friendly 

purchases. 

       

It is important to me what my 

colleagues think of me with regard 

to my environmentally friendly 

purchases. 

       

I feel I can help solve natural 

resource problem by buying 

certified products. 
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I can protect the environment by 

buying products that are friendly to 

the environment. 

 

       

The trend of buying 

environmentally friendly products 

among the people around me is 

increasing. 

 

       

People around me generally believe 

that it is better for health to use 

environmentally friendly produced 

goods.  

 

       

There is not much I can do about 

environment.  

 

       

The price of environmentally 

friendly products is expensive. 

 

       

People and employment are more 

important than the environment. 
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SOCIO–DEMOGRAPHIC QUESTIONS 

In this part you will be asked socio–economic and demographic questions. 

QUESTION 39: What postcode do you live in?  

 

QUESTION 40: What is your age?  

 

QUESTION 41: Gender:   

 
Female   

 
Male   

 
I identify as: _____________________ 

 

QUESTION 42: How many people are there in your household?  
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QUESTION 43: What is the highest level of education you have obtained? Please click on one  

 
Year 9 or below 

 
Year 10 

 
Year 12 

 
Certificate or equivalent (for example, Certificate I, II, III or IV) 

 
Diploma or advanced diploma from a university/TAFE or equivalent 

 
Bachelor’s degree or equivalent 

 
Graduate certificate or graduate diploma from a university or equivalent 

 
Postgraduate degree  
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QUESTION 44: To the best of your knowledge, please indicate your total income before tax. If you have shared household responsibilities with 

a spouse or partner, please indicate the total combined income for both you and your partner. Please click on one box. 

 Annual income Weekly income 

 $1 to $7,799 a year $1 to $149 a week 

 $7,800 to $15,599 a year $150 to $299 a week 

 $15,600 to $20,799 a year $300 to $399 a week 

 $20,800 to $25,999 a year $400 to $499 a week 

 $26,000 to $33,799 a year $500 to $649 a week 

 $33,800 to $41,599 a year $650 to $799 a week 

 $41,600 to $51,999 a year $800 to $999 a week 

 $52,000 to $64,999 a year $1,000 to $1,249 a week 

 $65,000 to $77,999 a year $1,250 to $1,499 a week 

 $78,000 to $90,999 a year $1,500 to $1,749 a week 

 $91,000 to $103,999 a year $1,750 to $1,999 a week 

 $104,000 to $155,999 a year $2,000 to $2,999 a week 

 $156,000 or more per year $3,000 or more per week 
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THANK YOU FOR TAKING PART IN OUR SURVEY  

YOUR CONSENT TO PARTICPATE IN THIS RESEARCH IS IMPLIED BY COMPLETING AND SUBMITTING THIS SURVEY
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The end 

 




