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Abstract 

Decades of research have demonstrated that fire management is one of the key land 

management issues for northern Australia. Fire management, through caring for 

country programs and carbon markets, provide livelihood opportunities and future 

options for Aboriginal people living in Australia’s tropical savannas. Such 

opportunities have potential socio-cultural, health and economic benefits for 

Indigenous communities as well as collateral benefits including biodiversity 

conservation and greenhouse gas emissions reduction.  

This research critically analyses the current theories and research underpinning 

the nexus between fire management, digital technologies, capacity building, training 

and learning for Indigenous and non-Indigenous people in northern Australia. The 

research focuses on a limited stakeholder analysis with fire managers and other people 

involved in fire management in northern Australia. The study also investigates two 

significant fire abatement projects as case studies involving Payment for 

Environmental Services schemes: West Arnhem Land Fire Abatement (WALFA) and 

Fish River Station.  

This investigation demonstrates how digital technologies have transformed 

recent perceptions and practices in fire management in Australia’s fire-prone savannas. 

Digital technologies have also been instrumental in reinstating more traditional 

burning practices that were disrupted with European settlement. However, the research 

findings identify how existing digital tools and rigid regulatory frameworks for the 

carbon markets can unintentionally establish power relations and marginalise 

Aboriginal people from participating more integrally in fire management and 

abatement opportunities.  
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As successfully demonstrated in WALFA, the researcher recommends 

approaches that move towards convergence of seemingly incommensurate knowledge 

systems that connect and work together in fire operations. Such approaches involve 

prioritising pathways that build capacity, particularly for Indigenous people. From a 

convergent place-based space, targeted adaptive training programs are recommended 

that develop transferable capabilities such as computer literacies, GIS and business 

skills. These will empower Indigenous stakeholders, particularly rangers, to participate 

more integrally in fire management and abatement opportunities in northern Australia.  
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Glossary and List of Acronyms 

Advanced Very High Resolution Radiometer (AVHRR) 

A radiation-detection sensor on board the NOAA satellites. It has a resolution 

of 1.09 square kilometres that can be used for remotely determining cloud cover and 

the surface temperature (NOAA 2015; Edwards, 2012). 

Aerial control burning  

Strategic aerial burning practices usually in remote and/or rugged terrain which 

are conducted from an aeroplane or helicopter to develop typically linear firebreaks 

(Dyer et. al., 2001). 

Back-burn 

A fire burning into the wind to control fire operations often done as a way of 

directing a relatively low-intensity (cool fire) into the path of an oncoming wildfire 

(Dyer et al. 2001). 

Carbon Dioxide (CO2)  

Carbon dioxide is an odourless, colourless, non-toxic gas. Carbon dioxide is 

the largest contributor to human-induced global warming, compared with the other 

five greenhouse gases. Anthropogenic activities such as fossil fuel combustion and 

deforestation have increased atmospheric concentrations of CO2 by about 30 percent 

since the Industrial Revolution (Nous, 2010). 
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Carbon Dioxide Equivalent (CO2e) 

Refers to the emissions of a gas, by weight, multiplied by its global warming 

potential (Nous, 2010). 

Carbon Farming Initiative 

The CFI scheme was implemented in Australia in 2011 to help establish land-

based projects that reduce the production of greenhouse gases and/or sequester carbon. 

It is the world’s first national land carbon offsets scheme.  Under the framework 

projects are approved and registered through the Clean Energy Regulator. Projects 

need to use an approved methodology such as the Savanna Burning Methodology – 

that is, for fire abatement projects in the >1000mm rainfall zone (Dore, Michaels, 

Russell-Smith, Tehan, and Caripis, 2014).  

Carbon offsets 

Units which represent abatement of greenhouse gas emissions. Abatement is 

achieved through reducing and avoiding emissions or through carbon sequestration 

(Australian Government, 2015). 

Cognitive load theory 

The universal set of instructional principles and evidence-based guidelines that 

provide the most efficient methods to design and deliver instructional environments 

by means that best utilise people’s limited capacity of working memory (Chandler & 

Sweller, 1991; Clark et al., 2006). 

  



 xviii 

Cognitive overload 

A potential problem in learning when the processing demands of a learning 

task exceed the processing capacity of the cognitive system (Mayer & Moreno, 2003).  

CyberTracker 

Refers to software that was developed as a tool to create jobs for future 

generations of Kalahari Bushmen (Liebenberg, 2014). It has since been adapted and 

adopted to meet the needs of Indigenous rangers in northern Australia. See I-Tracker.  

Department of Climate Change and Energy Efficiency (DCCEE) 

Disruptive technologies 

Any technology that displaces an existing technology or practice.  

Early Dry Season (EDS) 

Occurs approximately May to June in northern Australia, however it is 

climatically driven and may vary (Edwards 2012; Dyer et al., 2001). Under the 

Savanna Burning Methodology, early dry season burning must be completed before 

1st August.  

Emissions trading 

Is a market mechanism that enables emitters such as countries or companies to 

buy emissions from or sell emissions to other emitters (Nous, 2010). For example, 

registered savanna burning abatement projects enables the proponents to sell their 

reductions (as carbon offsets) to companies such as gas (in the case of WALFA) or 

petroleum (in the case of Fish River) for whom achieving such reductions is more 

expensive. 
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Emissions Reduction Fund (ERF) 

The ERF, the focus of the Australian Government’s plan to reduce national 

emissions by 5% by 2020, buys emission reductions from individuals or corporations 

who demonstrate action that extends beyond normal business to reduce emissions 

(Russell-Smith et al., 2015). 

Fire behaviour 

Physical attributes of individual fires which includes: height and depth of 

flames, rate of spread, intensity, as well as size and shape of various burning fronts 

(Dyer et al., 2001). 

Fire coordinator 

Fire coordinators (or fire planners) play a pivotal role in fire management in 

northern Australia undertaking a complex range of activities. While variation in roles 

occurs across regions, fire coordinators strategically plan and help coordinate fire 

operations spanning vast tracts of country. For example, the fire coordinator for the 

West Arnhem Land Fire Abatement project is responsible for coordinating 28, 282 

square kilometres (an area nearly the size of Belgium) of remote and rugged country. 

The fire coordinator works in collaboration with Traditional Owners and other 

community members, drawing on various technical skills including Geographic 

Information Systems. The fire coordinator is also usually the key person responsible 

for organizing and implementing the Carbon Farming Initiative.  

Fire history 

Refers to the maps displayed through NAFI that profile fire activity from 2004‐

2009. Three types of fire histories are available: the number of years burnt in an area 



 xx 

(fire frequency); the number of years burnt by late dry season fires in an area; and the 

time since an area was last burnt (NAFI, 2015). 

Fire intensity 

The rate at which heat is released from a linear section of a fire front (Dyer et 

al., 2001). 

Fire regime 

Attributes of fire patterns in a region that includes: extent, seasonality, 

frequency, intervals between fires, intensity and patchiness (Myers et. al., 2004). 

Fire scar 

An area of burnt vegetation that is mapped from satellite imagery or aerial 

photography (Dyer et al., 2001). Fire scars on the NAFI site are mapped using two 

images of the same locations taken several days apart from different passes of MODIS 

instrument carried by NASA’s Terra satellite with a resolution of 250m, (NAFI 2015). 

Fire sensitive species 

Plant that are easily killed by fire which include obligate seeder species (see 

below) (Dyer et al., 2001). For example, cypress pine (Callitris intratropica) is a fire 

sensitive tree (Bowman & Panton, 1993). 

Fuel load 

The amount of standing grass and litter fuel (dead leaves, small twigs etc) 

(Dyer et al., 2001). 

Geographic Information System (GIS) 

A computer-based system that stores, analyses and displays multiple layers of 

geographically referenced data of geographical locations on the Earth’s surface 

(Haines-Young et al., 1993). In northern Australia it is often used to undertake 

complex landscape-scale assessments, including fire management (Dyer et al. 2001). 
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Greenhouse gases 

Gases in the atmosphere (natural and anthropogenic) that absorb and emit 

radiation at specific wavelengths emitted by the Earth’s surface, the atmosphere itself, 

and by clouds, causing the greenhouse effect. Water vapour (H2O), carbon dioxide 

(CO2), nitrous oxide (N2O), methane (CH4) and ozone (O3) are the primary greenhouse 

gases in the Earth’s atmosphere (IPCC, 2013). In northern Australia, nitrous oxide 

(N2O) and methane (CH4) are the accountable greenhouse gases under the Kyoto 

Protocol (IPCC, 2013).   

Hot spot 

An area detected by thermal satellite sensors which is relatively hotter than 

surrounding sites, such as active fires and fire fronts (Dyer et al., 2001). 

Incendiaries 

Combustible devices that are strategically and precisely released from an 

aircraft during aerial burning. They produce a fire on impact with the ground.  

Intergovernmental Panel on Climate Change (IPCC) 

The IPCC produces the 2006 National Greenhouse Gas Inventories Guidelines 

which provide internationally agreed methodologies for countries to estimate GHG for 

reporting to report to the United Nations Framework Convention on Climate Change 

(Australian Government, 2015d). 

I-Tracker 

Derived from NAILSMA’s I-Tracker program (short for Indigenous Tracker), 

I-Tracker is customized software (data entry and help screens) which are organized 

into linear screen sequences known as applications (NAILSMA, 2014). The 

applications are loaded onto mobile devices such as Personal Digital Assistants (PDA) 

and tablets where rangers use them in the field to collect data. Data are subsequently 
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uploaded from the PDA to the database component of CyberTracker on a computer 

and utilized accordingly (NAILSMA, 2014). Also, see Land Patrol Application and 

Land Ranger Application. 

Land Patrol Application (LPA) 

Following the success of the Land Ranger Application (see below), the I-

Tracker Land Patrol Application (LPA) was collaboratively developed by the North 

Australian Indigenous Land and Sea Management Alliance to support Indigenous 

rangers on a range of land management issues across northern Australia. The 

application features key sections: fire, weeds, feral animals, freshwater quality, native 

plants and animals, visitors and biosecurity surveillance. The LPA includes 

customised reporting templates with cut-and-paste features to help rangers easily 

produce high-standard reports from their patrol data (NAILSMA, 2014). 

Land Ranger Application 

The Land Ranger Application was developed by, and for, the Djelk Rangers in 

central Arnhem Land. It was the first land-based application for northern Australia 

based on CyberTracker software and is used for a variety of land management 

activities such as cultural site protection, weed and feral animal control as well as fire-

fighting and fire management (Ansell & Koenig, 2011). 

Late dry season (LDS) 

Occurs approximately from September to October in northern Australia, 

however it is climatically driven and can vary (Edwards, 2012; Dyer et al., 2001).  

Moderate Resolution Imaging Spectroradiometer (MODIS) 



 xxiv 

The names of the sensor on the two NASA satellites Terra and Aqua that NAFI 

uses. The sensors collect vegetation, ice and snow imagery at 250 metre resolution 

(NASA, 2015; NAFI, 2015). 

Mosaic burning 

Strategic burning to create small patches resulting in a landscape characterised 

by habitat patches of different fire ages (Dyer et al., 2001). 

National Aeronautics and Space Administration (NASA) 

NAFI uses imagery collected by two of NASA’s satellites – Terra and Aqua 

(NASA, 2015). 

National Oceanic and Atmospheric Administration (NOAA) 

NAFI uses imagery collected by two of NOAA’s satellites – NOAA‐18 and 

NOAA‐19 (NAFI, 2015). a US Government Department – National Oceanographic 

and Atmospheric Administration, they also maintain a constellation of satellites by the 

same acronym (Edwards, 2012). 

North Australian Fire Information (NAFI) 

NAFI is a web portal which plays an integral part of contemporary fire 

management and monitoring in northern Australia. From 2010, NAFI receives fire 

data from four satellites: two minibus‐ sized satellites operated by NASA: Terra and 

Aqua (through their respective MODIS sensors), and two slightly smaller satellites 

operated by the US National Oceanic and Atmospheric Administration: NOAA‐18 and 

NOAA‐19. During the fire season a large fire in Australia’s savannas is typically 

detected about two to four times in daylight hours and two or three times at night 

(NAFI, 2015; NASA, 2015).  

Obligate seeder species 



 

People, Place and Practices: Digital technologies in the changing world 

of fire management in northern Australia – Julie Anne Crough 

 

 

xxv 

Fire sensitive plant species such as the long-lived conifer tree Cypress Pine, 

Callitris intratropica (Bowman et al., 1993). These species regenerate only from seed 

held on the plant or in the soil once adult plants have been killed by fire (Dyer et al., 

2001).   

Payments for Environmental Services (PES) 

Voluntary transactions where a well-defined land use (such as fire abatement) 

is bought by a service buyer from a service provider that is conditional if the service 

provider secures service provision (Wunder, 2005). 

Personal digital assistant (PDA)  

Hand-held mobile device used to collect and store data and information. 

Pixel 

The smallest area that a satellite sensor can detect (i.e. 30m x 30m) for Landsat 

imagery; 1.1 square kilometre for NOAA-AVHRR imagery and 250m for MODIS 

imagery (Dyer et. al., 2001; NASA, 2015). 

Prescribed fire 

An anthropogenic fire that is ignited for management purposes (Myer et al., 

2004; Russell-Smith et al., 2009). 

Raindance machine 

An aerial incendiary delivery machine used for conducting aerial prescribed 

burns. It dispenses capsules containing potassium permanganate through a carousel 

where they are injected with ethyl glycol, separated from the roll, then fall to the 

ground via a chute and ignite (Ansell & Koenig, 2011). 

Ranger coordinator 



 xxvi 

Ranger coordinators are responsible for coordinating Indigenous ranger groups 

in northern Australia. Ranger groups undertake various roles in land and sea 

management. These include: biosecurity, cultural site protection, weed and feral 

animal control, as well as fire-fighting and fire management activities. The ranger 

coordinator’s role involves strategically planning these land and sea management 

operational activities.  

Remote sensing 

Involves data capture about the land, sea and atmosphere by sensors located at 

some distance from the target of study (usually from satellites – see MODIS). The data 

are captured through satellite imagery, aerial photography, videography and radars 

(Haines-Young, 1993).  

Savannas 

Tropical and subtropical grasslands with varying densities of tree cover and 

occur where the climate is seasonally dry. They constitute the most fire-prone 

ecosystems on Earth (Dyer et al., 2001; Russell-Smith et al., 2013a). 

Savanna health 

The measure of the condition of a savanna ecosystem maintains its basic 

functions at all spatial scales (i.e. landscape to fine scale), maintains viable populations 

of plants and animals at all spatial and temporal scales and meets the needs (spiritual, 

cultural and aesthetic) of people who have an interest in the savannas (Whitehead et 

al., 2000).  

Savanna Burning Abatement Tool (SavBAT2) 

SavBAT2 is the web-based information technology known as the Savanna 

Burning Abatement Tool that automates GIS and spreadsheets. It is required to 
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estimate greenhouse gas abatement for a CFI project under the Savanna Burning 

Methodology – the Determination 2015 (Australian Government 2016). 

Savanna Burning Methodology (The Determination) 

Prescribes strict methods and calculation procedures, vegetation fuel type and 

fire mapping requirements, as well as the use of requisite parameter values, satellite 

imagery and acceptable data sources The Carbon Credits (Carbon Farming Initiative 

– Emissions Abatement through Savanna Fire Management)  

Sequestration 

Refers to opportunities to remove atmospheric carbon dioxide (CO2) through 

biological processes such as plants and trees, or through geological processes by 

storing CO2 in underground reservoirs (Nous, 2010). 

Semi-arid savanna 

Savanna vegetation that occurs in areas where the long-term mean annual 

rainfall is less than 900mm (Dyer et al., 2001). 

Strategic burning 

Prescribed burning practices are designed to strategically break-up properties 

and large regions (Dyer et al., 2001) and protect against the spread of wildfires. 

United Nations Framework Convention on Climate Change [UNFCC] 

An international treaty whereby signatory countries are committed to stabilize 

anthropogenic greenhouse gas emissions to levels that ameliorate dangerous levels of 

climate change. Signatories are also required to develop and update national 

inventories of anthropogenic emissions of greenhouse gases that are not controlled 

under the Montreal Protocol. 

VET 
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The only true voyage of discovery 

… would be not to visit strange lands 

but to possess other eyes, 

to behold the universe through the eyes of another, 

of a hundred others, 

to behold the hundred universes that each of them beholds, 

that each of them is.  

Remembrance of Things Past: The Captive, Marcel Proust, 1923 

Chapter 1: Background and Introduction 

People, Place and Practices: Context of Study 

Despite being home to the longest continuing art tradition in the world spanning over 

50,000 years, northern Australia is not a static place. European settlement in the late 

1800s signaled a significant disruption for Aboriginal people whose customary 

practices had ensured their survival in the north for 50,000 years (Flood, 1995). 

Aboriginal customary practices, as cultural and natural resource managers, along with 

the inextricable connection with place – their country – were permanently changed 

with the onset of settlement. Fire regimes and knowledge practices were central to 

these changes. This thesis investigates who manages fire and how it is utilised as a tool 

in northern Australia – past, present and future. Specifically, it analyses why digital 

technologies now play a significant role in contemporary fire management practices 

and emerging livelihood opportunities. This chapter briefly explains the background 
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to these issues; outlines the aim and scope of the study, followed by an overview of 

this thesis. 

Background to the Issues 

Across northern Australia, the population density is extremely sparse with an average 

of 0.3 people per square kilometre who live in an expansive area covering 1.9 million 

square kilometres (Garnett, Woinarski, Gerritsen, & Duff, 2008). For example, while 

the Northern Territory (NT) encompasses 17.5% of Australia’s landmass, its 

population of 211,945 averages out to about 1% of Australia’s population (Australian 

Bureau of Statistics [ABS], 2013). Of the 56,776 Aboriginal and Torres Strait Islander 

people (ABS, 2013) in the NT, who comprise 26.8% of the population (ABS, 2015), 

there are more than 700 Indigenous communities with culturally diverse populations 

ranging from 50 to more than 2000 inhabitants (Gorman & Vemuri, 2010). Some of 

these communities are only occupied on a seasonal basis. These culturally 

heterogeneous groups live in environmentally diverse country ranging from rainforest, 

mangroves, swamps and wetlands in the north to hummock grasslands and mulga 

scrublands of the desert areas in southern NT (Gorman & Vemuri, 2012). However, 

across northern Australia, tropical savannas dominate the landscape. 

Tropical savannas (as shown in Figure 1) are broadly defined as tropical and 

subtropical grasslands with varying densities of tree cover and occur where the climate 

is seasonally dry (Dyer, Jacklyn, Partridge, Russell-Smith & Williams, 2001). This 

seasonal dry period occurs annually from April to November in Australia’s savannas, 

the onset of which signals drought conditions for seven to eight months of the year. In 

sharp contrast, the onset of the monsoon marks the wet season which brings 600–1200 

mm of rain over a five-month period. However, the monsoonal weather pattern is not 
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the only cause of change in these northern landscapes. Fire, foreign animals (including 

feral and cattle), weeds (and other invasive plants), disease and climate change 

(Woinarski, Mackey, Nix, & Traill, 2007) all contribute to this dynamic environment.  

Current landscapes in northern Australia originate from landscapes shaped by 

fire, both natural and anthropogenic (Whitehead, Russell-Smith & Woinarski, 2005).  

When Europeans first began to take a foothold settling in Queensland in the early 

1800s, in the Northern Territory in the 1860s and in the north of Western Australia in 

subsequent years, the impact on the Aboriginal population was immediate and 

significant. The Indigenous population declined dramatically with introduced disease 

as the key cause of the increased death rate (Ritchie, 2009; Garde, Nadjamerrek, 

Kolkkiwarra, Kalarriya, Djandjomerr, Birriyabirriya, Bilindja, Kubarkku, & Biless, 

2009). Further, the disruption of social structure over extensive areas was coupled with 

the relocation of Indigenous people to sedentary semi-permanent settlements. These 

drivers of change disrupted the traditional relationships. These forced changes to 

customary practices – including regular burning practices – which shifted fire regimes 

to more destructive patterns. These fire patterns, along with introduced plant and 

animal species, have since shaped the contemporary environmental landscape. More 

recently, land tenure and technological innovations and improvements have also been 

drivers of change.  

Fire as a Significant Land Management and Livelihoods Tool 

Decades of research have demonstrated that managing fire is one of the key natural 

resource management issues for savanna landscapes. Australia’s tropical savannas are 

identified as a source for a conservation economy and investment in Indigenous natural 

resource management and for a conservation economy (Luckert, Campbell, Gorman, 
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& Garnett, 2007; Gerritsen, 2010). In particular, the savannas are “undergoing a multi-

functional transition, as evident by changes in land tenure and ownership and the 

diversity of sectors deriving income from natural resources” (Greiner, 2010, p. 172). 

Fire management, through caring for country programs and carbon markets, provide 

future livelihood opportunities and options for Aboriginal people living in Australia’s 

tropical savannas. Such opportunities have potential socio-cultural, health, economic 

and educational benefits for Indigenous communities as well as collateral benefits 

including biodiversity conservation and greenhouse gas emissions reduction. Digital 

technologies such as satellite imagery have rapidly improved how fires are detected 

and perceived and subsequently managed in northern Australia. People and place are 

instrumental to these changed practices. With the onset of the recent carbon markets, 

people (especially Indigenous) have new livelihood opportunities in remote northern 

Australia.  Further, digital technologies have afforded new opportunities for 

Indigenous and non-Indigenous people to engage in these emerging carbon markets. 

These expanding opportunities provide new livelihood options for people living in 

remote areas where conventional economic development has been limited.     

Changing Perceptions: Management of Fire 

Early European explorers in Australia recorded the presence of widespread fire: “the 

natives were about, burning, burning, ever burning; one would think they … lived on 

fire instead of water” (Giles, 1889). From an Indigenous perspective smoke from 

country that is burning is a signal to the observer that everything is good but country 

that is not burning can signal that something may wrong and people should go and 

visit (Bradley, 1998). This view is in stark contrast to Western culture where, until 
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recent years, smoke seen in the distance or the lighting of fire is seen as a signal of 

distress (Bradley, 1998). 

 

Figure 1. Location and extent of Australia’s Tropical Savannas  

(Source: Tropical Savannas Cooperative Research Centre) 

Fire is not only utilitarian but plays an important social and spiritual role for 

Indigenous peoples (Langton, 1998). Despite the disruptions of Indigenous rights and 

access to country since European settlement, there has been one constant for many 

parts of northern Australia: “Indigenous people continue to treat the use of fire as an 

essential feature of their relationship with land – as an assertion of rights and an 
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important way of meeting obligations” (Ritchie 2009, p. 24). Aboriginal fire 

knowledge in the landscape and how to manage it is embedded in complex customary 

relationships and a site-based ontology (James, 2009). This people-place connection 

to how knowledge is constructed will be further investigated in Chapters 2, 4, 5 and 6.  

Savannas are the most fire-prone of the world’s major biomes (Yates, Edwards, 

& Russell-Smith, 2008). Less than a decade ago, the application of continental-scale 

fire mapping derived from satellite imagery totally changed the misperception that 

most fires occur in southern Australia. Instead, it demonstrated that the greater annual 

extent of fire occurs in the savanna regions of northern Australia (Russell-Smith, 

Yates, Edwards, Allan, Cook, Cooke, Craig, Heath & Smith, 2003). In Australia, the 

tropical savannas region (comprising 25% of the continent’s land mass) was fire 

affected over the period 1997-2005 which marked it as the most fire prone extensive 

landscape type in Australia (Russell-Smith, Yates, Whitehead, Smith, Craig, Allan, 

Thackway, Frakes, Cridland, Meyer, & Gill, 2007; Edwards & Russell-Smith, 2009). 

On average, fire affects more than 340,000 km2 of Australia’s relatively intact 

northern tropical savanna woodlands annually (Edwards, 2011). 

Post-settlement fire regimes due to disruptions to traditional burning practices 

have the potential to change tropical savannas at a landscape scale irrespective of 

conservation or production goals. The shift to large, intense late season fires, usually 

wildfires, in Australia’s savannas since European settlement has been almost 

catastrophic. Thus fire and how it is managed plays a critical part in the solution to 

many environmental problems in the north and is one of the most pressing land-

management issues for sustaining northern environments (Whitehead, Purdon, 

Russell-Smith, Cooke, & Sutton, 2008). However, Fitzsimons, Russell-Smith, James, 

Vigilante, Lipsett-Moore, Morrison and Looker assert that in many remote areas of 
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northern Australia “much extant customary knowledge of fire and related skills is not 

currently being deployed” (2012, p. 54). Changes are afoot to reinstate traditional 

local-scale Aboriginal fire practices alongside contemporary large-scale strategic fire 

management practices. Such issues will be addressed in Chapters 4, 5 and 6. Therefore, 

fire management specifically, and natural resource management generally, depend 

“increasingly upon access to and integration of two divergent knowledge traditions 

western and Indigenous” (Christie, 2007, p. 88). 

Prior to European settlement, Indigenous peoples burnt country for a range of 

social, cultural and environmental reasons. They established a pattern of burning 

across the savanna landscape which produced a mosaic of burnt country – a practice 

that prevented the spread of many of the more intense late dry season fires. Despite 

European settlement in Northern Australia and the significant disruptions to 

Aboriginal peoples, there has been one constant – fire. For many regions of northern 

Australia, particularly West Arnhem Land, Aboriginal people’s use of fire is integral 

to their relationship with country (as previously stated, see Ritchie, 2009).  

Many researchers strongly advocate that the promising potential of 

overcoming impoverishment and social problems on Aboriginal settlements is through 

Indigenous employment based on natural resource management industries (Whitehead 

et al., 2005; Greiner, 2010; Gerritsen, 2010; Luckert et al., 2007). Potentially, 

collateral benefits from improved fire management include biodiversity conservation, 

especially in areas sensitive to wildfire, improved hunting and harvesting, plus better 

landscape management (Luckert et al. 2007). Such ecological and cultural values are 

not only important motivations for Indigenous engagement in fire management 
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(Lucket et al., 2007) but also significantly valuable for non-Indigenous people in terms 

of environmental management plus moral and social responsibility. 

For the past decade studies (Russell-Smith et al., 2003; Russell-Smith, Cook, 

Cooke, Edwards, Lendrum, Meyer, & Whitehead, 2013a; Woinarski et al., 2007) have 

recognised that contemporary land uses and changed fire regimes place significant 

regional impacts on sustainable land use and biodiversity values (Russell-Smith, 

Monagle, Jacobsohn, Beatty, Bilbao, Millan, Hebe, & Sanchez-Rose, 2013b). Despite 

these significant cultural and natural values, coupled with land use and changed fire 

regime impacts, difficulties in reliable and adequate government and private funding 

have prevented the establishment of markets such as Payment for Environmental 

Services (PES) schemes to maintain them (Russell-Smith et al., 2013b). However, the 

introduction of the Australian Government’s Caring for our Country program marked 

a shift towards the commodification of environmental services – and has since 

expanded. The changing political landscape of the past few decades have also 

significantly shaped funding, policy and related issues for natural resource 

management in northern Australia. While a detailed analysis of environmental funding 

and policy is beyond the parameters of this research, a review follows of how recent 

changes have effected, and continue to shape, natural resource management in 

northern Australia.  

Changing Models: Funding, Conservation and Working on Country 

Until the 1960s, environmental management was a state-based responsibility in 

Australia as the Constitution was silent on any environmental role for the 

Commonwealth (Crowley, 2001). But the encroachment of state development 

activities on significant places such as the Great Barrier Reef raised widespread public 
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debate and concern. Subsequent decades followed with a slow shift to “environmental 

federalism’ whereby the national government carved out an “environmental role for 

itself beyond its constitutional limits while remaining mindful of the traditional rights 

of the states” (Crowley 2001, p. 258). In particular, the late 1980s were marked by the 

Landcare movement with community-driven, bi-partisan initiatives in natural resource 

management on agricultural and private land in Australia (Australian Government, 

2015a). Reviews of the National Landcare Program found that it had been the catalyst 

for major community investment in sustainable production and natural resource 

management. In particular, the relatively small $80 million investment in Landcare 

had a significant leveraging effect as it influenced the way in which farmers spent the 

$28 billion that they invested per annum in operating their farms (Australian 

Government, 2015a). In 1989, the Australian Government, with bipartisan support, 

committed $320 million to the Decade of Landcare Plan, the primary focus of which 

was managing natural resources at the farm level.  

The late 1990s heralded in a new Federal Government along with the Natural 

Heritage Trust (NHT) phase 1 in 1997. NHT was established and funded with $1.1 

billion from the partial sale of Telstra (Australian Government, 2015b).  The NHT was 

“primarily an environmental investment programme” (Crowley (2001, p. 259). This 

change signalled a shifting tide away from public good, Government-funded land 

management, towards a more asset-sale-funded land management approach. In 

particular, a key objective of the NHT included providing a framework to stimulate 

strategic investment in Australia’s natural environmental capital (Australian 

Government, 2015a). It comprised 23 separate programs under one directive - to 

stimulate activities in the national interest to achieve the conservation, sustainable use 
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and repair of Australia’s natural environment. Many of these component programs (of 

NHT) included partnership agreements such as Bushcare, Landcare, the National 

Reserve System and the National Weeds Program (Australian Government, 2015a). 

During these years, the Commonwealth Development Employment Program (CDEP) 

was the source of employment for most Aboriginal rangers in the north. The CDEP 

was effectively a ‘work for the dole scheme’. 

With a new Federal Government installed in 2007, it introduced the Caring for 

our Country program in 2008 which integrated most of the previous NRM initiatives, 

including the Natural Heritage Trust, the National Landcare and Environmental 

Stewardship programs and the Working on Country Indigenous land and sea ranger 

programs. The launch of Caring for our Country marked a change for natural resource 

management in Australia to help sustainably manage its environment and productive 

lands. This new program intentionally shifted its primary focus away from delivering 

predominantly small grant programs spread across many projects, which carried some 

risk of duplication and fragmented outcomes.  

The Cooperative Research Centres (CRC) Program was introduced in 1990 to 

focus on improving the economic, social and environmental benefits from public 

research in Australia (Productivity Commission, 2013). Integral to the program from 

its inception was public-good CRCs with a strong focus of environmental research for 

improving natural resource management.  A significant outcome of the Tropical 

Savannas CRC (1995-2008) was the WALFA project (see Chapter 4).  

Currently a significant proportion of the formal Caring for our Country projects 

is provided by the Australian Government as funding for the delivery of environmental 

services. Recent years have also seen a significant shift and broadening of the funding 

base for natural resource management and allied applied research. Philanthropic 
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organisations such as Bush Heritage, the Pew Foundation, The Nature Conservancy 

and the Australian Wildlife Conservancy have grown in their influence across northern 

Australia thus increasingly playing a central role in land management, including fire 

management. Private funding, as mentioned, for cultural and natural resource 

management has grown in significance since 2010. Coupled with this is the increasing 

shift in land use where private organisations such as the Australian Wildlife 

Conservancy are integrally involved in land management in northern Australia.  

Broadening the funding base for ecosystem and environmental services can 

reduce instability and the risk of relying on government funds (Altman 2012) which 

have been in decline over the past decade (and will be discussed in more detail in 

Chapter 2). In northern Australia, funding support is moving towards a three-pillar 

structure. The first pillar - government funding that continues to decline in real-terms; 

the second pillar - environmental philanthropy and non-government organisations; and 

the third pillar - commercial contracts with private organisations delivering offset 

services such as carbon abatement (Altman, 2012). As Altman (2012, p. 224) 

elucidates, the fourth pillar is the “often unfunded contributions, sweat equity, 

provided by land owners living on country, a form of contribution that is rarely 

acknowledged”. However, with opportunities emerging through the carbon offsets 

markets, aspects of this fourth pillar might become more visible and receive mixed 

sources of income. For example, in West Arnhem Land, the extensive working on 

country achievement is sustained through three sources of funding: government; the 

conservation philanthropy sector and the private sector (Cooke, 2012). This new way 

of earning income while working and living on country will be discussed in Chapter 2 

and in detail in the West Arnhem Land Fire Abatement project as a case study in 
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Chapter 4. Further, Fish River Station will also be examined as another case study that 

demonstrates emerging models of funding, caring for and working on country. Both 

WALFA and Fish River Station projects illustrate how new funding models and 

technological changes are enabling livelihood opportunities for Indigenous people to 

re-establish burning traditions as part of larger-scale strategic, dry season burning and 

fire abatement projects.  

Emerging Opportunities: Fire Management, Carbon Markets and Livelihoods 

In Australia’s tropical savannas, the key to fire-carbon is two-fold: firstly, 

reducing fire frequency and secondly, changing the fire regime to early, less intense, 

smaller, patchy fires. Savanna fires emit a range of greenhouse gases, most notably: 

carbon dioxide, methane and nitrous oxide. Research in West Arnhem Land has 

demonstrated that patchy burns in the early dry season emit on average around 50% 

fewer greenhouse gas (GHG) emissions than areas subject to late dry season burns 

(Russell-Smith, Whitehead, Cooke, & Yates, 2009b). Under the Kyoto Protocol, 

‘savanna burning’ is an accountable activity, with Australia recognising emissions in 

its national accounts from this source (Russell-Smith et al., 2013b). Greenhouse gas 

emissions are greater from high intensity late dry season fires than they are from low 

intensity early dry season fires (Australian Government, 2016). Australia’s National 

Greenhouse Gas Inventory (NGGI) accounts for greenhouse gas (GHG) emissions 

from savanna burning for the long-lived chemical compounds methane (CH4) and 

nitrous oxide (N2O) but does not include carbon dioxide (CO2) (Russell-Smith et al., 

2013b). In line with international accounting rules, the assumption is made that CO2 

emissions in one burning season are negated by vegetation growth in the following 

growing seasons (Intergovernmental Panel on Climate Change [IPCC], 1997).  
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More recently, Australia’s legislated agricultural carbon offsets program, the 

Carbon Farming Initiative (CFI) has created the impetus for nationally accredited 

project-scale savanna burning. The Australian Government formally recognises 

accredited offsets, taking effect from 1 July 2012 under the CFI, for trading in 

voluntary and existing international and the national regulatory markets source 

(Russell-Smith et al., 2013b). However, in 2014 the Australian Government revoked 

its law for a carbon market, replacing it with the Direct Action Plan to reduce national 

emissions by 5% by 2020 (Murphy, Edwards, Meyer & Russell-Smith, 2015). The 

Carbon Credits (Carbon Farming Initiative) Act 2011 was amended by the Carbon 

Farming Initiative Amendment Act 2014, to establish the Emissions Reduction Fund 

(ERF).  

The ERF has three elements: crediting emissions reductions, purchasing 

emissions reductions, and safeguarding emissions reductions (Australian Government, 

2016). The ERF purchases emission reductions from individuals or corporations who 

demonstrate they have reduced emissions through actions that extend beyond normal 

business (Murphy et al., 2015). Under the Carbon Credits Methodology Determination 

2015 fire management is conducted to increase the area burnt by cooler, lower 

intensity, early dry season fires, so that less area is burnt by late dry season fires 

(Australian Government, 2016).  

Since fires occur throughout many of the world’s biomes, they mediate the 

exchange of GHG between the land and the atmosphere at a global scale which affects 

the capacity of ecosystems to store carbon (Williams, Bradstock, Barrett, Beringer, 

Boer, Cary, Cook, Gill, Hutley, Keith, Maier, Meyer, Price, Roxburgh, & Russell-

Smith, 2012). The tropical savannas (the world’s most fire-prone biome) during the 
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years 1997-2009 accounted for 60% of total global fire emissions (Russell-Smith et 

al., 2013b). During this period, fires from savannas (incorporating grassland, open 

savanna and woodland) also accounted annually for 36% of methane (CH4) and 58% 

of nitrous oxide (N2O) of total global fire emissions source (Russell-Smith et al., 

2013b). Based on benefit-cost analysis of fire management for GHG abatement 

Heckbert, Russell-Smith, Reeson, Davies, James, & Meyer (2012) concluded that such 

management could be viable and profitable throughout tens of millions of hectares of 

remote areas that are post-colonial regions of socio-economic disadvantage. These 

landmark PES schemes and the emerging carbon markets are integral to the critical 

review of literature and research in Chapter 2.   

Emerging Opportunities: Digital Technologies, Learning and Building Capacity 

Across northern Australia, most people live in a few larger cities such as Darwin and 

Townsville, small towns such as Kununurra, Katherine and Karumba, or small 

communities such as Kabulwarrnamyo that were established as outstations. There are 

no longer the thousands and thousands of Aboriginal people who were mobile, living 

on and looking after their country, across these vast savanna landscapes (this issue is 

raised in more detail in Chapters 2 and 5). Current, natural and cultural resource 

managers, who are sparsely scattered across these extensive remote areas, now require 

specialized tools to manage these landscape-scale challenges. Digital technologies 

such as Geographic Information Systems (GIS) and the more recent surge in hardware 

devices such as mobile phones have afforded new opportunities for land managers in 

NRM. In particular, contemporary land managers rely on spatial technology tools such 

as remote sensing and GIS (Dyer, Jacklyn, Partridge, Russell-Smith, & Williams, 

2001).  Satellite based remote sensing research for natural resource management and 
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environmental monitoring – and in particular for fire management – has increased 

exponentially in the last decade (Edwards, 2011). The necessity for these 

contemporary fire management practices are further discussed in Chapters 2, 4 and 5.  

Technology not only plays an integral role in fire management but also has the 

potential to significantly contribute to capacity building – particularly in remote areas 

where access to formal training programs is limited. Current Indigenous land and sea 

management programs provide cultural and environmental platforms that rely on “a 

matrix of skills and learning that are transferred in both formal and informal domains” 

(Fogarty, 2010, p. 7). Digital technologies offer opportunities to support such 

programs in many ways that don’t rely on more conventional text-based approaches. 

For example, both Indigenous ways of living in nature and Western Science as ways 

of knowing and thinking can influence learning spaces and places (Aikenhead & 

Ogawa, 2007); therefore, digital technologies can provide cross-cultural platforms to 

represent different ways of knowing (Verran & Christie, 2007a). Other potential 

opportunities include adopting graphical and visual representations of complex and 

technical scientific concepts that are culturally responsive to people whose language 

backgrounds are other than English (Edwards, 2011; Petheram, 2011a). Such 

opportunities can facilitate understanding of concepts and tasks that are integral to 

natural and cultural resource management while reducing barriers that are posed by 

the text-driven requirements of high levels of English literacy and Western ways of 

thinking and working.  

Drawing on their extensive studies with Indigenous youth and the strong link 

between digital technologies and learning outside formal educational institutional 

learning, Kral and Schwab (2012) acknowledge technology’s important contribution. 
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In particular, technology has contributed “to the formation of a positive sense of self, 

strong cultural identities and the learning and literacy skills needed to shape 

Indigenous futures” (Kral & Schwab 2012, p. 102).  In recent years, technologies, such 

as CyberTracker (and I-Tracker) are providing more culturally responsive 

technological platforms for both working and learning in remote areas. 

Aim and Scope of Research 

The aim of this research is to investigate the extent to which digital technologies are 

deployed for fire management and emerging carbon market opportunities in northern 

Australia. The purpose of this research is two-fold: firstly, to investigate the following 

research questions and their implications; secondly, based on the findings, to 

recommend future pathways and priorities. 

Key questions are: 

 Who is working on, and using these digital resources and tools for fire 

management? 

 How are these digital resources and tools being accessed and implemented? 

 Do they meet the needs of the end-users? Do the interfaces and scaffolding 

designs meet peoples’ needs? What sorts of scaffolding support would 

make them more useful? 

 What power balances are at play with extant digital resources? How do the 

resources create and distribute power? 

 To what extent do the resources support the working together of western 

and Indigenous knowledge traditions that are valued and used by 

Indigenous resource managers on country? 
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 How do we create and evaluate useful strategies, tools and resources for 

teaching and learning that enable “both-ways” NRM to be understood and 

to occur? 

 What would the tools and resources look like? 

This research critically analyses the current theories and research underpinning 

the nexus between customary and current fire management practices, digital 

technologies, capacity building and associated livelihood opportunities for both 

Indigenous and non-Indigenous people in northern Australia. The research focuses on 

a limited stakeholder analysis with fire managers who are involved in registered fire 

abatement projects and other people involved in fire management in northern 

Australia. As an essential part of understanding the complexity of the situation in the 

North in the context of carbon markets and the nuances between people, place and 

practices, this research investigates two significant fire abatement projects as case 

studies involving Payment for Environmental Services (PES) schemes: West Arnhem 

Land Fire Abatement (WALFA) and Fish River Station.  

Significance and Benefits of Research: People, Place and Practices 

The findings of the research will value-add to extant digital technologies and tools to 

ensure the results are socially beneficial to, and help build capacity for, end-users and 

adopt design-based principles that target end-users’ needs. It will identify ways in 

which technologies have changed practices in fire management and disrupted power 

balances. More importantly, this research addresses future directions for improving 

Aboriginal engagement in fire management and abatement opportunities.  
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Overview of the Research 

Chapter 2 critically analyses the current theories and research underpinning 

the nexus between fire management, digital technologies, learning and building 

capacity, and Indigenous peoples.  

Chapter 3 describes and justifies the research design and methodology of the 

research. The study focuses on a limited stakeholder analysis with fire managers and 

other people involved in fire management in northern Australia.  It also investigates as 

case studies, two similar but different fire abatement projects, explaining the reasons 

why these methodological approaches are used. 

Chapter 4 investigates and analyses the two carbon abatement projects: West 

Arnhem Land Fire Abatement (WALFA) and Fish River Station. This chapter also 

explores the Savanna Burning Methodology that was developed for WALFA and now 

underpins registered projects in the Carbon Farming Initiative.  

Chapter 5 analyses and discusses the results and findings of the research. 

Through stakeholders’ lived experiences, corroborated with current research, it 

demonstrates how digital technologies have transformed perceptions and fire 

management practices in Australia’s fire-prone savannas. Digital technologies have 

also been instrumental in shifts to reinstate more traditional burning practices that were 

disrupted with European settlement. However, the research findings identify how 

existing digital tools and rigid regulatory frameworks for the carbon markets can 

unintentionally establish power relations and marginalise Aboriginal people from 

participating more integrally in fire management and abatement opportunities.  

Chapter 6 draws conclusions from the research and prioritises pathways for 

building capacity, particularly for Indigenous people. These priorities include creating 

“ethical space” that enables divergent knowledge systems to connect and work 
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together in cross-cultural settings. From this space, targeted adaptive training 

programs that develop transferable and ‘mobile’ capabilities such as computer 

literacies, including GIS and other mapping skills, as well as business and enterprise 

development can be developed. Such training will address the power imbalances by 

upskilling and empowering Indigenous stakeholders, particularly rangers, to 

participate more fully in fire management and future abatement opportunities in 

northern Australia.  
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… it was for the natives a time of plenty … 

 the time also when they practised the firestick farming,  

that is as old as their rock paintings  

which were older than the pyramids.  

Russell Braddon (in reference to the North Australian Expedition from 1855 to 1857) 

Chapter 2: Literature Review: People, Place and 

Practices 

Introduction 

This literature review addresses the theoretical issues that position this doctoral 

research. In this review, the researcher critically explores the key issues involving 

people, place and practices – past, present and future – that have shaped and continue 

to shape fire management in northern Australia. Further, the literature review also 

provides a window into a period of significant change in the world of fire management 

in northern Australia. The first section explores the perceptions of fire, Indigenous 

customary fire practices and their impact. The second section discusses relatively 

recent changes to land rights and hence, land tenure that have provided new 

opportunities for Aboriginal people to reconnect and care for country. The third section 

examines how contemporary issues and fire regimes create new challenges for 

managing and caring for country that operate at larger scales than customary practices. 

The fourth section demonstrates how recent technological tools are providing new 

opportunities for managing fire and livelihoods derived from emerging carbon markets 

and Payment for Environmental Services (PES) schemes.  
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Past: People, Place and Practices 

Contemporary environments in northern Australia originate from landscapes shaped 

by fire, both natural and anthropogenic. While the first European explorers and settlers 

of northern Australia observed that fires were used throughout the landscape, they did 

not understand the underlying complexity of Indigenous people’s knowledge, use and 

management of the landscape (Cook, 2012; Gammage, 2011; Bowman, 1998; Russell-

Smith et al., 2009b). In 1788, fundamental differences in thinking existed between 

Australia’s first peoples  d the Aboriginal and Torres Strait Islanders - and the British 

settlers: “one saw a landscape rich in lore and Law, while the other saw profit” 

(Gammage, 2011, p. 211). These contrasting perspectives permeated Australia’s 

colonial settlement. However, the remoteness of many parts of northern Australia 

(especially the Northern Territory and the Kimberley) protected many Indigenous 

groups from settler contact and incursions until the mid to late 1800s. When Europeans 

first began to take a foothold with settlement in the Northern Territory in the 1860s, 

the impact on the Aboriginal population was immediate and significant. The 

Indigenous population declined dramatically with introduced disease as the key cause 

of the increased death rate (Ritchie, 2009; Garde et al., 2009).  

Prior to European settlement, Aboriginal people burnt country for a range of 

social, cultural and environmental reasons. The late Rhys Jones, coined the term ‘fire-

stick farming’ to describe the pre-contact firing practices that cleared the bush in the 

same way as clearing a forest for farming thus increasing food supply and enabling 

population growth (Jones, 1969). He concluded that “at the time of ethnographic 

contact with the Aborigines, and probably for tens of thousands of years before, fires 

were systematically lit by Aborigines and were an integral part of their economy” 
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(Jones, 1969, p. 228). Russell-Smith, Lucas, Gapinda, Gunbunuka, Kapirigi, Lucas, 

Giuliani & Chaloupka (1997) observed that many elements of the traditional seasonal 

cycle, in relation to fire management in places such as western Arnhem Land, were 

(and are still) common to pre-contact Aboriginal societies across northern Australia. 

They established a pattern of burning across the savanna landscape which produced a 

patchwork of burnt country – a practice that prevented the spread of many of the more 

intense late dry season fires (Russell-Smith et al., 2003). Traditional fire management 

practices saw small patches of grassland burned, particularly in the early to mid-dry 

season, as people moved through their country (Dyer et al., 2001) These smaller, less 

intense fires, reflected a practice referred to as mosaic burning (Haynes, 1985) and 

maintained more diverse habitats than large, more intense late dry season fires (Dyer 

et al., 2001). However, some of these traditional fire practices are contested or 

questioned. Bowman (1998, p. 387) challenges the historical record’s ability to 

answer: “whether or not Aborigines had a predictive knowledge of the ecological 

consequences of burning, and especially long-term outcomes”. Lewis (1988) identifies 

the practice of "corrective burning" whereby visiting traditional custodians burnt 

“unclean” areas despite knowing of the potentially negative short-term ecological 

impacts.  

From the late 1800s the pressure to develop northern Australia agriculturally 

was largely overlooked (compared with other parts of the continent) while at the same 

time Aboriginal peoples’ traditional practices of land management were suppressed 

(Cook, 2012). Further, the disruption of social structure over extensive areas was 

coupled with the relocation of Indigenous people to sedentary semi-permanent 

settlements (Woinarski et al., 2007; Ritchie, 2009; Cooke, 2009). These drivers of 

change disrupted the traditional relationships with land, including the use of fire 
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(Ritchie, 2009). As Ritchie (2009), Wohling (2009) and others (see Russell-Smith et 

al., 2009b) observe, the profound impact of colonization was not uniform. Depending 

on the extent of disruption, differences are evident today in how Indigenous people 

have since managed their estate and also disputes have erupted amongst Indigenous 

groups about how their country should be managed (Wohling, 2009). However, 

Gorman and Vemuri (2012) acknowledge that despite the dominating influences of 

contemporary non-Indigenous land management, the ‘lived experiences’ of people on 

land has persisted and customary Indigenous management practices have endured. 

Irrespective of the significant disruptions for Aboriginal people, fire has remained 

integral to Indigenous people’s practices and connection to place. “The secret of fire 

in our traditional knowledge is that it is a thing that brings the land alive again” 

(Yibarbuk, 1998, p. 1).  

While Garde et al. (2009) acknowledge that fire management is eloquently 

interwoven through cultural and natural resource management (in West Arnhem 

Land), the extent to which Indigenous knowledge has survived the impact of European 

settlement varies considerably across the north (Sithole, Hunter-Xenie, Williams, 

Saegenschnitter, Yibarbuk, Ryan, Campion, Yunupingu, Liddy, Watts, Daniels, 

Daniels, Christophersen, Cubillo, Phillips, Marika, Jackson, & Barbour, 2008; 

Wohling, 2009). Furthermore, Wohling (2009) cautions from a contemporary land 

management perspective that the significant restructure of socio-cultural and 

environmental systems due to European settlement across northern Australian 

landscapes may render Indigenous Knowledge inappropriate to manage contemporary 

problems at a landscape scale. Significantly, the cultural, economic and social 

disruptions since colonial settlement are further compounded by the fact that there are 
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comparatively fewer people dispersed across and managing an extensive landscape 

than any other period in the 50,000 years since human occupation in the North 

(Woinarski et al., 2007).  This change in population – both in population density and 

composition – has major implications, including loss of detailed, in situ Traditional 

Knowledge. What is known however is that pre-contact landscapes experienced 

thousands and thousands of Indigenous people looking after country and actively 

mobile across the savannas. Based on historical records, anthropological and census 

estimates in 1901, historian Henry Reynolds suggests that the Aboriginal population 

for the north was about 80,000 to 100,000 (Reynolds, 2003).  

The history of European encroachment on Aboriginal north Australia was 

characterised by three eras: the pastoralist era, the missionary era and the government 

era (Altman, 1980). Pastoralism, and its spread throughout northern Australia played 

a significant role in displacing Indigenous people. Aboriginal labour was essential to 

the pastoral industry so Indigenous people were forced directly or indirectly to relocate 

to pastoral stations: “directly by force and indirectly by the fact that the exploitation 

of their land resulted in the destruction of their traditional economy” (Altman, 1980, 

p. 91). However, for many Aboriginal people, the opportunity to reconnect with their 

country emerged with the changing political and legal landscape on land tenure and 

rights.   
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Changes in Land Tenure, Caring for Country and Natural Resource 

Management 

The changes in land tenure of recent decades are considered due to the implications on 

how and who manages land in northern Australia. The past three decades have been 

marked by changing land tenure. These changes have been associated with new 

regimes of property rights and land ownership, including: native titles; non-

transferable, common-property Aboriginal freehold tenures; transfers of pastoral 

leases for Indigenous and conservation purposes; expansion of conservation lands 

under public tenures; and revised rights and duties of pastoral lessees (Holmes, 2010).   

Land tenure – and the form it takes – has a significant bearing on “rights to use 

resources and the manner in which benefits can be extracted from ownership of or 

control over land” (Garnett, Woinarski, Gerritsen, & Duff, 2008, p. 12). Significant 

changes in policies and legislation were triggered in 1976 with the enactment of the 

Aboriginal Land Rights (NT) Act 1976. This landmark Act was pivotal in shifting land 

tenure across various sectors including the pastoral industry and conservation. For 

example, in 1976 only three pastoral leases covering 7930 square kilometres were 

Indigenous-owned but by 2006, 69 pastoral leases had been transferred to Indigenous 

ownership, covering 82,573 square kilometres (Holmes, 2010).  The subsequent Mabo 

(1992) and Wik (1996) High Court decisions established an ongoing entitlement of 

some Indigenous peoples to their lands in northern Australia (Garnett et al., 2008). 

However, “transfer of land to Indigenous people has greatly outpaced access to the 

resources needed to support use or management, or even to resume residence, so 

adverse impacts from fire, weeds and feral animals are hard to manage” (Russell-Smith 

& Whitehead, 2015, p. 12). 
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Land tenure varies across the tropical savannas in northern Australia. Russell-

Smith and Whitehead (2015) assert that around 19% of the tropical savannas region is 

owned or managed by Indigenous people, ranging from about 36% in NT savannas to 

6% in Queensland. In Queensland, most land is owned by the Crown and is tenured as 

pastoral leases. Pastoral leases comprise 55.43% of the land area, of these, 11.63% are 

perpetual grazing homestead leases (State Development & Infrastructure Committee, 

2013). Many of these pastoral leases are under Native Title, permitting use of and 

access where Indigenous Land Use Agreements have been negotiated (Garnett et al., 

2008). Aboriginal Land, held under collective inalienable Aboriginal freehold title, 

and conservation lands are the other major tenure types in Queensland (Garnett et al., 

2008). In the Northern Territory Aboriginal Freehold land and pastoral leases are the 

major categories of land tenure. Aboriginal Freehold land comprises 43.95% of the 

NT and pastoral leases comprise 44.85%, with 41.95% perpetual leases (State 

Development & Infrastructure Committee, 2013). In Western Australia, the State 

Government leases crown land, comprising 34.33% of WA, to pastoralists through 

leases that expire 30 June 2015 with two new lease renewal options available to 

lessees, effective from 1 July 2015 (Department of Lands, 2015). Crown reserve land 

– including Conservation Estate, Aboriginal, non-Aboriginal – comprises 16.94% of 

Western Australia (State Development & Infrastructure Committee, 2013).  

Australia’s leasehold system is a legacy of its recent European settlement. 

While Weaver (1996, p. 982) attributes the origins and the development of the 

leasehold system to “the pastoral invasion of the continent”, there were many other 

contributing factors. These included incentives for squatting and the failure of 

“attempts at closer land settlement and the creation of small farm holdings via free 

selection processes” (State Development & Infrastructure Committee, 2013, p. 4).  
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Until post-World War II, Indigenous people were once the backbone of the pastoral 

industry in Australia through their work with livestock, domestic roles and knowledge 

of country (Lewis, 2012; Reynolds, 2003). However, after World War II, industry 

restructures, changing technologies and skill requirements led to significantly reduced 

opportunities for the employment of Aboriginal people on commercial pastoral 

stations (Lewis, 2002; State Development & Infrastructure Committee, 2013). Despite 

their land rights not formally recognised until 1976, “most Aboriginal peoples have 

never relinquished their attachment to their traditional country nor lost interest in being 

reunited with it” (Smyth, 1996, p. 1). Aboriginal and Torres Strait Islander peoples 

have often continued to care for country, ”in ways that have both sought to maintain 

their interests in land as well as the sustainable use of natural resources” Dale (1997, 

p. 75). In particular, where legal and land tenure arrangements have enabled good 

access to their country, local Aboriginal people remain or have re-engaged in fire 

management (Fitzsimons et al., 2012).  

Consequently, disruptions to customary practices of fire management, the 

introduction of new plant and animal species – especially invasive grasses (Hutley & 

Setterfield, 2008) coupled with changed fire regimes, repositioned traditional practices 

such as fire management into a contemporary, more complex, context. While these 

disruptions and introduced species are the drivers of changed fire regimes, how do 

contemporary fire patterns differ from Traditional Indigenous management? 
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Present: People, Place and Practices 

Issues of Scales: Spatial scales and Knowledge Systems for Consideration 

On a global scale, savannas are expansive, occupying one-sixth of the world’s land 

surface. They support about 10% of the human population and while rates of land use 

change are uncertain, savannas are likely to suffer twice the rate of conversion as for 

tropical forests (Russell-Smith, Cook, Cooke, Edwards, Lendrum, Meyer, & 

Whitehead, 2013a). Hutley and Setterfield (2008) explain that savanna boundaries are 

dynamic both in space and time due to a combination of environmental determinants 

such as water and nutrient availability, and the frequency of disturbances such as 

grazing and fire. Edwards (2011) asserts that the critical component of conservation 

management in northern Australia is the knowledge of fire effects at landscape scales. 

Along with the low population density, scant associated infrastructure makes it 

difficult to access the remote terrain. Coupled with these factors, the reliable long dry 

season all contribute to fire activity in northern Australia where individual fires can 

burn over tens of thousands of square kilometres (Yates, Edwards & Russell-Smith, 

2008; Edwards & Russell-Smith, 2009). For example, during the 1997-2004 period 

the annual rhythm of fire across Australia’s northern savannas covered about 20% of 

the land mass (about 385,000 square kilometres) each year (Russell-Smith et al., 

2007). See Box on page 41. 

Yet, fire activity in the north is variable with nuances across spatial and 

temporal scales. On a spatial scale, Edwards (2011) states that fire activity is unevenly 

distributed with most activity occurring in higher-rainfall, biodiversity-rich, remote 

and rugged terrain in northern coastal and sub-coastal areas. Such regions are in the 

Indigenous estate where landowners typically have limited resources and management 
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capacity with contemporary fire regimes. On a temporal scale, Whitehead, Bowman, 

Preece, Fraser, & Cooke (2003) and Edwards (2011) identify that most contemporary 

wildfires occur in the latter half of the dry season under somewhat severe fire-weather 

conditions. Such late dry season uncontrolled wildfires are usually very hot, intense 

and destructive, often across extensive areas. 

Across Australia’s tropical savannas fire can be a contentious issue. The fire 

debate is an example of the “co-opting and institutionalizing of a social process” 

(Wohling, 2009, p. 7). In particular, Wohling warns that Indigenous fire knowledge 

risks being universalised into broad principles and applied prescriptively at landscape 

scales while overlooking “its operability at the fine scale and the highly contested 

arena from which it emerged” (2009, p. 7). The issue of scales is also compounded by 

misunderstandings (usually from non-Indigenous people) regarding Indigenous 

Knowledge and its integration with NRM. Current Indigenous management regimes 

can be described as contemporary NRM, cultural NRM (Sullivan & Stacey, 2012) and 

Indigenous NRM, a healthy mix of western science and Indigenous local knowledge 

(Altman & Whitehead, 2003; Whitehead et al., 2003; Fogarty, 2010).  In the context 

of Indigenous NRM, Wohling (2009) raises concerns about disparate power relations 

but particularly the issue of scale and its transferability from a local to regional or 

landscape scale. Russell-Smith et al. (2013b) acknowledge that Indigenous 

Knowledge is very local, bound in socio-cultural significance and fine-scale. This 

issue is discussed in detail in Chapter 5. However, the recent State of the Environment 

report noted that increased Indigenous formal participation in natural resource 

management (for example, through participation in forums, bodies and 

implementation processes) has been one of four standout trends in environmental 
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management in the first decade of the 21st Century (Australia State of the Environment 

Committee, 2015). 

While Indigenous people hold fire knowledge across spatial and temporal 

scales, there are limitations. For spatial-scale knowledge it is paramount not to 

misrepresent it by ‘upscaling’ this local, fine-scale knowledge to broad landscape-

scale generalisations – an issue that will be discussed in more detail in Chapters 4 and 

5. For example, it is inappropriate to ‘upscale’ the intimate and extensive fire 

knowledge and burning practices held by Aboriginal people in, and for, West Arnhem 

Land and apply them across the whole of the Northern Territory. Wohling (2009) 

contends that a considered and contested approaches are needed for natural (and 

cultural) resource management in northern Australia in the same manner other 

disciplines and ways of being are debated, evaluated, and develop through discourse 

and practice. For integrating Indigenous Ecological Knowledge (IEK) and science in 

natural resource management, Bohensky, Butler and Davies (2013) suggests the need 

to identify when knowledge integration is being achieved given the ambiguity of the 

term IEK and the limited availability of evaluative measures. Further, Wohling (2009) 

recognises and acknowledges that Aboriginal and Torres Strait Islanders adapt to 

change by absorbing new understandings of their country.   

Issues of Scale: Temporal Scales and Knowledge Systems for Consideration 

Despite these differences on larger scales, when Indigenous NRM (INRM) is applied 

at smaller scales, experience in northern Australia demonstrates that disparate 

knowledge systems or what Christie (2007) refers to as “knowledge practices” can 

work together when specific conditions and attributes of working together align. For 

example, the West Arnhem Land Fire Abatement (WALFA) Project demonstrates a 
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successful model and approach where two seemingly incommensurate systems can be 

carefully woven together for multiple benefits. This specific successful case of INRM 

reflects how many conditions have aligned, including the successful working together 

of different knowledge systems with the underlying establishment of trust, good faith 

and patience. At a more practical level, it is worthwhile examining the characteristic 

attributes and processes from fire management practices in situ where seemingly 

incommensurate knowledge systems are compatible at an operational level. This issue 

of knowledge practices ‘convergence’ will be further discussed in Chapters 4 and 5. 

The concept of ‘country’ refers to more than just a physical area and has socio-

cultural and spiritual significance. For Aboriginal and Torres Strait Islander peoples, 

country “encompasses all the values, places, resources, stories and cultural obligations 

that are linked with that geographical area” (Smyth, 1996, p. 2). Caring for country 

embraces country and the “associated processes of spiritual renewal, connecting with 

ancestors, food provision, and maintaining kin relations” (Altman, Buchanan & 

Larsen, 2007, p. 37). While clan membership gives access rights to the hunting, fishing 

and gathering resources of the clan estates, and often also some rights to resources on 

other related estates, it carries responsibilities too. Baker, Davies and Young (2001) 

acknowledge that ‘caring for country’ is an evenly balanced relationship whereby 

Indigenous people and ‘country’ play reciprocal and Interdependent roles. Clan 

members conduct ceremonies, observe various taboos, such as restrictions on who can 

eat and prepare certain foods and physically manage their estate's resources, through 

practices such as burning the country appropriately (Smyth, 1996). For Aboriginal and 

Torres Strait Islanders “there is no conceptual division between nature and culture – 

they are interdependent and indivisible” (Smyth, Szabo, & George, 2004, p. 19).   
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Perceptions of ‘caring for country’ or ‘looking after country’ need 

consideration with any discussion of natural resource management in northern 

Australia. From an Aboriginal epistemology caring for country “is a lived experience 

rather than an activity to be carried out” (Sithole et al., 2008, p. 48). Similarly, Zander, 

Dunnett, Brown, Campion and Garnett (2013) assert that ‘looking after country’ 

encompasses a whole range of activities associated with traditional custodial 

management which under traditional governance determines who could do what, 

where and when they could do it. Often this perspective can be confused with the term 

“Indigenous ranger” and ranger activities. For example, Zander et al., (2013) found 

that ‘caring for country’ was commonly described as ‘ranger stuff’ and was used 

specifically to describe a programme set up by the Government. To clarify, this study 

refers to Indigenous rangers and fire management activities that are associated with 

livelihoods and PES schemes and while caring for country might be implicit in 

knowledge practices, the terms are not used interchangeably.  

As discussed, there are nuances in histories (such as the late incursion of 

Europeans) that have enabled some Aboriginal communities such as those in West 

Arnhem Land to maintain and sustain intricate knowledge particular to places. These 

histories have also shaped Aboriginal communities and their ranger groups across the 

north. In a comprehensive study of ranger groups in the Northern Territory, Sithole et 

al. (2008) found great variation between groups and Traditional Owners in their 

capacity to engage in Indigenous Cultural and Natural Resource Management 

(ICNRM).  Further, attitudes among Indigenous rangers towards fire management 

varied but most rangers thought that fire was the main tool of management for 

traditional practices (Sithole et al., 2008). The same study voiced concern from some 

Traditional Owners that they should burn rather than outsiders. Interestingly however, 
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there was “no agreement about which fire regimes are traditional and certainly among 

some Traditional Owners, the variability reflects the diversity of the clan groups which 

are resident on country” (Sithole et al., 2008, p. 23). Therefore, there are differences 

in perceptions of what is considered caring for country compared with ranger-based 

activities across the north. This has implications for Aboriginal communities and their 

respective ranger groups. As Altman (2012, p. 222) explains this is problematic 

because “state agencies are risk averse and more likely to support groups with the sort 

of robust corporate governance needed to acquit public funds; and to ensure 

application of resources to contracted environmental objectives”. Altman (2012) raises 

the concern that using such a western approach to what activities are legitimate and a 

priority dominates over the Indigenous ontological relationship with the land (Rose, 

1996). These are issues that are further raised by fire stakeholders in Chapter 5. 

However, such a dichotomy is understandable in the light of the introduction of the 

Government-funded ‘Caring for our Country’ Program as discussed in Chapter 1.  

Common to ‘looking after country’ and ‘caring for country’, Indigenous ranger 

practices and land management is the inextricable link between people and place. 

Further, as learnings from Yolngu colleagues, Christie and Verran (2010, p. 2) 

observed: “there is no interesting ontological distinction between people and place”. 

The significance of this people-place connection is epitomized by Smyth (1996): “it 

was this inherited association with a particular country and its sacred sites, Dreaming 

tracks, stories, totems and other features, which in pre-colonial Australia provided 

Aboriginal peoples with their individual and group identities”.  More broadly, place is 

multidimensional with dual characteristics – physical and spiritual (Cajete, 2000; 

Michell, 2005). Place is “created by the setting combined with what a person brings to 



 34 

it” (Steele, 1981, p. 9). Other key dimensions to place are:  it is experiential (Aikenhead 

& Ogawa, 2007); site-specific and locality is central to its understanding; plus, is 

relational and land-based culminating in a relationship with and connection to the land 

(Michell, Vizina, Augustus, & Sawyer, 2008). Fogarty posits the importance of place-

based learning in Aboriginal communities whereby such approaches create pedagogic 

spaces “where Indigenous and Western knowledges complement and contest each 

other” (2012, p. 212). 

Aikenhead and Ogawa (2007) compare the similarities between Indigenous 

ways of living in nature and Western Science; they are both empirically based and they 

share cognitive processes such as observing, looking for patterns, inferring, predicting 

[and] verifying. Furthermore, in terms of discourse in a progressive society, both 

Indigenous ways of living in nature and Western Science as ways of knowing and 

thinking can influence learning spaces and places. Turnbull (2000, p. 19) captures the 

essence of place-based approaches: “though knowledge systems may differ in their 

epistemologies, methodologies, logics, cognitive structures or in their socio-economic 

contexts, a characteristic that they all share is their localness”. In support, Johnson 

(2012, p. 835) argues that: “to engage Indigenous knowledge systems require a place-

based pedagogy, a place-connected approach”. However, despite the similarities of 

place-based approaches with different knowledge systems, the difference particularly 

between Western and Indigenous epistemologies should be considered. For example, 

in North East Arnhem Land, the metaphor of garma is a “distinctive Aboriginal 

epistemology that has something in common with European constructivism, except 

that place is a crucial determinant of knowledge in the Yolngu epistemology” (Verran 

& Christie 2007a, p. 218). Further, Yolngu Aboriginal people embrace Galtha, the 

construct through which they “theorize their work of regenerating clan and place as 
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one, something they see as crucial in maintaining the health of both their communities 

and the ecosystems that sustain them” (Verran & Christie, 2007a, p. 217). Place-based 

approaches need to be complemented with cross-cultural approaches too. This applies 

not only to land management practices but also learning and training for building 

capacity in fire management for both Indigenous and non-Indigenous people (and will 

be addressed in detail in Chapters 5 and 6).   

Fogarty (2010) identifies a key success factor for improving learning outcomes 

for Indigenous people is the importance of context for learning – through place-based 

pedagogy that facilitates moving from the known to the unknown (and vice versa). 

Building on these relationships, Fogarty (2010) demonstrates how learning and 

working on country overlap in an emergent pedagogic model where the four modes of 

learning:  experiential, instructional, context specific and generic, each “requires a 

different approach to knowledge transmission and requires a different “loci of control” 

(Fogarty (2010, p. 210)  

Due to the holistic nature of caring for country, it stands to reason that there is 

an inextricable link between caring for country and Indigenous health. Based on their 

research in Arnhem Land, Burgess, Johnston, Berry, McDonnell, Yibarbuk, 

Gunabarra, Mileran and Bailie (2009, p. 571) concluded: “there are significant and 

substantial associations between caring for country (which Indigenous people assert is 

a health promotion activity) and health outcomes relevant to excess morbidity and 

mortality in this Arnhem Land community”. Subsequent research has shown the 

associated benefits from caring for country other than health and wellbeing. These 

include: cultural and socio-political; economic and environmental benefits (Weir, 

Stacey, & Youngtob, 2011). As stated in Chapter 1, researchers in northern Australia 
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(Burgess et al., 2009; Garnett & Sithole, 2007) have found that increased Indigenous 

participation in ‘caring for country’ activities are associated with significantly better 

health. Further, research suggests that investment in caring for country may be a means 

to support sustainable economic development and gains for both ecological and 

Indigenous peoples’ health (Burgess et al., 2009; Garnett et al., 2008).  

Northern Australia is at the forefront of environmental management where 

there is a growing number of successful cases – of joint management of protected 

areas, of Indigenous Protected Areas, of Indigenous ranger groups, of use of traditional 

fire management for carbon trading (e.g. the West Arnhem Land Fire Abatement 

Program as explained in Chapter 4) – with each case demonstrating a connection 

between healthy country and healthy communities (Woinarski et al., 2007; Burgess et 

al., 2009; Russell-Smith, Whitehead, & Cooke, 2009c). As for building capacity 

through learning and training, it is possible too.  

Fire management is a particularly attractive employment pathway for 

Indigenous Australians because it involves them being active in traditional land 

management activities. Traditional land management activities are spiritually 

important (Russell-Smith et al., 1997; Bradley, 2001). As previously stated, they also 

enhance physical and mental health and well-being through various pathways 

(Burgess, Johnston, Bowman & Whitehead, 2005; Davies, Campbell, Douglas, 

Hueneke, LaFlamme, Pearson, Preuss, Walker & Walsh, 2010). Often referred to as 

the ‘two toolkits’ approach, such approaches draw on traditional knowledge – which 

Christie (2007) aptly refers to as performative knowledge; this informs the way that 

‘country’ needs to be managed with respect both to cultural obligations and ecological 

requirements (Garde et al., 2009). This knowledge is partnered with scientific and 

management tools such as fire history mapping, GIS analysis, mechanized (especially 
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helicopter) crews and aerial delivery of incendiaries. As Fogarty (2010, p. 7) 

eloquently explains: such land management programs “rely on a matrix of skills and 

learning that are transferred in both formal and informal domains and rely very much 

on synergies between Indigenous and Western scientific knowledge” with skills 

originating in the notion of ‘Country’ and then actualised in the daily work of 

Indigenous land and sea management in practice. However, despite the positive 

attributes of WALFA and the two toolkit approach, there are difficulties and 

challenges such projects need to negotiate – some of these are addressed now while 

many are addressed in Chapters 4 and 5. 

The WALFA project is built on long-term trust and relationships between 

Aboriginal and Balanda people but this is not universal. The relationship between 

people and the people-place relationship is useful to discuss in terms of tensions in fire 

management. Based on interviews with park rangers in Kakadu National Park, Petty, 

de Koninck & Orlove (2015a) found that despite communication between Indigenous 

and non-Indigenous people about fire management, there were few opportunities for 

input and participation in decision making and implementation. Further, for park 

rangers some aspects of fire management were not negotiable such as establishing fire 

breaks along the park’s border and burning as much as possible before the end of July 

(Petty et al. (2015a). Nearby, in the Ngukkur region of the Northern Territory, Fache 

and Moizo (2015, p. 166) contest that the fire regimes, rather than reflect consensus 

between Aboriginal people and Balanda, reproduce or create power relationships at 

the expense of Indigenous people. In particular, the burning practices, as part of a fire 

abatement project, differ from ones primarily for Indigenous goals, creating “a locus 

of entanglement between local fire use knowledge and western fire ecology, and 
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thereby a context of opposition between different views of what ‘traditional’ fire 

regimes were and should be”. While these views from Indigenous people are very 

valid, particularly in the light of power imbalances, they should also be considered in 

the context of the scale of the problem of fire regimes and also the constraints now 

being imposed through regulation of PES schemes. 

These issues of past and present people, place and practices and the scales in 

which they operate also need consideration in the context of the affordances of digital 

technologies and other opportunities through the emerging carbon markets.  

Present-Future: People, Place and Practices 

Digital Technologies for Fire Management in the North 

As previously mentioned, the disruptions to traditional fire practices, plus the 

displacement of people across northern Australia due to European settlement, have 

significantly contributed to the need to use digital data and tools to manage fire at a 

landscape scale. Natural and cultural resource managers in these extensive remote 

regions require specialized tools to manage the landscape-scale challenges that 

threaten Australia’s tropical savannas. Here, population densities are small but fires 

are extensive. Broader and deeper understandings of contemporary fire regimes have 

been afforded in recent decades through remote sensing and Geographic Information 

Systems (GIS). In particular, remote sensing has provided satellite imagery of country 

or savannas at a landscape scale that are taken at regular intervals such as daily, or 

every few weeks. Russell-Smith et al. (2003) state that such technological progress has 

enabled documentation of fire activities, identifying attendant environmental 

management issues and opportunities for reflecting on past patterns of fire and land 

management. In particular, land managers rely on spatial technology tools such as 
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remote sensing and GIS (Dyer et al., 2001).  Edwards (2011) emphasizes the 

significant shifts in fire management and monitoring in the last decade due to advances 

in satellite-based remotely sensed data and research. The affordances of access to 

remotely sensed data has led to the development and implementation of various tools 

and resources.   

Digital technologies – software and hardware – have grown substantially in the 

past two decades. Software such as Geographic Information Systems (GIS) and the 

more recent surge in hardware devices such as mobile phones and PDAs have afforded 

new opportunities for land managers in NRM. Fire management researchers including 

Edwards (2011), Maier and Russell-Smith (2012) have demonstrated that remote 

sensing technologies are essential for collecting data at a landscape-scale of near-real-

time active fires and the extent of burnt areas. Such information is vital to land 

managers for monitoring, assessment and planning (Edwards 2011). Land managers 

can now assess their efforts on-line with satellite derived data to minimise total fire 

impact by integrating fire mapping with fire planning and adjusting fire placement to 

create a desired fire regime. However, the integration of information, taking skills from 

two “toolboxes”, of Aboriginal traditional knowledge and modern science must occur 

to improve conservation land management in northern Australia (Russell-Smith et al. 

2003; Russell-Smith et al., 2009b). Digital technologies offer tools that can be adopted 

in partnerships with knowledge practices to help overcome difficulties associated with 

spatial and temporal scales of fire management. 
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Overcoming Issues of Scales: Spatial and Temporal 

At a global scale, remotely sensed data are used as an important mapping tool for fire 

management and many other aspects of natural resource management. In particular, 

Edwards (2011) identifies that burnt area mapping occurs at multiple scales, in 

multiple habitats and for multiple purposes. At finer scales, burnt area mapping, 

derived from remotely sensed data, is usually used to assess the impact of fire. At 

coarser scales, however, it has wider application. Edwards (2012) explains that 

remotely sensed data are useful for characterising the global distribution of fires, to 

assess global biomass burning, global emissions from fires as well as assess modified 

fire regimes due to possible climate change. Bradstock, Williams and Gill (2012) 

identify that the development of continental and global-scale mapping of fire patterns 

provides both a means of measuring large-scale variations in fire regimes but also 

insights into their determinants. Land managers can traverse landscape scale issues 

such as fire, using technology as a key tool. However, as Edwards (2011) suggests, 

contemporary tools and technology are varied.  Apart from the more recent computer 

and satellite-based technologies, “Western” tools include aircraft which are used in 

burning practices where access is difficult and extensive (unpopulated) areas need to 

be managed (Edwards, 2011). See Box over-page. 
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Significance of Scale Snapshot 

The significance of scale is critical to understanding many resource management issues in 

northern Australia. Fire management strategies in the North are implemented across a landscape 

the size of Mexico (which has a population of more than 122 million people), compared with 

Australia’s savannas of 751,000 people; a population which is widely dispersed, with 0.3 

people/km2 (Russell-Smith & Whitehead, 2015). Low population density and lack of infrastructure 

“compromise capacity to manage pervasive damaging processes like wildfire that require active 

intervention to manage their impacts” (Russell-Smith & Whitehead, 2015, p. 9). The implication 

of scale is a recurring theme in this study. 

The map extract below shows infrastructure – roads, landing grounds and small communities  –  

across three different but adjoining land tenures. While people and financial resources are in 

higher abundance in Kakadu National Park, than in adjacent West Arnhem Land (for details, see 

Russell-Smith et al., 2009b), these areas cover vast tracts of land but have minimal 

infrastructure by contemporary standards. This makes access for people to manage fires very 

difficult, be it wildfires or prescribed burning operations. With relatively few people managing 

vast tracts of land (compared with pre-European settlement) in such remote terrain, satellite 

derived maps and aircraft are needed for fire planning and burning operations, respectively. 

This scarcity of people is also difficult. However, in the context of northern Australia, science 

and technology, “serve to ease some of the problems of scarcity” (Coombs, 1990, p. 3). (Source: 

Adapted from Edwards & Cooke, 2010) 
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More recently, digital technology using remotely sensed data has provided new 

insights into not only spatial scales of fire patterns but also temporal scales. Edwards 

(2011) explains that burnt area maps with daily to hourly updates have created new 

insights into fire dynamics of large fires as well as new algorithms providing ways to 

improve quantitative information for improving estimates of greenhouse gas emissions 

from fires. Archived data are now extensive enough both spatially but more 

importantly temporally (spanning more than a decade) to enable research into the 

impacts of climate change (Maier & Russell-Smith, 2012). While, the advent of new 

sensors and methods in remote sensing provides emerging opportunities for fire 

management and research in northern Australia, one of the key challenges lies in 

operationalizing many of the products and providing ongoing support for the 

dissemination of fire mapping product information on FireWatch, the North Australia 

Fire Information (NAFI), and Sentinel portals (Maier & Russell-Smith, 2012; 

Edwards, 2011). As part of the initial investigation for this study, an audit of existing 

digital tools was conducted to understand what technologies and their provenance are 

available to fire managers. In particular, NAFI and CyberTracker are discussed in the 

next section as they have both been developed specifically as tools for fire managers 

in northern Australia. The audit of the main digital technologies and tools available to 

fire managers in northern Australia is available in Appendix A.   
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North Australia Fire Information (NAFI) 

The North Australia Fire Information (NAFI) website portal was developed by the 

former Tropical Savannas Cooperative Research Centre (TS-CRC), in collaboration 

with north Australian fire managers (see Figure 1). It is a dynamic, spatially enabled 

fire information web site covering nearly two million km2 of the tropical savanna 

region (Edwards, 2011). This ability to view fire data and information at a landscape 

scale is a very important function and feature of NAFI. This enables fire managers to 

cooperate with their neighbouring fire managers from adjoining properties and regions 

to coordinate strategic burning practices. This landscape-scale utilisation of fire 

mapping will be discussed in finer detail in Chapters 4 and 5.  

NAFI was developed to provide fire management data to fire managers 

including hotspots and fire scars using a semi-automated method which are displayed 

as maps tailored to conditions in northern Australia (Jacklyn, 

Ansell, Crosbie, Holmes, Joseph, Legge, Lewis, Pickworth, Vigilante, & Weigl, 2015). 

This fire-tracking tool displays hotspots which are locations of recently burning fires. 

This tool uses data detected by National Oceanic and Atmospheric Administration 

[NOAA] and National Aeronautical and Space Administration [NASA] satellites as 

well as fire scars which are maps of recently burnt country (as detected by NASA 

satellites). Therefore, NAFI is functional at both a temporal scale (mapping fire scars 

over time) and a spatial scale (mapping fires across Australia’s savannas). NAFI 

provides other information including: fire history, lightning strikes and the option of 

foregrounding these details against topographic maps and satellite images (North 

Australia Fire Information [NAFI], 2014). Further, NAFI hosts the Savanna Burning 
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Abatement Tool (SavBAT2) which is an institutional digital tool used in carbon 

abatement projects and is discussed in Chapter 4.   

CyberTracker 

CyberTracker refers to the software and non-profit organisation that developed it in 

1997. CyberTracker was originally developed as a tool to create jobs for future 

generations of Kalahari Bushmen, based on the traditional and intricate practices of 

tracking, by developing tracking into a modern profession (Liebenberg, 2014). The 

North Australian Indigenous Land and Sea Management Alliance (NAILSMA) have 

adapted the CyberTracker tool to north Australian  

Indigenous rangers’ needs, through the I-Tracker project. Often referred to as 

I-Tracker in northern Australia, the software can be downloaded onto a hand held 

computer (a PDA), or mobile phone with a Global Positioning System, camera and 

audio recording functions. Indigenous rangers use this PDA on land or sea patrols and 

record data electronically. Rangers can download data to their computers, overlay it 

on a map and create reports for future planning and management practices 

(NAILSMA, 2013). The Land Patrol Application includes a section for monitoring fire 

management activities such as the of Indigenous Land and Sea Management (ILSM) 

groups in the West Arnhem Land Fire Abatement (WALFA) project (for example, see 

Figure 3). Both NAFI and CyberTracker are discussed in detail in Chapter 5.  
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Figure 2. North Australian Fire Information Website (Source: NAFI, 2014) 



 46 

 

Figure 3. CyberTracker Land Patrol Application sequence 

(Source: Ansell & Koenig, 2011, p. 17) 
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Future: People, Place and Practices 

Emerging Opportunities: Fire Management, Carbon Markets and Livelihoods 

Fires occur throughout many of the world’s biomes. Therefore, as Williams, 

Bradstock, Barrett, Beringer, Boer, Cary, Cook, Gill, Hutley, Keith, Maier, Meyer, 

Price, Roxburgh & Russell-Smith (2012) assert, fires mediate the exchange of 

greenhouse gases (GHG) between the land and the atmosphere at a global scale which 

affects the capacity of ecosystems to store carbon. Figure 4 illustrates this carbon-

atmosphere-land connection. As mentioned, tropical savannas are the world’s most 

fire-prone biome which accounted for 60% of total global fire emissions source 

between the years 1997-2009 (Russell-Smith et al., 2013a). During this period, fires 

from savannas (incorporating grassland, open savanna and woodland) also accounted 

annually for 36% of methane (CH4) and 58% of nitrous oxide (N2O) of the total global 

fire emissions source (Russell-Smith et al., 2013b).  

The Nous Group (2010) identified the significant contribution that changes to 

the following land management practices could have on Australia’s greenhouse 

emissions: reducing land clearing; vegetation regrowth; fire management; feral pest 

management; grazing management. Changes to these land management practices can 

significantly reduce atmospheric GHG via re-absorption of atmospheric CO2 and 

conversion into biomass, plus a reduction in other GHG particularly methane and 

nitrous oxide (Nous, 2010).  
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Figure 4. The Carbon Cycle and Atmosphere-Land Connection 

(Source: NASA, 2016) 
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As mentioned previously, changing fire regimes are not only the current 

problem but also part of the potential solution to many environmental, economic and 

socio-cultural issues in northern Australia. Central to this is the fire-carbon 

relationship. In Australia’s tropical savannas, the key to fire-carbon is two-fold: firstly, 

reducing fire frequency and secondly, changing the fire regime to early, less intense, 

smaller, patchy fires. In the latter, reducing the proportion of the total area burnt by all 

late dry season fires is important. Fire coordinators identify this issue and its effect on 

meeting carbon abatement targets in Chapter 5. However, shifting the seasonality of 

fire is central to strategic fire abatement and is discussed in Chapters 4 and 5.  

On a global scale, Australia’s fires in the tropical savannas are significant and 

their management can have positive consequences in terms of reducing greenhouse 

gas emissions. Savanna fires emit mainly carbon dioxide, methane and nitrous oxide. 

The Kyoto Protocol and Australia’s greenhouse gas (GHG) emission authorities have 

recognised that these contemporary savanna fire regimes are largely anthropogenic 

and their emissions have been included in the national GHG accounts. So reducing the 

frequency of savanna fires, especially the late, more intense fires, should not only 

maintain natural and cultural values for Indigenous communities but also can reduce 

GHG emissions. Subsequently, this reduction is capable of generating an income from 

the carbon market and in turn, can fund the environmental services provided by fire 

management. 

Russell-Smith et al. (2009c) demonstrated through their research in West 

Arnhem Land that patchy burns in the early dry season emit on average around 50% 

fewer GHGs than areas subject to late dry season burns Under the Kyoto Protocol, 

‘savanna burning’ is an accountable activity, with Australia recognising emissions in 
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its national accounts from this source (Russell-Smith et al., 2013b). Australia’s 

National Greenhouse Gas Inventory (NGGI) accounts for greenhouse gas (GHG) 

emissions from savanna burning for the long-lived chemical compounds methane 

(CH4) and nitrous oxide (N2O) but does not include carbon dioxide (CO2). In line with 

international accounting rules, the assumption is made that CO2 emissions in one 

burning season are negated by vegetation growth in the following growing seasons 

(IPCC, 1997). However, the rule has since been revised due to evidence that frequent 

burning removes CO2 from savanna vegetation, thus enabling new opportunities for 

new methodologies which take this into account. More recently, Australia’s legislated 

agricultural carbon offsets program, the Carbon Farming Initiative (CFI) has created 

the impetus for nationally accredited project-scale savanna burning. The CFI is the 

first national-scale example of a market in ecosystem services (carbon credits) that is 

regulated and meets rigorous standards by law (Russell-Smith & Whitehead, 2015) 

and will be discussed in the case studies in Chapter 4. 

Many researchers strongly advocate that the promising potential of 

overcoming impoverishment and social problems on Aboriginal settlements is through 

Indigenous employment based on natural resource management industries (Whitehead 

et al., 2005; Greiner, 2010; Gerritsen, 2010; Luckert et al., 2007). Altman’s tri-sector 

hybrid economy recognises the diverse and distinctive types of economic activity that 

Indigenous people undertake in the market/private, state/public and customary sectors 

(Altman, 2001; Altman 2012). Gorman and Vermuri (2012) use the ‘Fee for Service’ 

(FFS)-type term for delivery of NRM and INCRM due to recent policy and legislative 

changes impacting on Aboriginal communities. Further, FFS is broader and relates to 

a wider range of land management activities that are not readily identified as 
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environmental services such as natural and cultural services that have environmental 

impacts (Gorman & Vermuri, 2012).  

The emerging carbon market provides opportunities for land managers – 

through fire management - as a viable means to conserve and manage these 

aforementioned cultural and natural values. Based on benefit-cost analysis of fire 

management for GHG abatement Heckbert, Russell-Smith, Reeson, Davies, James & 

Meyer (2012) found that fire management can contribute to national GHG targets and 

be profitable across millions of hectares of remote northern Australia where 

contemporary economic development is limited. More specifically Heckbert et al. 

(2012) identified that if carbon emissions were paid at $23/tonne fire management 

would be economically viable across 51 million hectares, abating 1.6 million tonnes 

of emissions per year. Fire management for GHG abatement can also promote a suite 

of co-benefits such as increased employment and reduced dependency on government 

funding (Heckbert et al., 2012) along with many social and environmental benefits are 

previously identified.  

An important feature of carbon and GHG abatement is that it does not have to 

be physically transported to markets, so remoteness is not the same barrier to market 

participation as it is for other commodities (Heckbert et al., 2012). Most Indigenous 

people live in very remote areas of central or northern Australia where the “desert 

syndrome” (Stafford Smith, 2008) or “remoteness” syndrome (Larson, 2010) play 

their respective roles. Therefore, GHG markets provide a potential new sustainable 

development opportunity for remote communities (Whitehead, Purdon, Russell-Smith, 

Cooke & Sutton, 2008; Heckbert et al., 2012). However, there are still inherent risks 
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involved in voluntary and non-voluntary emissions trading schemes as discussed in 

the next section. 

Emerging Opportunities: PES Schemes – Risks and Benefits 

While a detailed analysis of payment for environmental services (PES) schemes is 

beyond the scope of this literature review and research, a brief discussion of PES 

schemes follows in the context of fire abatement in Australia’s north. While 

Australia’s tropical savannas produce among the highest ecosystem values on a per 

hectare basis (Greiner, Gordan & Cocklin, 2009), it is important to clarify the 

distinction between ‘ecosystem services’ and ‘environmental services’ (see Figure 5). 

Ecosystem services are defined as “outcome-based and focused on the wellbeing 

benefits provided to society from natural capital” whereas ‘environmental services’ 

are input-based and focus on the efforts of people and businesses to generate 

environmental improvements and improved natural capital (Greiner et al., 2009, p. 

54). As Verran (2011, p. 414) succinctly states, environmental services are “natural 

infrastructure and enable accumulation of natural assets”.  

Payments for environmental services (PES) are a pricing mechanism to 

translate non-market values into financial incentives for people and businesses that 

provide environmental services (Greiner et al., 2009). PES is based on the 

“beneficiary-pays rather than the polluter-pays principle, and as such is attractive in 

settings where ES providers are poor, marginalized landholders or powerful groups of 

actors” (Engel, Pagiola & Wunder, 2008, p. 663). More definitively PES is a voluntary 

negotiated framework where a well-defined environmental service is purchased by a 

buyer, from at least one provider, if and only if, the provider secures the service 

(Wunder, 2005).  Further, such ‘environmental services’ are inclusive of changes to 
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measurable/ estimated stocks of natural capital (Greiner et al. 2009). Van Noordwijk, 

Leimona, Jindal, Villamor, Vardhan, Namirembe, Catacutan, Kerr, Minang, & 

Tomich (2012) emphasise that commodification of environmental services requires 

strong government regulation to set and enforce rules of the PES scheme. 

PES schemes provide legitimate opportunities for Indigenous livelihoods on 

country (see Edwards & Cooke, 2010; Indigenous Land Corporation [ILC], 2012) but 

have specific purposes and risks. However, as Wunder (2005) warns, PES schemes’ 

primary objective should not become poverty alleviation designed as an alternative to 

altruistic development projects that rely on donor or NGO funding. Service delivery is 

critical to the success of a PES scheme because as Wunder (2005, p. 22) bluntly states: 

“if PES does not deliver the service, buyers will not continue to support it”. Zander et 

al. (2013) suggest a broader set of approaches for NRM on Indigenous-held lands in 

Australia that consider the risks and benefits of PES. In a north Australian context, the 

primary motivation for PES is critical here and is considered further.  

Importantly, Verran and Christie (2007a) raise the issue for Aboriginal people 

in northern Australia who are concerned that development of their country does not 

dominate the practices that renew the continuous collective life within those lands. 

Similar concerns are raised by. Zander et al. (2013, p. 152) due to the risk that 

“commodification of culture can undermine intrinsic motivations [i.e. looking after 

country], known as the motivation crowding effect”. However, for Aboriginal people, 

“ensuring that development remains contained within particular Aboriginal realities is 

often very actively pursued in Aboriginal ontologies: Place is pre-eminent” (Verran & 

Christie, 2007a, p.216).   
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Figure 5. Distinction between Ecosystems Services and Environmental Services 

(Source: Greiner, 2009, p.54) 
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In response to such concerns Zander et al. (2013) suggest that nuances in 

motivation for providing environmental services are not irreconcilable. Rather, a 

broader approach should frame the environmental benefits “with the nexus between 

rewards and the desire of indigenous people to look after country providing the 

scaffold to which other benefits can be attached” (Zander et al. 2013, p. 152). Further, 

Zander et al. (2013) found that one of these benefits, educating children plus 

transferring and securing traditional knowledge, was identified as one of the most 

frequent activities that people conduct when looking after country.  

In the context of cultural and environmental benefits for and from looking after 

country, the emerging carbon market provides potential opportunities in northern 

Australia. As Whitehead et al. (2008, p. 379) eloquently identify: “opportunities derive 

from the centrality of fire use to Indigenous life, through its role in both the customary 

economy and spiritual domain, and a connected depth of knowledge of fire use and 

behaviour and its effect on savanna ecosystems”. The Western Arnhem Land Fire 

Abatement (WALFA) project was the first PES scheme of its kind in the world and is 

discussed in detail in Chapter 4.  

Heckbert et al. (2012) and Whitehead, Russell-Smith and Cooke (2009b) assert 

that sourcing long-term funding through private industry or carbon market contracts is 

more desirable than inconsistent government supported funding and employment 

programs. However, the monitoring and reporting conditions required of PES projects 

are one of the primary barriers to securing them, particularly for people from low 

socio-economic backgrounds (Wunder, 2005). This is often the case in remote 

communities in northern Australia where low levels of Western literacy and numeracy 

occur, coupled with Western reporting requirements and a lack of baseline 
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environmental data (Ens, 2012). This issue will be discussed further in Chapters 5 and 

6. Recent developments, however, in digital technologies – particularly mobile 

technologies – have provided new opportunities to potentially overcoming some of 

these barriers.  

The North Australia Fire Information website is the source for fire scar 

mapping that is used to monitor PES schemes for WALFA and projects such as Fish 

River Station under the Carbon Farming Initiative. Based on their research in 

Maningrida, Zander et al. (2013) found that trusted, external assessors, along with the 

adoption of CyberTracker technologies can deliver effective monitoring for 

environmental services on which reward payments can be based. However, by 2015, 

NAFI was a more integral component of the CFI through its fire mapping and 

SavBAT2, than CyberTracker. Zander et al. (2013, p. 153) concluded that 

“conventional PES schemes involving contracts, individual payments and 

conditionality should be treated with care as they could have unintended 

consequences, destabilizing social structures and reducing intrinsic traditional 

motivations for looking after country.” Instead, based on their research Zander et al. 

(2013) recommended the value of more discussion on the nature of payments provided 

within a market-based incentive scheme as many non-rangers, but practicing land 

managers, would prefer to be compensated for their efforts at a community level and 

through better schools, health care, housing and power provision as well as access to 

vehicles. 

Irrespective of what culturally-appropriate type of PES schemes is adopted, 

opportunities need to be realised particularly for those in greatest need – remote 

Indigenous communities. At this juncture, it is prudent to consider the current and 
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potential role of technology and other culturally responsive approaches to help build 

capacity for fire management – especially for remote and Indigenous communities. 

Issues on Governance: Creating Conditions for Collaboration 

Integral to the case studies (see Chapter 4) and the future for fire management and 

practices is the challenging issue of governance. Dale (2013) asserts that a societal 

view of governance represents a range of processes and decision making, leading to 

the delivery of social, economic and environmental outcomes for public and private 

good. However, in contrast to southern Australia, northern Australia comprises a vast 

landscape of Indigenous tenures, government-owned leases, public conservation 

reserves and other government tenures as previously discussed in Chapter 1 (see 

Holmes, 2010). This effectively places a higher “stake in, and responsibility for,” the 

state of its land and water resources” for the Australian public (Dale, 2013, p. 8). 

Furthermore, Dale (2013) asserts that an appropriate model or approach for 

governance in northern Australia is needed beyond simply regulating for theoretical 

protection, with a focus on managing fire, feral animals and cattle grazing pressures. 

Sullivan and Stacey (2012) acknowledge the importance of scale with governance 

models supporting Indigenous livelihoods. 

Dale (2013) emphasises that since the 1970s three conflict-based historical 

themes have arisen in northern Australia. They are: industrial-scale resource 

development; the mirror image conflict between progressive creep of environmental 

regulation and subsequent shift in management control to southern Australia; and the 

reassertion of Indigenous rights. Further, Cooke (2009) identifies the marked changes 

between the 1970s and 1990s where past assumptions were challenged and new 

collaborative cross-cultural paradigms for land management were formed. These 
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included fire management and production regimes that enabled fire management, 

Indigenous lifestyles and the mainstream economy to work together (Altman, 2009; 

Cooke, 2009). Such issues are discussed further in Chapter 4. Importantly, Hill, Grant, 

George, Robinson, Jackson & Abel (2012) found that Indigenous governance and 

Indigenous-driven co-governance provides better prospects for integration of 

Indigenous Ecological Knowledge and Western Science for sustainability of social-

ecological systems.  

In the context of northern Australia’s unique history, it’s important to be 

mindful about how objects of governance have emerged. If technologies are 

considered objects of governance, recognition of them as such enables the ability to 

create new conditions through post-colonial moments so that ‘real’ objects of 

governance can emerge. Science, technology and society are important considerations 

in this context.0F

1  

Science-Technology-Society’s Role in a Postcolonial, Postmodern World 

Interactive technology is regarded as one the defining characteristics of modern society 

with the human-computer interaction a significant consideration (Turner & 

Sobolewska, 2009). In the past decade in particular, there has been significant progress 

in remote sensing derived from satellite data and shifts in mobile digital technologies 

that have significantly impacted people’s lives. It is in the context of fire management, 

building capacity and collateral benefits for northern Australia, that the science 

technology and society (STS) nexus is considered for this research.  

                                                           
1 Bacchi (2009, 2012) draws on and expands the work of Foucault on objects of governance by thinking 

problematically to consider the conditions of their emergence.  
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Turner and Sobolewska (2009) propose that people are able to exhibit both 

styles of cognition – systemizing and empathizing - with respect to interactive 

technology. Systemizing draws on concepts from cognitive psychology and is 

characterised by mental models while empathizing draws on concepts from social 

cognition and observes that people frequently anthropomorphize technology (Turner 

& Sobolewska, 2009). For example, Coleman (2010, p. 495) states that viewing digital 

media prosaically means “uncovering the lived experiences of digital media; 

discussing the conditions in which they are made, altered, and deployed (finance, 

religion, news); attending to particular genres of communication (blogs, spam, video-

sharing sites); and finally placing attention on the material and ideological functions 

produced and sustained by digital technologies”. 

In a social theory context, Geographic Information Systems and other digital 

tools such as NAFI and CyberTracker are different forms of archive. By this, archives 

are overarching categories that include diverse technologies used to inventory objects 

and knowledge (Waterton, 2010; Derrida, 1995; Bowker, 2005). The archive, as 

Derrida explains, is characterised by: “memory and the memorial, of conservation and 

of inscription which put into reserve, ‘store’, accumulate, capitalise, stock a quasi-

infinity of layers, of archival layers that are at once superimposed, over imprinted and 

enveloped in each other” (1995, p. 22). However, Waterton (2010) contends that the 

idea of archives, as interpreted through the notion of performance and performativity 

(Waterton, 2002), is archaic in the light of developments in social theory. Waterton 

(2010, p. 654) identifies this as being due to recent technological/conceptual shifts 

because: “our representations and the related achievements that we call “data”, 

“information” and “knowledge” have become chronically performative, contingent, 
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and emergent, interacting with a world which itself is in an eternal process of 

becoming”. In the context of northern Australia, Waterton’s assertions are reflected in 

how technologies (data, information and knowledge) form an integral part of the 

performativity in the dynamic world of fire management.   

Technologies, such as CyberTracker which is being adapted and adopted 

across northern Australia through the I-Tracker project, are providing more culturally 

responsive technological platforms for both working and learning. CyberTracker is 

unique in its interface and features (Liebenberg, 2014). When working with 

Indigenous rangers Ens (2012) observed that CyberTracker’s user-friendly 

functionality based on images, Indigenous language words, sounds and its data 

collection technology was helpful in overcoming their low English literacy and 

numeracy skills. Further, Ens (2012) demonstrated that such user-friendly technology, 

coupled with local knowledge, values and methods could overcome the monitoring 

and justification condition of the PES concept, thus offering potential socio-economic 

and environmental benefits.  

Verran (2002, p. 750) asserts that Yolngu (in East Arnhem Land) prescribed 

burning and Western scientific prescribed burns are “equally expressions of collective 

memory which embed possibilities for evaluation when they occur through 

postcolonial moments”. Postcolonial moments occur “where disparate knowledge 

traditions abut and abrade, enmeshed, indeed often stuck fast, in power relations 

characteristic of colonizing, where sciences usually line up on the side of the rich and 

powerful” (Verran, 2002, p. 730). Postcolonial moments can increase possibilities for 

cooperation and connection by identifying sameness that enables difference “to be 

collectively enacted” by interrupting power relations (Verran 2002, p. 730). Through 

the Sharing Place, Learning Together project, Webb, Godinho, Woolley, Winkel 
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(2013, p. 71) demonstrated that engaging Indigenous communities in building capacity 

in health and education did not “require closing in on diversity and heterogeneity”, but 

rather, could “move towards ways of being and knowing that embrace complexity and 

difference”. The following section explores the various ways that digital technologies 

as well as visual methods and representations that have been demonstrated to work 

and help build capacity in cross-cultural settings for NRM.  

Emerging Opportunities: Digital Technologies, Learning and Building Capacity  

Recent research with Indigenous communities across the Northern Territory found that 

when Indigenous youth have access to resources and activities linked to meaningful 

community projects, they are “engaging as the mediators and facilitators of digital 

literacy in collaborative, participatory, intergenerational activities” (Kral, 2010, p. 14). 

Technology plays an integral role in fire management as well as having the potential 

to significantly contribute to capacity building. Educational technologies have created 

unprecedented opportunities for not only access to multimodal resources (i.e. videos, 

animations and graphics) that were unavailable 10 years ago, but also, potential new 

learning spaces that ICT affords. By way of example, if digital learning resources are 

developed in accordance with cognitive load theory (see for instance: Sweller, 2005; 

Clark, Nguyen & Sweller, 2006) and the technical skills and knowledge related to the 

technology are automatic and intuitive, this enables the learner’s working memory to 

focus on the required task.   

CyberTracker is an example of a disruptive technology (Hedberg, 2007).  Such 

mobile technological innovation has removed the need for pen and paper in the field 

and advanced Western literacy skills by displaying images adjacent to words and are 

likely to improve literacy skills for Indigenous people (Ens, 2012). Significantly, 
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Verran and Christie (2007a, p. 218) identify the importance of innovation and the 

processes in design (between producers, users and regulators) when working with 

Aboriginal people which is “as salient to technological innovation as it is to the re-

making of place and clan as one”. 

Key Implications  

This literature review suggests that fire management (Cooke, 2012; Russell-Smith et 

al., 2009; Whitehead et al., 2009a; Wohling, 2009; Bowman, 1998; Garde et al., 2009), 

Indigenous NRM (Russell-Smith et al., 2013; Gorman & Vemuri, 2010; Christie, 

2007); PES schemes (Wunder, 2005; Greiner et al., 2009; Zander et al., 2012), 

Science-Technology-Society (Star, 1999; Bowker, 2005, 2010; Waterton, 2010), 

digital technologies (Edwards, 2011; Ens, 2012; Kral & Schwab, 2010, 2012), place-

based pedagogies (Christie & Verran, 2010; Fogarty, 2010) and visual representations 

(Petheram, 2011a; Petheram, High, Campbell, & Stacey, 2011b) have significant 

potential for building capacity in NRM and PES schemes, particularly for Indigenous 

communities. If they are positioned in the context of postcolonial moments, as Verran 

(2002) previously asserted, they can redress power imbalances. Thereby, such 

moments create opportunities to increase possibilities for cooperation and connection 

by identifying sameness that enables difference “to be collectively enacted” (Verran, 

2002, p. 730). However, as Wohling (2009, p. 9) argues that part of accepting the role 

of Indigenous Knowledge (IK) in natural resource management involves “accepting 

that not all Indigenous people possess IK, not all IK is valid, and not all Indigenous 

people are interested in IK or in becoming natural resource managers”. Furthermore, 

postcolonial environmental management practices have not been paralleled by 

improved outcomes in formal schooling in northern Australia. Systemic failure of 
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formal education in remote and very remote regions of northern Australia has 

particularly disadvantaged Indigenous people with high levels of disengagement with 

formal education in northern Australia are well documented (see Schwab, 2006; 

Fogarty & Schwab, 2012). However, learning and education can, and do occur beyond 

the formal educational walls of the north.  

This literature review foregrounds many issues that are addressed in 

subsequent chapters. In particular, it has investigated the recent histories of northern 

Australia and the impact of these on not only displacing Indigenous people but also 

the spatial and temporal disruptions to traditional knowledge practices. Recent decades 

have seen the emergence of digital technologies. Satellites, NAFI, CyberTracker, 

SavBAT2 and GHG emissions trading, collectively offer livelihood opportunities for 

Indigenous (and non-Indigenous people) in the remote north. Digital technologies also 

enable educational opportunities to embed experiential learning that is reflected by the 

wide implementation and uptake of I-Tracker. This literature review also complements 

the Chapter 4 case studies and addresses some of the gaps – especially in revealing 

Indigenous perspectives – that might not be addressed through the limited stakeholder 

analysis (Chapter 5). The two case studies – WALFA and Fish River – investigate the 

finer details of how such PES schemes are enabled and adopted as well as how these 

projects deploy digital technologies. 
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If you don't know, ask. You will be a fool for the moment,  

but a wise man for the rest of your life. 

Lucius Annaeus Seneca, 40 AD 

Chapter 3: Methods 

Introduction 

The study’s research design includes a detailed investigation of two significant fire 

abatement projects as case studies and a stakeholder analysis embedded in a 

postcolonial, post-structural framework. Verran (2002) explains that postcolonial 

moments interrupt power relations, increase possibilities for cooperation and 

connection by identifying sameness that enables difference to be carried out 

collectively. As previously emphasised in Chapter 2, postcolonial moments occur 

“where disparate knowledge traditions abut and abrade, enmeshed, indeed often stuck 

fast, in power relations characteristic of colonizing, where sciences usually line up on 

the side of the rich and powerful” (Verran, 2002, p. 730). A post-structural framework 

“incites us to reflect upon our method and explore new ways of knowing” (Richardson, 

1994, p. 518). 

This chapter explains how the research design has shaped the methods adopted 

for the interpretive research, with each section including the justification, strengths 

and limitations of the methods. Section one - Stakeholder Analysis: people, places and 

practices in the North – discusses why stakeholder analysis methodology was chosen 

as the key approach with a particular focus on the context of, and benefits for, this 

research. Section two – Data Collection: interviewing and strategies - explains the 

interviewing processes, including the strategies adopted and adapted to conduct each 
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interview. Section three – Case Studies: beyond temporal and spatial scales – outlines 

and justifies the two case studies that were chosen as part of the research design and 

their significance to the data collection and analysis. Section four – Data Analysis – 

strategies and representation – explains how the data was analysed and how the quality 

of shared understanding was addressed.   

Stakeholder analysis – people, places and practices in the north 

Stakeholder analysis methodology provides an approach for generating knowledge 

about people ‘actors’ in order to understand their behaviour, intentions, interrelations 

and interests as well as “for assessing the influence and resources they bring to bear 

on decision-making or implementation processes” (Varvasovszky & Brugha, 2000, 

p.338). Stakeholders are people or groups who have or claim ownership, rights or 

interests in an organisation and its activities (Clarkson, 1995) and have a vested 

interest in the issue under consideration and/or are affected by the issue (Schmeer, 

1999; Varvasovszky & Brugha, 2000). The significance of stakeholders and 

stakeholder analysis, particularly for this research, is captured by Kamberelis and 

Dimitriadis (2013) who emphasise that real-world problems require the rich, complex 

source of communal knowledge and practice. Most of the stakeholders who were 

involved in the 14 interviews all live in northern Australia and are directly involved in 

fire management or in a related field. For those stakeholders who are directly involved 

in fire management and using the digital tools, their experiences and opinions are 

essential in terms of whether digital tools are meeting people’s needs. Also, it’s 

important to understand what unintentional power balances might underlie the utility 
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of digital tools and assist the working together of western and Indigenous knowledge 

systems.  

Conventional survey techniques are unable to capture the complexities and the 

extent of the deployment of digital tools in fire management in northern Australia. 

Therefore, semi-structured interviews, across a key group of stakeholders were 

adopted that would enable each one to not only engage with the questions but also 

provide opportunities to enrich their responses. Keeping questions as open as possible 

enabled informants to raise issues that were important to them from their experience 

and fire-related context. For example, four fire coordinators (who are sometimes 

referred to as planners) were interviewed; two of whom work in comparatively larger 

and much more remote regions, compared with their two counterparts in the Northern 

Territory. Therefore, the openness of the interview structure enabled them to raise and 

discuss some of the challenging issues that are specific to their very remote regions in 

the Kimberleys. Other than fire planners, researchers who are involved in fire research 

or in Geographic Information Systems and land management were interviewed to draw 

on their expertise in not only GIS but in how they have applied it to build capacity 

with land managers in cross-cultural settings. One Traditional Owner was interviewed 

despite unsuccessful attempts to interview more.   

As previously stated in Chapters 1 and 2, the nature of northern Australia is 

unique. The landscape is extensive in size and ecologically in-tact (compared with 

other savanna biomes). Great ecosystem diversity spans this biome.  However, there 

are very few people to manage such environmentally diverse landscape, most of who 

live in small communities that are separated by largely uninhabited country. Such 

drivers significantly determine how people manage fire over these vast areas (as 

explained in Chapter 1 and 2). In order to investigate the extent to which digital 
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technologies are utilized for fire management and emerging carbon market 

opportunities in northern Australia, it is essential to discuss what and how digital tools 

and technologies are deployed in fire management. Also, it is prudent to investigate 

different types of fire abatement projects to understand the practices, places and people 

who are involved in them, in the context of digital technologies. Furthermore, this 

methodology not only considers the characteristics of stakeholders with regard to the 

issues surrounding digital tools in fire management but also illustrates existing 

organisational relationships (Varvasovszky & Brugha, 2000). 

Stakeholders can be grouped into various categories: international, public, 

national political, commercial/private, non-governmental organisation/civil society, 

labour, and users/consumers (Schmeer, 1999). In the context of northern Australia and 

fire management there is a vast array of stakeholders including bureaucrats and 

regulators, politicians and the general public – most of who live thousands of 

kilometres away and do not have an intimate knowledge of the driving issues in the 

North. The largest group is the Australian public through its international 

responsibility under the IUCN Biodiversity and Conservation (1999) Act and the 

Kyoto Protocol and through different national and State/Territory laws that imply 

appropriate NRM will be carried out on behalf of the public. So, at a more regional 

scale the stakeholders directly or indirectly involved in fire management and for the 

purpose of this research are: Traditional Owners, Fire Researchers/Western Scientists, 

Fire Coordinators/Planners, Fire Managers – including Indigenous Rangers.  Figure 6 

illustrates the geographical spread of the specific stakeholders who were directly 

involved in this research. How the stakeholder analysis was conducted is thus 

explained. 
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Figure 6: Geographical range of stakeholders interviewed in northern Australia. 

Yellow dots denote location of informants; purple dots indicate general location 

of two case studies. (Source: Map derived from Google Maps) 
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Data Collection: interviewing and strategies 

Setting the Scene: a Preliminary Audit 

The researcher conducted a digital fire management tools and resources audit prior to 

the interview phase which served two key purposes (see Appendix A). Firstly, the 

audit helped to inform and shape the nature of the semi-structured interview questions. 

Secondly, the audit helped inform and prepare the researcher about the range of current 

tools and resources available for fire management prior to the interviews.  

Identifying Stakeholders and Selecting Respondents 

Identifying and selecting a range of stakeholders was integral to addressing the various 

issues raised in the research questions. Also, particularly for northern Australia, it’s 

important to extend ‘interpretive privilege’ to a wide range of voices in interpretive 

research (Holstein & Gubrium, 1995). Thus, from the outset it was critical to consider 

and identify the issue of people representation (Holstein & Gubrium, 1995) but 

simultaneously maintain the more traditional concern for sample representativeness. 

In the light of the selected respondents, the researcher also needed to understand the 

culture and context necessary for each stakeholder when collecting and analyzing data 

(Varvasovszky & Brugha, 2000). Prior to each interview the researcher conducted as 

much research on the respondent’s specific fire management areas, experience or 

organisations for which they worked. These were all considerations in selecting 

potential participants.  

From the outset, it should be noted that in northern Australia the community of 

coordinators for Indigenous CFI projects is very small. In fact, at the time the research 
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was conducted, there were fewer than 20 people coordinating savanna abatement 

projects that stretch across remote tracts of the vast 1.9 million km2 of northern 

Australia. Initially, interviewees were identified, selected and contacted based on the 

researcher’s professional network which was established through the auspices of the 

former Tropical Savannas Management Cooperative Research Centre. This initial 

purposeful sampling was augmented by respondents who identified potential 

informants during the interviews and is explained in more detail in the interviewing 

strategies section. All potential participants were sent a letter to outline the purpose of 

the research (see Appendix B). These potential participants encompassed a range of 

fire management perspectives, experiences and regions across northern Australia. Two 

other stakeholders (one of whom was nominated in the interviews) were also selected 

based on their recent cross-cultural fire management training and GPS training work 

in Timor Leste. 

Interviewing Strategies and Limitations 

Collecting Data: Interviewing  

Interviews are a useful ethnographic tool to collect data with the aim of accomplishing 

a shared, negotiated meaning and text (Denzin & Lincoln, 2005; Fontana & Frey, 

2005). However, the literature on ethnographic, interpretive research is replete with 

the issue that interviews are not a neutral process (Denzin & Lincoln, 2005; Fontana 

& Frey, 2005; Holstein & Gubrium, 2003). Interviews, as Fontana and Frey (2005, p. 

697) assert, are “bound in historical, political, and cultural moments and that as those 

moments change, so does the interview”. However, the value of interviews to inform 

this research is palpable as the richness of the data they provide offers a window to 

places never visited about socio-cultural settings not lived; about occupations not 
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experienced and about the challenges confronting people in their everyday lives in 

northern Australia (Holstein & Gubrium, 2003). The questions that framed the primary 

interviews are in Appendix C. These framing questions were sent to all the participants 

(except one participant who was known to the interviewer – due to an oversight from 

the researcher).  

Collecting Data: Interviewing Strategies  

Fundamentally, the researcher conducted two broad types of interviews: face-to-face 

or phone semi-structured interviews and face-to-face narrative interviews. Prior to 

commencing each interview the researcher negotiated and sought free and informed 

consent from respondents to participate in, and record the interviews. In total, 14 in-

depth interviews were conducted over an eight-month period. This relatively low 

number of respondents is the product of a few difficulties. Most interviews were 

conducted during the dry season (and therefore, during the prescribed burning season). 

This had the benefit of ensuring that many of the respondents were currently using the 

tools, resources and practices that they discussed. However, this timing of interviews 

also created difficulties in contacting and confirming participation for a few fire 

managers who were often in the field and out of range of phone or internet – thus 

prolonging the data collection process but also omitting participation for a few 

participants (as the ethics clearance expired). Furthermore, Indigenous people were 

also difficult to contact or participate in interviews because of geographic remoteness 

but more particularly due to language barriers.  

Based on the researcher’s past professional experience working in northern 

Australia and professional discussions, a sample of people to interview was identified 

as a starting point and these stakeholders were contacted. As part of the interview 
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process, the respondents were asked if they recommended any specific people with 

whom the researcher should speak relating to this research. While many of these 

people were already included as part of the researcher’s selected respondents, this 

helped to validate that the researcher was speaking with the appropriate people. Also, 

this process helped to ensure that the interviewees were a representative sample of fire 

coordinators. Based on these selected respondents, it is important to note that in 

northern Australia there are very few fire coordinators who manage all the Carbon 

Farming Initiative projects across very large tracts of country. Thus, the fire 

coordinator community is very small and so all the coordinators either talk with each 

other or at least know of other coordinators. The coordinators are predominantly 

European and tertiary educated. 

Qualitative research literature is sated with the advantages of in-person 

interviewing including more accurate responses due to contextual naturalness, mutual 

interaction and the greater tendency of self-generated answers (for example, Fontana 

& Frey, 2005; Holstein & Gubrium, 2003;  Johnson, 2002). Further, Warren’s 

evocative words capture the social interaction of the qualitative interview: “the 

perspectives of the interviewer and the respondent dance together for the moment but 

also extend outward in social space and backward and forward in time” (Warren, 2002, 

p. 98). These positive aspects were taken into account in the effort to complete most 

of the interviews in this manner. Three of the five respondents with whom the 

researcher had not previously worked, were interviewed face-to-face; the other two 

worked in very remote locations so phone interviews were conducted. Overall, with 

the exception of two telephone and three face-to-face interviews, the researcher had 

an existing professional relationship with the other nine informants through the former 

Tropical Savannas Cooperative Research Centre. As stated earlier, the fire 
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management community, who are geographically spread across northern Australia, is 

small. Interview questions were framed around addressing the research questions. 

These interview questions were tested to tease out any problems of semantics as well 

as clarify implicit aspects within them and thus to make these explicit (for example, 

the aspect of building capacity).  

Collecting Data: Semi-structured Interviewing 

Semi-structured interviews were conducted with six face-to-face interviews (usually 

in the office of the respondent); two were conducted via Skype and six over the phone. 

Semi-structured interview questions were prepared for two main purposes. Potential 

respondents were sent copies of the semi-structured interview questions (see Appendix 

C) so that they could prepare their thoughts in advance – this occurred for 13 of the 14 

interviews conducted. The semi-structured interview questions also provided a 

framework for forthcoming conversations – particularly for some participants (see 

below). All stakeholder respondents were very generous in their time, comments and 

insights. There were a few issues where a couple of the respondents could not answer 

some of the questions in detail due to intellectual property issues and this was 

acknowledged in good faith at the time of the interview. Also, two respondents offered 

a ‘disclaimer’ at the outset of the interviews to acknowledge that the views they 

expressed were not necessarily those of the respective organisation for whom they 

worked. The researcher adopted many of the following aspects of the active 

interviewing. 

Active interviewing, as Holstein and Gubrium (1995) suggest, is an 

interpretive practice that involves the respondent and interviewer articulating ongoing 

interpretive structures, resources including drawing upon the interviewer’s 
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background and knowledge to help facilitate respondents to explore and describe their 

circumstances, actions, and experiences. Active interviewing, while a form of 

conversation has a specific purpose and plan with the ultimate goal of cultivating the 

respondent’s narrative (Holstein & Gubrium, 1995). Unlike standard interviewing that 

tends to generate straightforward behavioural and demographic information, active 

interviewing “brings meaning and its construction to the foreground” (Holstein & 

Gubrium 1995, p. 73). Further, active interviewing takes advantage of the growing 

stockpile of background knowledge that the interviewer collects in prior interviews to 

pose, rephrase and contextualize questions and explore aspects of the respondents' 

experiences and insights that would not otherwise be probed (Holstein & Gubrium, 

1995).  

The semi-structured nature of the interview questions was designed to distill 

both current and prior experience in fire management (see Appendix C – Question 1). 

This connection to prior experience became a resource throughout the active 

interviewing process.  As the researcher became aware of the participants' activities 

and circumstances, they could refer to these situations as a way of linking the 

respondent's experience and insights to the researcher’s more conceptual issues and 

questions underpinning their research (Holstein & Gubrium, 1995). Therefore 

respondents had something to which they could tangibly attach their narratives.  

As part of the interviewing process, the researcher used a range of tactics. 

Ambiguity during the interviews was minimised through intermittent clarification 

from the researcher so the interview progressed as negotiated text between the 

interviewer and the respondent. As part of the triangulation process, the researcher 

included both field notes and subsequent audio notes following a few interviews. 

Holstein and Gubrium (1995) describe the active interviewer as an ethnographer who 
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records what the respondents says as well as the how – the related interactional details 

about how the interview was conducted. These field notes often helped to provide 

subsequent opportunities to lead into questions or draw upon later to create not only a 

context but also in conjunction with recording the interview to encourage a more 

conversational approach for the interviews. The researcher also took field notes during 

the interview which served as a point of reference for clarification or further 

elaboration. The field notes also helped to substantiate evidence particularly in the 

transcribing interviews and analysis phases. Audio notes were recorded immediately 

following a few interviews (especially, those whereby the researcher met the 

respondent for the first time) to provide further contextual notes. 

In the face-to-face interviews the researcher adopted non-verbal techniques 

such as observing facial expressions, nonverbal cues and other forms of body language 

to facilitate the active interviewing process – practices supported by research (see 

Fontana & Frey, 1995; Holstein & Gubrium, 2003). Also, multivocality was 

encouraged whenever appropriate to activate more than one position or perspective.  

Interviews provide a potentially rich opportunity to collect not only primary 

sources but also secondary sources such as internal documents not available in the 

literature publicly available (Varvasovszky & Brugha, 2000). The face-to-face and 

telephone interviews conducted reflected the value of such access to primary and 

secondary sources. For example, the Fish River Station case study was significantly 

enriched through extra documents obtained during the interview process. Other related 

papers (both published and unpublished) were subsequently provided by a few of the 

respondents in relation to the issues raised in the phone interviews too.  Furthermore, 

the opportunity afforded through face-to-face interviews gave respondents the chance 
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to show the researcher artefacts related to fire (for example, maps or art work) or 

provided follow up documents (reports) related to some of the issues raised. 

Collecting Data: Narrative Interviewing 

Five narrative face-to-face interviews were conducted particularly with informants 

whose background and current roles were related to the issue of fire management but 

were not involved directly in fire management as previously described (or to be 

described in Chapter 4). This approach allowed for different fire stakeholders to be 

involved and also provided different opinions and insights. From the outset of each 

interview, the researcher encouraged respondents to consider the ‘interviews’ as more 

of a conversation rather than an interview – a preference that was particularly 

emphasized with the five narrative interviews. As Chase (2005) observes, the process 

of narrative interviewing involves a paradox whereby the researcher must be well 

prepared to ask useful questions that invite the participant’s story while on the other 

hand, the notion of a particular story is that it is unknown, predicted, or prepared for 

in advance. In this process, the researcher was an active listener in the ‘conversation’ 

and would agree with points and prompt or clarify respondents’ narratives to illicit 

shared understanding. The conversation consistently started with the researcher 

inquiring through the first and sometimes second questions from the semi-structured 

interview. This approach provided a way of framing the interview from the outset but 

it also provided the point from which to invite and engage the participant to express 

themselves more freely; to tell and voice their experience and opinion about the issue 

at hand. In the narrative interviews, the researcher omitted most questions as the 

answers to such questions were implicit in the respondents’ narrative. Further, the 

interviewer wanted to avoid disrupting the narrative tone of the conversation and also 

risk detracting from the respondent’s responses and lived experiences.   
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Of the four narrative interviews, three of the interviewees the researcher knew 

from previous professional association. These interviewees were more comfortable to 

talk about their fire work (and the role of digital technologies) as a narrative. This had 

the positive effect of allowing the discussion to flow more like a conversation than a 

‘stop-start-interview’ and potentially enable the participant to have a greater voice and 

more control over what they were saying. Establishing and maintaining rapport 

between the interviewer and interviewee is an important consideration and process in 

collecting valid data (Holstein & Gubrium, 2003). An overview of these interview 

types and the stakeholder informants is provided in Table 1.  

The researcher engaged in a range of interactive interviewing techniques 

(Holstein & Gubrium, 2003) that promoted dialogue and narrative responses to the 

framing questions. To assist in drawing on the respondents’ lived experiences, the 

interviewer often asked them to elaborate on particular points or issues they raised as 

part of the interview conversation. For example, in one interview, the researcher 

inquired into one of the informant’s insights: “could you see those cultural maps being, 

not interwoven, but working with the GIS maps in terms of potential fire management 

in years to come?” 

Collecting Data: Limitations 

As mentioned, the researcher encountered delays and difficulties contacting some of 

the participants due to a range of reasons including the timing of collecting data 

coinciding with the onset of the dry season. This was particularly the case with fire 

coordinators and Indigenous people who were extremely busy, remotely located and 

therefore often difficult to contact. However, it is noted that Indigenous people were 

underrepresented in the interviews. Despite the researcher’s attempts to contact 
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Aboriginal people whose knowledge and experiences were identified either from the 

outset of the research or recommended as contacts during the interviewing process, 

responses from them were not forthcoming.  

Table 1: Overview of Stakeholder Informants 

People Interview Type Practices & Purpose 

Fire Coordinator/Planner A 
Phone, Semi-
structured 

Fire Management – operational NGO  

Associate Professor Jeremy 
Russell-Smith 

Phone, Semi-
structured 

Research: CFI; Carbon Abatement, Charles 
Darwin University – Centre for Bushfires 
Research 

Dr Andrew Edwards 
Skype, Semi-
structured 

Research: Charles Darwin University – Centre 
for Bushfires Research 

Anna Pickworth 
Phone, Semi-
structured 

Fire Coordinator – operational 

Ben Lewis 
Phone, Semi-
structured 

Fire Coordinator – operational 

Dr Bronwyn Myers 
Face-to-face, 
Narrative 

Fire Researcher, Charles Darwin University 

Project Officer B 
Face-to-face, 
Narrative 

Project Officer NAILSMA 

Dr Gay Crowley 
Phone, Semi-
structured 

Fire & Land Management Researcher & 
Consultant 

Dr Geoff Lipsett-Moore 
Face-to-face, 
Semi-structured 

The Nature Conservancy 

Dr Leasie Felderhof 
Phone, Semi-
structured 

Firescape Science Director 

Dr Payi Linda Ford 
Face-to-face, 
Narrative 

Traditional Owner, Charles Darwin University 
researcher 

Rohan Fisher 
Face-to-face, 
Narrative 

Centre for Bushfires Research, Charles 
Darwin University 

Shaun Ansell 
Face-to-face, 
Semi-structured 

Fish River Station 

Steve Sutton 
Face-to-face, 
Semi-structured 

Centre for Bushfires Research, Charles 
Darwin University 

 

To ensure data triangulation, the researcher collected data from multiple 

sources using three main methods: interviews - face-to-face; phone & Skype; as well 

as field notes and case studies. Field notes augmented the interviews. Apart from the 

key semi-structured interviews, narrative interviews and informal interviews with 

other stakeholders, two case studies were conducted. These contributed to the 

triangulation in the research design methodology. Figure 7 illustrates the connections 

between the data collection and the data analysis iterative phases. At the core of Figure 
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7 is the converging evidence from the data collected and is complemented by the three 

phases of data analysis: revise, review and revisit. Therefore adopting a stakeholder 

analysis approach – an investigation of people, places and practices – the knowledge 

practices (Christie, 2007) that are involved in the complex world of fire management 

in northern Australia.   
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Figure 7. Data Collection and Three ‘Rs’ of Analysis Methodology 

(Modified from Erickson (2012), Yin (2009), and Sarantakos (1993). 
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Case Studies: windows beyond temporal and spatial scales 

Stake (2005) asserts that sound case study research pursues disciplined practices of 

analysis and triangulation to ascertain ‘experiential knowledge’ from what is opinion 

and preference. However, as Yin (2009) emphasises, the essence of a case study 

encapsulates a decision or set of decisions about why they were taken, how they were 

implemented and the consequent result. In northern Australia, a case study approach 

is valuable in order to understand the level of detail that underpins these two models 

of fire management that are considered exemplary (see Whitehead, Purdon, Cooke, 

Russell-Smith, & Sutton, 2008; Fitzsimons et al., 2012; Russell-Smith et al., 2013a). 

These detailed case studies provide ‘thick descriptions’ involving people and practices 

in situ – notably in West Arnhem Land and near the Daly River (Fish River Station) 

and are discussed in Chapter 4. The West Arnhem Land case study augments the Fish 

River Station case study. While there are many similarities between each case, there 

are many nuances too. Each case study is unique and provides a different model of fire 

management and abatement which integrate Indigenous knowledge and practices as 

part of their governance and modus operandi. 

The case studies were not conducted in isolation and were cross-referenced 

with interview data. Apart from the interviews, the main sources of data that informed 

the case studies were reports and other documentation, research literature as well as 

physical artefacts such as maps (see Figure 7).  
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Data Analysis: Strategies, Representation and Member Checking  

In order to improve the rigor of the qualitative research, various strategies and 

standards of representation were adopted. As the interpretive and narrative researcher, 

the interviewer was cognisant of Chase’s (2005) typology of the narrative strategy: the 

researcher’s authoritative voice; the researcher’s supportive voice; and the 

researcher’s interactive voice. As much as possible, the researcher tried to adopt the 

latter strategy during the interview by conversing with the informant and drawing on 

or clarifying points they raised. Clarification was a technique employed during each 

interview and also part of the member checking process (as described later). Timing 

of its use was important during the interview to ensure that the researcher’s interaction 

did not disrupt the respondent’s thoughts. Clarification was used to not only reduce 

the risk of any ambiguities for the researcher’s understanding but also it served to 

validate the interviewer’s initial interpretations. 

The researcher transcribed each interviews (except one due to its poor quality 

of recording). Although this was an extremely time-consuming activity and very 

tedious at times, it was a valuable and integral part of the research design. From the 

outset the researcher identified the benefits of this process; the iterative process of 

transcribing; checking the accuracy of the words, verbatim, helped to unravel the 

layers of information and meaning. More importantly, each interview transcribed 

provided a point of reference with another interview as its transcription unfolded. 

Comparison between respondents in each interview became apparent to the 

interviewer/researcher. This preliminary analysis enabled the researcher to cross-

reference what the interviewer was saying with other interviews and elucidate 

emerging themes. This iterative process identified broad themes and categories which 

are not mutually exclusive (see Table 2). Through this process the data began to 
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construct a collective understanding of what was happening at the various levels of 

fire management in northern Australia. But more importantly, the interview insights 

moved beyond these operational levels, particularly when coupled with the details of 

the case studies. The assertions, propositions and ‘thick descriptions’ – or what Gertz 

(1973, p. 7) refers to as “stratified hierarchy of meaningful structures” are discussed 

in Chapter 5. In order to maximise transcription quality, interview interpretation and 

reflexivity, the researcher adopted the following strategies during the analysis stage: 

adopting a notation and coding system for interview transcriptions and most 

importantly, member checking.  
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Table 2. Data Analysis & Coding Process 

Code (Colour) Themes Categories Research 

Questions 

1 (Blue) Policy/Governance Organisation/work 1,2,4 

  Governance  

  Organisation/funding  

  Project/Programs  

    

2. (Green) Tools & Resources Digital Tools 2, 3, 4,5,6 

  Digital Resources  

  Resources (other)  

  Data  

    

3. (Orange) People People 1, 2,3,4,5,6,7 

 Knowledge Indigenous Fire Management 

Knowledge 

 

  Western Science Fire 

Management Knowledge 

 

  Aboriginal Knowledge of 

Country 

 

 Scales Spatial scales  

  Temporal scales  

 Place Place  

    

4.(Purple) Opportunities Positives 2,3,4,5,6,7 

  Improvements  

  Opportunities  

  Affordances  

    

5.(Red) Barriers Negatives 2,3,4,5,6,7 

  Risks  

  Limitations  

    

6.(Brown) Capacity Capacity Building 5,6,7 

 Skills Skills-

Experience/Understanding 

 

 Operations Operational  

 Plans Fire regimes/plans  

 Carbon & CFI Carbon & CFI  

 

Data Analysis: Member Checking 

Member checking was adopted as part of the qualitative research and data validation 

process. Under the rubric of member checking to validate the trustworthiness of 

transcriptions, all interviews (except one) were fully transcribed and a copy sent to 

each participant. Sending each respondent a copy of the transcribed interview enabled 
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them to verify that the transcription was correct. Despite the poor quality of the 

recording of one interview, the researcher could ascertain the informant’s key points.  

Stake (2005) extols the value of creative use of member checking. In particular, 

enabling data sources (informants) the opportunity to submit drafts for review is one 

of the most needed means to validate qualitative research (Stake, 2005, p. 462). 

Therefore the researcher adopted this process in order to validate the outcomes of data 

analysis – i.e. the negotiated text and shared meaning. The data analysis is also 

validated through member checking where interpretations are asserted. The risk of 

contested meaning and divergent interpretations (Holstein & Gubrium, 2003) is 

obvious for one particular interview with poor audio quality. In particular, interview 

transcripts were checked with informants and included highlighting sections that were 

directly quoted in chapters. Free and informed consent to publish informants’ names 

was also sought and provided with the exception of two respondents who are referred 

to as Fire Coordinator A and Project Officer B. This member checking and validation 

forms part of the collaborative interviewing process whereby the intended meaning 

can be clarified and additional information can be ascertained from the interviewee.   

Next, Chapter 4 investigates and analyses the first two fire abatement PES 

projects for northern Australia.   
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We travelled in all about eleven miles N. 55° W. to latitude 13° 50'. 

Smoke from the natives' fires was seen from the range in every 
direction, and their burnings invariably led us to creeks. 

Journal of an Overland Expedition in Australia,  

Ludwig Leichhardt, 5th November, 1847. 

Chapter 4: Case Studies 

Introduction 

As discussed in previous chapters, fire and its management, is one of the most central 

and significant issues for sustainable natural resource management in northern 

Australia. Fire is also central to many Aboriginal people’s lives and its management, 

particularly in the light of emerging emissions trading opportunities and holds 

potential sources of income for remote livelihoods. In order to understand the people 

involved, their knowledge systems as well as the practices that drive and manage fire, 

this chapter will examine the details of two similar but markedly different case studies: 

the West Arnhem Land Fire Abatement (WALFA) project and the Fish River Carbon 

Farming Initiative. These case studies examine and demonstrate how nuances in 

models of collaboration, engagement, governance plus the attributes of the ‘two-

toolkit approach’ can succeed despite underlying and ‘seemingly incommensurate’ 

knowledge systems and practices. They demonstrate the essential role that digital 

technologies now play in contemporary fire management practices and fire abatement 

in Australia’s savannas.  
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West Arnhem Land: People, Place and Practices 

The West Arnhem Land Fire Abatement case study, located in one of the most remote 

regions of Australia (see Figure 8) has both an interesting and significant history. As 

the region’s history has been well documented in recent years, this first section 

discusses the details of, as well as the influence of ancient and modern histories in 

West Arnhem Land.  

Disruptions to People, Place, and Practices on the Plateau 

Fire is ubiquitous in Australia’s savanna landscapes – including the Arnhem Plateau - 

and has been for millennia. West Arnhem Land is geographically, ecologically, 

historically and culturally unique. The Arnhem Plateau adjoins World Heritage-listed 

Kakadu National Park and Nitmiluk National Park. The Arnhem Plateau has remained 

an unbroken feature of the landscape for more than 100 million years (Woinarski, 

Russell-Smith, Andersen, & Brennan, 2009) and for Aboriginal people who were 

inextricably linked to this country, fire was (and often is) central to life. For instance, 

on the Arnhem Plateau the existence of specialised language terms as well as clan 

totems and sacred sites related with fire attests to its core role in customary practices 

(Ritchie, 2009; Garde et al., 2009).  “Ever since people were first on country, long 

before Balanda [non-Indigenous people] and way back to the really old people, we 

Aboriginal people always cleaned the country with fire.” (Rostron, Campion, 

Namarnyilk, & Fogarty, 2012, p. 166). Fire was also instrumental in hunting for food, 

including fire drives (Altman, 2009) but at “other times we used fire to help the country 

get refreshed and re-grow, drawing food closer to us” (Rostron et al., 2012, p. 166). 

Burning practices protected sacred sites where Aboriginal custodians burnt far away 
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from sacred sites which “were messengers to other tribes” (Daniels, Nelson, Roy, 

Dixon, Ens, & Towler, 2012, p. 184). Further, many sacred sites had (and often still 

have) special trees which are sensitive to fire (Prior, Murphy, & Russell-Smith, 2009) 

such as the cypress pine, Callitrus intratropica that are respected (Daniels et al., 2012). 

Like the plateau, these customary practices were an unbroken feature of life for 

Aboriginal people on the Plateau for more than 50,000 years (Flood, 1995).  

The highly dissected Arnhem Plateau created habitat and biological diversity 

while offering an element of geographical protection from European settlement. The 

remoteness and the difficulty in traversing the terrain of the Arnhem Land Plateau 

protected Aboriginal people from incursions into the area from non-Aboriginal people 

(Garde et al., 2009). For example, Leichhardt’s experience on the Plateau noted: “we 

passed several sandstone hills and ridges rising out of this sandy table land, and 

attempted to cross one of them, but our path was intercepted by precipices and chasms, 

forming an insurmountable barrier to our cattle” (Leichhardt, 1847, p. 255) This highly 

dissected nature of the Plateau also protected many areas from wildfire which enabled 

the Aboriginal people to manage sensitive plant populations. However, despite access 

difficulties, the biological value and uniqueness of the plateau was long recognised by 

western scientists and explorers. Leichhardt’s expeditions in the 1840s (Lewis, 2013), 

Knut Dahl’s expeditions in 1897 and 1926 recognised the Plateau’s unique biological 

value, followed by Specht’s American–Australian Arnhem Land Scientific Expedition 

of 1948 which provided the first substantial assessment of the biodiversity of the 

Plateau (Woinarski et al., 2009). While Leichhardt observed in 1845 that “smoke from 

the natives' fires was seen from the range in every direction, and their burnings 

invariably led us to creeks,” just decades later, such practices would change 

(Leichhardt, 1847, p. 255). The late 19th Century was marked by significant disruption 
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to customary fire management and societal collapse (Ritchie, 2009; Cook, Jackson, & 

Williams, 2012). Despite the Plateau offering physical protection for Aboriginal 

peoples of Western Arnhem Land, societal changes were marked by disease, 

destructive recreational drugs which ”moved along a trajectory set in train by 

depopulation rather than by direct foreign invasion” (Garde et al., 2009, p. 90). The 

final few decades of the 19th Century signaled a crucial demographic turning point for 

customary burning practices at a large landscape-scale (Cooke, 2009). By the end of 

the 1950s most Aboriginal people had moved from the Plateau to the lowlands and 

into clan communities as part of buffalo camps, mines, pastoral properties, government 

settlements and church missions (Cooke, 2009). While Aboriginal people still lit fires, 

there no longer existed the critical mass of people walking and hunting on the plateau 

(with the exception of areas close to outstations). By the 1950s large-scale Indigenous 

fire management had ceased throughout the region as Aboriginal people moved away 

from their traditional economic and cultural base to live in the towns situated on the 

periphery of the region (Edwards & Cooke, 2010). Bowman, Price, Whitehead and 

Walsh (2001) refer to this change in fire regime following the depopulation of Western 

Arnhem Land Plateau as the ‘wilderness effect’. 
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Figure 8. Location of WALFA/WALFMA with Ranger Groups (Source: Darwin 

Centre for Bushfire Research (Charles Darwin University)) 
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By the 1960s any fires ignited on these and other routes that were travelled for 

trade or ceremony were no longer being lit due to the sedentary nature of life in 

settlements (Cooke, 2009). More significantly, the landscape became vulnerable to 

severe widespread and frequent late dry season fires (Russell-Smith et al., 2003; 

Whitehead et al., 2005; Edwards & Cooke, 2010). New fire regimes replaced the 

temporal and spatial patterns of annual burning that Aboriginal people had developed 

and applied over millennia (Cooke, 2009). These Traditional and deliberate mosaic 

burning patterns could contain the late destructive dry season fires but critical to these 

were the mobile population involved in extensive walking within the few weeks of the 

cooler weather (Haynes, 1985). People travelled with fire and this seasonal movement 

was essential to fire management in the west Arnhem landscape as “the pattern of 

burning followed the pattern of movement and residence” (Levitus, 2009, p. 50). 

Depopulation of the plateau removed these seasonal fire regimes.  

The social and environmental impact of European settlement was significant. 

However, the extent of the impact was (and is) uncertain: “given that knowledge and 

expertise are always differentially distributed within a population, the extent of the 

collapse in numbers [due to colonial settlement] was probably enough by itself to make 

the maintenance of many aspects of local pre-colonial culture impossible” (Levitus, 

2009, p. 53). In effect the temporal and spatial patterns of annual intentional burning 

that were conducted over millennia were “replaced by a chaotic, episodic and random 

fire regimes” (Cooke, 2009, p. 71.) Therefore, in West Arnhem Land traditional fire 

management regimes comprising small-scale patchwork fires, that created landscape 

mosaics that sustained people and country for millennia were eventually replaced with 

erratic, hot and intense homogeneous late dry season wildfires that stretched for tens 
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of thousands of square kilometres (Ritchie, 2009; Russell-Smith et al., 2013a). As 

Russell-Smith et al. (2003) identifies in Table 3, fire regime features under Aboriginal 

custodianship prior to European settlement were in sharp contrast to those after 

colonisation. Before departing from the significance of customary practices, however 

much disrupted by European settlement, the next section will consider the specialist 

language still used in West Arnhem Land related to fire and its variety of uses that 

contextualise environmental and cultural practices.  

People, Place and Practices on the Plateau 

Traditional ecological knowledge in West Arnhem Land is holistically encyclopaedic 

in nature (Garde et al., 2009). Importantly, cognitive geographers have observed that 

“the linguistic category of landscape terms is universal in all cultures, but the 

organisational details or cognitive schema for how landscapes are referred to and 

ontologised varies greatly from culture to culture” (Garde et al., 2009; p. 117). Western 

Science systems typically use a more reductionist approach by compartmentalising the 

natural world. Through this approach scientists identify and name a specific ecological 

zone or vegetation class but the same entity or classification does not necessarily hold 

for Aboriginal people on the Plateau. Such nuances are also reflected in cross-

linguistic differences in how landscapes and ecological habitats are ontologised (Garde 

et al., 2009).  
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Table 3: Features of Custodial Burning Practices (Source: Modified from 

Russell-Smith et al., 2003, p. 290) 

Features Details of Custodial Burning Practices 

Seasonal Burning across the North in dry season. Extended in the wet 

season (in some lower rainfall, inland regions) 

Strategic In many coastal/subcoastal regions (not NE Arnhem Land 

or Cape York) burning was concentrated in the early-mid 

dry season, starting in upland, run-off areas and extending 

to lower lying, moister areas as country progressively dried 

and fuels cured. 

Concentrated in 

High Rainfall Areas 

In higher rainfall, coastal and sub-coastal regions due to 

resource availability and concomitant human population 

density 

Systematic & 

Purposeful 

For diverse range of ecological (i.e. resource management 

– e.g. food) and pervasive social values. Burning was not 

conducted to conserve biodiversity. 

Sustain/maintain 

Habitats 

Sometimes burning was directed to maintain specific 

habitat conditions such as open, grassy floodplains. 

Patchy/Mosaic An essential characteristic of traditional practices was/is 

that it tended to be very patchy (mosaic) to provide 

relatively fine-grained habitat development. 

 

Garde et al. (2009) explain that in Aboriginal languages on the plateau, 

landscape terms often encode not only the geomorphology or type of landform but also 

include details about vegetation and water as well as human relationships or interaction 

with country. For example, the term, ‘tropical savanna’ that was described in Chapter 

1 is “classified” according to its dominant vegetation, scattered trees (especially, 

Eucalyptus miniata and Eucalyptus tetradonta) with an understorey of grasses. In 

Bininj Kunwok (the general term that includes all the languages of the plateau) 

savanna environments are called (m)an-berrk. However, the semantics of the term 

“man-berrk” also includes: openness and traversibility and is in contrast to 

kuwarddewardde ‘rock country’ and riverine environments. Also encoded in such 
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terms are “human affordances” which index landscape interaction or facilitate cultural 

practice (Garde et al., 2009). Reference to this term is contextual to movement across 

the dissected plateau by “walking from one creek, traversing a stretch of man-berrk 

and arriving at the next creek” (Garde et al., 2009, p. 119). Thus, accessibility is 

encoded in the term man-berrk as it’s an environment that can be traversed with ease 

because it is kept that way by burning it regularly (Garde et al., 2009). Fire itself, has 

its own nomenclature schema for Bininj Kunwok speakers on the Plateau (as shown 

in Figure 9) Consequently, mutual cross-cultural understandings of how each group 

organises its cognitive schemata in reference to vegetation, landscapes and ecology 

are necessary for Indigenous and non-Indigenous land managers working together in 

this region (Garde et al., 2009). 

To reflect the centrality and significance of fire, Garde et al. (2009) lists more 

than 30 Bininj Kunwok terms that refer to fire – see Table 4 for a sample. The detail 

reflects not only the centrality and significance of fire to Binij Kunwok speakers but 

the intricate observations embedded in language, notably fire behaviour in response to 

environmental factors such as type of vegetation and terrain (for instance see 

“birlibidbun” in Table 4). The specific phrases also embed both knowledge systems 

such as the term “rakelno” which means new growth on a branch or a stem (after fire) 

which in scientific terms means epicormic growth (Garde et al., 2009). Further, some 

words embed not only fire behaviour but cultural and anthropogenic aspects associated 

with fire and relationships. For example, “birhwarrewon” describes: to interfere 

undesirably with a flame, to ruin a fire, or burn at the wrong time or in a place where 

a person does not have the authority to burn; while it has a figurative meaning too: “to 

be in a wrong marriage” (Garde et al., 2009). 
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Figure 9. Fire nomenclature schema for Bininj Kunwok (Source: Garde et al., 

2009) 

Garde et al. (2009) describe how the use of fire regimes for particular places 

and seasons to manage country embodies the nuances of land management across the 

Arnhem Land Plateau. Whenever burning was conducted, observations were made 

about the condition of temperature, fuel load, vegetation, habitat and wind intensity.  

Burning was initiated in the late wet season – gudjeuk – and continued throughout the 

dry season until the rains of the subsequent monsoon. Very early dry season burning 

effectively reduced fire intensity and extent later in the dry season which marked the 

driest and hottest time of the year. Burning peaked in wurrkeng ‘the season of fire’ 

(Garde et al., 2009, p. 152). Notably, the grassy understorey of savanna woodland 

(man-berrk) became the main focus for burning on the plateau as this was the most 

accessible landscape to traverse (Garde et al., 2009). Beyond wurrkeng, fires were only 

ignited for special purposes such as macropod fire drives in kurrung (see Altman, 

2009). Garde et al. (2009) acknowledge that such documented burning is consistent 
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with the first systematic accounts of Aboriginal landscape burning in Arnhem Land 

(for example, see Jones, 1969, 1995).  

Table 4: Bininj Kunwok Glossary relating to fire (Source: Garde et al., 2009) 

Term Meaning/Description 

bambarrr,  

man-bambarr, n.  

Dead end valley or narrow gully - the sites chosen for fire drives 
to trap kangaroos, which become trapped and injured by fire and 
easily speared. 

Bilbilk n  
A vigorous fire that burns beneath the matted roots and flotsam 
of riverbeds, especially in paperbark forests 

Birlibang n. Fierce blaze, powerful fire 

Birlibarndi, v.i. Fire located in a high position (e.g. up in a cliff or in a tree) 

Birlibebme v.i. Appearance of flames 

Birlibidbun v.i. 
Climbing up of a flame or fire, increase in height of a flame, 
movement of a fire line upstream along a water course or in a 
drainage basin. 

Birlidadjme v.i.  The lowering in intensity of a fire/flame 

Birlidjenno n.  The tongue of the flame 

Birlidokme v.i.  The forward movement of a fire line 

Birlidombun v.t.  Extinguish a fire 

Birlidowen v.i. Extinction of a fire  

Birlikadjung v.t.  The movement forward of a fire (‘it follows the fuel’) 

Birlikan v.t. Carry fire or light, take a torch 

Birlikimukmen v.i. The increasing in intensity of a fire/flame 

Birlikolung v.i. 
The movement of a fire line to a lower elevation or downstream 
along a watercourse or drainage line 

Birlilobme v.i. The quick movement or spreading of a fire through the fuel 

Birlimang v.t. 

1. Get fire, or a torch.  
2. 2. A public section of the lorrkkon ceremony 

Birlimunkewe v.t. To send fire (with a person taking a brand or a torch) 

Birlinahmna v.t. To supervise a fire, conduct a controlled burn 

Birlino, kun-birli n. Birli ‘flame’ + no ‘3rd person possessed suffix’, flame, fire 

Birlire v.i. Movement of fire through fuel 

Birliwarrewon v.t. 
Interfere undesirably with a flame, to ruin a fire, burn at the 
wrong time or in a place where one does not have the authority 
to burn (also figurative 'to be in wrong way marriage’) 

Birliwayhme v.i. The rising up of a fire or flame (as in the front of a grass fire) 

Birliwe v.t. Light bushfires 

Birliweldjenbebme 
v.i. 

The leaping of fire sprites, the flashing of the very tip of a flame 

Birliweldjenno n.  (fire) sprite 

Birliwerrhme v.t. 
Clearing of bush by a fire, the reduction of vegetation cover 
through fire 
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Term Meaning/Description 

Birliwurlhme v.i. The burning of a flame, the action of fire taking hold (of the fuel) 

Birliyahwurd n.  Small fire, small flames 

Birliyahwurdmen 
v.i. 

Reduction in intensity of a fire 

Rak prefix = kun- 

1. Generic fire  
2. Camp fire  
3. Fire wood 

Rakelno n.  New growth on a branch or stem (after fire), epicormic growth 

-rung v.i. To burn, be hot, be cooking, give off heat 

-wurrlhme v.i. Burn, go up in flames, be hot 

-wurrlhke v.i.  Set fire to something 

Wurrk prefix = man- 

1. Bushfire  
2. 2. Fire drive 

 

Phases of Adaptation and Re-adaptation  

As previously stated, by the 1950s as Aboriginal people moved away from their 

traditional economic and cultural base to live in the towns located on the periphery of 

the region, Indigenous fire management had ceased. The legacy of this disruption and 

demographic shift in population left the landscape subject to a ‘natural’ fire regime, 

albeit one where human ignitions, sometimes hundreds of kilometres away tended to 

lead to severe and widespread fires in late dry season conflagrations (Edwards & 

Cooke, 2010). Between the 1950s and 2005, the 28,282 km2 included within the 

WALFA region had not been subject to any systemic fire management (Edwards & 

Cooke, 2010). 

While re-instating customary knowledge practices is central to the Western 

Arnhem Land Fire Abatement Program, the post-European settlement changes to 

communities and fire regimes are too. Since European settlement there have been 

significant changes to people, practices and places. While intricate knowledge of the 
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biological and ecological functioning of the Plateau has been held by Indigenous 

landowners for millennia and more recently, senior custodians, the intergenerational 

transfer of this knowledge was significantly interrupted as their lands became denuded 

of people and consequently the need to hold and practice the knowledge diminished 

(Woinarski et al., 2009). In the past 50-60 years, the sheer number of people living on 

the Plateau has significantly declined, is more concentrated in small communities, and 

their country has experienced increased threats from feral animals, plants and changed 

fire regimes.  

The issue of displacement also needs to be considered with how people have 

adapted to change because some Aboriginal people’s knowledge of other people’s 

country at a very detailed level is a function of life history rather than traditional 

attachment (Levitus, 2009). For example, due to the influence of buffalo camps, there 

were disruptions to both aspects of, what country was learned and how it was learned 

(Levitus, 2009). Traditionally, learning on country meant that place names were 

related in a geographical order or arrangement that were rehearsed or remembered 

through songs or stories. Since knowledge in situ was ordered according to “patterns 

of movement, a new pattern of movement could make known country strange once 

again, and require a period of personal re-orientation during which the order of it had 

to be re-learned” (Levitus, 2009, p. 59). Therefore, this phase of adaptation through 

the buffalo camps provided a “cultural compromise” where Aborigines stayed in the 

bush but “lived out the first phase of separation from its meanings”. In essence, where 

change had previously occurred over millennia as a “human ecological response to an 

evolving physical environment”, European settlement was the catalyst for “a social 

response to a radically transformed social environment and introduced adaptive 

pressures” (Levitus, 2009, p. 61).   
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Reinstating Customary Practices on the Plateau 

Therefore, simply re-instating customary practices after a 50-70-year hiatus is not a 

simple or necessarily an optimal solution. Woinarski et al. (2009) caution that changed 

fire regimes could have shifted the ecological state to a condition whereby the 

ecosystem no longer responds as it once did to customary management. “Such a shift 

may have been catalysed or further compounded by the spread of invasive weeds and 

changes in vegetation structure, floristics and fuel loads caused by feral animals” 

(Woinarski et al., 2009, p. 218). Furthermore, these historical disruptions and 

transformations emptied “the corpus of Aboriginal knowledge of much of its fine grain 

with respect to the particularities of time and place in using fire” (Levitus, 2009, p. 

62). Apart from buffalo camps, other small community-based settlements such as the 

outstation movement in the 1970s created new demographics on the plateau. As Cooke 

(2009) explains, while many people returned to country, most Bininj lived in mainly 

sedentary settlements near airstrips. Along with owning 4WD vehicles, tractors and 

the development of roads and tracks, such changes “marked the end of the kind of 

landscape-scale social movement that underpinned the mechanics of customary fire 

regimes” (Cooke, 2009, p. 80). On a smaller scale around outstations, low-intensity, 

patchy, small, early dry season fires were common but at a larger scale, landscape 

scale across the remote, rugged plateau, customary fire management was extinguished 

(Cooke, 2009).  

Subsequently, once the nature and extent of these ‘feral fires’ were identified, 

they set in motion the challenge of establishing sustainable fire regimes (Cooke, 2009). 

Therefore, the challenge for Indigenous managers and scientific collaborators was 

fundamentally two-fold: to understand how Aboriginal customary burning had 
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managed fire in a sustainable manner on the plateau; and then, to develop innovative 

approaches to emulate the best aspects of customary burning that suit contemporary 

conditions to re-instate sustainable fire regimes (Cooke, 2009).  

An approach that involves young Aboriginal people in contemporary resource 

management, “will engender the recreation of experiences that make traditional 

ecological knowledge relevant in new economic contexts” (Garde et al., 2009, p. 152). 

The West Arnhem Land fire management program captures these key attributes of 

reinstating or emulating the best aspects of customary burning, through sustainable 

fire regimes, but adapts them to acknowledge the modern day realities and recent 

changes since European settlement. In essence, this is the heart of WALFA: “finding 

the economic means to reinstate this type of prescribed strategic management and the 

associated social and cultural opportunities for Aboriginal custodians” (Russell-Smith 

et al., 2013b, p. 57). 

Pioneering new Practices through Partnerships 

The catalyst for WALFA came through the trust and relationships between 

Traditional Owners and scientists forged over decades, supported by the accumulated 

research in the region and opportunities afforded by the emerging carbon economy. 

The WALFA project grew out of concerns from Traditional Owners in the mid-1990s 

concerning the lack of fire management on the Arnhem Plateau, and in particular, their 

lack of capacity to access country and fulfil their customary management obligations. 

“With modest funding from government sources and much enthusiasm from 

Indigenous landowners, new ways of imposing strategically patterned burning on the 

landscape began to be tested” (Russell-Smith et al., 2013a, p. 60). The new millennium 

was also marked by a new currency – carbon dioxide – tradable through the emerging 
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carbon market. During this time, collaborative research with the Tropical Savannas 

Cooperative Research Centre examined opportunities, under the Kyoto Protocol, for 

conducting greenhouse gas emissions abatement through prescribed fire management 

in order to develop sustainable livelihoods on Aboriginal land.   

Many other earlier initiatives that had built some of the institutions needed for 

fire management operating at a landscape scale were also instrumental in helping 

establish WALFA (Whitehead et al., 2009a). A new Arnhem Land Bushfires Council 

Region - comprising solely Aboriginal-owned land and advised by an entirely 

Indigenous advisory committee - was created in 2004 to “host” WALFA. Indigenous 

groups incrementally built operational capability and collaborated in WALFA through 

the Northern Land Council’s Caring for Country program (Whitehead et al., 2009a). 

But essentially, the adhesive that joined these “disparate components into a workable 

system was provided by committed individuals with a mix of scientific and 

organisational skills and a long-term commitment to the region and its people” 

(Whitehead et al., 2009a, p. 292).  

As previously discussed in Chapter 2, savanna burning and the greenhouse 

gases that are emitted globally, nationally and regionally are significant. In the sparsely 

populated Northern Territory, where greenhouse gas emissions per capita are among 

the highest in the world, “savanna fire is the single largest sectoral contributor to the 

emissions profile and the only emissions source that local people have the opportunity 

to cut substantially” (Russell-Smith et al., 2009, p. 309). Under the IPCC guidelines, 

savanna burning is classified as an agricultural emission, based on the grounds that 

most fires are intentionally lit (Russell-Smith et al. 2007) for a range of Indigenous 

(Whitehead et al. 2003) or non-Indigenous production goals (Whitehead et al., 2009a). 
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Australia’s National Greenhouse Gas Inventory (NGGI), through the Kyoto Protocol, 

does not account for carbon dioxide emissions from savanna burning based on the 

assumption that CO2 emissions are reabsorbed in the landscape by vegetation growth 

following the burning season (IPCC, 2007; Department of Climate Change and Energy 

Efficiency [DCCEE], 2014). Instead, Australia’s NGGI accounts for GHG emissions 

from savanna burning for methane (CH4) and nitrous oxide (N2O). The emerging 

global emissions trading schemes and markets provided the potential for a unique 

world-first carbon offsets project. 

Informed by years of emissions research and building capacity, the West 

Arnhem Land Fire Abatement Project (WALFA) became completely operational by 

2006 (Russell-Smith et al., 2013a). In 2006, the Northern Territory Government 

brokered an agreement with the major partner ConocoPhillips (trading as Darwin 

Liquefied Natural Gas) who would provide $1.2 million per annum for carbon 

equivalent greenhouse gases for the 17-year life of its liquefied natural gas plant 

(Edwards & Cooke, 2010). The offsets were set for two reasons: for the loss of 

monsoon forest and shell middens that were removed to build LNG plant infrastructure 

and to some extent, the GHG emissions from the actual plant (Edwards & Cooke, 

2010; Russell-Smith et al., 2009). In exchange for this income stream, fire managers 

would abate 100,000 tonnes of carbon equivalent greenhouse gases (i.e. nitrous oxide 

and methane). In this context, WALFA was established as a voluntary emissions offset 

program which offsets metric tons of carbon dioxide (CO2) equivalent – notably 

nitrous oxide (N2O) and methane (CH4). Contractual agreements under a 17-year 

arrangement were forged with ConocoPhillips and with the Australian Government 

formally endorsing the project-specific accounting methodology (Russell-Smith et al., 

2009b; Edwards & Cooke, 2010; Russell-Smith et al., 2013a). Figure 10 shows the 
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key organisations that have been involved in WALFA – through a Payment for 

Environmental Services (PES) framework.  

The WALFA contractual agreement states that an annual abatement of 100,000 

tonnes CO2-e will be delivered against a pre-project business-as-usual baseline (the 

average emissions of methane and nitrous oxide from savanna burning over the ten-

year period 1995-2004) (DCCEE, 2014). At the time, this formal agreement and 

initiative pioneered the world’s first greenhouse gas (GHG) emissions offset program 

that reinstated strategic, more benign fire management that largely models customary 

practices alongside supporting Aboriginal livelihoods on country.  
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Figure 10: Payment for Environmental Services (PES) scheme incorporating 

WALFA (Source: Modified from Greiner et al., 2009). 
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Linking Old Ways with New Toolkits 

As discussed in Chapter 2, Aboriginal customary practices of fine-scale fire patterning 

depended on many large, resident and mobile Aboriginal groups. Through ‘fire-stick 

farming’ (Jones, 1969), “people actually formed the land which they were in” (Jones, 

1995, p. 15). However, with recent improvements in digital technologies and “in the 

absence of a large, mobile, Indigenous resident population, it was quickly evident that 

modern methods could be used to emulate ancient techniques” (Russell-Smith et al., 

2013a, p. 60). These western scientific methods include the use of satellite imagery 

and CyberTracker technology. While modern technologies are adopted early in the 

annual burning season to optimise burning operations, emissions abatements and 

environmental outcomes, these tools help create the framework through which to apply 

knowledge and the labour-intensive finer-scale management for the rest of the fire 

season (Williams, Barrett, Cook, Gill, Hutley, Liedloff, Myers & Woinarski, 2009; 

Garde et al., 2009).  

WALFA adopts a range of tools as part of its extensive fire management and 

emissions offsets program. As mentioned, the catalyst for WALFA was the research 

and cross-cultural relationships developed over decades in the region, including 

initiatives through the Tropical Savannas Management Cooperative Research Centre 

(TS-CRC). The TS-CRC with specific help from the Western Australian Government, 

refined and applied technology for near real-time detection of fire ‘hotspots’ and 

mapping of fire scars (Whitehead et al., 2009). The North Australia Fire Information 

(NAFI) draws from remotely sensed data and provides the technology, platform and 

interface for near real-time detection of fire ‘hotspots’ and prompt mapping of fire 

scars. NAFI is an essential tool used in both planning and day-to-day fire management 
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responses and enables monitoring and auditing of fires and emissions abatement 

(Whitehead et al., 2009). The phrase “two-toolkit” approach was coined through the 

West Arnhem Land Fire Abatement Program and has since become synonymous with 

this initiative. As Traditional Owners and fire managers explain through WALFA: 

“together, we began to use Aboriginal ways of managing the country with fire, as well 

as western scientific methods [such as NAFI] for monitoring burning patchworks and 

hazard reduction burns” (Rostron et al., 2012, p. 166-167).  

On a large scale, through the WALFA program design, strategic aerial burning 

is conducted using incendiary pellets dispensed from helicopters or fixed wing aircraft. 

The fire lines are used to set boundaries around the WALFA area to prevent fires 

intruding from neighbouring areas (such as Kakadu National Park) and to contain fires 

lit within the project area (Russell-Smith, Edwards, Woinarski, McCartney, Kerin, 

Winderlich, Murphy, & Watts, 2009a). At a finer-scale, mainly Aboriginal custodians, 

including rangers, conduct prescribed burning on the ground either from motor 

vehicles or on foot to create effective fire barriers to later fires. Further, some ancient 

but recently disused walking tracks through the rugged sandstone landscape have been 

re-established to facilitate such burning practices (Garde et al., 2009).   

Five Aboriginal ranger groups are involved in the operations: the Adjumarlarl 

Rangers from Karnbalunja, the Djelk Rangers from Maningrida, Manwurrk Rangers 

from Kabulwarrnamyo, Mimarl Rangers from Bulman and the Jawoyn association 

from Katherine (Edwards & Cooke, 2010; Cooke, 2012). However, the on-ground 

finer-scale operations are very labour intensive. Therefore, regular consultations are 

essential in order to integrate the various Indigenous perspectives and contributions 

and the views of government regulators and scientific researchers (Garde et al., 2009).  

Senior Aboriginal knowledge custodians play critical roles in planning and subsequent 
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authorisation and implementation of the annual burning program (Garde et al., 2009). 

While different groups are responsible for specific areas (including their traditional 

lands), operations are coordinated through a headquarters base at Kabulwarnamyo, 

with seasonal employment for about 30 Indigenous people (Edwards & Cooke, 2010). 

On the ground, operations and monitoring now often adopts CyberTracker technology. 

CyberTracker, developed in the 1990s, is a free online software program to 

record data by animal trackers in Africa (Liebenberg, 2014). Integral to its innovative 

design is its graphic, user-friendly interface with a touch screen (Liebenberg, 2014). 

Its graphic icon-based interface and use of sounds, images and words of any language 

enables non-literate trackers to record field observations using symbols and icons. The 

CyberTracker software was collaboratively modified to accommodate the needs of 

land management in northern Australia (NAILSMA, 2014). Often referred to as I-

Tracker, the North Australia Indigenous Land and Sea Management Alliance 

(NAILSMA), implemented the I-Tracker project after its successful trial with the 

Djelk Rangers in the Djelk Indigenous Protected Area of central northern Arnhem 

Land (NAILSMA, 2014; Ansell & Koenig, 2011).  

The adoption of CyberTracker in the WALFA project has enabled rangers, 

Traditional Owners and partner organisations to “fine tune prescribed burning 

activities against a backdrop of complex, temporal, cultural and environmental factors 

by combining rugged data recording with basic visual interpretation and navigational 

functions” (Ansell & Koenig, 2011, p. 23). For instance, in the situation where a 

cultural site should not be burnt, the data from that place are displayed on 

CyberTracker beside fire scars from the previous year to plan fire routes at the biannual 

WALFA planning meetings. Such burning routes are subsequently stored as field maps 
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and used for navigation during ground and aerial fire operations (Ansell & Koenig, 

2011). In recent years, CyberTracker technology and satellite imagery has been 

adopted to better gauge “the results of our burning” with “very positive results” by 

“drastically reducing the carbon emissions associated with hot fires in our region” 

(Rostron et al., 2012, p. 166). A more detailed investigation of CyberTracker/I-Tracker 

will be undertaken in the Fish River Station case study as the technology was adopted 

from the outset of the project. 

Based on the five broad steps involved in the fire abatement annual cycle for 

WALFA (as described in Jacklyn et al., 2015), the researcher has summarised these 

into an annual project cycle. Figure 11 illustrates this annual project cycle with these 

five broad steps alongside the corresponding timing of each phase and the 

technological tools that are usually adopted during each step. This annual project cycle 

will be discussed in detail in conjunction with stakeholders’ experience in Chapter 5. 

The implementation of these five broad phases involves the adoption and application 

of a range of digital technologies and tools as illustrated in Figure 11. 

WALFA provides the first example of commercial support for large-scale 

delivery of environmental services in northern Australia. It is also significant as 

research experience in West Arnhem Land has informed subsequent carbon abatement 

approaches for livelihoods. However, WALFA’s significance moves beyond a single 

success story as it demonstrates alternatives to failed approaches in emerging 

opportunities for Indigenous people to realise financial benefits from land ownership 

(Whitehead et al., 2009).  The experience also illustrates the feasibility of asserting 

control at a reasonable cost and through means that introduce environmental and 

socioeconomic benefits to otherwise disadvantaged regions (Russell-Smith et al., 

2009c).  
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Figure 11. Annual Fire Abatement Project Phases with Corresponding 

Seasons and Key Digital Tools (Source: Julie Anne Crough 2016)  
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             However, despite its volatility, a significant feature of GHG abatement that 

make it desirable for northern Australian contexts is that it doesn’t need to be 

physically transported to markets – so remoteness is not the same barrier to market 

participation as it is for other commodities (Heckbert et al., 2012). As stated in 

previous chapters, the health and well-being benefits of WALFA and other activities 

involving Indigenous Natural Resource Management (INRM) for Aboriginal 

custodians has also been researched and well documented (see Burgess, Johnston, 

Bowman & Whitehead, 2005; Garnett et al., 2007; Burgess, Mileran & Bailie, 2008; 

Weir et al., 2011). Furthermore, “it is difficult to imagine a project that better aligns 

opportunity (new markets based on ownership of land and control over resources), 

interest (fire management as a cornerstone of Indigenous life), aspiration (to achieve 

recognition of Indigenous knowledge and skills and to apply them to generate 

economic benefits), capacity (drawing on Indigenous knowledge and skills that are 

unrecognised or discounted in other situations) and commitment (demonstrated by the 

creation of the Ranger groups and long-term investment of effort and resources in 

creation of the infrastructure and institutions for regional fire management)” 

(Whitehead et al., 2009b, p. 387). Furthermore, from August 2015 funds derived from 

WALFA and other NGO sources, will support a two-way learning school, 

Nawarddeken (i.e. People of the Stone Country) Academy at Kabulwarnamyo. Based 

on a hybrid education model, the school will augment the Australian Curriculum with 

cultural activities. This will enable children to not only stay on country (rather than 

move to Gunbalanya) but also allow rangers who work at Kabulwarnayo to stay in 

their meaningful employment (Warddeken Land Management, 2015).  
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Injecting significant operational funding has resulted in a significant change in 

the seasonality of burning from 2007 to the present—from a fire regime previously 

consistently dominated by late dry season wildfires (see Figure 12), to one now 

reflecting a concerted effort to deliver a strategic prescribed early dry season program 

(see Figure 13). WALFA achieved this by pioneering the re-instatement and re-

adaptation on the Arnhem Plateau Fire Management practices on a regional scale, 

augmented by Western Science technologies and tools (i.e. two-toolkits). However, as 

part of the project, it has been instrumental to help establish a novel GHG emissions 

accounting framework that has wider implications for new projects. 

 

 

Figure 12. (see over page) WALFA Pre-Project Baseline data (of final 7 years) 

1998-2004 contrasting early dry season (green) and late dry season (red) fire 

patterns. (Source: Russell-Smith et al., 2013a, p.59)  

 

Figure 13. (see over page) WALFA Project First 7 years from 2005-2011 showing 

shifting spatial fire pattern to extensive mosaic of small, patchy, prescribed early 

dry season fires (in green). Note: 2005-2006 were preparatory years. In 2007 full 

fire management commenced. (Source: Russell-Smith et al., 2013a, p. 59) 
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Figure 12       Figure 13  
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WALFA is used as a model for other fire abatement projects, but such projects 

do not replicate all aspects of WALFA. For instance, governance arrangements will 

vary across projects due to nuances in culture, land ownership, tenure and legal 

arrangements (Fitzsimons et al., 2012). Importantly, “there is significant extant 

customary knowledge and skill in fire management in regions outside of WALFA, 

although its deployment and coverage is limited owing to a range of current social 

factors including, among other things: limited visitation opportunities with a history 

of depopulation from and disenfranchisement of ancestral land; lack of requisite 

familial cooperation; lack of operational resources; and, poor land access 

infrastructure” (Fitzsimons et al., 2012, p. 52). 

Fish River Station: People, Place and Practices 

Fish River Station is a PES carbon abatement scheme involving the application of a 

strategic early dry season fire management regime that reduces the spatial extent of 

late dry season fires (ILC, 2012). While modelled on the success of the West Arnhem 

Land Fire Abatement Program by generating carbon offsets using the same 

determination methods, Fish River differs in many ways due to its historic and 

geographic context (ILC, 2012).   

Fish River Station, located in the Northern Territory, (see Figure 14) was 

jointly acquired through a landmark conservation model for the dual purposes of 

conservation and Indigenous benefit (ILC, 2012). Purchased in August 2010, funding 

for Fish River was derived collaboratively between the Indigenous Land Corporation 

(ILC), the Pew Environment Group (PEG) and Greening Australia (ILC, 2012). The 

former cattle station was jointly purchased with $8.6 million from the Federal 
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Government’s Caring for our Country Program (as mentioned in Chapter 1), $1.4 

million from the Indigenous Land Corporation (ILC) and $3 million from the 

conservation groups: the Nature Conservancy and the Pew Environment Group. The 

Indigenous Land Corporation, an Australian Government statutory authority, own and 

manage the property with Indigenous rangers (ILC, 2012) and in the future will hand 

back Fish River to an organisation that represents the Traditional Owners (Australian 

Government, 2014). 

Fish River Station is protected as part of Australia’s National Reserve System. 

It is classified under the IUCN as a Category II - National park: protected area 

managed mainly for ecosystem conservation and recreation (Australian Government, 

2014). Adjacent to the Daly River, Fish River Station is not only biophysically 

significant but is also culturally significant for the Ngan’giwumirri (Labarganyin), 

Wagiman, Malak Malak and Kamu people who are the Indigenous landowners of the 

property (ILC, 2012).  
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Figure 14: Location and Boundary of Fish River Station (Source: Generated 

from infonet.org.au) 
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Recent History of People, Place and Practices 

Disruptions to customary practices occurred much earlier in the region than on the 

Arnhem Plateau. European settlement and cultural contact in the Daly River region 

was complex and at times, violent (ILC, 2012).  By 1876 the Daly River had been 

surveyed and mapped with subsequent farms established in the region. Also, in the 

early 1880s copper was discovered. By the mid-1880s, the Daly River cattle station 

had stocked a significant herd of cattle (Forrest 1994).   

The early 1900s were marked by growth in mining, grazing and agriculture in 

the region. However, a government farm was established which lured the first 

significant number of non-Indigenous settlers to the region (Hinkson, 2005). When 

anthropologist W.E.H. Stanner arrived in 1932, English was understood by nearly 

every Aboriginal person on the Daly River as many of them were working for 

European and Chinese peanut farmers who had settled in the area in the previous 20 

years (Hinkson, 2005). Stanner observed that disruptions to Traditional life were 

significant as “contact has permanently modified [the] local basis of aboriginal [sic] 

life, its daily and seasonal pattern, its system of concepts and ideas and sentiments, 

many of its institutions, so that the aborigine of today is far removed from aborigines 

even of 1890” (Hinkson, 2005, p. 197). 

Fish River was a crown lease with grazing and ancillary purposes since it was 

gazetted (ILC, 2012). It was bought by the Tipperary group of stations in the 1980s 

but remained undeveloped and subsequently has been subjected to minimal land 

clearing, unlike many other properties in the region which were cleared due to 

perceived agricultural potential (ILC, 2012). Traditional land owners were able to live 

and work on Fish River (when it was a cattle station) but after the homestead was 

abandoned in the 1980s, this connection to country had completely ceased (ILC, 2012).  
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The population of the larger Daly River Catchment stands at about 10,000 

people with 27% Indigenous (ILC, 2012). Despite disruptions to traditional Aboriginal 

practices due to European settlement, the Wagiman, Labarganyan, Malak Malak and 

Kamu clans have maintained strong connections to Fish River. Fish River is culturally 

rich for these clans with the language group forming the most common principle of 

land tenure in the Daly region (ILC, 2012).  Customary fishing, hunting and harvesting 

practices continue to contribute substantially to income and diet in the region (ILC, 

2012). Historically, Stanner reported that the region had a well-structured system of 

inter-tribal exchange that connected groups across an economic network (ILC, 2012). 

However, today these language groups live in the larger settlements of Nauiyu, Pine 

Creek, Wooliana and Peppermenarti (ILC, 2012).  

Covering 1,825km2 the Fish River landscape encompasses sandstone ranges, 

significant tracts of intact savanna, a section of the Daly River and its tributaries as 

well as an expansive mosaic of monsoon forest and wetlands (ILC, 2012). However, 

54% of the larger Daly River catchment (that encompasses Fish River) is under cattle 

grazing on native pastures; 39% is in relatively natural condition and 5% is conserved 

across 5,500km2 in parks and reserves (Stoekl, Esparon, Stanley, Farr, Deliste & Altai, 

2011). Twenty-seven per cent of the country is designated as Aboriginal land (which 

is in natural condition).  

The landscape on Fish River station ranges from high level plateau to flat or 

gently undulating terrain (ILC, 2012).  The climate experiences a distinct dry and wet 

season with more than 90% of the mean annual rainfall of 1419.3mm precipitating 

between November and March. Indigenous Landowners for Fish River have an 

intricate and detailed knowledge of the climate and the corresponding seasonal 
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activities. The seasonal activities – such as illustrated in Figure 15 – that correspond 

with the seasons in the region have been documented (Woodward, 2010; Woodward 

& Liddy, 2012). However, beyond this, and in contrast to WALFA, Fish River 

Traditional Ecological Knowledge is not well documented.  

The northern Fish River border (the middle reaches of the Daly River) is listed 

as a Site of National Conservation Significance (ILC, 2012). Other significant 

ecosystems on Fish River include monsoon forest, wetlands, limestone karst 

formations and riparian habitats. The riparian areas not only support many riparian 

species (including the most diverse river for turtles in Australia) but also support 

species that use it as a corridor and temporary refuge especially during fire or drought. 

Fish River protects 261 native terrestrial vertebrates and 443 native plant species (ILC, 

2012) making the species richness comparable to other protected areas in the NT of 

similar size including Litchfield and Kakadu National Park (ILC, 2012).   
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Figure 15.  Ngan’gi Seasonal Calendar (Source: Woodward, 2012) 
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Furthermore, the 2011/2012 fauna survey of Fish River yielded recordings of 

both the Northern Quoll and Emu – both species that had not been recorded since 2004 

and 1999 respectively (ILC, 2012). Weeds are a problem on the property, including 

mimosa, bellyache bush and gamba grass – three Weeds of National Significance 

(ILC, 2012). In particular, gamba grass, Andropogon gayanus is of particular concern 

(Hutley & Setterfield, 2008). Research has demonstrated that gamba grass increases 

fire fuel loads (Setterfield, Rossiter-Rachor, Hutley, Douglas, & Williams, 2010) and 

fire management costs (Setterfield, Rossiter, Douglas, Wainger, Petty, Barrow, 

Shepherd, & Ferdinands, 2013). For example, gamba grass on Fish River Station poses 

a fire hazard to one of the only two stands of the rainforest tree, Schoutenia found in 

Australia (Crowley & Hill, 2011). Furthermore, in terms of significance for emissions 

projects, gamba grass fuels the intensity of fires; so much so that these fires in the early 

dry season are greater than any native grass fires in northern Australia including those 

occurring in the late fire season (Rossiter-Ranchor, Setterfield, Douglas, Hutley, Cook 

& Schmidt, 2009). In early 2013, seven Indigenous rangers were employed on the Fish 

River Station controlling weeds and feral animals, caring for threatened species and 

managing fire (Australian Government, 2014). An Indigenous business is employed 

to remove feral animals such as scrub cattle, donkeys and buffalo while the 

Indigenous-run Gunbalunya abattoir processes the buffalo for sale to local and national 

markets (Australian Government, 2014). Figure 16 outlines the organisations involved 

as part of the Fish River Station PES scheme. 
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Figure 16. Payment for Environmental Services (PES) scheme incorporating 

Fish River Station (Source: Adapted from Greiner et al., 2009).  
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Fire is a significant threat to conserving cultural and natural values on, and 

adjacent to, Fish River. Under the Carbon Farming Initiative (CFI) project, Indigenous 

landholders will instigate controlled fire regimes to maintain this cultural and 

biodiverse richness. Coupled with this, they gain employment and produce carbon 

offsets (ILC, 2012). There are six priority conservation targets for Fish River: savanna, 

monsoon rainforest, wetlands and riparian habitat, rock country, cultural sites and 

Indigenous knowledge (ILC, 2012). Within each of these conservation targets, there 

are ten key threats, including severe fire. Similar to WALFA, digital technologies and 

tools, play an important role in fire management on Fish River Station.   

The Role of Digital Technologies and Tools 

Thus far, both NAFI and SavBAT2 have been identified as key digital tools that are 

an integral part of the Emissions Reduction Funding scheme. However, on an 

operational level, CyberTracker is widely used across fire operations on Fish River 

Station. CyberTracker can be used on a hand-held personal digital assistant (PDA), 

laptop or tablet personal computer and data can be entered into any of these devices 

using any combination of words, pictures and sounds (Ansell & Koenig, 2011). The 

software is designed to ask a series of ‘questions’ or prompt recording information 

including location, a person’s (e.g. user’s) name or a sound recording (Ens, 2012). The 

user-friendly interface enables each ‘question’ to accommodate the skill level of the 

user as well as facilitate data entry that aligns with a project’s aims (Ens, 2012). All 

the data recorded can be geo-referenced and stored to allow easy access, display and 

analysis (Ansell & Koenig, 2011). The Trimble Nomad, the tough, rugged, water-

proof PDA hardware, which rangers use in the field, features an integrated GPS, a 

daylight viewable touch screen, microphone and camera (Ansell & Koenig, 2011).  
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Data applications, also known as sequences, are the means through which land 

managers enter and collect data which is stored and displayed as a combination of text, 

numbers and pictures (Ansell & Koenig, 2011). For the land management application, 

three types of data can be collected: operational, inventory and monitoring (Ens, 2012). 

The Land Ranger Data Application, the first land-based application developed 

for northern Australia (based on CyberTracker), is used for a variety of land 

management activities such as cultural site protection, weed and feral animal control 

and fire management (Ansell & Koenig, 2011). The sequence includes prescribed 

burning for matches and drip torches and firefighting. These sequences were 

developed by the Djelk Rangers for prescribed burning and fire-fighting activities in 

central Arnhem Land and have since been applied to WALFA (Ansell & Koenig, 

2011) and Fish River Station. The CyberTracker software interface operates like a 

branching tree with each decision linking to another screen which is dictated by the 

user’s previous answer. The Land Ranger Data Application was the precursor to the 

NAILSMA Land Patrol Application that is discussed in more detail in Chapter 5. 

Figure 17 illustrates a sequence of fire activity preferences highlighted for the Land 

Patrol Application. To understand the finer details for monitoring and reporting 

requirements in WALFA (and subsequently Fish River Station), the following 

explanations are based on the Manwurrk Rangers’ use of CyberTracker (as described 

by Ens, 2012) to record early dry season control burns and late dry season fire-fighting 

activities.   

The simpler on-ground burning practices are facilitated by a CyberTracker 

sequence that facilitates collection of information on how fires are lit, by whom, and 

for how long (Ens, 2012). The more complex aerial burning practices are conducted 
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using a helicopter that is fitted to a Raindance incendiary machine which in turn is also 

connected to the CyberTracker device. An automated sequence (on CyberTracker) 

records precisely where and when incendiaries are dropped (and by whom), the drop 

rate, and whether incendiaries are effective or not (Ens, 2012). Figure 18 represents a 

Manwurrk Ranger incendiary line (black line) for a cool season prescribed burn (white 

patches illustrate remotely sensed fire scars) to act as a fire break and protect a patch 

of endemic, fire-sensitive and threatened sandstone vegetation (Ens, 2012). After 

controlled burning and data collection in the field such maps can be downloaded in 

situ or back at Kabawalayno (WALFA HQ) and then incorporated into fire abatement 

models such as SavBAT2 and reports for PES contractual agreements (Ens, 2012). 

Importantly, the information that CyberTracker records on the who, when and where 

of burning practices can inform Traditional Owners that the appropriate people and 

practices are being conducted in the appropriate places (Ansell & Koenig, 2011; Ens, 

2012, Ens et al., 2012b).  

The successful implementation and uptake of CyberTracker and I-Tracker 

software in northern Australia is due to a range of factors: the inherent properties and 

interface of the software; the bottom-up approach of its implementation and its 

development across the north; the external support as well as the funding that supports 

training in its use and implementation for rangers (Ansell & Koenig, 2011; Ens, 2012; 

NAILSMA, 2014). 
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Figure 17. Fire Activities Sequence from I-Tracker Land Patrol Application 

(Source: Julie Anne Crough, 2015) 
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Figure 18. Map of Plateau region showing preferred incendiary lines in black 

(Source: Ens, 2012a, p. 45) 
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There are limitations, however, to CyberTracker (I-Tracker) that require 

awareness and management (Ansell & Koenig, 2011). In particular, despite its user-

friendly design, the software is not automated and requires individual users to take the 

PDA into the field, turn it on and actually use it (Ansell & Koenig, 2011). Other aspects 

of I-Tracker and the relative merits of its application will be discussed in Chapter 5. 

However, the implementation of I-Tracker in northern Australia has involved 

significant stakeholder consultation and adaptation, especially with Indigenous 

partners and is steered by a set of guiding principles as shown in Table 5. 

 

Table 5: I-Tracker: Cultural and Ethical Considerations for Use (Source: 

NAILSMA 2014) 

I-Tracker – Guiding Principles for its Use 

 Participants are working under approved local plans and have the authority of local 

Traditional Owners to complete their work. 

 Participants have identified a clear understanding of why data are being collected 

and that I-Tracker is an appropriate tool to collect, manage and share the 

information. 

 Data are being collected for the purpose of informing local community priorities 

such as community-based management plans, day to day Ranger operations, fee for 

service agreements with external stakeholders, and reporting requirements to funding 

organisations. 

 Agreements and protocols are in place to ensure that Traditional Owners of the 

target area have given their informed consent for the data collection to occur. 

 Traditional Owners have discussed how the data are used, stored, analysed and 

shared with others. 

 Ownership of the data has been clearly defined and agreed. 
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Under the CFI, Fish River and its project proponents can generate Australian 

carbon credit units that can be sold to Australian companies and businesses in Australia 

wishing to offset their carbon pollution (DCCEE, 2014). In the first two years of 

operation, Fish River has traded 40,036 carbon credits as offsets (Australian 

Government, 2014). The carbon incomes will be reinvested in other enterprises such 

as tourism on Fish River (Whitehead, Russell-Smith, & Yates, 2014). 

The extent of area burnt over the Fish River property has been reduced 

dramatically in recent years with the introduction of prescribed burns. Using maps 

derived from remotely sensed data, Figure 19 illustrates an average of 36% per annum 

reduction in area burnt since baseline data was collected in the year 2000 when the 

station was under an unmanaged fire regime (Australian Government, 2014). The 

relative success of fire abatement activities for projects is measured beyond just 

reaching emission targets. Industry and the Australian Government measure the 

success in terms of social conscience and socio-environmental marketing benefits (for 

example, see Figure 20). In terms of measuring the relative ‘success’ of fire abatement 

projects, social benchmarking is considered – local Indigenous ownership of such 

projects is considered an important element of the success of projects (Fitzsimons et 

al., 2012). The following explanation of the Savanna Burning Methodology – the 

determination – provides insights into how tools are used.  
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Figure 19. Fish River Station: Fire Reduction and Seasonal Shift of Fire  

(Source: Australian Government, 2014) 
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Figure 20. Homepage and Marketing for Fish River Carbon Credits (Source: 

Indigenous Land Council, 2014) 

 

Practices: The Savanna Burning Methodology 

The WALFA project has always used the abatement estimating methods that are now 

used in determinations for carbon credits. Both WALFA and the more recent 

establishment of Australia’s legislated agricultural carbon offsets program, the Carbon 

Farming Initiative, has driven impetus to develop nationally accredited project-scale 

savanna burning accounting (Russell-Smith et al., 2013b). Under the CFI, the 

Australian Government formally recognises generated accredited offsets for trading in 

voluntary and existing international regulatory markets and the national regulatory 

scheme that was established from 1 July 2012 (Russell-Smith et al., 2013b). Through 

the17-year voluntary offsets carbon market program, the WALFA project also 

developed and applied the savanna burning methodology. However, since March 

2015, the new Emission Reduction Fund has superseded former legislative 

arrangements and regulations. 
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The purpose of a methodology determination is to establish procedures for 

estimating abatement (emissions reductions and sequestration) and project rules for 

monitoring, record keeping and reporting on abatement which is undertaken as offsets 

projects (DCCEE, 2014). The Savanna Burning (carbon credits) Methodology was 

derived from research experience in West Arnhem Land (that is, WALFA) which 

developed “strict accounting protocols prescribing all methodological and 

computational (including geographical information system) procedures, vegetation-

fuel type and fire-mapping (including validation) requirements, and the use of requisite 

parameter values, satellite imagery, and acceptable data (including website) sources” 

(Russell-Smith et al., 2013a, p. 58). Projects adopting this methodology aim to reduce 

methane (CH4) and nitrous oxide (N2O) released from the combustion of fires into the 

atmosphere through the use of strategic early dry season fire management across the 

fire-prone savannas in the tropical north of Australia. As previously mentioned, the 

carbon market legislation was revoked. The new methodology was declared in March 

2015 under the ERF scheme and includes with both high and low average rainfall 

areas. 

The savanna burning methodology “represents an important advance from 

previous iterations because it explicitly takes seasonality into account” ((Russell-

Smith et al., 2013a, p. 61). This seasonality of the fire regime accommodates two 

different fire seasons: an early dry season (EDS) and a late dry season (DCCEE, 2014). 

At a landscape scale, an effective early dry season fire-break system involves a 

network of connecting burnt patches and corridors (DCCEE, 2014). Under the 

Determination project proponents must apply a strategic early dry season (EDS) 

burning regime to reduce the risk and extent of late dry season (LDS) fires. Effectively, 
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this shifts the seasonality of burning from predominantly LDS to predominantly EDS 

fires, leading to a net reduction in fuel consumed and area burnt with a corresponding 

reduction in CH4 and N2O emissions (DCCEE, 2014). When the prescribed burning 

methodology is implemented, including the specific location and timing, depends on 

landscape features within the project areas and local weather conditions (DCCEE, 

2014). The Determination uses NAFI fire maps to identify the extent of fires, or what 

is known as ‘the fire scar area’ (see Figure 21 illustrating typical early dry season fire 

scars). Fires within the fire scar area do not burn all the available fuel. A patchiness 

factor that estimates the proportion of fuel burnt is applied to determine the actual area 

of burnt fuel within a fire scar area. The fire scar area taking patchiness into account 

is called the ‘area burnt’. Figure 22 outlines the key stages involved in this project-

specific accounting methodology framework. It should be noted that in March 2015, 

the determination included both high and low rainfall annual average areas. 
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Figure 21. Example of a fire scar map – EDS fire scars – light green & yellow. 

LDS fire scars – purples. (Source: www.firenorth.org.au/nafi ) 

 

http://www.firenorth.org.au/nafi
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Under the Savanna Burning Methodology, the Savanna Burning Abatement 

Tool – SavBAT2 – is used and provides an example of an institutionalised digital tool. 

SavBAT2 automates the GIS data and spreadsheet operations that are required to 

estimate greenhouse gas abatement for a project or potential project under The 

Determination. The North Australian Fire Information service (NAFI) hosts SavBAT2 

and enables the algorithm and software to access map data necessary to perform the 

tool functions. SavBAT2 produces a report that contains some of the content that 

project proponents need as part of their offsets submission or keep as their records 

(NAFI, 2015). To undertake the GIS operations SavBAT2 will access monthly fire 

maps developed and maintained on the NAFI website as the data complies with the 

requirements of the Determination for monthly fire maps seasonal fire maps. CFI 

project proponents upload a vegetation map of their eligible fuel types along with their 

project boundaries SavBAT2 will then apply the tables in the Savanna Burning 

Methodology and the relevant NAFI-MODIS burnt area data to calculate the emissions 

and a produce a report for that project area (Jacklyn et al., 2015).  
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Figure 22. Four Implementation Stages of Conceptual CFI Accounting 

Framework Under the Methodology Determination Applying to the Case Study 

Sites – (Source: Adapted from Russell-Smith et al., 2013a) 
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People, Place, Practices and Projects: Challenges and Risks 

Despite the suite of socio-economic and environmental benefits that WALFA and Fish 

River Station projects deliver, they are not without their respective challenges and 

risks. The issue of scales is an important one. For successful governance, appropriate 

and varied spatial scales of governance are essential for managing risk and realising 

economies of scale (Whitehead et al., 2009a). In order to measure and attribute fires 

and their emissions with reasonable accuracy and precision, a large spatial scale is 

necessary such as the regional scale of WALFA. The well-coordinated ground 

operations in Arnhem Land ensures that its emissions targets are achievable but at finer 

scales it’s difficult to attribute fires to individuals with accuracy as well as identifying 

the ignition source and the person who is lighting the fire (Whitehead et al., 2009a).  

The most significant challenges lie not in the science of GHG abatement but “in 

governance arrangements for new business systems that must be fit for application at 

regional scales, and associated arrangements for Indigenous people to gain equitable 

access to financial returns from those systems” (Whitehead et al., 2009a, p. 278).  

There are further difficulties associated with measuring other benefits from 

emissions abatement biophysical and social benefits; these have wider implications 

too, particularly for using WALFA as a model project to expand into other regions 

(Fitzsimmons et. al., 2012). More recently, an allied research program has been 

established to “assess the effectiveness of improved fire management in helping to 

address chronic fire regime impacts on regional biodiversity” (Russell-Smith et al., 

2013a, p. 59).  



 

People, Place and Practices: Digital technologies in the changing world 

of fire management in northern Australia – Julie Anne Crough 

 

 

137 

The risks associated with innovative projects such as WALFA are evident. 

Changes to legislation, such as the introduction of the Emissions Reduction Fund, 

increase the risks for projects under these contemporary arrangements. The carbon 

market is an emerging trading scheme and like all commodity markets, fluctuates over 

time. Further, the carbon market is a mix of voluntary and compliance markets and so 

participants involved in such PES schemes are at the mercy of oscillating prices for 

GHG emission offsets. The private sector, the first pillar of funding for WALFA, while 

a steady source of income under the current ConocoPhillips-WALFA agreement, is 

still a potentially volatile source of future income beyond the contract. Government 

funding, the second pillar of funding source, is also linked to the political election 

cycle and often different priorities, making it another potential funding source risk 

(Cooke, 2012). Conservation philanthropy is the third pillar of support that is gaining 

significant traction in northern Australia (as stated in previous chapters). An 

interesting development in West Arnhem Land has been the recent establishment of 

Karrkad-Kanjdji Trust – a non-for-profit company with charitable status “tasked with 

raising a significant endowment which can operate as a risk management ‘insurance 

policy’ should government or industry funds fall away abruptly” (Cooke, 2012, p. 

160). Significant foundation grants from the Pew Foundation and The Nature 

Conservancy for this Trust, as well as other funding support from Bush Heritage 

Australia have been critical (Cooke, 2012). This risk-sharing strategy was established 

as part of the Warddeken Board’s three sources of sustainable funding: the private 

sector, government and the philanthropic conservation sector (Cooke, 2012). 

Fish River Station faces many challenges that are similar to the WALFA 

initiative (see Whitehead et al., 2009b). The carbon trading markets are only still 
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emerging – so there is a limited market for selling carbon offsets. Further, project 

proponents are potentially vulnerable as they are at the mercy of a fickle market that 

does not place a moral and intrinsic value of what is being achieved. In particular, only 

particular GHG emissions are valued while biodiversity and cultural values are only 

valued for the public relations benefits that companies gain from their association with 

these projects (see for example, Figure 15). The carbon market also fluctuates; the 

current voluntary and world market carbon prices are unable to sustain these projects 

if the price falls below threshold prices as carbon emission offsets. Heckbert et al. 

(2012) demonstrated that the sustainability threshold varies across northern Australia. 

For instance, an offset price of $15/tonne would make GHG offsets from fire 

management only economically viable in some areas, whereas a price of $23/tonne 

would extend the economic viability of such activities to encompass 51 million 

hectares of northern Australia (Heckbert et al., 2012).  

This chapter investigated the two-toolkit approaches that are adopted for 

WALFA and Fish River Station. However, despite the risks and challenges, the 

multitude of benefits that such projects as WALFA and Fish River offer, provide a 

basis for improved fire regimes (from their recent destructive patterns), reduced 

emissions and livelihood incomes across the remote north. As Russell-Smith et al. 

(2013b) explain in the context of two-toolkit approaches to global emissions 

reductions and sustainability, that realizing such benefits will require investments in a 

range of areas, including tools that address implementation challenges and 

methodologies to support the engagement of developing countries in carbon markets. 

These case studies have also provided finer detail of Indigenous involvement in fire 

abatement projects and digital technologies as well as the intricacies of localized 

knowledge and its significance in situ. These Indigenous perspectives are essential to 
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complement the perspectives and experiences that are documented in Chapter 5. In 

Australia’s savannas, where social disadvantage still occurs, new fire abatement 

projects are underway, some of which are identified in the next chapter as part of the 

limited stakeholder analysis. 
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The mind does not require filling like a bottle, 

but rather, like wood, 

it only requires kindling … 

On Listening to Lectures, Moralia, Plutarch (Lucius Mestrius Plutarchus,) 46-
127 AD 

(Source: Translation, Loeb Classical Library, Harvard University Press.) 

Chapter 5: Limited Stakeholder Analysis 

Introduction  

This chapter builds on the fine-grained detail provided by the literature review and two 

case studies. Through the fire informants’ lived experiences and insights, corroborated 

with research, this chapter demonstrates how digital technologies have changed and 

influenced fire management practices particularly over the last decade. Also, it 

explains how digital technologies have enabled greater Indigenous participation in fire 

management in recent years and also through livelihoods opportunities from the 

emerging carbon markets. However, this chapter also discusses the ways in which the 

rigidity and inflexibility of the carbon markets framework can unintentionally 

marginalise Aboriginal people from full engagement in fire management. In particular, 

the research findings identify how existing digital tools can potentially establish power 

relations and marginalise Aboriginal people from participating more integrally in 

planning fire management and the Emissions Reduction Fund (ERF). The researcher 

discusses ways forward that build capacity across the fire management world of 

northern Australia through targeted formal training programs to empower Indigenous 

people by gaining greater control and involvement in fire management and abatement 

opportunities. More significantly, the chapter critically discusses the findings in 
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relation to other research and their future implications in the changing world of fire 

management in northern Australia.  

People, Place and Practices: Paradigm and Perception Shifts 

From the outset, it is important to identify who are the main stakeholders involved in 

fire management in northern Australia who are impacted by western technology and 

the main focus of this study. Broadly, there are three main groups. 

 Traditional Owners involved in Carbon Farming Initiative projects who are 

not living on traditional land and are not able to manage all their traditional 

lands without western technology. Their dependence on western 

technologies is due to the vast scales of country they want to manage (see 

Box on page 23) or since they are no longer moving across their country 

regularly, and in large numbers. [Group 1] 

 Predominantly European fire coordinators working with Traditional Owners 

who are involved in the CFI. [Group 2] 

 Indigenous rangers who are not Traditional Owners for the country they are 

managing but are interested or might be interested in the future in seeking out 

Carbon Farming Initiative projects. [Group 3]  

In the context of these groups, it is prudent to identify another important group 

who are not discussed in detail in this study but are included in the case studies and 

literature review (see for example, Fache & Moizo, 2015). These are: 

 Traditional Owners not involved in Carbon Farming Initiative projects who 

are living on traditional land but don’t need to rely on digital tools and 

western technology. Their independence from any reliance on western 
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technologies is primarily due to the comparatively small scale of their fire 

management. While they might regularly visit and manage their country – all 

vitally important in terms of knowledge, cultural obligations and their future 

and well-being – the physical impact of their performative knowledge 

practices on overall fire regimes on a large-scale across northern Australia is 

negligible. [Group 4]  

Like fire, digital technologies as tools and resources, are now ubiquitous across 

the savannas. Evidence from the stakeholder analysis, the case studies and the research 

literature asserts that digital technologies have provided opportunities but constraints 

for people managing fire in northern Australia. As previously contrasted, European 

cultural perspectives of fire differ from Aboriginal perspectives of fire: “smoke from 

country that is burning tells the observer that everything is good, the people on that 

land are well and doing what is required of them” (Bradley, 1995 p. 30). Such a view 

differs from a conventional European perspective and when acted upon, the goals of 

fire management are “to protect against [the] dangerous and destructive qualities of 

fire” (Petty, Isendahl, Brenker-Smith, Goldstein, Rhemtulla, Rahman, & Kumasi, 

2015b, p. 4). However, such a view is no longer shared by many European fire 

managers in Australia’s tropical savannas due to recent shifts in perception. 

A quantum shift has occurred in the way fire is viewed physically and 

metaphorically over recent decades. In particular, major improvements in satellite 

technologies have provided new windows of access to satellite imagery and remotely 

sensed data. The last two decades experienced a “revolution” in Geographic 

Information Systems (GIS) with an “increasing democratization of the discipline” 

(Jones, Mount & Weber, 2012, p. 431). Two main outcomes were central to this 

“revolution”. Firstly, there was a refocusing of spatial software and tools away from 
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inaccessible, expensive GIS models towards free open source models. Secondly, there 

was a rapid expansion of opportunities that enabled individuals to capture and 

distribute spatial information via low-cost personal and internet technologies (Jones et 

al., 2012). More details of these developments are discussed later in this chapter.  

The first few years of the new millennium heralded in new ways of viewing 

previous fire management practices in northern Australia. Access to satellite-based 

imagery and related technologies on a landscape scale acted as a catalyst, shifting 

people’s perceptions about how fire was managed. Fire Researcher, Dr Andrew 

Edwards recalls: 

I can remember going to fire meetings over a decade ago and taking a 

satellite map and taking fire mapping and just showing them [non-Indigenous 

fire managers] this objective ‘I’m not making any subjective comment: 

‘here’s a map’ this is what happened last year. And people go: ‘holy crap’. 

One: ‘there’s someone watching us’ and two: ‘doesn’t that look bloody 

awful’. Now they know that everybody is able to watch everybody else.  

(Dr A. Edwards, personal communication, June 13, 2013).  

Improved satellite imagery and subsequently, fire mapping made peoples’ 

(mainly non-Indigenous) fire management practices and planning more transparent. 

So the technological shift went hand-in-hand with the mental shift (Dr A. Edwards, 

personal communication, June 13, 2013). For northern Australia, satellite imagery 

maps two fundamental elements of fire: active fires, known as hotspots and burnt 

areas, known as fire scars. The fire data from the sensors is picked up by Landgate 

Western Australia and Geoscience Australia that process the satellite imagery. Once 
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detected, the latitude and longitude of the fires – the “hotspots” – are then sent to fire‐

tracking websites including the NAFI site (NAFI, 2015).  

Fire scars on the NAFI site are mapped using images with a resolution of 250m 

from the MODIS instrument carried by NASA’s Terra satellite. Fire scars (fire affected 

areas) are determined and mapped by comparing the difference between two images 

with different dates (in the absence of cloud cover). Fire affected areas are identified 

by creating a new “difference” image that highlights changes from one time to the 

next. As illustrated in Figure 23 fire affected areas are red and previously burnt areas 

are dark green (NAFI, 2015).  

Also, prior to the early 2000s “satellite information [was] generated by 

agencies and distributed via fax machines and attached to emails and posted as maps 

to people in rural and remote areas” (S. Sutton, personal communication, July 31, 

2013).  The unfolding and priority of these potential developments in satellite derived 

information and data was well documented in the COAG National Inquiry on Bushfire 

Mitigation and Management (Ellis, Kanowski & Whelan, 2004). 
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Figure 23. ‘Difference’ (between 13 May and 10th June above) Determines Fire 

Scars – fire affected areas (red); previously burnt areas (dark green). (Source: 

NAFI, 2015) 
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Comprehensive assessment of continental-scale fire patterns from 1997-2004 

(derived from satellite imagery Advanced Very High Resolution Radiometer) showed 

that fire activity occurred predominantly across the savanna landscapes of monsoonal 

northern Australia (Russell-Smith et al., 2007). For example, as illustrated in Figure 

24, during the 2002-03 fire season three million hectares were of the national fire 

management policy that had until that time focused on irregular and comparatively 

smaller fires in the densely populated south-east of Australia (Russell-Smith et al., 

2007). The quality and higher resolution of satellite imagery also contributed to 

changes. 

Access to MODIS sensor imagery (Terra and Aqua satellites) from 2003 

enabled the gradual phasing out and eventual replacement of the NOAA AVHRR 

satellite imagery for burnt area mapping due to its coarse spatial resolution (i.e. its 

inability to detect small fires less than 2km) (Myers, Allan, Bradstock, Dias, Duff, 

Jacklyn, Landsberg, Morrison, Russell-Smith & Williams, 2004). MODIS imagery 

was superior as it provided higher spatial resolution – on a scale of 250m instead of 

1km for each pixel, plus a high temporal scale – with updates from sensors four times 

a day. Continually updated maps of hotspots sourced from MODIS and AVHRR 

sensors were also made available from this time. The improvements in access and 

quality of imagery were transformative. 
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Figure 24. Shifting perceptions: fire activity showing high fire frequency in 

northern Australia. Circled area denotes 2002-2003 bushfires in southern 

Australia (Source: Russell-Smith et al., 2007, p. 362) 
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Since the early 2000s these changes of access to, and availability of, satellite-

based mapping and technology provided new opportunities for innovation to design 

and develop a customised fire monitoring and management tool for the fire-prone 

tropical savannas of Australia. Under the auspices of the Tropical Savannas 

Management Cooperative Research Centre, the North Australian Fire Information 

(NAFI) web-portal was collaboratively developed and implemented in 2003. Its 

development also marked a change in fire management practices, as former Bushfires 

NT Director, Steve Sutton explains:   

When NAFI became generally available, there’s been a fundamental shift in 

fire management such that nearly everyone who is involved in fire 

management uses digital resources and particularly NAFI in some capacity 

almost on a daily basis in the fire season, if not weekly or monthly (S. Sutton, 

personal communication, July 31, 2013).   

The ready access to evidence-based digital data and satellite mapping also 

realigned the emphasis and resourcing of fire management, particularly in the Northern 

Territory. The result enabled fire researchers to show evidence of where most fires 

occurred using satellite-based mapping. 

[Resourcing] has shifted to areas where we can demonstrate on an annual 

basis where most of the fires occur. Before that, there was more even 

distribution of fire management resources across northern Australia, across 

the Northern Territory … with a big emphasis on resourcing in Central 

Australia. That is no longer the case. Central Australia has a fire regime that 

sees a big fire season, one in ten, whereas northern Australia, the Top End, 

has an annual fire season. (S. Sutton, personal communication, July 31, 

2013).   
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The research literature supports this shift (as previously discussed in Chapter 

2). Satellite imagery from such evidence-based research identified the tropical 

savannas of Australia as one of the most fire-prone regions of the world. Plus (as 

mentioned) the long-held view that most fires occurred in the southern regions of 

Australia was demonstrated to be wrong (see for example, Russell-Smith et al., 2007). 

Notably, 90-95% of fires in Australia occur in northern Australia (Dr A. Edwards, 

personal communication, June 13, 2013). Improvements and access to digitally-based 

satellite technologies and mapping data marked a paradigm shift in the perception of 

fire occurrence at a landscape-scale which had collateral benefits for resourcing and 

managing fires in northern Australia. In the light of these changes and developments, 

the next section focuses on what digital tools became available for fire management 

and how they are used.  

Digital Tools for People, Place and Practices across Australia’s Savannas 

Irrespective of location - be it, urban, rural or remote - digital technologies have been 

and are still being adopted throughout northern Australia for fire management. As fire 

coordinator Shaun Ansell asserts: “digital tools are so ubiquitous within what we do”. 

The transformative developments of the mid-2000s are previously discussed, coupled 

with the Web 2.0 innovations of the late 2000s that enabled phones and other mobile 

devices to connect with the Internet, brought opportunities to remote northern 

Australia. Recent years saw a new generation of digital technologies due to the 

innovations and development of mobile platforms. Such platforms welcomed in a new 

era of affordable digital devices, often referred to as disruptive technologies (Hedberg 

2007), such as tablet computers and mobile phones. Across the north, ‘smartphones’ 
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and tablet devices are used irrespective of people’s socio-economic or cultural 

background.  

It’s an amazing thing to see – in the most remote location; in the most Third 

World conditions, which is often seen in the sort of the failed state that is 

remote northern Australia. In those conditions, people have Smart phones 

and whenever they have signal, they use them. First of all, mobile phones and 

now Smartphones have come along and they use it. (S. Sutton, personal 

communication, July 31, 2013).   

This digital era also saw the development of custom-developed digital software 

tools specifically for northern Australia – notably, the North Australian Fire 

Information tool and CyberTracker/I-Tracker. 

North Australian Fire Information 

Fire managers, Indigenous rangers, fire researchers and other land managers such as 

graziers use a suite a digital tools and devices as part of their fire management 

practices. While there are a range of options available to fire managers by way of 

digital tools (see Appendix A), the North Australian Fire Information (NAFI) web 

portal is identified as the most significant and well-known to fire managers in the north 

(see Figure 25). The NAFI portal provides web-based tools - the map viewer, the 

emissions calculator (SavBAT2) and reporting tools. The web-portal also provides 

access to data that can be used in a range of other tools including Google Earth, 

CyberTracker and incorporated into GIS platforms such as ArcGIS. During the 

stakeholder interviews, all 14 informants either actively engaged with the NAFI tool 

or at least acknowledged a level of understanding.   
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NAFI is the biggest single gateway to digital data [based] in northern 

Australia. (S. Sutton, personal communication, July 31, 2013).   

This response not only reflects that NAFI is the leading source of digital fire 

data and information for land managers but also reflects the importance of scale. NAFI 

operates on a large landscape scale; it encompasses 1.9 million square kilometres 

across northern Australia. While this study focuses primarily on fire management 

stakeholders, it should also be noted that the basic NAFI map viewer tool is used 

extensively across the savannas by graziers, Indigenous ranger groups, national park 

rangers (Indigenous and non-Indigenous), fire and natural resource management 

agencies and Indigenous Land Councils. Most of the stakeholders interviewed 

emphasised that apart from themselves most people they worked with or had observed 

in the world of fire management used NAFI, even if just using its basic function of the 

map viewer. As fire researcher, and co-developer of NAFI, Dr Andrew Edwards 

explains: “you’ve got your very simple day-to-day user who wants to get on [NAFI] 

and see if there’s a fire and, if not, then move on. And if they are there, doing 

something about it; organising a crew to get out and put the fire out or whatever has to 

be done” (Dr A. Edwards, personal communication, June 13, 2013).  
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Figure 25. NAFI interface and structural layers for maps used by fire managers 

for planning. Note: Fire Severity is not available yet.  (Sources: 

http://www.firenorth.org.au/nafi3/; Edwards, 2012) 

 

 

http://www.firenorth.org.au/nafi3/
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Informants acknowledged that the NAFI tool plays a diverse role in fire 

management in the north. It is considered a provider of specific data; an operational 

tool; a communication tool and a GIS tool. In the light of the fire season cycle 

presented in Chapter 4, the uses of NAFI that stakeholders mentioned will be linked 

to the corresponding stages of the fire season for projects registered and organisations 

planning to register projects in the Carbon Farming Initiative. These stages are: (a) 

plan strategic burning before the start of the fire season; (b) implement strategic 

burning, much of it in the early dry season (EDS); (c) assess the progress of strategic 

burning; (d) monitor wildfires in the late dry season (LDS) and respond if needed to 

limit wildfires that are not checked by burnt areas; (e) assess fire management at the 

end of the fire season (e.g. after Edwards and Cooke, 2010). 

Planning & Practices for Strategic Large-Scale Burning  

Effective fire planning is grounded in people’s knowledge of country, namely: types 

of vegetation and how it will burn, seasonal variations in these factors throughout the 

year as well as how topography and local weather affect fire (Jacklyn et al., 2015). 

Fire managers, usually fire coordinators applying this knowledge, in tandem with the 

relatively coarse satellite maps of fire history from the NAFI website, use these to help 

plan strategic burning. Fire coordinators (who are also sometimes referred to as fire 

planners) in northern Australia are currently non-Indigenous people who 

predominantly have tertiary education and fire management experience (more details 

about their role are explained later in this chapter). Fire coordinators “need to get on 

the [NAFI] website to see if the firebreaks they put in have been effective; how far 

they went; what work do they need to do for next wet to get their firebreaks completed” 

(Dr A. Edwards, personal communication, June 13, 2013). Such a use of NAFI moves 
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well beyond the map viewer function. This operational deployment of NAFI in fire 

planning involves interpreting maps downloaded in a specific format (Shape files) 

which enables them to be incorporated into Geographic Information Systems (GIS). 

Fire coordinator Shaun Ansell explains: 

We actually use the NAFI interface operationally in terms of keeping an eye 

on fires; keeping an eye on the broader region but in terms of doing our 

actual planning and our interpretation of the fire regime, we usually 

download the raw data from NAFI so we’ll download the Shape files. (S. 

Ansell, personal communication, August 19, 2013). 

Accessing and understanding historic data are key higher order skills that are 

used for planning and coordinating burning operations. Dr Edwards explains:  

There are other people who want to use it for planning, so they’re looking at 

a lot more historical data and applying those data to their management, their 

longer term planning management for a given year or maybe within a year or 

probably for next year or the year after.  

(Dr A. Edwards, personal communication, June 13, 2013).  

Fire coordinators interviewed, such as Anna Pickworth for the North 

Kimberley region, emphasised the considerable commitment of time and effort that is 

required for strategic burning practices to cover and manage what are now extremely 

large and unpopulated areas where Aboriginal people once lived. 

So that’s a big thing in the Indigenous world of fire management because 

there is that cross-over between people’s traditional knowledge and then 

modern ways of doing things. (A. Pickworth, personal communication, 

November 13, 2013). 
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When asked about the extent to which Aboriginal knowledge practices come 

into play in fire management on Fish River, Ansell explains: 

So, initially, the planning of the burning is done with Traditional Owners so 

that uses peoples’ knowledge about the country, about important sites within 

the landscape and just how people want to see it burnt and what they feel is 

important to be burnt. (S. Ansell, personal communication, August 19, 2013). 

For example, in the Kimberley region, Fire Coordinator A explains the 

significance of people’s knowledge of country and the participatory planning process: 

At the start of the year, we get the shape files off NAFI and then we do 

analysis using GIS to make the maps we need for the fire planning workshop. 

We hold a big fire planning workshop … we have all the Traditional Owner 

families represented in a workshop … So then we incorporate all the changes 

[that TO families want such as concerns about cultural sites] to finalise the 

[fire plan] ... We find that our group still need to take carriage of the plan 

otherwise other people come in with their own ideas about what needs to be 

done and you might not get the plan implemented that you agreed to in the 

workshop. So that’s why I think it’s important that the group who is in charge 

of the plan and they get the partners to help implement it. So, it’s good to take 

an active role to make sure that happens … So the plan is a pretty important 

tool for keeping everything on track.  

(Fire Coordinator A, personal communication, June 5, 2013). 

Also, implicit in Fire Coordinator A’s lived experience, is the important role 

of the fire coordinator (an issue that is discussed in detail later in this chapter). Building 



 156 

on this knowledge of country to implement at an operational level is central to the 

annual CFI project cycle. Figure 26 (as described in Chapter 4) builds on the 

operational fire management cycle (from Figure 11) by placing knowledge of country 

as central to each stage of the savanna fire abatement cycle.  

Implementing and Monitoring Practices for the Early Dry Season  

As explained in Chapter 4, implementing these strategic plans involves early dry 

season burns. These burning practices are completed in the few months after wet 

season when country has dried out enough to enable fires to be ignited and controlled 

but before it is too dry and hot when fires are not easily controlled. As previously 

mentioned, much of this strategic burning is conducted via helicopter or aeroplane 

because of the large tracts of savanna that need to be managed. 

Coordinators interviewed explained that they load fire history data and other data used 

in planning on a laptop, linked to a GPS on the aircraft. These maps assist in navigating 

and directing the aerial burning operations. These operations are also well documented 

in the research literature (see Jacklyn et al., 2015). 
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Figure 26. Knowledge of Country: central to each stage of the annual CFI 

project cycle. (Source: Julie Anne Crough 2016) 

On Fish River Station, Ansell explains how Indigenous rangers are involved in the fire 

management. 

When we are actually implementing the burning we employ Traditional 

Owners as rangers to conduct a whole range of work including burning and 

we’ve employed more than 22 people over the last three years as rangers or 

land managers. So in the day-to-day actual implementation of that; using 

peoples’ knowledge of country and of fire and fire management and in 
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particular, how to manage fire in relation to the cultural landscape as well. 

So it definitely forms a part of what we do (S. Ansell, personal 

communication, August 19, 2013). 

As the fire season progresses and the burning operations are complete, fire 

managers involved in abatement projects which involve extensive areas with aerial 

operations, will view the NAFI website back at their respective bases (where there is 

Internet access) to access their practices. If the burning operation is successful, their 

fires will be detected as active fires (i.e. have not extinguished) by the satellites and be 

viewed on NAFI or as NAFI hotspots on Google Earth (Jacklyn et al., 2015).  

Fire coordinators upload the results of their burning practices as digital maps to NAFI 

so they can share information with neighbouring regions and to assist with the mapping 

of fire scars.  

I suppose the other thing is sharing … at the moment on NAFI you can 

upload your flight lines as you go so your neighbours can see where you are 

burning or so that you can help NAFI to better verify the fire scars or the 

hotspots (Fire Coordinator A, personal communication, June 5, 2013). 

Practices During the Dry Season 

NAFI is also used as a tool to help strategically manage fires during the dry season, 

particularly to contain wildfires later in the season. As Fire Coordinator in the North 

Kimberley, Anna Pickworth explains: 

I just draw lines on a map … [from] where we know we’ve been and we 

include weak points in that as well. So it’s really a tool, for us uploading the 

maps of where we think our strategic breaks are … for managing wildfires 
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really… [It] monitors the success of what you are doing but also helps you to 

manage wildfires. [In the unlikely event of a fire jumping the strategic breaks 

(A. Pickworth, personal communication, November 13, 2013). 

These fire managers’ knowledge practices not only reflect the large landscape 

scales they are working across but also how NAFI accommodates the range of scales 

of mapping they require. As the fire season progresses, NAFI is deployed at a finer 

scale of usage for ongoing fire management. Dr Edwards explains: “then, there is the 

real detail user who wants to look at: ‘how long has it been since each patch in their 

region has been burnt? …Where is the old fuel that they have to start thinking about 

burning that might be two or three years old? Where can they plan their strategic and 

regional fire breaks to stop and mitigate wildfires?” For example, in the Kimberley 

region, NAFI usage reflects such fine-scale detail:  

… [the] Department of Parks and Wildlife are burning in the same area so I 

want to know where they’ve been and I might flying somewhere and you 

might see a fire scar from previous weeks and go: ‘oh, look there’s a fire scar 

over there’, I’m going to change my plan and just join those two fire breaks 

up to make a strategic break. I use those fire scars as they get uploaded to 

NAFI on a weekly basis (A. Pickworth, personal communication, November 

13, 2013). 

As explained in Chapter 4, within the Savanna Burning Methodology, the cut-

off date for the end of the Early Dry Season (EDS) period is 1st August. Some fire 

coordinators prior to this point estimate the EDS burnt areas breaks they have 

established to access progress towards respective burning targets proposed under their 
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respective organisation’s CFI project. NAFI now provides a time-saving reporting tool 

which generates a report (as a PDF file) on burnt areas for each month within the 

proponent’s CFI project area (Jacklyn et al., 2015). For example, for Fire Coordinator 

A explains: 

If we burn about 20% of the country in the early dry season and keep the late 

dry season fires down to about 5% then we are well ahead in the returns [for 

CFI targets]. We can’t get … above 45% in the early dry season; anything 

more than 5% in the late dry season, then you start going backwards. (Fire 

Coordinator A, personal communication, June 5, 2013). 

Monitoring and Practices to Prevent Late Dry Season Wildfires 

Coordinators are also looking out for active fires which are identified as hot spots as 

well on NAFI “just observing it [hot spot]; to see where it is going and maybe the 

firebreak they’ve got in are being effective” (Dr A. Edwards, personal communication, 

June 13, 2013). This use of NAFI for monitoring and managing late dry season fires 

is important particularly for abatement projects. For example, since the fire abatement 

project on Fish River Station there has been a dramatic decrease of late dry season 

fires with a burnt area reduction of “around 38 per cent to being less than two per cent 

each year” (S. Ansell, personal communication, August 19, 2013). This tacit 

knowledge of how NAFI is used in this context concurs with the responses from the 

other three fire coordinators interviewed. 

Monitoring for late dry seasons fires is also important beyond fire abatement 

purposes. For example, Traditional Owner, Dr [Payi] Linda Ford recalls:  

When we moved to Darwin that new system came in when you could use 

satellite imagery to see where fires were starting. Because White Eagle 
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Aboriginal Corporation moved its office into Darwin here (Mark was the 

manager for that), he used to be able to track the fires out on the country for 

Twin Hill Station. One weekend this fire started up and it was about August 

and the fire got really big really quickly … we knew where that place was at 

PatjPatj. Because of the location on the map, we knew where it started and 

there was a lot of peat there and the fire got really, really hot and big. So, we 

rang up the station and we couldn’t get anybody … so we drove out there … 

By the time we’d got there the smoke was so fat, black and thick. You could 

smell the turtles all getting roasted in the peat. Anyway we got the grader and 

started putting in some back-burns to stop that fire getting any further. It took 

ages and ages for that peat fire until the rains came and put it out.” (Dr L. 

Ford, personal communication, August 19, 2013). 

In other capacities, NAFI is used as a communication tool in fire and land 

management research. 

I use NAFI all the time as a communication tool. So sort of doing screen 

dumps of fire maps, running animations of how the fire is progressing. 

Because I’m not actively fire managing, I’m not using it that much in that 

way but I do use it as a communication tool and pretty well every fire report 

that I’ve ever written I would have some kind of information from NAFI, 

whether it’s an actual screen dump of the NAFI screen itself or incorporating 

NAFI fire histories into my own GIS and then doing maps from that.” (Dr G. 

Crowley, personal communication, January 3, 2014). 
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This application of NAFI as a communicative medium reflects its inherent 

value as a tool that is not limited to spatial analysis (see for example, Sui 2004).   

 

Practices for the End of Fire Season 

Fire management activities, including abatement, are assessed at the end of the fire 

season cycle. This includes downloading wildfire scars from NAFI and printing them 

out on large maps so people can assess the fire management and discuss and plan how 

it might be improved for the next fire season (Jacklyn et al., 2015). Fire coordinators 

also calculate the fire season’s emissions using the automated Savanna Burning 

Abatement Tool (SavBAT2) for their proponent’s registered CFI project.  

Within the NAFI website there is the link to the savanna burning abatement 

tool. Now using that tool we can load up our vegetation map which is another 

great digital resource produced for us by Bushfires NT … we use that 

vegetation map, uploaded into the SavBAT[2] tool with the information about 

the fuel usage; so the emissions information that we’ve recorded using 

CyberTracker and [SavBAT2] will then produce … the report that you then 

use to apply for your credit entitlement.  

The issue of GIS as a participatory tool and the processes underpinning NAFI are 

discussed in the next section.  

Participatory Processes for Developing NAFI  

Participatory processes have been integral to the North Australia Fire Information 

development and continue to contribute to its currency as an essential tool used 

throughout the North.  The NAFI website is as an ongoing “participatory GIS exercise 

where NAFI is being developed through consultation, communication with land 
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managers” (R. Fisher, personal communication, August 13, 2013). In this capacity as 

a participatory GIS tool, NAFI’s design and ongoing development reflect the 

established relationships forged over decades with land managers across the savannas. 

The manual process of stakeholders uploading maps from fire management and fire 

scars also characterise NAFI. In contrast, an automatic system that uses automated 

MODIS burnt area mapping algorithms is available for updating NAFI fire scars but 

it is considered less reliable and is instead used as complementary mapping for viewing 

the most recent fires (Jacklyn et al. 2015). So, how are the maps that fire managers 

utilise updated manually on NAFI on a weekly basis? Rohan Fisher explains: 

The method is: I will get this MODIS satellite imagery up to a week or two 

weeks apart and I’ll compare each image data to the fire scars. That’s step 

one. Step two is to use ancillary data to make sure that I’ve found all the 

scars that are possible to find. That ancillary data includes emails that I 

receive from people in the field saying, ‘look, check out this area, we’ve seen 

a big fire there’ but also GIS data where they’ve sent in flight lines for the 

aerial incendiary burns. 

(R. Fisher, personal communication, August 13, 2013). 

Apart from the greater accuracy of the manual process to detect smaller fires, 

fire coordinators also prefer the manual process. It enables them to guide the mappers 

as the fire season progresses and its object-based image analysis accommodates 

people’s cognition (Jacklyn et al. 2015). In particular, fire managers working through 

the NAFI manual mapping interface: 

… It’s based on the ability of the human brain to recognise pattern, context 

and shape for choosing what those fire scars are … When the product is 
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produced with that manual, human intervention, the product is something 

which is easily understood by land managers. 

(R. Fisher, personal communication, August 13, 2013). 

Not only are the use of pattern, context and shape considerations but also 

colour is a considered feature of NAFI because it has “continued the tradition of 

specific colours etcetera that were [used in printed topographic maps] before digitised 

maps” (B. Lewis, personal communication, November 13, 2013). This view is 

supported by most fire coordinators across northern Australia – see Jacklyn et al. 

(2015) – where the common mapping language (with background maps, coloured fire 

scars and hotspot symbols) used in NAFI has been driven by fire managers’ feedback.  

Development of NAFI has been a long, consultative and collaborative process. 

Despite its overall success as an integral tool in fire management in the North, the 

genesis of NAFI has had its challenges.  

We’ve had a lot of battles maintaining its simplicity because most users from 

what I understand and from people I talk to are really interested in getting 

onto NAFI, having a look to see if they’ve got issues with fire today or this 

week and then getting on with their day. So NAFI is something that needs to 

be very simple, very quick and easy to access. And the datasets and the 

presentation of those data need to be very simple for people to not have a lot 

to do when they get in there.” (Dr A. Edwards, personal communication, June 

13, 2013).  

Despite its challenges as a participatory tool, the value of NAFI lies in these 

key attributes. Other stakeholder mirrored these:   
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The value that is now attached to those services, particularly NAFI but also 

Landgate, is profound because of those processes. High quality data, timely 

fashion, easily accessed. (S. Sutton, personal communication, July 31, 2013).   

This ability to access NAFI is important as “it’s for everybody” (Dr J. Russell-

Smith, personal communication, July 19, 2013). In particular, the basic map display is 

used across stakeholder groups in the context of this study. This NAFI map viewer 

tool does not require GIS expertise and is used by Indigenous rangers. However, the 

extent to which they are accessing and interrogating data through the more useful and 

complex NAFI tools is not universal across fire stakeholder groups. Fire Researcher 

Professor Jeremy Russell-Smith emphasises NAFI’s significance: 

… in the fire management space certainly NAFI is the tool, the key tool and 

essentially the platform where people could do a lot of natural resource 

management, mapping activities, and fire mapping as well. (Dr J. Russell-

Smith, personal communication, July 19, 2013). 

This view - that NAFI is the central digital tool used for fire management in 

northern Australia - is not only supported by other stakeholders but also supported by 

the literature (see Jacklyn et al., 2015).  

The tyranny of remoteness plays a role in terms of access to digital 

technologies. While the uptake of digital and mobile technologies is widespread 

throughout the north, Internet access is usually not available outside the major urban 

centres. For example, ranger groups are usually based in small communities such as 

Kalumburu in the very remote Kimberley region which has a population of 467 people 

(Australian Bureau of Statistics [ABS], 2015).  
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I live in Broome and I can do preparation in town. But in Kalumburu we’ve 

got satellite-based internet in the office and then beyond that there’s no 

internet so when you are in the field you can’t rely on internet; you can only 

rely on other sources of information (Fire Coordinator A, personal 

communication, June 5, 2013). 

Further, even if it’s available in some of the less remote locations, the issue of 

access and bandwidth is problematic.  

I think one of the worst areas, spots I’ve ever seen is in the southern part of 

Kakadu National Park. You know, here it is, a federally run national park, 

and they have the worst internet access of anywhere I’ve ever seen in 

northern Australia. I’ve been out to remote Aboriginal communities in 

Arnhem Land with much better internet access than they’ve got. Yet these 

guys are managing five, six, seven thousand square kilometres of land where 

six months of which is under threat from fire. (Dr A. Edwards, personal 

communication, June 13, 2013).  

But the developers of NAFI have been mindful of such technological 

limitations so people in small remote areas can still use it productively without 

frustration (Dr A. Edwards, personal communication, June 13, 2013). Coupled with 

the participatory processes underlying its development NAFI is a tool that is still 

capable of functioning irrespective of low bandwidth speed. However, NAFI depends 

on people having internet access – an aspect that does cause concern: 

But one thing that is clear is that the more remote people become the less 

reliant they can be on this information because it is, you need a connection. 

And I think there probably needs to be thought given to the ability to 
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have/achieve an effective satellite data download links. (S. Sutton, personal 

communication, July 31, 2013).   

In terms of scale, as a system NAFI works at large scales, notably regional and 

landscape. This is an important distinction between NAFI and CyberTracker as the 

latter generally works at a ground-level local scale.  

The other thing that I think is quite critical (in terms of weakness) is NAFI 

doesn’t have a lot of local data, just a couple of topo maps. (B. Lewis, 

personal communication, November 13, 2013). 

If fire managers need to look at other maps at this finer, more local scale, they 

overcome this limitation by incorporating their own map features using Google Earth.  

People in Queensland use NAFI to track the hotspots and I think increasingly 

they are going to use it on their own systems like on Google Earth as they 

discover that will be very useful, which you can do already (Dr G. Crowley, 

personal communication, January 3, 2014). 

Both NAFI and Google Earth use place-based interfaces. Google Earth, with 

its very intuitive place-based three-dimensional approach, is recognised and adopted 

throughout many remote Indigenous communities. Google Earth has the advantage 

that the user navigates around the satellite imagery which often makes it easier to use 

and therefore quicker to learn. It also can be used for other applications other than fire 

management and has the capacity to incorporate the user’s own maps (if using Google 

Earth Pro). The importance of this difference is accentuated in training and building 

capacity for Indigenous rangers: 
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If you want to look at some other … maps, not fire data, you take it into 

Google Earth (so many people overlay NAFI data in Google Earth). I guess 

that draws them [i.e. the Indigenous rangers] in a little bit [when learning to 

use digital tools for fire management]. (B. Lewis, personal communication, 

November 13, 2013). 

At a landscape and regional scale, NAFI is deemed reliable and trustworthy. 

However, at a finer scale in Queensland, NAFI’s fire scar mapping reliability was 

raised. 

But they [i.e. land managers in Queensland] don’t trust the fire scar mapping 

– it’s not accurate enough – it’s missing too many fires and in some areas it 

invents too many fires. Now, at a Queensland scale level it’s pretty good and 

again at a property scale level – it’s just not good enough. … I know of 

people who have gone out and lit a fire in late August, in dry conditions and 

they lit it at two o’clock in the afternoon and it’s out by the time the three 

o’clock pass of the radar, when the satellite goes over and it hasn’t picked 

up. (Dr G. Crowley, personal communication, January 3, 2014). 

Participatory processes have contributed to NAFI’s interface and functionality 

which fundamentally meets the needs of the end-users and the purpose for which it is 

intended. However, stakeholders noted a few opportunities where slight modifications 

to NAFI could be made to improve informal sharing and communication of ideas and 

will be addressed later in this chapter. More importantly, the actual adoption of, and 

competencies using NAFI, beyond the map viewer, is inconsistent across the savannas 

– particularly for Aboriginal people. This issue will be discussed later in the chapter.  
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CyberTracker/I-Tracker 

Significantly, after NAFI, CyberTracker is widely adopted throughout northern 

Australia and is often referred to as I-Tracker. As Dr G. Lipsett-Moore (personal 

communication, August 20, 2013) emphasises, “NAILSMA has played a very big role 

in building monitoring capacity within indigenous Ranger programs across northern 

Australia through the I-Tracker program”. However, unlike NAFI that was developed 

primarily for fire management, CyberTracker has various functions in cultural and 

natural resource management. Further, in contrast to NAFI that works at larger 

landscape scales, CyberTracker works at a local, site-specific scale. In particular, 

CyberTracker is primarily a data recording device so it does not provide fire data. The 

case studies (Chapter 4) illustrated this finer detail where CyberTracker records how 

fires are lit, by whom and for how long as well as how they can be used in a helicopter 

and connected to a Raindance machine to register where and when incendiaries are 

dropped and their effectiveness (see Figures 17 and 18). 

As described in Chapter 4, CyberTracker’s genesis grew out of needs for the 

Kalahari Bushmen. The North Australian Land and Sea Management Alliance 

(NAILSMA) have adapted the CyberTracker software for stakeholders’ needs and 

trialled it in the North. Project Officer B explained that following the success of the 

Salt Water Patrol application in 2009, Indigenous groups expressed interest in 

developing a land-based application. The Land Patrol Application (LPA) focuses on 

the three main aspects of natural resource management across Australia’s savannas, 

namely: weeds, feral animals and fire. The fire management section of the LPA was 

the last sequence to be developed as Project Officer B elaborates:  
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I think in terms of the fire management this is possibly the hardest section to 

have developed and to put into a kind of series of questions that you would 

ask when you are managing, going out to do fire management on country. 

The questions that are in our application border on the social … Important 

things like: ‘Do you have the right Traditional Owner with you when you are 

going out to burn country’. (Project Officer B, personal communication, 

August 20, 2013). 

Unlike NAFI which uses a GIS map-based approach (and more recently 

Google Earth-sourced imagery), I-Tracker uses visual cues including iconography as 

an integral part of its interface (see Figure 27a). A range of people across northern 

Australia use this icon-based tool; most notable and numerous, Indigenous rangers use 

it to collect data. The training program to implement I-Tracker across the remote north 

has been extensive with 38 ranger groups undertaking some form of I-Tracker training 

with over 30 groups who use it on a regular basis (Project Officer B, personal 

communication, August 20, 2013). The Nature Conservancy’s Fire-Carbon Advisor, 

Dr Geoff Lipsett-Moore emphasises the widespread uptake of I-Tracker:     

[Indigenous rangers] are certainly using them in the Kimberley … in certain 

parts of Arnhem Land and up into central Arnhem Land and into central east 

Arnhem Land and up into Ngukkur. So definitely, they are definitely using 

those sorts of units in terms of basic on-ground monitoring but it’s whether 

or not it’s affiliated with discrete fire management activities (Dr. G. Lipsett-

Moore, personal communication, August 20, 2013). 

The extent to which the Land Patrol Application (LPA) is used across the north 

is uncertain because once the software is downloaded from the NAILSMA website 
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(see Figure 27b); the data that the software collects remains the property of the 

individual or Ranger groups (Project Officer B, personal communication, August 20, 

2013). This is potentially problematic in terms of evaluating the extent to which the 

LPA including the fire sequence is used and how it is applied across the savannas. As 

far as the uptake of the fire sequence, it has not been used much yet (P. Jacklyn, 

personal communication, 2015). Evidence from the fire coordinators, the fire mappers 

who expect feedback from users of the ground-truthing sequence (see Figure 27c) as 

well as the NAILSMA website statistics (i.e. the number of downloads recorded for 

the fire sequence) suggest that the fire sequence is not widely deployed (Dr P. Jacklyn, 

personal communication, June 2, 2015).  

However, stakeholders identified the range of operations in which they deploy 

CyberTracker or have customised the tool to suit their needs. While most of the ranger 

I-Tracker land patrol activities are conducted at ground level, other fire management 

use the tool for aerial burning practices, be it from helicopters or light aeroplanes. For 

incendiary burning practices fire coordinators and fire managers connect 

CyberTracker to the Raindance machine for recording GPS readings for incendiaries 

(A. Pickworth, personal communication, November 13, 2013).   

There is also another program in the back [of the aircraft] – a customised 

version of CyberTracker which is hooked up to the Raindance machine and 

that’s recording, it’s actually recording every incendiary that’s dropped (S. 

Ansell, personal communication, August 19, 2013). 

It is important at this juncture to include a brief discussion about the 

participatory processes that underpin the Land Patrol Application including the fire 

sequence.  
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Figure 27a. Six Screenshots of I-Tracker Interface: Fire Sequence 
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Figure 27b. CyberTracker Linear Structure: screens behind the Fire Sequence 
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Figure 27c. NAFI Ground-Truthing Information on I-Tracker: Fire Sequence 

Participatory Processes for Developing I-Tracker: People, Place and Practices 
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Like NAFI, the Land Patrol Application – and the fire sequence was developed 

through a participatory process. In order to develop the land patrol application, the 

collaborative process explored: the concepts that were involved, broke them down, 

plus used icons, pictures and voice recordings and anything that was needed to use to 

enable the user to understand what kind of information they were collecting and its 

purpose (Project Officer B, personal communication, August 20, 2013).   

The initial phase of the fire sequence in the Land Patrol Application involved 

NAILSMA I-Tracker staff and the Carbon team, discussions with Bushfires NT about 

what types of information and the questions would people need and ask when they are 

actually managing fire (Project Officer B, personal communication, August 20, 2013). 

The fire sequence also needed to accommodate the range of reasons why people on 

country could be burning: “they could be managing for fuel reduction, for 

infrastructure protection, for access to country, so for hunting, for cleaning up country, 

a whole bunch of social/cultural reasons as well” (Project Officer B, personal 

communication, August 20, 2013). 

From the outset, the approach attempted to find the right balance so that one 

knowledge system wasn’t favoured over another (Project Officer B, personal 

communication, August 20, 2013). Thus, it was critical to trial the information that the 

land managers – the practitioners – requested which included scientific requirements. 

Hence, the next phase of developing the application commenced with a four-month 

trial where ranger groups were involved in situ and provided feedback about what they 

were using, what’s understood (and not), what aspects need to be modified and overall, 

whether the sequence worked or not (Project Officer B, personal communication, 

August 20, 2013). 
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Following this, a working group was established with representatives from all 

the groups involved in the trial. Other scientists were also involved in the three-day 

workshop where each of the different sections of the land patrol application were 

explored and presented “back to the land managers as to why scientists want 

information collected in the way that they’ve asked for; so why is information in there 

in that way” (Project Officer B, personal communication, August 20, 2013). 

In parallel with NAFI as a participatory tool, I-Tracker has also been developed with 

sequences continuing to evolve in collaboration with stakeholders – an iterative 

process. Project Officer B explains:   

I-Tracker is constantly going back to the people who use it and having them 

feed back to us what works and what doesn’t work and that’s a process; I feel 

like that’s why it’s a successful process and that will continue to be that way 

if I-Tracker is going to continue to succeed or evolve to be better and better 

because everything needs to be reviewed, new things come to light after a 

year; scientists change the way they monitor things and the way things are 

managed … And that is something that we can somehow incorporate back 

into the application or present back to people. It’s very important to have that 

kind of continuous review and continues to evolve and adapt and be flexible 

(Project Officer B, personal communication, August 20, 2013). 

This ongoing review process is an integral part of meeting the end-users’ needs 

– that is, essentially, the Indigenous rangers. Therefore, an important attribute of the 

fire sequence was it accommodated different knowledge systems. “We wanted to make 

sure we weren’t favouring one knowledge system over the other or should I say that 

we didn’t” (Project Officer B, personal communication, August 20, 2013). The fire 
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sequence for I-Tracker includes scientific elements such as: What is the weather 

doing? and a fire index calculation within the application. The CSIRO Grass Measure 

was included after a repeat request during a recent review period. This attribute means 

that the user is able to calculate the I-Tracker application, whether there is a high risk 

and fire danger due to weather conditions such as if the wind’s too high or if the 

humidity is too low. This fire danger measure in the fire sequence drew the following 

response: “that’s an interesting one because I believe that fire practitioners know when 

they can and can’t burn” (Project Officer B, personal communication, August 20, 

2013). 

The interface of I-Tracker provides options for a range of people and practices: 

“such as who is with you; or what are you doing it for; because if it’s culturally 

sensitive when you don’t want to be digitally recording that information then you don’t 

need to do that” (Project Officer B, personal communication, August 20, 2013). 

However, achieving a cultural balance is important but the application is standardised 

across northern Australia “so people are collecting information in the same way and 

scientifically robust data collection” (Project Officer B, personal communication, 

August 20, 2013). The iconography enables rangers with low levels of literacy and 

numeracy easy access to the unit.  

So, there are icons for every single element or word in the application. So, 

pig has a picture of a pig. Wildfire has a tree with fire coming off it …. we 

are trying to work across those boundaries as much as possible and in 

instances to have things in language; the majority of the time people need to 

know how to read and write English before they can write their oral spoken 
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language as well (Project Officer B, personal communication, August 20, 

2013). 

As Project Officer B explained, the advantage of languages functionality 

enables English and Yolngu Matha to appear side by side plus an icon next to it. Some 

of the senior women are able to read both and help others (Project Officer B, personal 

communication, August 20, 2013). However, in spite of the supportive functionality, 

the actual purpose of people collecting data and using the land patrol application is to 

feedback your data into your fire management outcomes. 

… the missing link is definitely going to be linking all of that back to your 

outcomes. There is definitely capacity there for all of that. I think that’s 

possible, it’s just too expensive at the moment for large groups to do. 

Certainly a lot of the time it’s not in reach of Indigenous land managers with 

low levels of literacy and numeracy. (S. Ansell, personal communication, 

August 19, 2013). 

However, I-Tracker is customised for relevance according to the place in which 

the application is deployed. For example, there are three different versions of the land 

patrol application for each of the jurisdictions – Western Australia, Northern Territory 

and Queensland where legislation may impact on certain sections. 

So, it was important we listened to everyone, collated what we could, 

presented it back, tested it on-ground, got that feedback back again, made 

changes and then put out the version. So, it goes through quite a long, robust 

process. And there is a very big reason for that and that will never change 

because it does need to be usable for the user on the ground. … And it has to 
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be straight forward (Project Officer B, personal communication, August 20, 

2013). 

The review process of the fire sequence and other I-Tracker applications is 

annual, lengthy and democratic with final decisions determined through consensus.  

We present all the feedback of things that we’ve got that groups have wanted 

changed. We kind of vote on it.  And the review period goes for three months 

again … so it’s about giving that amount of time to review the applications; 

everybody to have their say, and then change it, then send it out again. 

(Project Officer B, personal communication, August 20, 2013). 

In terms of other culturally relevant aspects, I-Tracker is designed for 

intergenerational transfer of knowledge so it incorporates if rangers or other land 

managers are accompanied by community members:   

There’s also, have you got kids with you? Have you got other community 

members because a lot of groups go out and do community bush walks which 

is burning the country so it’s healthy; there it’s also (ah) intergenerational 

knowledge transfer and teaching kids, healthy country and eating off the land 

while they’re going through. So, trying to capture all those social elements 

that start to paint the picture of the social benefits, I guess that comes from 

burning healthily. So, there’s those types of questions in there. Then there’s: 

‘what reasons are you burning country for’; as I said before, fuel load, or 

infrastructure protection, or hunting; whatever that may be. (Project Officer 

B, personal communication, August 20, 2013). 
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In particular, CyberTracker’s mobile platform enables it to be used extensively 

in situ: “All of our cars and all of our quad-bikes and stuff that we use have all got 

mounts on them to put the PDA into so you can be looking at CyberTracker as you are 

driving around so that you can actually be interacting with it a lot more” (S. Ansell, 

personal communication, August 19, 2013). All the I-Tracker applications are 

accessible and freely available on the NAILSMA website. There are no Intellectual 

Property issues with CyberTracker so that once the application is downloaded it 

becomes the property of the ranger group or land manager and any data that they 

collect they own (Project Officer B, personal communication, August 20, 2013).  

However, given the low usage of the Land Patrol Application including the fire 

sequence, it suggests that the participatory process is still developing and perhaps 

needs to evaluate the underlying reasons. For example, one coordinator suggests that 

the large size of the LPA sequence could be a deterrent for Indigenous rangers. Further 

issues surrounding the CyberTracker deployment are discussed later in this chapter. 

While CyberTracker and NAFI are the two foremost digital technologies in northern 

Australia, stakeholders identified a range of other tools that are available.   

Other Digital Tools and Technologies 

Stakeholders identified various other digital tools that they are either using or which 

are available. The tools are usually GIS based with varying degrees of cost and 

complexity. The late 2000s witnessed the rise of open source model in Geographic 

Information Systems (Jones, Mount, & Weber, 2012) which provided people with free 

access to GIS usually via the internet. People are “afforded freedom, flexibility and 

accessibility and get results quickly” (Jones et al. 2012, p. 434). An important aspect 

of this emerging trend was the capture and sharing of spatially-referenced information 
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from the general public - a phenomenon that became known as volunteered geographic 

information (Goodchild, 2007; Jones et al., 2012)). Google Earth is a good example of 

such a tool that made its public debut in 2006 (Nature, 2006). Open source GIS tools 

that stakeholders mentioned include:  Open Jump and QGIS. Informants also identified 

Open Jump as another software tool that is used in training which is considered simpler 

than QGIS.  

More costly GIS tools include: ArcGIS, Fugawi and Aussie Explorer. ArcGIS 

requires significant technical skills and levels of understanding in order to use it. 

Fugawi is the other main tool that three informants mentioned is used by other people 

in fire management but all three used ArcGIS. Other digital tools developed 

specifically for land management, including fire are Landgate and Sentinel (for more 

details see the Audit of Digital Tools in Appendix A). These tools however are not 

used to the extent that NAFI is used for fire management in northern Australia. 

Google Earth is also adopted and is often integrated with CyberTracker (used 

as a background layer) and NAFI. Google Earth has distinct advantages: it focuses on 

an easy to use place-based, visual approach for its use and provides a one-stop utility 

for a range of mapping applications. One informant explained the significant success 

for Indigenous rangers in the use of Google Earth. In particular, [The Jawoyn 

Association] and many other people also use Google Earth and overlay basic NAFI 

data (B. Lewis, personal communication, November 13, 2013). 

Storyline Touch is another tablet software suite that was described as 

“CyberTracker on steroids” (Dr L. Felderhof, personal communication, December 10, 

2013). The software provides the ability to store and access stories, photos, music, 

videos, documents and maps but also enables any community member who can use a 
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touch screen to readily access their knowledge holdings, irrespective of their computer 

or literacy skills (retrieved from Geomancia.com.au 5/1/15). The hardware uses the 

rugged touchpads so their screens are large enough to decipher detail and they are 

durable in the field (Dr L. Felderhof, personal communication, December 10, 2013). 

However, Storyline Touch has the disadvantage that it has been privately designed and 

developed so requires funding for communities to purchase it and implement it through 

training.  

Limitations of Primary Digital Tools and Technologies 

As stakeholders have identified NAFI and CyberTracker are the primary digital tools 

deployed for fire management in northern Australia. The success of their past and 

present participatory development meets the needs of the end-users for which they 

were intended. The uptake of these customised digital tools has enabled widespread 

participation in fire management for both Indigenous and non-Indigenous people. 

More significantly, the evidence-based functionality of these tools (along with satellite 

technology improvements) has been instrumental in putting the savanna burning 

methodology into practice (as discussed in Chapter 4). As such, the livelihood benefits 

for Indigenous communities in the high rainfall areas (above 1000mm per annum) of 

Australia’s tropical savannas have been palpable and continue to grow (see Whitehead 

et al., 2014).  

The stakeholder interviews, along with research (Jacklyn et al., 2015) identify 

that basic fire maps (such as hotspots) are widely used across northern Australia. 

Accessing basic fire maps (through the NAFI map viewer), while a useful skill, has 

limited value for improving capacity in managing fire in contemporary settings. 

However, the capacity to interrogate NAFI data beyond the basic map viewer (such as 
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access and understand fire histories) are needed across northern Australia – 

particularly in Aboriginal communities and organisations associated with land and fire 

management. In particular, the NAFI data often needs to be combined with the user’s 

own maps for effective fire management. GIS skills are required for downloading and 

using the NAFI data in planning at the start of the fire season. This is one of the most 

powerful uses of the NAFI data and requires manipulating and displaying fire data 

from NAFI in other GIS programs, such as ArcGIS or QGIS. Greater uptake using the 

CyberTracker fire sequence tool as NAFI website statistics suggest it is not widely 

used in conjunction with NAFI (P. Jacklyn, personal communication, 2015). However, 

there are risks associated with this such as collecting data and not using it which are 

discussed later in this chapter.    

Access issues and capabilities for Indigenous people in Geographic 

Information Systems (GIS) are key limiting factors for adopting digital tools in fire 

management in northern Australia. In particular, a lack of confidence with using web-

based tools plus map layers and a lack of competent GIS capability –which is often 

needed to use the NAFI data for planning - has the potential to marginalise Aboriginal 

people in certain land management practices. For example, fire coordinator, Ben 

Lewis, has observed that active fires – known as hotspots on the NAFI website are the 

main and initial way of engaging Aboriginal people with NAFI. From the active fires, 

people can observe on screen the fires that have burnt for the current year. However, 

as Lewis explains: 

 The bit that [Aboriginal] people don’t do, is delve into the fire history and 

planning for the future. Not fighting wildfires, planning where you are going 

to do burning; where a burn went … to get into that information people need 
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a lot more prompting … people are not inclined to turn layers on and off (B. 

Lewis, personal communication, November 13, 2013). 

The complexity of the structure and layers in a GIS are concurrently a strength 

for those with an educated trained eye (often non-Indigenous people) and a weakness 

for those without a formal educated trained eye (often Indigenous people) in northern 

Australia. Yet, it is this level of expertise, strategic planning at a regional scale for 

prescribed burns, that is a fundamental knowledge practice for fire coordinators.  

Well, one of the gaps is having a way to go with fire planning and 

implementation tool. So, instead of going to NAFI, downloading your fire 

scars and putting it into ArcGIS; creating your maps and then creating 

certain types of themes according to how a particular practitioner wants to 

run their fire planning workshop. And then, printing that and putting your 

maps into your fire plan and then implementing that and then needing to use 

some of that stuff in your operations – on your day-to-day burns – to plan out 

your daily burns. [So instead of doing that] I think there is potential to have 

that integrated into one program. But no-one has really done it, so what ends 

up happening is you have individuals using different software. So, Fugawi; 

other people using Aussie Explorer; other people using CyberTracker; some 

are using ArcGIS or ArcMAP… It’s not consistent so everyone is reinventing 

the wheel (Fire Coordinator A, personal communication, June 5, 2013). 

Also, caution is needed about how appropriate a tool is in terms of its purpose 

and limitations. For example, CyberTracker does have its limitations. In particular, its 

linear approach restricts its application for more place-based applications. For 

example,  
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In the Kimberley there has been a push to kind to use CyberTracker in 

general to implement the use of it so people have talked about using it for fire 

planning and stuff like that as well. I find it a bit limited like even down to the 

point of you can’t select the colours for it easily for every month of the fire 

scars. It’s just more limited than GIS; it’s kind of actually harder to use it for 

some things than the more complicated GIS programs in a way. (A. 

Pickworth, personal communication, November 13, 2013). 

As a way to streamline knowledge practices for prescribed burning, Fire 

Coordinator A has tried to simplify the process:  

But also it is possible to do fire planning and basic GIS in CyberTracker on 

the desktop version. It’s not bad, I’ve actually written some steps as how you 

can do it and basic things But you do run into limitations as it’s not a proper 

GIS; you do have limitations about what you can do with it (Fire Coordinator 

A, personal communication, June 5, 2013). 

Various fire managers who were very familiar with the CyberTracker 

technology expressed concerns about avoiding the issue of unnecessary complexity 

and duplication of effort when deploying the tools. In particular, the process and 

purpose of recording data using CyberTracker software needs to be critically assessed 

otherwise it stands the risk of becoming redundant. As one of the key fire coordinators, 

who not only played a key role to help develop the land manager fire application (as 

mentioned in Chapter 4), but also who has experience using CyberTracker since its 

trial and inception in northern Australia.  
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I think that’s a key message for people with the digital technologies … you 

have to keep it simple because a) why force people to record stuff that you 

will probably never going to use anyway and that makes no relevance to the 

assessment of the activity after the fact. And look people get (I suppose) 

fatigued by having to record this stuff all the time and the idea that you could 

have 24 hour-a-day continuous recording of activity is nonsense because 

what you see quite quickly is … a recorded drop in effort. … So it needs to be 

very strategic and limited in what you record and that way you can actually 

get decent information (S. Ansell, personal communication, August 19, 

2013). 

This reflexive problem of ‘collecting data, but for what purpose’ is not isolated 

to I-Tracker and northern Australia. As Dr Myers explained from her experience in 

Indonesia: 

… they were collecting this data but they were just reporting on it in an 

undigested form so they weren’t really using the data they collected to make 

their practice better or more priority directed or focus directed. So, I’m sure 

that might be the case too in Australia (Dr B. Myers, personal 

communication, August 13, 2013).  

So, the purpose of collecting data needs to be made explicit so that fire 

managers in particular (and land managers in general) can analyse their data and if 

needed, modify their knowledge practices accordingly. Another aspect of 

CyberTracker that could be a limitation is that it has a linear structure (as shown in its 

database structure in Figure 27b). As one fire coordinator highlighted that one of the 

limiting factors of the CyberTracker LPA is that it isolates the savanna threats – weeds, 
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feral animals and fire – so that once you start a sequence such as the fire sequence, the 

user can only record fire observations. If there are future opportunities to reconfigure 

any of the existing tools, it would be prudent to consider using a more place-based 

approach as will be discussed later in this chapter and in Chapter 6. For example, an 

alternative approach might be to use a more place or track-based configuration so 

people have the option of recording different observations which are tailored to a 

particular place rather than an issue.  In a similar context, NAFI is limited too as it is 

focused on fire so Google Earth’s more general place-based interface and approach 

enables the user to have all their maps and other data on one map interface.  

Also, as recent decades have reflected, digital technologies are continually 

evolving and improving. Therefore, the actual CyberTracker and NAFI tools may 

change in future years (such as the interfaces or processing) which means that 

capacities need to be built that can be applied to changing practices. Further, 

understanding what the data means and being able to interrogate the data such as the 

fire histories on NAFI, are skills that have greater longevity than the mechanics of just 

manipulating using the actual tools. This issue of adaptive management is an implicit 

part of competent fire coordinators’ practices. These comments also reflect the 

important role that coordinators play – an issue that is discussed in the next section.   

The Significance of the Coordinators 

In northern Australia, ranger groups vary markedly in terms of their governance, their 

history and their inherent capacities. For example, the Djelk Rangers operating out of 

Maningrida (central northern Arnhem Land) is a well-established ranger organisation, 

operating under the Bawinanga Aboriginal Corporation (Ansell & Koenig, 2011) in 
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contrast to many emerging ranger groups (see Sithole et al., 2008). Many ranger 

groups don’t have a ranger coordinator, let alone a fire coordinator, yet this research 

and previous studies (see Sithole et al., 2008) have found that these positions or similar 

roles are often essential, particularly for accessing potential livelihood resources (such 

as funding opportunities). This has implications for Aboriginal communities accessing 

future livelihood opportunities under the ERF (as Dr Lipsett-Moore alluded to earlier 

in this chapter). While digital technologies are adopted like a technological partner in 

fire management practices, stakeholders emphasised the significant need for suitable 

people in key roles in land management in the north.   

The Indigenous Ranger Coordinator 

Current fire coordinators, past coordinators and other stakeholders singled out the 

particular role of the ranger coordinator for Indigenous ranger groups. Firstly, the 

relative success of a ranger group rests heavily on many factors including the ranger 

coordinator. Sithole et al. (2008) found that the ranger coordinator (also previously 

referred to as the facilitator) was often seen as the leader by ranger groups even if the 

coordinator did not see themselves as the boss or manager. Such an interpretation of 

the ranger coordinator role is problematic and can create tension. The ranger 

coordinator also “holds most information about the group and in some instances 

control the means to operate” (Sithole et al., 2008, p. 58). From an Aboriginal 

perspective the acceptance of facilitators by Traditional Owners often occurs through 

building close relationships with the TOs and recognising that TOs are ‘the boss’ of 

the programs (Sithole et. al., 2008).  

Former ranger coordinator/manager (with Djelk Rangers), Shaun Ansell 

emphasises the significance of this influential role and the suitability of the person 

undertaking such an important position: 
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All ranger groups, with probably a few exceptions … are very much driven by 

the agendas and understandings of their coordinator at the time. And you see 

it all the time in ranger groups – and there is a definite ebb and flow with 

ranger groups depending on who their coordinators are. (S. Ansell, personal 

communication, August 19, 2013). 

Across ranger groups there is also great variability in qualifications and 

experiences with the coordinators. Sithole et al. (2008, p. 52) found that some 

coordinators are ‘young and have qualifications that do not adequately prepare them 

for community work however this is an issue of attracting people to these often remote 

and challenging positions”. In response to this issue, it would be desirable to build 

capacity from within ranger groups for coordinator roles such as seen in Dhimurru 

Aboriginal Corporation (see Hoffmann, Roeger, Wise, Dermer, Yunupingu, Lacey, 

Yunupingu, Marika, Marika, & Panton, 2012). This would also provide potential long-

term stability for ranger groups if a suitable coordinator was found from within an 

Aboriginal community. For example, over a two-year ranger program evaluation, 

Sithole et al. (2008) observed that 13 of the 26 ranger coordinators left their positions. 

Alternatively, if coordinators are recruited from outside the community, then cross-

cultural training is the key. 

There needs to be better focused training at that level [i.e. ranger 

coordinator] because your rangers will have this store of corporate 

knowledge – that keeps rolling on. … If we could actually better educate the 

coordinators, we might able to better leverage the knowledge that rangers 

and TOs [Traditional Owners] have out there. It is a massive requirement 
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because … an uneducated and ignorant coordinator can quickly scuttle a 

project. (S. Ansell, personal communication, August 19, 2013). 

Stakeholders also identified the essential role that the Indigenous Ranger Coordinators 

play in their respective ranger groups in relation to fire management. For example, Dr 

Lipsett-Moore asserted: 

In terms of gaps, I think at the moment the challenge is that there are often 

groups that have a good ranger coordinator … when you have those 

individuals and that sort of leadership but also fundamental understanding of 

fire management, I think those programs are really quite robust (Dr G. 

Lipsett-Moore, personal communication, August 20, 2013). 

The Fire Coordinator 

Since fire knows no boundaries, and its management involves working with other 

people across such expansive areas, its recognition in the larger context of cultural and 

natural resource management is essential. However, the Indigenous Ranger 

Coordinator plays such a crucial role across all land management decisions that 

informants identified future needs in the context of fire management. Fire coordinator 

Shaun Ansell emphasised: 

There is a massive need to better educate coordinators of Indigenous ranger 

groups … about the importance of fire management. And how to actually 

work with TOs and neighbours and other interests to plan, and develop and 

implement a good fire regime. People don’t generally come into those jobs 

with any understanding of those concepts. And people learn very quickly, and 

I take my hat off to the coordinators, because having been one for a lot of 
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years, they do an incredibly hard job (S. Ansell, personal communication, 

August 19, 2013). 

Secondly, stakeholders identified that key fire coordinators are needed for key 

areas across northern Australia. The significant role that fire coordinators play in 

northern Australia should never be underestimated. Neither should their extensive 

knowledge practices and skill sets. Fire planning is a difficult, complex but critical 

task that often needs to adopt contemporary practices such as aerial burning. Fire 

coordinators also prepare projects to be part of the Carbon Abatement Initiative as well 

as plan and coordinate fire management once CFI projects are established. They obtain 

and organise the spatial data and create maps providing fire history, property 

boundaries, topography that are used to plan burning for a fire season. They develop 

fire strategies with the Traditional Owners and implement the plan with Indigenous 

rangers (including the Ranger coordinator). In terms of knowledge practices, fire 

coordinators have a sound understanding of how carbon abatement projects use fire 

information, including satellite-source fire data, not only from their role as a planner 

who uses fire information, but also from their knowledge of how rangers use fire data 

(Jacklyn et al., 2015).   

In many circumstances fire management can still be done using traditional 

practices:  

… Remote areas like the Arnhem Land Plateau and the North Kimberleys … 

in the landscape, people don’t live there anymore. … [Aboriginal] people 

only live in these little outstations and towns where people do great fire 

management and along roads. (A. Pickworth, personal communication, 

November 13, 2013). 
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However, in the extremely remote areas, the significance of contemporary 

aerial burning practices is evident. 

… It’s the only way on the Arnhem Land Plateau and in the North Kimberley 

(and probably even more so) that you can do the job aerially [in a 

helicopter]. Traditionally there would have been hundreds and hundreds of 

people walking all around that country …You can’t replicate that anymore. 

… I think there is a bit of a disconnect there, in the way we talk about fire 

and the reality of how we deal with this … on a really big scale. A lot of 

people don’t get that – how much effort it actually takes and it’s just a big job 

actually (A. Pickworth, personal communication, November 13, 2013). 

Pickworth’s comments reflect the significance of the massive scale for burning 

operations in remote areas such as the Kimberley. Together, two fire coordinators, 

namely: Anna Pickworth and Fire Coordinator A, along with the ranger groups, an 

extraordinarily-large area as illustrated in Figure 28. In total, the north Kimberley 

regions that they are responsible for the fire coordination and fire abatement projects 

cover 41,000 square kilometres – which is about the size of the Netherlands!  

Fire coordination roles are not a natural part of customary practices although 

clan-to-clan coordination has been recognised and documented (for example, see 

Altman, 2009). However, in a contemporary context, fire coordinators (or similar 

roles) are essential due to recent fire history, changed fire regimes and abatement 

opportunities. Pickworth emphasised not only the need for Aboriginal fire 

coordinators but also the importance of identifying opportunities. 

I think that is the most important thing [finding Aboriginal people who are 

interested in fire management and coordination]. If people are interested in 

[fire management] … [I] just grab people and train them up. I haven’t 
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experienced that many [Aboriginal] people who want to take that job on and 

having to coordinate it and make it happen. People don’t mind going up in a 

chopper for a day here or there or whatever but that’s why in a way, there’s 

still a big need in the Aboriginal fire world for coordinators … whoever they 

might be rather than just individual rangers doing everything. You need 

someone to make sure it all happens. It’s a long-term project. Not that many 

skills in broad landscape scale burning [exist] which is what most of the 

Aboriginal land that people work on and it’s just going to take a long time 

before it’s a common part of people’s jobs (A. Pickworth, personal 

communication, November 13, 2013). 

Wherever possible, some of the fire coordinators/planners try to mentor fire 

managers for planning and operational skills. This is one of the success factors 

identified from the West Arnhem Land Fire Abatement project (see Whitehead et al., 

2009) and is discussed further in Chapter 6. Motivation to be a fire coordinator/planner 

is an essential aspect of mentoring people for the future.  Further, Pickworth’s actions 

reflect that coordinators/planners are recognising and instigating change to redress 

some of the power balances. For example:  

This year with the Jawoyn Rangers a pretty important part of my role was not 

taking over the fire project but getting the rangers more involved, compared 

to, historically. All they used to do was – their main job for the fire project 

was to make sure the fuel was dumped in the right place for the helicopters 

and that was it. So, to give them a bit more ownership, actually going in the 

helicopter and planning where they are going to go beforehand (B. Lewis, 

personal communication, November 13, 2013). 
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However, as previously asserted there are many differences in knowledge 

practices across the tropical savannas that reflect many issues including recent 

histories and capacity. For fire coordinators: 

I think where the gaps are, are really spatial gaps; it’s where there’s a lack 

of that level of expertise on the ground for particular geographies that could 

greatly benefit from those sorts of skills. I’m sure you could find pretty easily 

if you just look at fire maps … those groups who are clearly engaged will be 

doing the early dry season fire management. Those ones who clearly aren’t, 

are clearly where the gaps are – I guess a propensity to late season rather 

than effective early dry season fire management. So, I think that’s the easiest 

way to identify the gaps. And by and large I think you’ll find where there’s 

the absence of a decent coordinator there is equally the absence of the 

capacity in the groups to deliver the program as well (Dr G. Lipsett-Moore, 

personal communication, August 20, 2013).  
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Figure 28. North Kimberley Fire Abatement Project Broad Areas – > 40,000 square 

kilometres (Source: Based on boundaries on www.infonet.org.au, 2015) 
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Knowledge Practices Identified by, and for Coordinators 

Fire coordinators as well as other fire stakeholders identified what they considered 

were some of the knowledge practices involved in the complex world of coordinating 

NRM in the north. The training and capacity building requirements range across two 

discrete levels (Dr G. Lipsett-Moore, personal communication, August 20, 2013). For 

Indigenous Rangers and their respective coordinator: 

… the sorts of training that’s been going on and through the I-Tracker 

program and the Kimberley and the land councils are running something 

similar; the capacity in and around CyberTracker (also I-Tracker with 

NAILSMA) is quite robust. I think the challenge is then uploading data to 

cloud computing because it goes onto local people’s computers and these 

may not be managed. If the data is [sic] not effectively managed, then the 

data could be lost – or simply not used effectively. (Dr G. Lipsett-Moore, 

personal communication, August 20, 2013). 

This issue not only links back to the previously mentioned issue surrounding 

the purpose of collecting data but also identifies the need for strong competencies in 

computer skills within Aboriginal organisations. As more Aboriginal organisations 

engage with the rigid carbon trading framework, their abilities to collect, store and 

secure robust data and then apply it meaningfully becomes essential. Ansell who has 

a depth of experience in these carbon markets explained:  

… the missing link is definitely going to be linking all of that back to your 

outcomes. There is definitely capacity there for all of that. I think that’s 

possible, it’s just too expensive at the moment for large groups to do. 

Certainly a lot of the time it’s not in reach of Indigenous land managers with 
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low levels of literacy and numeracy (S. Ansell, personal communication, 

August 19, 2013). 

Apart from these technical skills, the Indigenous Ranger Coordinator needs a 

sound understanding of fire and its influential role in land management.  

Moving to the fire coordinator’s role, there is a more focused and higher level 

of technical expertise needed. Fire coordinators require a broad suite of knowledge 

practices:  

… you are dealing with people who are actually doing fire management 

planning and physical implementation that’s the Shaun Ansell’s, the Anna 

Pickworth’s who basically have GIS ability, can download the relevant data 

from the NAFI site; can do whatever manipulations and planning they need 

to do in terms of the fire histories, where they need and don’t need to burn; 

the most appropriate place to put in fire lines and so forth … that’s 

individuals that are confident with GIS; they are confident with the use and 

access of NAFI, they are confident with CyberTracker units; training other 

people in the use and delivery of the program and also incredibly competent 

at sticking Raindance machines in choppers and flying around and dumping 

incendiaries across 9000 kilometres as the case for Anna for the north 

Kimberley. I should also say that this work is also done in close consultation 

with the Traditional Owners – through the fire planning process, but also 

senior TO’s often accompany the fire management person in the helicopter to 

ensure that the fire work is done “right way” by the right people. (Dr G. 

Lipsett-Moore, personal communication, August 20, 2013). 
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In order to be involved in Fire Coordinator roles, there is an increasing need to 

have a strong knowledge of, as well as experience, using GIS. 

I’m privileged from my background in remote sensing – the issue with NAFI 

is the fire mapping for that website. So I can access all that information 

really well and understand it and if there are any technical difficulties, 

overcome them (B. Lewis, personal communication, November 13, 2013). 

The fire coordinator also needs other attributes including critical thinking skills 

and incorporating new research through adaptive management practices. For example: 

But ultimately … better systems to actually analyse or assess the outcomes of 

our fire management. … What you actually manage for is impact on cultural 

sites, impact on small mammals, impact on structural heterogeneity of your 

savanna, the fringe effects on your monsoon vine forest thickets (S. Ansell, 

personal communication, August 19, 2013). 

Beyond all these technical knowledge practices, the fire coordinators also work 

with many land management stakeholders. For example, North Kimberley Fire 

Abatement project coordinator Anna Pickworth explained: 

From operations to stakeholder relations; it’s very complicated and lots of 

different groups of people in the Kimberley that have an influence over 

things, like Department of Parks and Wildlife and the Australian Wildlife 

Conservancy and the tourism industry. [I’m] also trying to set up carbon 

projects for the Kimberley. So it’s a bit of an all-round coordinator. But I 

would mostly see my role as an operational one (A. Pickworth, personal 

communication, November 13, 2013). 
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The opportunities afforded by the emerging carbon markets present a new suite 

of challenges for engaging and empowering Aboriginal people in fire management. 

When asked about the emerging carbon markets, respondents raised a range of issues 

not only about the opportunities and preparations that were underway but also 

identified that particular skills and understandings are needed.  

[The CFI] really raises the bar, the technical bar that’s required. And sure, 

different groups are going to need to rely on the technical expertise provided 

by people who work with my group and other like organisations. But it also 

raises other realities that people in the bush need to be far more literate 

about these data sources and being able to maintain records and export 

them and how to retrieve them. It can’t all be done by people sitting in a 

Darwin office. There has got to be more responsibility for people out in the 

bush. And hopefully the carbon market will drive that (Dr J. Russell-Smith, 

personal communication, July 19, 2013). 

With the emerging and expanding potential of the carbon and carbon offsets 

markets, there is an increasing need to meet PES evidence-based outputs (as discussed 

in Chapters 2 and 4). Further, entering the prescriptive nature of the regulatory 

framework of the CFI (see Chapter 4), imposes greater responsibilities and constraints.   

In terms of the administrative requirements (we need), that data we are 

recording when we are out there doing the burning whether it’s in the 

helicopter or on the ground is really crucial to the success of the fire project 

for the CFI so we need to be able to prove that we’ve gone out and done the 

work for a start because it’s inherent in the savanna burning methodology 
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that you actually go and do burning (that you do the work). So you need 

evidence of that (S. Ansell, personal communication, August 19, 2013). 

Such outputs are empirically-based, prescriptive and need to fit within the 

requirements of the CFI. Fire scar maps derived from NAFI (as described in Chapter 

4) are used as part of the Savanna Burning Methodology under the Carbon Farming 

Initiative. The automated process, the Savanna Burning Abatement Tool (SavBAT2) 

that calculates the emissions, is available on NAFI. SavBAT2 is a primary tool 

required to engage with the carbon markets. It was designed by another stakeholder 

group – the regulators. Therefore, in order to meet market-based requirements, 

particular people, practices and skill sets are needed. These add another layer of 

complexity onto the already difficult role for fire coordinators. 

We applied to join the Carbon Farming Initiative which means we became a 

registered offsets entity (we opened a registry account). … then contracted 

the Bushfires NT to do all of the vegetation mapping to work out our 

baselines and our potential emissions and build some business cases around 

that. We submitted a project application. So, we were approved as the first 

savanna burning project in Australia which was great which actually made 

us the first land sector project under the CFI [in 2012]. … At the end of the 

2012 season we put in our first (application) first offsets report along with its 

audited statement and along with an application for credit entitlement which 

meant that we successfully made over the two years 25,884 credits once you 

took away the emissions that the project had been generated as well. (S. 

Ansell, personal communication, August 19, 2013). 
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Following the calculations for abatement offsets, project proponents are then 

required to try and trade them on the carbon market.  

We then negotiated with Caltex around marketing and so forth because we’d 

received a very good offer from them which placed a value, or expressed a 

value being placed on the co-benefits delivered by the project. So the fact it 

was producing good biodiversity outcomes, producing good social outcomes 

through employment, engagement of Traditional Owners and the fact that … 

being the first savanna burning project under the CFI also had a good 

amount of publicity about it already. So, we successfully negotiated a sale 

with Caltex which was a huge boom so we received more than $20 a tonne 

per credit (approx. $516,480) (S. Ansell, personal communication, August 

19, 2013). 

However, once the CFI project has been registered and the initial vegetation 

mapping has been completed, the automated process provides a reasonably 

streamlined operation.  

So a GPS track while you are flying around; that’s all you need to know for 

the Carbon Farming Initiative and for the actual informing of the mapping of 

your fires. You don’t even need to know who was doing it (although we like to 

know for our own records) but all you need to know is what the vehicle was 

so you know what fuel it took; where and when it travelled while you were 

operating it. And from there you can calculate the fuel usage which goes into 

your emissions calculations and you have a Shape file or GPS track that you 

can send [to NAFI which improves the fire scar mapping]. … It also provides 

the evidence of the fact that you actually did that burning – that you actually 
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implemented dry season burning (S. Ansell, personal communication, August 

19, 2013). 

This emphasis on fire coordinators was noted by a range of informants who 

represented government, research, philanthropic and private industry sectors. These 

roles are essential for ensuring Indigenous communities are aware of, have access to, 

and can solicit opportunities to be involved in the emerging carbon markets.  However, 

such opportunities to participate are inextricably linked to capacity within the 

community. Such capacity is also linked with adequate and appropriate long-term 

resourcing. Currently, most fire coordinators and ranger coordinators are European 

and have tertiary education qualifications. 

People: Capacity Building through Training and Digital 

Technologies 

People are the most important resource in northern Australia but their value and the 

significance of consistent and adequate resourcing for fire management is a perennial 

problem which is at the mercy of the political decision- making and funding cycle. 

There is a historical dimension to this resourcing problem too: 

The lack of people in north Australia means we have fewer human resources 

and also financial resources to do what I think is a pretty huge job. And 

therefore in times gone by, the job hasn’t been done very well [by Europeans] 

particularly when Aboriginal people were taken out of the landscape rather 

quickly like they were. Nothing was done by non-Indigenous people to 

replace the fire management. (Dr A. Edwards, personal communication, June 

13, 2013).  
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This lack of recognition and resourcing historically and politically is 

symptomatic of remote and regional Australia. The ongoing implications of this are 

widespread.    

You make steps forward; one year forward, one step back the other years. It’s 

a lack of consistent service provision to assist people in the bush (Dr J. 

Russell-Smith, personal communication, July 19, 2013). 

One informant described the nuances of government funding and the 

constraints it places not only on the efficacy of fire management but also the 

opportunities to build long-term capacity in northern Australia. The issue of financial 

resources is central to capacity building and training, especially in Aboriginal 

communities. Fire researcher and consultant Dr Leasie Felderhof explained: 

… a lot of it depends on soft money being available; groups having money. 

So if it’s an Indigenous group and they are trying to run a ranger program in 

some ways it should be a government service that is provided because if they 

don’t get grant money … they can’t afford to get a fire plan done. Part of 

planning is actually a process where you are reviewing it and seeing how 

they went and working it out for next year, the climate is different. It’s always 

different conditions what you are trying to do over three or four years; the 

ideal thing is you’ve embedded down a process with a group where they’ve 

thought about it; they’ve had a go at applying it; they are gradually building 

confidence; they are looking how it works; you come back and you revisit the 

next year and the next year and by then, say three to four years, then 

hopefully on their own they’re thinking we’d better start thinking about our 

fire [planning and management]this year. But because so much is short-term 
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funding, you often feel you don’t close the loop. That’s with pastoralists as 

well (Dr L. Felderhof, personal communication, December 10, 2013).   

Felderhof identified that relationship building is a key part of working with 

Indigenous communities. Therefore, time is a big factor in any fire planning or training 

program; a factor that is considered with government funding or ‘soft money’.   

It is all about talking to [Indigenous] people and coming to common 

understandings of what people are trying to achieve and recognising 

knowledge; and consensus decision-making is the other thing – [talking to] 

lots of different people about a piece of land (Dr L. Felderhof, personal 

communication, December 10, 2013). 

Adequate resourcing for people to manage fire and build capacity has other 

benefits beyond what’s tangible. And it is the trust and relationships that are the non-

tangible people assets that are established over time – success factors that Russell-

Smith et al. (2009) identify with the WALFA program and that are hallmarks of the 

Learning on (and through) Country programs (Fogarty, 2010). 

But that’s one of the problems with the soft money that we are tied into all the 

time, there is not enough time, you need the continuity of the person as well 

because of relationships. You are working with the [Indigenous] people to 

come to some logical conclusions; you are having discussions about it; it all 

makes sense to everyone by the time you get down to a [fire] plan. …. you 

need longer term funding with continuity of people… It works because you’ve 

got someone employed to do a job and they are there for a long time (Dr L. 

Felderhof, personal communication, December 10, 2013). 
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This lack of consistent and adequate resourcing will have future consequences 

for communities and livelihoods across the savannas: 

But the only groups who will be able to engage in [the carbon markets] are 

groups who can access money up front where they can still get the credits but 

they can bank the credits effectively; they hold onto the credits until such time 

as the market is buoyant. Then again, groups aren’t going to be savvy or 

across some of these sorts of details; it’s people again who are well voiced, 

well-heeled in the understanding of how the CFI works and all these other 

higher level market-based systems we are developing (Dr G. Lipsett-Moore, 

personal communication, August 20, 2013). 

Again, the constraints of the CFI and the carbon market framework will 

potentially marginalise direct engagement for many Aboriginal people and their 

communities. Fire researchers also identified the importance of building capacity in 

GIS in northern Australia.  

I think there is an opportunity there to build capacity amongst land managers 

to be able to do more [GIS] … building a decentralised capacity to use GIS 

tools to be able to work with data in the way that people like … in northern 

Australia. Because there is certainly a need with Open Source GIS 

applications now (R. Fisher, personal communication, August 13, 2013). 

The next section investigates ways forward, particularly for building greater 

capacity for Aboriginal rangers that will enable them more extensive engagement and 

participation in fire management, particularly in the light of the emerging carbon 

markets.  
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Pathways for People, Place and Practices 

The emerging carbon markets have been one of the drivers for improvements for fire 

management in recent years. As Ansell emphasises: 

The emerging carbon markets in Australia and [around] the World have been 

driving the recent improvements in fire management. It has become 

abundantly clear through analysing the success of the WALFA project and 

other fire projects in northern Australia that it is not enough to have an area 

managed for conservation because that as we’ve seen in our national parks 

to date doesn’t necessarily mean producing an appropriate fire regime but 

when you actually couple that with the economic incentive of producing a 

carbon abatement you actually end up with the driver of a much more 

appropriate fire regime than the ones we’ve had previously in the 

conservation estate and probably in the pastoral estate as well. (S. Ansell, 

personal communication, August 19, 2013). 

This issue of inappropriate fire regimes in the conservation estate has been 

addressed in research (see Edwards, Hauser, Anderson, McCartney, Armstrong, 

Thackway, Allan, Hempel, & Russell-Smith, 2001) and more recently in Petty et al. 

(2015a) and Petty et al., (2015b). It was also an issue raised by Traditional Owner, Dr 

Ford concerning conservation areas adjacent to her traditional country:  

Before [Litchfield National Park] was opened up, we used to burn it [then] 

‘parks’ took over the management of the burning. Mum used to get so angry 

and irritated with the bushfire mob because they’d be burning and creating 

all this new woodland [acacia] whereas before it was all cleared because of 

the different technique used for burning. And they used to explain to Mum 
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that it was the old way of burning. And Mum used to tell them … you don’t 

know what you are talking about. … Mum used to tell them they were burning 

too early [Plus, too frequent burning] didn’t allow for grass to grow there … 

so it limited grass for animals to go hunting for…Mum used to be very vocal 

about the bad practice used which chased all the animals away from all the 

old clearings. The clearing spots that we grew up knowing about, they are all 

woody now. Even today they are all full of acacia; it’s thick; they are not 

little plains anymore. Near where the termite mounds are, around those 

areas, it’s all acacia. If they are not careful … it will become all acacia, 

instead of stringy barks and woolly butts and grass.… less frequent fires and 

usually your burn was a good clean burn; what we refer to a clean burn and 

that’s July, June-July, whereas they’d burn that now as soon as the wet is 

finished. (Dr L. Ford, personal communication, August 19, 2013). 

As various stakeholders emphasised, the technologies are already embedded in 

fire management practices but need to be supported. However, Professor Jeremy 

Russell-Smith, a consultant with the Darwin Centre for Bushfire Research, emphasised 

that the gaps and issues are about the service program that frames and supports 

northern Australia (J. Russell-Smith, personal communication, July 19, 2013).  While 

most Indigenous organisations have some rangers using the basic NAFI maps, they are 

not using the more powerful planning tools so there is a need to build capacity in such 

organisations. Indigenous people are particularly at risk due to limited engagement in 

fire management and the emerging carbon markets. Basic training provision either 

through formal education or informal learning opportunities is urgently needed in the 
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world of fire management in northern Australia. The engagement and conversations 

about the emerging carbon markets have been underway for many years. For example:   

There are still the basic requirements for people to understand the principles 

involved. That’s not essentially difficult.  I’ve had many communications and 

discussions with people out bush who have limited command of English let 

alone familiarity with various of the greenhouse gas/climate change 

concepts. You actually, sit down and go through it step by step and people 

have the conversation, you can get that. You know you can get across very 

technical issues about different types of gases we are dealing with and how 

you might measure them. And why we are doing this fieldwork assessment; 

what are the units/components that we are actually assembling while we are 

having this discussion (Dr J. Russell-Smith, personal communication, July 

19, 2013). 

However, more formal training provision is needed across a range of different 

cultural and geographic settings. 

But again, none of that is difficult – technically or conceptually. It’s just 

about having the resources - the stable program to get out and assist people 

(Dr J. Russell-Smith, personal communication, July 19, 2013). 

In particular, skills can be attained that are useful for understanding the 

importance of GIS mapping at a regional and landscape scale and are transferable for 

a range of land management contexts. It is important to consider the recent history of 

GIS and the revolutionary shift to what is now referred to as GIScience and 

participatory GIS in this next section.   
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The seminal work, Ground Truth (Pickles, 1995) along with other GIS 

critiques were catalysts for initiating the participatory GIS movement that emerged a 

decade later in response to these critiques (Elwood, 2006). The book critiqued the 

many weaknesses of how GIS was used to further privilege those in power who had 

easy access to it, while marginalising others (Goodchild, 2006). A decade later, Pickles 

reflects on his and other colleagues’ concerns at the time: “that GIS was becoming a 

powerful mediator of spatial knowledge and a powerful social actor, having emerged 

rapidly in conjunction with a broad series of institutions” (Pickles, 2006, p. 763). The 

subsequent participatory GIS movement and GIScience have grown “to challenge the 

GIS community to develop rigorous traditions of reflection, critique, and theory 

development around GIS” (Pickles, 2006, p. 765). However, in spite of its limitations 

and challenges, particularly for redistributing access and power to bridge the digital 

divide, GIS’s importance is palpable as a: “powerful mediator of spatial knowledge, 

social and political power, and intellectual practice” (Elwood, 2006, p. 694). The 

subsequent democratisation of GIS with the rise of the open source model also 

provided a clear departure from the inflexible and closed access of earlier models that 

imposed power relations on people from lower socio-economic backgrounds (Jones, 

Mount & Weber, 2012). So, how do these recent developments redress power balances 

created through GIS related to northern Australia? 

During the stakeholder interviews two informants, Rohan Fisher and Dr 

Bronwyn Myers explained their experiences after providing GIS training in a resource-

poor setting in Indonesia. Parallels can be drawn from this setting and that of the 

resource provision that is characteristic of northern Australia. It also provides 
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opportunities to reflect on lessons learnt in capacity building in the health sector in 

eastern Indonesia.  

Formal training in GIS was conducted in Nusa Tengarra Timur in 2009 with 

positive short and longer-term outcomes. Contextualising was a considered success 

factor in any training or teaching. For example, Fisher & Myers (2011) found that GIS 

training was effective in Eastern Indonesia due to the simplicity of the software used 

(OpenJump) and contextualising the training by using data from the participants’ 

district on which to base training exercises (Fisher & Myers, 2011). They found that 

utilising local data better prepared the trainees for applying the skills in their 

workplace. Participants were provided with step-by-step screen-capture training 

materials with first language narration (i.e. Indonesian) to continue learnings post-

workshop (Fisher & Myers, 2011). The researchers also recognised not only the value 

of GIS skills for the tasks and practices for which the training was intended, but also 

the transferability of the training for other useful contexts. They have since adapted 

their approach accordingly for GIS training in Indonesia, as Dr Myers explained:   

We sort of say “here’s a tool that could be used for a whole lot of 

applications, what do you want to use it for” and we reckon that’s a much 

more successful way because it’s not giving the people you are training 

another job in a way, it’s sort of saying “use it for what you think is most 

important”. So even though the people we had originally trained in the fire 

management approach weren’t using it to monitor fires, they were using it for 

other things” (Dr B. Myers, personal communication, August 13, 2013). 

Dr Myers explains that two of the people who undertook the fire monitoring 

training continued with university studies in the GIS-related field. One of them is now 

training people in other districts in mapping and monitoring. “Maybe some of the 
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impacts have been sustained are not exactly what you might have aimed for in that 

particular project but they are certainly in the positive” (Dr B. Myers, personal 

communication, August 13, 2013). 

 The strengths for such flow-on effects are considerable for Indigenous 

communities.  

One of my personal appreciations of Aboriginal people [they] are the most 

fantastic communicators – above communication. It’s the thing they do: they 

talk; they share things; they argue but they devote a very substantial 

proportion of their time communicating with each other. (S. Sutton, personal 

communication, July 31, 2013).   

So, the potential collateral learning benefits for Indigenous communities 

should not be underestimated. For example, the digital technologies as tools through 

which Aboriginal people learn and communicate are well documented by Kraal and 

Schwab (2011).    

Generic training in GIS could be designed for a range of land management 

practices including fire, feral animals and weed management. Specific application of 

such skills using NAFI could be developed for fire managers and Indigenous rangers. 

Such skills could form some of the building blocks for building capacity for future fire 

coordinators.  

The GIS training approaches that Fisher and Myers (2011) adopted in resource-

poor settings such as Indonesia have seen similar training conducted in northern 

Australia. In northern Australia ready access to GIS software is a key consideration. 

For example, particularly in land management or government organisations where 
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there is often only one computer installed with ArcGIS mapping software, training 

needs to take into account such limitations. As Dr Felderhof recommends: 

You are better off with Google Earth that can be accessed from anywhere. 

And by the time you get a lot of people accessing something that is pretty 

straight forward, then they can share it with their friends and get their friends 

to use it. Getting the basics spread is possibly more important than getting 

the detail with one or two people (Dr L. Felderhof, personal communication, 

December 10, 2013). 

Training provision in the Vocational Education and Training sector also adopts 

a similar approach. For example, in the Conservation and Land Management units that 

use GIS tools at Charles Darwin University, VET Lecturer/Workplace Assessor, Tracy 

Blackney uses the open source freeware QGIS as the tool of choice. It is very similar 

to ArcGIS. This enables trainee rangers to transfer capabilities from QGIS to ArcGIS 

which is often used in national park management workplaces in the Northern Territory 

(T. Blackney, personal communication, February 11, 2015). On a cautionary note, 

training in GIS requires carefully planning, assessment and evaluation as using place 

and space-based pedagogical approaches does not guarantee competencies in critical 

thinking. For example, Fisher and Myers (2011, p. 10) emphasised the limitations of 

using spatial visualisation for critical data analysis because “the ability to question the 

veracity of data, search for correlations, trends or inconsistencies are skills that need 

to be actively taught alongside the more technical competencies”. 

Ideally, including NAFI and CyberTracker in conjunction with other skills 

such as Google Earth and GIS skills would provide a more balanced approach to 

training. This broader training that includes a range of available tools allows greater 

long-term flexibility of adapting the tools to changing needs. Further, complementary 
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training would highlight not only the inter-functionality of how these tools 

complement each other in fire management, but also emphasise the differences. For 

example, the different scales at which they operate from the finer scale, local level of 

CyberTracker and how its cumulative data can be incorporated at a larger scale through 

NAFI.  

The nuance of place is significant in northern Australia. Place is central to 

Aboriginal views of the world. Yet, places have different histories, particularly since 

European settlement. The legacies of such have created diversity in communities 

across the North. As one fire coordinator who worked in Kakadu National Park but is 

now based in the Kimberley compares the two places:  

In the Kimberley, we’ve still got quite a way to go … I think in Kakadu 

[Indigenous] rangers were in that landscape probably more whereas in the 

Kimberley most people are probably not on their country it’s really kind of 

weird; their country is really remote and they don’t get there that much; they 

kind of live in town and do all their bits and pieces. It’s not like working in 

Kakadu (A. Pickworth, personal communication, November 13, 2013). 

This has implications for fire management and the practices adopted, especially 

the importance of including traditional knowledge of country. Training programs need 

to acknowledge these differences. Dr Leasie Felderhof explains some of the key 

success factors when conducting GPS and GIS training with Aboriginal people in 

Queensland: 

What I found really good about that, it was the first time they’d ever seen 

their own points on a map. You know, usually people have shown them how 

to use a GPS but then they record [data] and send [it] off somewhere else. … 
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They never really see the end result … And they were absolutely thrilled to go 

… we just walked around some of their country and they took GPS points 

where they felt interest in something. … so we weren’t collecting data for 

someone else. (Dr L. Felderhof, personal communication, December 10, 

2013). 

Once the participants had collected their own points, they uploaded them to the 

GIS software. The enthusiasm of that training course was palpable:  

…I was teaching them how to turn dots on and off colour and teach them in a 

way that they had layers that they could turn off and on and colour in. You 

know. As basic GIS as I could get it and with a manual that was really visual 

and really lots of screen grabs and what button to press and what they 

should see. Anyway, but what they really, really, really liked was they made 

maps with their own points; it really was the first time they’d ever turned 

their own GPS points into a map for themselves… And they loved it. And it 

really hammered home one of the gaps.  (Dr L. Felderhof, personal 

communication, December 10, 2013). 

Fire researcher Dr Jeremy Russell-Smith advocated both formal training 

programs and non-formal training support which are well funded with “at least a three-

year/four-year funding cycle that is then reviewed and changes accordingly” (Dr J. 

Russell-Smith, personal communication, July 19, 2013). 

The need is evident particularly in the light of the expanding ranger group 

program with the huge expansion of the ranger program since 2007. By the end of 

2013 it was predicted there would be about 720 full-time Commonwealth-funded 

ranger positions in northern Australia. However, this expansion of employee numbers 
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has not coincided with a “commensurate expansion of the funding support provided to 

take these guys to the next level” (Dr J. Russell-Smith, personal communication, July 

19, 2013).  Indeed, it’s this next level of expertise and training that is one of the likely 

underlying reasons why there are difficulties recruiting new Aboriginal fire 

coordinators. 

There is a deficit of people who are really, really interested in it and want to 

do it and so it doesn’t probably work all that well unless people are kind of a 

bit dedicated to it. So I think that’s a huge capacity development thing. Is 

finding people who really, really want to do it and then training them up 

further. I suppose it’s because they are such big areas. Logistically it’s hard 

(A. Pickworth, personal communication, November 13, 2013). 

Since NAFI plays such a key role in fire mapping and the Carbon Farming 

Initiative, “it will have an increasingly important role in that sort of space. I suppose I 

guess the main challenge is getting Indigenous and remote communities the capacity 

and resources to be able to use it” (Dr J. Russell-Smith, personal communication, July 

19, 2013). However, building capacity extends beyond the NAFI tools: 

I’m just thinking of a group that might be doing fire management when they 

haven’t done it before or maybe wanting to start a carbon project and 

starting from scratch. There are a lot of lessons and I don’t think those 

lessons are readily available. People have to pretty much learn it from 

scratch … there’s a lack of information and you can get certain things off 

things like NAFI … but they are just tools, they don’t really teach you. 

There’s not like a step-by-step way to do a fire plan. Everyone has to invent 

their own template and way of doing it; it sort of varies from place to place 
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on how they do that. (Fire Coordinator A, personal communication, June 5, 

2013). 

Informants recognised the complexities and significant responsibilities of the 

fire coordinators and how these roles and people could be supported through 

formalised and targeted training programs. 

But it would be great if there was some sort of intensive course that we could 

(you know) offer to coordinators where they could actually go away and sort 

of get the background knowledge about why they are doing this fire 

management, and why it is so important. Some of the key understandings they 

need to take away to actually better design and implement a good fire regime. 

Particularly, when most of our coordinators don’t come from northern 

Australia where fire management is such a feature of land management. They 

come from parts of Australia where fire suppression is more of a feature to 

overcome that (I suppose) leap in terms of seeing fire as a beneficial 

management tool rather than something to be prevented is it’s a huge leap of 

understanding which is really important and I think we need to better equip 

people with that (S. Ansell, personal communication, August 19, 2013). 

Intensive training plays an integral role in future capacity building for fire 

management in northern Australia. However, in order to be more effective any training 

programs will need to consider the importance of identity in cross-cultural settings. 

Guenther (2010, p. 54) explains: “training delivery approaches that build in identity 

forming processes, supporting learning that encourages independent choice as well as 

interdependent contribution to the social and cultural sphere of learners’ lives” are 

demonstrated to be more effective.  
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Training courses would also draw from, and build capability using the primary 

digital tools that stakeholders use as an integral part of fire management. Informal 

learning opportunities could be enabled by value-adding to NAFI and CyberTracker. 

In particular, one of the recurring themes that fire managers expressed was the issue 

of appropriately documenting and sharing knowledge.  

People: Building Capacity through Sharing Fire Knowledge 

Practices  

Research on fire management has been very well documented in the literature (see 

Chapter 2) but research/scientific papers have their limitations for operational and 

practical application in situ. Scientific papers, for example, don’t “actually tell you 

about how to then do fire management to bring about a good result … It really comes 

down to the skills and expertise of the practitioner and the groups involved to achieve 

that. I think that’s a bit of a gap in the arrangements” (Fire Coordinator A, personal 

communication, June 5, 2013). 

Informants identified ways of documenting and sharing embedded fire 

management knowledge. For example, Fire Coordinator, Ben Lewis identified a 

potentially valuable asset to fire management involved a “way of recording the fire 

strategies that I am using and documenting them and adapting them; then publish them 

or share them” (B. Lewis, personal communication, November 13, 2013). 

The affordances of digital technologies enable documenting embedded 

knowledge and using multimedia as the medium for sharing and learning. Multimedia 

such as videos and animations were the main medium that informants suggested for 

sharing experiences. The improvements in Internet access, including mobile platforms 
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such as social media provide numerous opportunities for sharing these experiences and 

knowledge.  

The growing documentation of Indigenous fire knowledge warrants wider 

dissemination and how you do that. … We are on the point where we have a 

good solid body of scientific knowledge. We now have a thick or thickening 

encyclopaedia of Indigenous knowledge and the ability to interrogate and 

search that as an individual would be a useful addition to most people’s fire 

management skills. … It’s not the sort of thing that you’d use in an 

emergency but it’s the sort of thing that you would browse through in the 

evening and to try and enhance your understanding of what’s going on in 

particular circumstances. (S. Sutton, personal communication, July 31, 

2013).    

Traditional Owner, Dr Ford explains:  

I grew up with fire … it’s part of our MakMak Marranunggu Knowledge 

System in terms of how to use fire and how to look after country with fire; 

how to cook with fire; how to use fire for warmth; how to use fire for 

cooking, what sort of wood to use for burning, what sort of wood to use for 

cooking food so you don’t poison yourself.  … Fire is a constant for 

ceremonies … There is restricted knowledge about fire and there’s public 

knowledge and there’s sacred knowledge about it and there’s shared 

knowledge about it. Some clans have their totem as fire so they have 

particular responsibilities for looking after fire. And fire is used in 

management of country and management of our resources for food. (Dr L. 

Ford, personal communication, August 19, 2013). 
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NAFI has started to provide a digital portal called Northern Fire Manager from 

which fire stakeholders can upload, interrogate and search for resources (see 

www.firemanager.org.au). There are significant and valuable resources that have been 

produced but are not widely available. Fire Coordinator A identified a specific 

example of the stone country training material that Anna Pickworth developed for 

training Indigenous rangers in Kakadu National Park. 

Anna’s written up that stone country burning program thing … it’s not 

readily available …  that’s one example of something that people could get 

hold of and sort of teach themselves. Other people have other ways of doing 

it. So it would be good to get some of it articulated. There must be experts out 

there that could share their knowledge and expertise but there doesn’t seem 

to be an easy way to do that at the moment. Examples that people could get 

hold of to teach themselves (Fire Coordinator A, personal communication, 

June 5, 2013). 

Lewis emphasised the importance of providing and sharing finer scale, place 

specific knowledge practices about fire management. 

People want to start getting those finer scales. More, once people understand 

their landscape pretty well. You know they work out what kind of fuel that 

colour is on the Landsat image and how it behaves. And how they pass that 

on to other people; for example, about how they manage that particular fuel 

type or whatever. Places where it is. So, there is a bit of gap there (B. Lewis, 

personal communication, November 13, 2013). 

file:///C:/DTEM/CDU/WritingRetreat/CURRENT%20CHAPTERS/www.firemanager.org.au
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While some of the knowledge practices are documented and available in 

relatively resource-rich places like Kakadu National Park, much of the information is 

not geo-referenced for specific locations where fire planning might need to take into 

account specific factors such as fire-sensitive plant species and modified for burning 

at finer scales.   

For example, in Kakadu people have written a lot of stuff down compared to 

somewhere like Jawoyn, because there are all these staff who are all literate 

and they go to meetings and minutes are taken. So in the end you can trawl 

through the staff reports or meetings or posters and again there is a lot of 

information in there but if you are trying to decide if you are going to light a 

particular spot, at what particular time of year or day you want to do it, it’s a 

bit hard to go and find geographically the information. You might be able to 

find the information on the stone country but not …. for that particular spot 

… that actual place behaves in a particular way that someone else knew at 

some point but if they had a way of … recording that bit of information or … 

putting a geotag fire strategy down (B. Lewis, personal communication, 

November 13, 2013). 

This need for such finer scale detail and site specific information also reflects 

the degree of complexity involved in planning strategic fire management. The need 

for finer scale detail information that is in situ is echoed by Fire Coordinator A:  

If you look at the areas of high fire frequencies, there’s almost a perfect 

match for the volcanic landscapes- they get burnt annually; … different land 

types have different fire regimes. And other people that I’ve come across are 

really not aware of that and have different ways of talking about the 

landscape, more like, ‘what’s a woodland and what’s a stone country’. … A 
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volcanic woodland is really different from a sand-plain woodland. … 

Aboriginal people know that … if they live in an area but new people coming 

into work in a particular place don’t always have that knowledge or it’s not 

always intuitive so that sort of information is missing. (Fire   Coordinator A, 

personal communication, June 5, 2013). 

Related to this finer scale detail is the recognition that Indigenous knowledge 

practices and Aboriginal philosophy differ across northern Australia. For example, 

Rak Mak Mak Marranunggu philosophy is quite different from Indigenous peoples’ 

philosophy in the Kimberley and in East Arnhem (Rose, 1995; Ford, 2010; Rose, 

D’Amico, Daiyi, Daiyi, Deveraux, Ford & Bright, 2002). For example, Mak Mak 

Marranunggu Traditional Owner April Bright describes the ‘burn grass’ technique that 

occurs after the wet season when the grass starts drying off as part of the responsibility 

in looking after country (Rose 1995; Rose et al., 2002). It is specific to the Mak Mak 

country that is bordered by the Finniss & Reynolds Rivers, northern Litchfield Park 

and the western part of the Wagait Aboriginal Reserve. So the knowledge system is 

very specific to this country.  

Another way of providing such resources could involve providing a 

georeferenced point so that people can access them spatially through a Google Earth 

map.   

There are operational manuals but people don’t tend to publish how they do 

things and that side of things, more the operational side of fire. Whereas 

people publish about some scientific experiments and various findings and 

that sort of thing. I think it would be useful to try and find a way of presenting 

some of these methods and results. So, ‘we’ve got a particular way of doing 
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fire planning and burning’. Wardekken have developed a way of doing their 

business up there in Arnhem Land. So some of the learning, they’ve shared 

their ideas with other groups ... Anna’s been doing work in Kakadu; she’s 

written a stone country training program which is a particular way of 

learning and other people have different ways. … It would be good to share 

that kind of information more; these different ways of doing things (Fire 

Coordinator A, personal communication, June 5, 2013). 

The other interesting aspect implicit in some of these previous viewpoints is 

the fact that there is high staff turnover (non-Indigenous and Indigenous) in many 

remote communities. This was an issue raised by not only stakeholders interviewed 

but also it’s an issue raised in the research literature (for example, see Sithole et al., 

2008).  Utilising digital technologies, through Internet access on web portals and cloud 

storage or through hard copy format (including DVDs), are one way of redressing 

these issues. Digital mediums such as DVDs and animations were identified as the 

preferred means through which fire management knowledge and experience could be 

shared.  

I think there is some value in having that sort of knowledge-sharing expert 

compendium digitally available … that is vetted, providing quality 

information (S. Sutton, personal communication, July 31, 2013).   

… if someone has a particular way of doing things, writing it up and putting 

out there via the network or in the public domain (Fire Coordinator A, 

personal communication, June 5, 2013). 
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While DVDs (hard copy) has the limitation with staff turnover the resource can 

be physically removed with that person’s relocation. However, the Internet still has its 

limitations particularly when trying to conduct training in very remote locations. 

Most people can get access to the internet, I guess I was talking more in the 

context of, say if NAFI were to develop so it could have a fire planning tool 

included in it, rather than just the service it’s doing now, then it could sort of 

say “if you are a new group, you don’t know how to do fire planning, you 

want some kind of template and system, here is a step-by-step approach and 

it leads you through that, you could do that. But the only limitation with that 

is that NAFI is web-based so if your workshop is in an area where there is no 

internet and sitting out in the bush or you’re in a workshop setting where 

there is no internet or no mobile connection then you really can’t use that 

tool, you’ve got to do it manually. So that’s the limitation of having a web-

based system (Fire Coordinator A, personal communication, June 5, 2013). 

Stakeholders identified practical examples of how to share these ways of doing 

fire knowledge practices through specific digital media. For example, as Fire 

Coordinator A suggested that if someone has a particular way of doing things, then it 

would be useful if they wrote it up and communicated or broadcasted it via the fire 

managers’ network or in the public domain. This view was shared: 

… the best thing is going to be three-minute You-Tube videos of people 

showing what they are doing and then showing what works and what didn’t 

work and relating their experience in really short chatty kind of things that 

people can just click on and watch – after three minutes they’ll stop 

watching. … the whole experiential thing and … those kind of things where 
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people can actually see, it’s a real person, doing something real, and maybe 

that’s something that we can learn from or try and replicate or at least get 

you thinking … about what might happen. And people want that face-to-face 

experience. The way that the electronic media can project it – it’s as close to 

a face-to-face conversation as you can get. (Dr G. Crowley, personal 

communication, January 3, 2014). 

Not only knowledge practices were identified as useful. Conceptual 

understandings such as the relationship between fire and more abstract notions like 

carbon would help contribute to capacity building in the North.  

Probably some really, good help, with making DVDs and really good 

animations; not fire scar animations but animations about carbon and fire 

… some entertaining kind of videos … that would be really good (A. 

Pickworth, personal communication, November 13, 2013). 

Additionally, Pickworth revisited another innovation that has yet to be realised: 

“my old fire computer simulation idea” (A. Pickworth, personal communication, 

November 13, 2013). This innovative idea builds on her stone county experience and 

fire training materials she developed as a fire coordinator based in Kakadu National 

Park. The innovative suite of education and training materials focuses on the fire-

sensitive stone country of the Arnhem Land Plateau. At the heart of the educational 

proposal was a computer game that simulates aerial burning and through a range of 

scenarios rangers could ‘test drive’ their aerial burning practices with constructive 

feedback given by the ‘old people’ of that country and/or carbon credits awarded for 

good practices. The fire simulator could also be used as a learning and assessment tool 

for Vocational Education and Training courses. Coupled with this digital simulation, 
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was a Stone Country Burning Manual that provides a reference to support fire 

management on the ground. As stakeholders in this study have asserted, fire 

management and planning in northern Australia is very complex but “the game has the 

potential to get people thinking about all the different aspects of Fire Management on 

the Arnhem Land Plateau” (A. Pickworth, personal communication, November 6, 

2009) and then apply what they’ve learned to their fire knowledge practices. However, 

due to the closure of the Tropical Savannas CRC, this innovation did not progress 

beyond a draft proposal and alternative sources of funding were not sought due to the 

lack of funding opportunities in NRM that were symptomatic at the time.  

Fire coordinators made a range of recommendations about approaches that 

would contribute to building capacity for fire management and planning. For example, 

provision of training resources that are accessible for workshops or other situations 

and are portable in remote areas were noted. An alternative that Fire Coordinator A 

suggested (in order to overcome the Internet issue as previously mentioned) would be 

to use a mobile tool such as CyberTracker. While it has a few limitations, it can also 

be on people’s desktops and therefore can be taken anywhere (Fire Coordinator A, 

personal communication, June 5, 2013). But the main emphasis of stakeholders was 

“sharing these ways of doing things” (Fire Coordinator A, personal communication, 

June 5, 2013). 

Any resources that are value-added to either NAFI and/or CyberTracker need 

to have similar characteristics that were identified as success factors for the use and 

uptake of these tools. In particular, resources and the interface from which they are 

accessed:   
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Things have got to be crystal clear absolutely, simple, three clicks … very, 

very simple. … You’ve got to look at where people’s eyes work and the parts 

of the screen like the bottom left hand side of the screen, put something down 

there and no-one will use it and see it. And they will straight out tell you ‘I 

wish this site did such and such’. But because the icon is in the wrong place 

they don’t see it so that’s all: visual layout and simple language. Icons 

sometimes work but sometimes they are confusing if they don’t have the 

words (Dr G. Crowley, personal communication, January 3, 2014). 

It is imperative that such interface and co-design principles are adhered to – 

issues that are also supported in the research literature (for example, see Herrington, 

Oliver & Herrington, 2007). While iconography has been demonstrated to be very 

useful with CyberTracker, to maintain consistency it would be prudent if NAFI 

adopted any symbols then it uses corresponding ones with a rollover text option as part 

of the user interface. For example, see Figure 7 that illustrates examples of resources 

collaboratively developed by the research under the auspices of the former Tropical 

Savannas CRC. However, it should also be noted that some of the limitations of current 

digital tools are due to the resolution of imagery from satellites rather than deliberate 

design features.  
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Figure 29: Examples of rollover text to support iconography (Burning Issues 

learning module); in-context rollover glossary used in Savanna Walkabout 

(Source: environorth.org.au/learn). 

  



 228 

The issue of longevity and sustaining the possibility of capacity building was 

identified by Ben Lewis about capturing knowledge practices, particularly for the 

medium-term when there is staff turnover in land management organisations (e.g. 

Kakadu National Park). 

 Information gets passed on at that fire meeting for those people who are 

there but the value for the next person who next manages that place; it might 

not be for four years’ time. ... More recently I’ve come to the view that fire 

managers [need to understand] what does biodiversity mean and what are all 

these other values that are hard to measure (B. Lewis, personal 

communication, November 13, 2013). 

But to keep things simple and straight forward was the fundamental message 

from informants. “It only takes one glitch to put someone off - I’ve seen that time and 

time again” (B. Lewis, personal communication, November 13, 2013). This comment 

aligns with the research literature where Star (1999) found that an examination of 

infrastructure identified ‘the paradoxes of infrastructure’ where miniscule obstacles 

often presented barriers to the users of computer systems or devices. Shaun Ansell: 

There needs to be better fire management training tailored for rangers as a 

whole. Not just at the coordinator level but actually at the land managers’ - 

at the rangers’ level. Just because all the appropriate training that is on offer 

at the moment … most of it is based on the South Australian stuff. It’s very 

heavy on occupational health and safety which is good but the occupational 

health and safety risks of fires in northern Australia are quite different from 

the fires that they get in southern Australia. The operational realities of most 

ranger groups means they probably need slightly different occupational 

health and safety solutions and education to what you would see in southern 
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Australia. Our groups are so resource-poor and they are also so ephemeral 

in some ways in that there are often people coming in and out of these 

programs and not a lot of experience retained. (S. Ansell, personal 

communication, August 19, 2013). 

Limitations and Significance of the Research Findings 

As stated in Chapter 3, there are limitations to this research. Firstly, due to a range of 

factors including remote access to, and funding, most stakeholders interviewed were 

non-Indigenous. However, the four fire coordinators interviewed, the NAILSMA 

project officer as well as most of the other fire stakeholders, work integrally with 

Indigenous communities in their respective roles. Further, each informant’s depth of 

experience working with Indigenous people in northern Australia, on average, exceeds 

15 years. It should also be noted that the stakeholders interviewed are very committed 

to their respective fields of expertise and fire management.  

The researcher has endeavoured to portray the informants’ experiences and 

views fairly, responsibility and accurately. However, the nature of qualitative research, 

however ethically and fairly it is conducted and reported, still gives the researcher the 

authoritative voice (Erickson, 2012). Wherever possible, the researcher has 

corroborated interview data with other informant’s responses and/or triangulated it 

with other research from a range of disciplines along with the researcher’s own 

observations and experience. Another limitation is that the analysis provides a 

snapshot of fire management in a world that is rapidly changing. For example, since 

the interviews were conducted more CFI projects focusing on fire abatement are 

registered and now operational. These include, the Central Arnhem Land Fire 
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Abatement (registered with the CFI as WALFA2), Balanggarra and Wilinggin, 

Dambimangari CFI, and Wunambal Gaambera CFI. Three of the fire 

planners/coordinators interviewed are coordinating these projects. However, this 

restricted dimension of time adopting a limited stakeholder analysis approach is a 

weakness, the method is also a strength; it has enabled the researcher to assert 

recommendations and pathways to help influence the future of fire management in the 

north (Brugha & Varvosovszky, 2000). 

These research findings identify how the digital tools, NAFI and CyberTracker 

have significantly enabled greater Indigenous participation in both land and fire 

management in recent years. In particular, the evidence-based carbon abatement 

projects using the savanna burning methodology now provide a source of income that 

ensures Indigenous people are remunerated for their fire management work but also 

provides ongoing financial sources for communities that can be reinvested in other 

enterprises such as tourism (Whitehead et al., 2014). The findings also identify the 

significance of scale and how it affects so many aspects of fire management operations 

in a contemporary setting. In particular, western science tools such as NAFI and GIS 

are critical for people implementing strategic burning operations at a landscape or 

regional scale. Essentially this is due to the sheer scale of country that needs to be 

managed for fire where there are relatively few people and limited infrastructure across 

landscapes that are often larger than many European countries. Importantly though, 

knowledge of country plays a central role too but such knowledge practices are place-

specific and are appropriate at smaller scales (as demonstrated in the WALFA case 

study in Chapter 4).  

As more regions and Aboriginal communities engage in the emerging carbon 

markets, the risks increase that under such institutionalised and regulated frameworks, 
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Indigenous people will be unintentionally marginalised. The Carbon Farming 

Initiative is providing significant sources of potential and realised income for fire 

management in remote and very remote northern Australia. However, evidence of 

carbon offsets is the currency that is traded for money on the carbon markets.  So, 

money is the main asset that is valued for these fire abatement projects. What these 

inflexible institutionalised frameworks do not accommodate, is any value for 

customary fire knowledge practices and other socio-economic and health benefits for 

Indigenous people that are well documented under the Healthy Country, Healthy 

people nexus (see Burgess, Johnston, Bowman, & Whitehead, 2005; Burgess, 

Johnston, Berry, McDonnell, Yibarbuk, Gunabarra, Mileran, & Bailie, 2009). Further, 

other values such as biodiversity conservation are not recognised under the CFI, only 

the ‘green and social conscience’ marketing values that companies can draw from who 

trade in these carbon markets – a suggestion that is supported by recent research.  

The research literature surrounding these contexts is still emerging. Current 

research uncovers interesting aspects and ambiguities but emphasises some of the 

paradoxes that underlie motivation to reduce GHG emissions in the corporate world. 

In a Canadian study of corporate strategies, Boiral et al. (2012) found that companies 

who committed to reducing GHG emissions performed well financially. However, 

paradoxically, Boiral et al. (2012, p. 507) also found that “economic motivations do 

not positively influence corporate commitment to reduce GHG emissions”. Instead, 

the researchers revealed that such commitment is “motivated by environmental and 

social concerns (e.g. public demonstration of the company’s commitment, ethical 

issues, pollution reduction) and by pressure from various stakeholders (e.g. the head 

office, general public, environmental groups)” (Boiral et al., 2012, p. 507).  
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In Australia, Wang, Li & Gao (2014) found the contrary - GHG emissions 

correlate with corporate financial performance positively. The difference has been 

attributed to a range of reasons including the large economies of scale of Australia’s 

mining industries coupled with the export demand for non-renewable energy sources 

such as coal (Wang et al., 2014). Another reason rests upon Australia’s relatively low 

percentage and awareness of socially responsible investment (SRI), with less than two 

per cent of investment value on the Australian Securities Exchange, compared with 

much higher percentages in Canada, the United States and Europe (Wang et al., 2014).  

Jacobs (2014) found that the US stock market responded positively to 

companies announcing voluntary emissions reduction (VER) announcements that are 

pledges or statements of intent rather than realized achievements of VER. Jacobs 

concluded that “managers contemplating VER might find benefit (and at least no 

harm) in announcing their intent to reduce emissions rather than waiting until they 

have achieved the reduction (2014, p. 1859). In relation specifically to PES schemes, 

the research is still evolving too. While Noordwijk et al. (2012) assert the need for 

governments to enforce strict rules and regulations for PES (as mentioned in Chapter 

2), they do emphasise there is a longer-term need for these schemes to evolve to 

accommodate efficiencies and fair incentives for involvement. Noordwijk et al. (2012) 

also stated that giving “financial incentives to individuals can lead to crowding out 

social motivation and can have negative effects” on environmental services delivery. 

Zander et al. (2013) made similar observations with their findings on motivation and 

incentives with Indigenous rangers in northern Australia (as discussed in Chapter 2).  

This analysis has deconstructed interviews and reconstructed them through 

connecting themes with other interviews. Through the limited stakeholders’ lived 

experiences, corroborated with current research and the researcher’s professional 
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experience and observations, this chapter has demonstrated how digital technologies 

have transformed perceptions and fire management practices in Australia’s fire-prone 

savannas. Digital technologies have also been instrumental in shifts to reinstate more 

traditional burning practices that were disrupted when Aboriginal people were 

displaced from their country with the onset of European settlement in northern 

Australia.  

However, the research findings identify how existing digital tools and rigid 

regulatory frameworks for the carbon markets can unintentionally establish power 

relations and marginalise Aboriginal people from participating more integrally in fire 

management and abatement opportunities. CyberTracker and the North Australia Fire 

Information tools are both used for fire management in general. Appendix D provides 

an overview of the stakeholders and the digital tools they identified during the 

interviews. Utilisation of NAFI for fire scar mapping (or the equivalent) is essential 

for registered fire abatement projects. This is enforced under the ERF which stipulates 

strict rules and regulations (as mentioned earlier in this chapter and in Chapter 4) and 

more recently, the SavBAT2 tool, hosted by NAFI. As discussed, to use the more 

powerful capabilities of NAFI, people need GIS competencies, particularly in order to 

engage in fire planning and more integrally in the emerging carbon markets. As 

discussed, the researcher recommends value-adding to the NAFI website using 

multimedia (e.g. videos, animations) to provide stakeholders more informal learning 

opportunities. In Chapter 6, more importantly, the researcher recommends ways 

forward that build capacity across the fire management world of northern Australia 

through targeted, culturally-appropriate integrated formal training programs. 
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We are teaching young people about the country, 

the walking routes, the place names, experiences with the 
country 

and then they in turn follow this way. 

This is not a new thing. 

It's just what our old people before us taught us. 

Professor Mary Kalkiwarra Nadjamerrek, 2015 

(Source: www.nawarddekenacademy.com) 

 

We shall not cease from exploration 

And the end of all our exploring 

Will be to arrive where we started 

And know the place for the first time. 

Four Quartets (Little Gidding), T.S. Eliot, 1942 

Chapter 6: Fire-Stick Farming to Carbon Farming 

Introduction 

This final chapter draws conclusions from the literature review, case studies and 

limited stakeholder analysis and provides options and opportunities to contribute to 

the dynamic world of fire management. The questions posed in Chapter 1 have been 

addressed throughout the thesis in more detail however, the following summary 

provides specific answers. 

There are a range of people deploying digital resources and tools in fire 

management in northern Australia. Indigenous rangers are widely deploying the I-

file:///C:/DTEM/2016/Resubmission/www.nawarddekenacademy.com
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Tracker tool primarily for recording data in land management and to a lesser extent 

in fire management. Non-Indigenous people are using I-Tracker but to a lesser 

extent. NAFI is the primary tool of choice for non-Indigenous land and fire managers 

in northern Australia. It is also an essential tool used in fire abatement projects. So 

too is SavBAT2. While the simple map viewer function of NAFI is used by 

Indigenous people, the more comprehensive functions (e.g. fire histories) have not 

been widely adopted by this group. SavBAT2 has been imposed by the regulators 

and is not widely used by Indigenous people involved in carbon offsets projects. 

SavBAT2 (and to a lesser extent, NAFI) can unintentionally marginalise Indigenous 

people from being fully empowered and engaged in fire abatement projects. While I-

Tracker has many positive design features and is also a participatory tool which 

ensures it is widely adopted throughout the remote Indigenous estate of northern 

Australia, it has limitations and constraints. Firstly, it has a linear interface (rather 

than a place-based one) and it primarily records data.    

From the findings, a new research question has emerged: how do we provide 

priorities, pathways and programs for people, place and practices in the changing 

world of fire management that redress the imbalances to more fully and more equitably 

engage Indigenous people? Thus, this question is addressed as an integrated part of 

prioritising pathways for building capacity, particularly for Indigenous people. These 

priorities include creating “ethical space” that enables divergent knowledge systems 

to connect and work together in cross-cultural settings. From this space, targeted 

adaptive training programs can be developed that provide transferable and ‘mobile’ 

capabilities such as computer literacies, including GIS and other mapping skills, as 

well as business and enterprise development. Such training will address the power 
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imbalances by upskilling and empowering Indigenous stakeholders, particularly 

rangers, to participate more fully in fire management and future abatement 

opportunities in northern Australia. The following conclusions are informed by 

synthesizing the limited stakeholder analysis, case studies and research literature. In 

particular, research on: cognitive load theory (Mayer & Moreno, 2003; Clark et al., 

2006); designed-based research (Herrington, Oliver, & Herrington, 2015); place-based 

pedagogy (Fogarty 2012; Fogarty & Schwab, 2012); fire management and livelihood 

opportunities (Russell-Smith et al., 2009a; Whitehead et al., 2008); visualisation 

methods and techniques (Petheram et al., 2011b; NAILSMA, 2014); ICT-based 

learning in northern Australia (Kral & Schwab 2012; Verran & Christie, 2007a; 

Crough, Fogg, & Webber, 2012).  

Priorities for People, Place and Practices   

In light of the research findings and their implications, there are a number of priorities 

and issues that need addressing. First and foremost is the issue of adequate ‘hard 

money’ funding to provide long-term services and training in remote northern 

Australia. These issues were raised by four of the informants during interviews 

(Personal Communication, Edwards, Felderhof, Russell-Smith & Sutton, 2013) and 

are perennial concerns that are well documented in the research literature (see for 

example Sithole et al., 2008; Whitehead et al., 2009b). In recent years, however, the 

expansion of the Indigenous ranger program through the “Caring for our Country” 

initiative (see Chapter 1), has experienced a massive expansion. In particular, since 

2007 the number of fulltime Commonwealth funded ranger positions in Indigenous 

ranger groups across Australia has expanded to about 720 (by the end of 2013), mainly 

in northern Australia (Dr Russell-Smith, personal communication, July 13, 2013). 
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However, “there hasn’t been commensurate expansion of the funding support provided 

to take these [rangers] to the next level” (Dr Russell-Smith, personal communication, 

July 13, 2013). So there needs to be greater service provision for building capacity – 

for Indigenous rangers - in the world of fire management in the north. As Chapter 2 

investigates, fire has the potential to change ecosystems at a landscape scale – more 

so than any other threat to savanna environments in the north (such as feral animals 

and plants). While recent decades were marked by paradigm and perception shifts in 

fire management, the political landscape and will has evolved more slowly. As 

Edwards explains: 

What we are trying to do up here [in northern Australia] is to collect as much 

information as we can that we can then get into some format that people who 

hold money and power in this country can come to understand the issue and 

how important it is … That’s what we need to change – what they think of 

the place. (Dr A. Edwards, personal communication, June 13, 2013).  

Secondly, the options for Indigenous communities to engage in livelihood 

opportunities through the emerging carbon markets are evident (as explored in the two 

case studies WALFA and Fish River Station in Chapter 5). The Central Arnhem Land 

Fire Abatement (CALFA) project has registered with the Carbon Farming Initiative 

(as WALFA2) that covers elements not covered under the Conoco Phillips agreement 

(as discussed in Chapter 4). Various stakeholders identified a whole suite of similar 

projects across northern Australia (pers. comm. Pickworth, Lewis, Vigilante, Lipsett-

Moore, 2013) that have or have since registered as Carbon Farming Initiative projects. 

The recent release of the Our North, Our Future White Paper on Developing Northern 

Australia in June 2015 identifies 38 registered savanna abatement projects under the 
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now renamed, Emissions Reduction Fund (formally Carbon Farming Initiative) across 

the north (Australian Government, 2015c). All of these projects rely on digital tools - 

NAFI and SavBAT2. Both the Indigenous ranger coordinator and the fire coordinator 

positions are critical as they are instrumental in ensuring that Aboriginal groups can 

access future CFI opportunities (as identified by the stakeholder informants).  

As identified in Chapter 5, there is an urgent need to identify and support 

potential and future coordinators – particularly Indigenous coordinators for ranger 

groups and as fire coordinators. This view is strongly supported by the fire informants’ 

opinions and concurs with recent research. For example, Sithole et al. (2008) identified 

the importance of matching local needs of Aboriginal groups with external support so 

that rangers receive targeted and highly relevant training. Importantly, this same study 

found that many Traditional Owners were frustrated that their programs were 

controlled by external facilitators or other individuals and sought an empowerment 

strategy that had a clear exit plan for external or non-Indigenous support (Sithole et 

al., 2008). In the light of such aspirations, identifying, mentoring and training existing 

rangers already occurs to some extent (A. Pickworth, personal communication, 

November 13, 2013) but enabling opportunities for Indigenous people to move into 

these positions would be a priority. Potentially this would provide more long-term 

stability for projects, greater autonomy for Indigenous ranger groups and communities. 

Furthermore, this would provide currently unforeseen opportunities for the third group 

of stakeholders identified in Chapter 5. They are Indigenous rangers who are not 

Traditional Owners for the country there are managing but are interested in seeking 

out carbon abatement projects or are currently unaware of such livelihood 

opportunities. 
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As explained in Chapters 2, 4 and 5, in order for communities to engage in 

long-term funding opportunities, whether it’s from private industry or carbon market 

contracts, people will need business acumen. However, research demonstrates 

(Wunder, 2005, Ens, 2012b, van Noodwijk et al., 2012) that the strict monitoring and 

reporting requirements of PES schemes can act as a barrier particularly for people from 

low socio-economic backgrounds. Further, and particularly in the context of this study, 

the marginalisation of Indigenous people along with limited English literacy and 

access to technical education all contribute to the complex situation. Therefore, basic 

business skills that are part of an adaptive training program are critical. This assertion 

and recommendation mirrors one of the demonstrated success factors in the WALFA 

project (see Table 9). While such skills could help communities move into future 

carbon abatement projects, if the skill-base is broad enough there are longer-term 

benefits that provide potential employment pathways. For example, business and 

enterprise development skills are transferable to other livelihood pathways including 

the Aboriginal art industries and/or taking advantage of online sales opportunities, and 

other previously identified opportunities (see for example, Kral & Schwab, 2012).  

Knowledge Systems and Practices: Working Together  

The need for many Indigenous people to ‘reconnect’ with country and re-instate 

traditional burning practices on a local scale is palpable (see for example, Fache & 

Moizo, 2015). However, the need to shift the catastrophic fire regimes that were 

unintentionally created with European settlement to more benign patterns on a large-

scale is immediate. For example, despite significant attempts to put in early dry season 

fire breaks, more than 60% of Nitmiluk National Park was burnt in the late dry season 

(Watts, 2015). As the research with Aboriginal communities identifies, there are 
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tensions in terms of fire management (see Sithole et al., 2008; Fache & Moizo, 2015; 

Petty et. al., 2015b). The source of some tensions might lie in misunderstandings 

underlying the significance of scale for fire management in northern Australia. This 

means that the appropriateness and extent to which Indigenous knowledge practices 

are adopted differs across scales and places. It should also be noted that the tensions 

are not only between Indigenous and non-Indigenous fire managers but also between 

non-Indigenous fire managers (see for example, Russell-Smith et al., 2007; Petty et. 

al., 2015a).  

As discussed in Chapter 2 (in the context of post-colonial moments), 

opportunities and space can be created where people from differing knowledge 

traditions can enable difference “to be collectively enacted” (Verran 2002, p. 730). 

These ways of working are demonstrated with WALFA (Russell-Smith et al., 2009b), 

Fish River Station (ILC, 2012) and other collaborative projects (see for example, 

Webb et. al., 2013; Hoffmann et. al., 2012; Ens, Finlayson, Preuss, Jackson, & 

Holcombe, 2012a; Moorcroft, Ignjic, Cowell, Goonack, Mangolomara, Oobagooma, 

Karadada, Williams, & Waina, 2012).  Such ‘working together’ of knowledge systems 

are what Christie (2007) refers to as performative knowledge practices.  

Theoretical research is well documented that aligns and embraces this shared 

‘converging space’. Hammersmith (2007) refers to this shared space as ‘ethical space’ 

which is a place of convergence for ethically engaging different knowledge systems 

between societies with differing worldviews. Stephens (2000) refers to four critical 

elements in this converging space: organising principles; habits of mind; skills and 

procedures; and knowledge. Ayre and Verran argue that learnings between such 

“metaphysically incommensurable domains” occurs through working tensions that 

“are both ontic and epistemic” (2010, p. 2). Future developments in digital tools should 
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actively engage Indigenous stakeholders from the outset in co-designing interfaces and 

applications in a similar process to the culturally-responsive approaches that I-Tracker 

has adopted. 

Indigenous ranger groups need to have greater access to formal training and 

support beyond CyberTracker units. The benefits of embedding strategic training (not 

just training on a CyberTracker unit) are palpable.  

“Our experience is that projects with a training component appear to invoke 

the greatest enthusiasm in staff. As a result, even the most basic and routine 

tasks performed by the Dhimurru rangers, such as permit inspections and 

sign erection, are embedded within a training regime, such as Numeracy and 

Literacy programme or a higher education Land Management degree, to 

maximise benefits to Dhimurru and staff alike” 

 (Hoffmann et al., 2012, p. 48). 

The culturally-inclusive participatory approach of the CyberTracker sequence 

development provides a good model for considering and engaging different knowledge 

systems. However, this digital tool has its limitations in fire management (as discussed 

in Chapter 5) and its development and implementation are still in the early stages. 

Further, the research findings illustrate that a range of training and learning options 

and approaches are necessary to meet the diversity of potential learners as well as the 

learning goals and outcomes. However, northern Australia hosts many successful 

examples where incommensurate knowledge systems can actually work together as 

demonstrated in the WALFA and Fish River projects. As discussed in Chapters 2, 4 

and 5, a two-toolkit approach is utilised to manage fire that replicates some of the 

knowledge practices that once existed prior to European settlement where many 
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Aboriginal people lived, had intricate knowledge of, and were mobile while caring for 

their country. Reinstating traditional fire management knowledge practices, in a 

modern context, is a hallmark of the two-toolkit approach of the West Arnhem Land 

Fire Abatement project. However, the Emissions Reduction Fund is less flexible and 

more regulated than the WALFA arrangements. Therefore, the framework of this PES 

scheme is a rigid, institutionalised process where fire abatement through seasonal early 

dry season burning is a source of income for remote northern Australian Aboriginal 

communities. Rather than introducing a prescribed ‘training toolkit’ that ‘mimics’ 

such a rigid structure to build capacity for improving Indigenous engagement, a more 

adaptive ‘training toolkit’ is prudent. Such a training toolkit needs to withstand change 

– almost a certainty in future years (particularly in the light of dramatic changes in fire 

management in recent years). Skill sets, through the process of adaptive training, that 

are replete with transferable knowledge practices and skills, are needed that empower 

Indigenous people to engage fully in the world of fire management and other 

livelihood opportunities, into the future. The learnings and outcomes from such 

training need to enable Indigenous people to adapt to and take advantage of change. 

However, moving forward in the context of this study and its practical application, the 

following discussion involves an exploration of the ‘converging space’ through which 

training programs can be imagined, designed and developed. 

Significance of Prior Knowledge and Different Knowledge Systems 

In the context of northern Australia and drawing on Aboriginal knowledge systems, 

the importance of prior knowledge is paramount. Any effort to build capacity, through 

intensive training or medium term training and informal learning, needs to draw on 

prior knowledge. Research demonstrates that activating prior knowledge is the key to 
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engagement and learning irrespective of the circumstances. In cognitive educational 

research, the first steps towards ‘efficient learning’ involve activating prior knowledge 

to bring relevant schema or mental models stored in long-term memory into working 

memory (Clark et. al., 2006). Further, Hattie and Yates (2014, p. 129) explain 

conditions under which people learn: “new ideas are rendered meaningful once related 

to prior knowledge that enables a degree of elaboration to be applied to the new input 

‘stimulus’ ”.  

In particular Fogarty (2010) identifies prior knowledge is as a success factor 

(or variable) that contributes to a pedagogic framework linking INRM and education. 

Fogarty (2010) found that in remote formal educational settings in northern Australia, 

(school) students would bring a wealth of knowledge about a topic which enabled them 

to shift from the known to the unknown or vice versa. In the Northern Territory, 

Fogarty and Schwab have observed “a re-emergence of educational programs that are 

geared to the reality of their locale and based on a blend of experiential and generic 

learning approaches” (2012, p. 18). Often referred to as ‘learning on (or through) 

country’, such programs link students and their communities to education and assist in 

developing localised economic options and employment pathways (Fogarty & 

Schwab, 2012). Implicit in these programs is pedagogy of place. For two-way natural 

resource management initiatives in northern Australia, the value and benefits of such 

approaches are evident. Ens, Towler, Daniels, the Yugul Mangi Rangers, & the 

Manwurrk Rangers (2012b, p. 34) explains:  

"An important feature of this work was the reciprocal sharing of not only 

knowledge, skill and expertise but also of place. Our sharing of place not 

only facilitated sharing of situated knowledge, which is an important part of 
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Indigenous learning … it also helped build trust and understanding between 

collaborators. Use of both knowledge systems strengthened and enriched the 

two-way capacity building, botanical data collection and facilitated cross-

cultural awareness.”  (Ens et al., 2012b, p. 34). 

A critical place-based pedagogy “aims to contribute to the production of 

educational discourses and practices that explicitly examine the place-specific nexus 

between environment, culture, and education” (Gruenewald, 2003, p. 10).  Such 

approaches align with the consideration of identity with successful outcomes in 

training (Guenther, 2010) and the Arnhem Land Plateau fire simulation game (A. 

Pickworth, personal communication, November 6, 2009) as discussed in Chapter 5. 

The same types of approaches are relevant for ranger training, fire management and 

related training such as building capacity in information technology. For example, 

information technology skills can be developed implicitly through place-based 

pedagogies: if Indigenous people are creating maps “of their own land with their own 

names and their own stories … there is a certain amount of ownership of product and 

pride in product” (Dr L. Felderhof, personal communication, December 10, 2013). 

Furthermore, connecting this place-based pedagogy and prior knowledge to the new 

knowledge practices being learned is important too (Gruenewald, 2003; Hattie & 

Yates, 2014). “The trick is to make the links explicit, as there is a danger in any new 

information being treated in isolation, which creates inert knowledge, or ‘islands of 

knowledge’, rather than, a richly interconnected network of meaningful associations” 

(Hattie & Yates, 2014, p. 130). 

However, the extent to which Indigenous fire knowledge has been preserved 

and sustained across northern Australia is uncertain and is not necessarily as strong as 

the customary practices in West Arnhem Land. Whitehead et al. (2009, p.383) suggest 
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that experience from other disciplines coupled with efforts to engage with recognised 

experts within their respective communities, will “bring valuable locally relevant 

knowledge to bear on design and execution of equivalent programs in other regions”. 

Many different efforts are underway to document Indigenous knowledge but one area 

that could be useful for training purposes is exploring the impetus to document 

seasonal calendar knowledge. In recent years, significant ethnographic co-research has 

been undertaken with Aboriginal communities to record their country’s seasonal 

cycles. Appendix E provides a summary of documented and/or published seasonal 

calendars for northern Australia. Building on the Indigenous Knowledge that 

underpins these seasonal calendars, provides opportunities for Aboriginal people to 

evoke and engage with prior knowledge for learning other skills. Many of the cycles 

that underpin these seasonal calendar, are in parallel with the cyclical nature of burning 

practices during the fire season of northern Australia. Seasonal calendars could 

therefore serve as an ‘entry point’ to activate working memory for any training and 

learning material that involves fire operations and burning. A conceptual model for 

such a place-based approach is illustrated in Figure 30. Central to this model is the 

seasonal calendar that differs according to regions and Aboriginal groups and 

customary practices. However, there are some similarities as Dr Ford (2013) explained 

in the stakeholder interviews. For example: 

“You see we’ve got the Ngan’gi seasons chart there [points to seasonal 

calendar on wall] that is from Naiyu (Daly River) and CSIRO did it with 

TRaCK [Tropical Rivers and Coastal Knowledge]. So, that’s very similar to 

our country [points to the Ngan’gi Seasons calendar on the wall]. The names 

of the seasons are similar, the plants and the animals are similar. And the fire 
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regime is quite indicative of when the fires start.… Everything is judged 

about the spear grass for us (Dr L. Ford, 2013, personal communication, 19 

August 2013). 

The seasonal cycle recorded on the Ngan’gi Seasons calendar closely follows 

the annual cycle of native speargrass with many of the 13 seasons named according to 

speargrass life stages. For example, ‘Wurr wirribem dudutyamu’ occurs when 

speargrass seed heads are swollen and hang heavily, indicating that the wet season has 

almost ended (Woodward et al., 2009). Re-purposing existing seasonal calendars (with 

appropriate permissions) as an ‘entry point’ for ranger and fire coordination could be 

a possible way forward. Aboriginal people and rangers are most likely to have intricate 

knowledge of their country’s seasonal rhythms so the seasonal calendar (such as those 

already documented – see Appendix E) would be a good place to build on their existing 

knowledge for the operational side of fire management. For non-Indigenous fire and 

ranger coordinators this approach could help create a ‘converging space’ for dialogue 

with Traditional Owners – particularly for new non-Indigenous coordinators in a 

community. 

Provision of Training 

Training provision is critical for Indigenous people in order for them to more fully 

participate in savanna fire emissions abatement. The livelihood opportunities are 

expanding in northern Australia for Indigenous and non-Indigenous people; the high-

low Savanna Burning Methodology gained approval in early 2015 to include the 600-

1000mm annual rainfall regions. Whitehead et al. (2014, p. 386) predict that such 

expansion will add an area 1.5 times the existing methodology’s coverage and thus 

offer “substantial opportunities for landholders presently challenged by clearly 
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adverse fire regimes to access incentives to reduce GHG emissions through enhanced, 

active fire management”.  

A more expansive program of training needs to occur in remote communities 

fire coordination, mapping and GIS that upskill and empower Indigenous stakeholders, 

particularly rangers, to participate more fully in fire management and abatement 

opportunities in northern Australia. Central to these training elements are place-based 

and seasonal-based pedagogies that explicitly embrace Aboriginal knowledge and 

practices (for example in Figure 30). The suite of adaptive training skills also includes 

computer literacy in general and other business-based skills that enable flexibility and 

the ability to adapt to the changing world of fire management and work/wurrk. 

So, what would the upskilling and training priorities entail for these 

coordinating roles? Part of this training involves not only understanding the 

complexities of fire in a contemporary environmental setting but also, the political, 

technical and economic dimensions that are involved. There is an immediate need to 

ensure that future training includes proficiencies in understanding and competencies 

using GIS. 

Furthermore, the training behind fire management in a contemporary setting 

involves five types of content (Clark et al., 2006): the concepts (e.g. carbon), facts (e.g. 

regulations of CFI projects), procedures (e.g. SavBAT2), processes (e.g. strategic fire 

planning and management) and principles (e.g. cross-cultural engagement and valuing 

different knowledge systems). Support to help develop communities of practice would 

provide opportunities for current coordinators to value-add to their knowledge 

practices by sharing experiences and resources. Aspects of this sharing facility are 

underway through the Fire Manager web-portal (firemanager.org.au).       
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Figure 30. Place-based Approach for Learning Abatement Project Cycle. 

(Source: Julie Anne Crough, 2016) 

Pathways for People, Place and Practices 

A central challenge of building capacity for Indigenous rangers and other people who 

want to be more integrally involved in fire management (such as fire planning and 

coordination) involves improving their capability to undertake higher-order and more 

complex tasks. While English literacy and numeracy skills are often low for many 

Indigenous rangers, more culturally appropriate approaches to training, such as place-
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based pedagogy (Fogarty, 2010) and visualisation approaches are needed (Petheram, 

2011b). Videos and animations can also augment training and learning. In the 

Kimberley region, Walsh (2002, p.5) found that “face-to-face communication, 

especially on country, is the most effective way of conveying environmental 

information. Visual, audio, written and electronic media are more useful when 

personally explained.” However, face-to-face training is resource-intensive in terms 

of people and costs, particularly in remote locations. The intensive, in situ approach 

that the Conservation and Land Management group (at Charles Darwin University) 

develops for specific groups is a good example and model for consideration. 

Verran, Christie, Anbins-King, van Weeren, & Yunupingu (2007b) recognise 

that digital technologies do participate in re-distributions of power which can 

potentially be precarious, dangerous and tricky. Their research demonstrated how 

digital technologies both enhanced participation but unintentionally marginalized 

Indigenous participation in fire management particularly in carbon projects. More 

specifically, digital technologies have enabled all fire managers to participate in 

landscape-scale fire management however, Indigenous fire managers have not been 

integrally involved as powerful fire planners and coordinators due to the technical 

skills these roles demand. However, digital technologies have a role to play in helping 

build capacity. Training through the NAILSMA I-Tracker program has been 

significant: customized visual techniques embedded in the Land Patrol Application are 

designed to build capacity for rangers (see Figure 31). In particular, help screens are 

provided to help explain scientific monitoring concepts (such as density) and include 

illustrations (to represent animals, animal tracks and land management activities) and 

photographs (to identify weeds and endemic species). For example, Figure 31  
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Figure 31. Visual techniques used in I-Tracker Land Patrol Application 

(Source: NAILSMA, 2014) 
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illustrates I-Tracker’s visual help screens that represent concepts of density, distance 

and size. Such approaches align with current research where digital technologies are 

useful for science teaching and learning as they can motivate and improve 

understanding of science concepts and reduce the working memory’s cognitive load 

(Ng, 2012). 

The extensive work that has been conducted on cognitive load theory (Sweller, 

2005) and its relationship with training provision should also be a consideration in any 

training packages or resources developed. This also includes instructional and 

multimedia materials (often referred to as multi-literacies). Trainers/educators need to 

be cognisant of evidence-based research that underpins instructional resources 

developed for training. Of specific interest is consideration of the content and 

pedagogical processes that are adopted (such as place-based and visual) especially in 

the context of the learners’ needs. In particular, instructional materials can be 

developed through the lens of cognitive load theory and research-based design 

principles.    

Cognitive overload occurs when the processing demands evoked by a learning 

task exceed the processing capacity of a person’s working memory (Chandler & 

Sweller, 1991; Mayer & Moreno, 2003). Working memory has two separate sub-

components: the phonological loop for auditory information and the visual-spatial 

sketch pad for visual information (Baddeley, 1992) as illustrated in Figure 32. Van 

Gog, Paas & Sweller (2010) explain the central tenet of cognitive load theory is that 

instruction should be designed to optimise complexity (i.e., intrinsic load), reduced the 

load on working memory resulting from processes that do not contribute to learning 
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(i.e., ineffective or extraneous load), and optimise the load resulting from processes 

that foster learning (i.e., germane load). 

In consideration of competencies and understandings required for higher level 

tasks that NAFI requires that move beyond the fire hotspots (i.e. current fires), such as 

understanding the fire histories and developing fire plans, a sound knowledge of GIS 

is required. A competent skill-level and understanding of GIS requires “high-element 

interactivity” (Paas, Renkl & Sweller, 2003) and therefore has a high-intrinsic 

cognitive load. Such intrinsic cognitive load (Paas et al., 2003) or what Mayer and 

Moreno (2003) refer to as ‘representational holding’ places demands on working 

memory capacity due to the element interactivity that is intrinsic to the material being 

learned (Mayer & Moreno, 2003). This means that the elements of such material can 

be learned individually but are unable to be understood until “all of the elements and 

their interactions are processed simultaneously” (Paas et al., 2003, p. 1). A good 

example of such complexity is the GIS understandings and skills needed to complete 

fire plans using the required tools in the CFI annual project cycle (see Figure 30). For 

instance, when learning complex new knowledge and skills, the load on working 

memory can be reduced by segmenting and sequencing content in ways that control 

the amount of new information the learner must process at a given time (Clark et al., 

2006). Furthermore, in an online, instructional context, high-spatial learners are more 

likely to benefit from synchronized presentations or animations where corresponding 

visual and auditory material is simultaneous. This ensures that essential cognitive 

processes can be carried out that are required for meaningful learning (Mayer & 

Moreno 2003; Mayer & Sims, 1994).  
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Figure 32. Cognitive learning processes including subcomponents of working 

memory. (Source: Clark et al., 2006, p. 33)  

Lessons from Other Contexts and Settings 

The value of formal training in GIS should never be underestimated. Despite its 

limitations Elwood (2006, p. 693) reminds us of the importance of GIS: “it is such a 

powerful mediator of spatial knowledge, social and political power, and intellectual 

practice”. Further, from the importance of such mapping skills done by and for 

Indigenous people, Chapin, Lamb and Threlkeld (2005) assert that GIS capabilities are 

critical. Canada is at the forefront of Indigenous mapping; Australia, in comparison, is 

in its infancy. For more than 40 years, GIS has been a powerful tool for Indigenous 

peoples in Canada “in their struggles to defend and claim their ancestral lands, manage 

their resources, plan economic development, and preserve their culture” (Chapin et al., 

2005, p. 630).  Perhaps the fundamental understandings and skills of GIS could be 

incorporated as part of the I-Tracker training program. Alternatively, perhaps there are 
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opportunities to provide ‘professional scholarships’ to identified, committed 

Indigenous people who can be mentored in situ on the operational aspects of the 

coordinator roles while provided targeted training that involves key courses including 

computer and financial literacy skills as well as GIS and business development 

understandings.  

Learnings from other research are also useful for consideration. For instance, 

Petheram’s research (2011a) showed that visual techniques in cross-cultural NRM 

settings can encourage unrestrained thinking and reveal tacit knowledge. In workshop 

situations visual approaches which used rich picture diagrams and participant 

produced photography to seek understandings of peoples’ perspectives, was successful 

in revealing their views on their natural surroundings first and foremost (Petheram, 

2011a). Further, visual activities provided useful ways to communicate deeper, 

intrinsic and tacit values than normally enabled through verbal interview and 

conversation alone (Petheram, 2011b). With WALFA, as another example, all training 

“is linked directly to tasks that will be required long term and where work is available 

immediately, but also promote skills transfer to other forms of paid work” (Whitehead 

et al., 2009, p.387). Table 6 summarises successful features of the WALFA project 

that have contributed to economic development and employments programs in other 

contexts. Other programs as previous mentioned, that link employment pathways 

through connections with school-based initiatives, such as Learning Through Country 

(Fogarty & Schwab, 2012) and The Sharing Place, Learning Together program (Webb 

et al., 2013) are also sources of future learning and outcomes that can inform new 

training programs.  

What is possible at this point, however, is to consider some of the NRM-related 

lessons that have been learnt in similar settings, where English was not the vernacular. 
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Interestingly, in the Timor Leste context (as discussed in Chapter 5), GIS training was 

transferred to the work situation for which it was intended. However, the learning was 

meaningful, purposeful and transferable “in the ability to apply what was taught to 

new situations” (Mayer &Moreno, 2003, p. 43). Relevant and purposeful learning and 

the ability to adapt and apply new knowledge and skills should be a key outcome of 

any training program. Meaningful learning involves deep understanding of 

instructional material and includes attending to important aspects of the presented 

material, mentally organizing it into a coherent cognitive structure, as well as 

integrating it with relevant existing knowledge (Mayer &Moreno, 2003). Successful 

transfer of learning means that new knowledge and skills acquired during training are 

available for use subsequently in the work environment (Clark et al., 2006). The 

collateral benefits of such training were demonstrated in the Timor Leste GIS training 

experience (see Chapter 5) where the GIS knowledge skills that were taught for fire 

management purposes have been transferred and utilised in other employment 

situations.  Furthermore, the significant changes in both technologies and consequently 

fire management practices in recent decades are testament to the importance of people 

developing capabilities and skills to adapt to change. Adaptive training approaches 

need to be adopted according to the learner groups. Instruction and practice will need 

to match not only the content or methods but also accommodate individual differences 

(for more details, see for example, McLoughlin & Oliver, 2000; Clark et al., 2006). 
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Table 6: WALFA Success Factors for Economic Development and Employment 

(Source: Whitehead et al., 2009)  

Factor Description 

Role models Senior Indigenous people plan, authorise and 

supervise project 

Indigenous ‘ownership’ Workplaces - managed and controlled by 

Indigenous people; or respect Indigenous people 

Opportunity, interest, aspiration, 

capacity and commitment – focus 

Alignment of carbon markets; interest in, and 

recognition of Indigenous fire management  

Partnerships – cross sectoral State & Federal Governments, land councils, 

industry, regional Indigenous NRM groups 

Realistic time-frames and clear 

vision 

Modest goals; clear vision to realise opportunities 

as they emerged. Contractual obligations can be 

reviewed and renegotiated. 

Provision of resource, effective 

communications & promotions of 

program 

Institutional and industry funding and 

commitment models over long-time frame. 

Training linked to job outcome Training relevant to job tasks but also transferable 

skills to other paid work. 

Mentoring for employment and 

business 

Mentoring for developing planning and 

operational skills; 

Need for mentoring in skills for business 

development. 

Innovation Innovation for comparative advantages in: 

Indigenous land ownership and cultural 

knowledge; young demographic of NT 

population. 

For example, WALFA is based on land ownership 

and Indigenous knowledge land management 

opportunities. Youth are integral to skill 

development, arduous work and on-country walks 

and activities. 

Quality data and research Quality data and research is necessary. For 

example, WALFA has a strong applied research 

focus and continues to refine methods and 

measure outcomes. 
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Implications of the Study 

Despite the research’s limitations (as identified in Chapter Five), this research 

contributes to an in-depth and detailed cross-disciplinary understanding of the 

challenges and complexities involved in fire management. Digital technologies and 

tools are a ubiquitous part of contemporary fire management, particularly for carbon 

market-derived livelihood opportunities - but so too is place-based knowledge. The 

purposes and scales at which knowledge practices and tools are utilised are an 

important aspect (as discussed in Chapters 2 and 5) towards greater convergence that 

has been demonstrated to work in practice, perhaps more-so than in theory. Flexibility 

and adaptability are key criteria here; change is a given in northern Australia as this 

study has illuminated.  

As this research has demonstrated, the regulatory requirements under the 

Emissions Reduction Fund constrain full participation and control for Indigenous 

people in livelihood opportunities. Demands under the ERF require project 

participants to demonstrate high levels of competency in literacy, numeracy and GIS 

to meet the determination requirements. Formal school education programs have also 

often failed for Indigenous people which further exacerbates the situation. A synthesis 

of the literature review, case studies and limited stakeholder analysis identifies the 

need for Indigenous people to be more actively involved as co-designers in digital 

technologies and tools that are utilized in fire abatement activities. SavBAT2 is a 

primary tool that plays an integral role in fire abatement roles. However, its design 

features are imposed by the regulators who are not end-users and are not part of this 

study. If future co-design opportunities should arise with SavBAT2, it would be 

prudent to consider some of the approaches that were adopted in the development of 
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I-Tracker. These include: iconography and other visual cues in design principles; 

ethical and cultural considerations for use (see Table 5) and the successful 

implementation and uptake strategies discussed in Chapters 4 and 5. However, due to 

the local and context-specific needs of different groups, technologies and tools should 

enable local adjustments and modifications to meet end-users’ needs.  

Ideally, a strategic and comprehensive ranger training program needs to 

develop higher order capabilities to empower and enable Indigenous people to fully 

participate in fire abatement initiatives. Importantly, the program design should 

embrace placed-based (see Fogarty, 2010) and seasonal-based pedagogies (see Figures 

26 and 30). An essential part of developing any training program will to be integrate 

increasing complexity to build capability throughout the program. This will enable 

knowledge practices to be embedded early in the program and then to build on these 

in order to move to more abstract concepts and technical capabilities as the program 

progresses. For specific fire management capabilities, a learning cycle that aligns with 

the seasonal-based approach advocated above is valuable so learning is directly 

connected with fire activities as the season progresses. Such a learning cycle can 

enable important feedback mechanisms to be built into an iterative design for 

meaningful and purposeful learning. For example, if rangers are collecting data based 

on their burning practices during the first fire season of their training, then ‘their’ data 

can be used in purposeful ways to inform practices at different stages and to consider 

ways of improving practices for subsequent fire seasons. The expansion of fire 

abatement activity in northern Australia further emphasises the critical need for this 

timely provision of co-developed and ‘ethical’ customized training to empower 

Aboriginal people to have ownership and control of fire abatement projects and other 

livelihood opportunities on their country. 
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Appendices 

Appendix A 

FIRE MANAGEMENT TOOLS AUDIT 

Audit of Digital Resources – Fire Management in 

Northern Australia 

Structure of Fire Management Tools Audit 

 Provenance (Where they came from) 

 Intention/ Purpose (why they were made) 

 Target Audience (Whom they help) 

 Process (How it was developed) 

 Key Features (including Affordances and Limitations) 

Fire Management Tools Adopted in Northern Australia 

1. North Australia Fire Information 

2. Firewatch 

3. Sentinel 

4. I-Tracker 

5. Google Earth 

6. ArcGIS 

7. Quantum 
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North Australia Fire Information (NAFI) 

Provenance and Process  

The North Australia Fire Information (NAFI) website was developed 

by the former Tropical Savannas Cooperative Research Centre (TS-

CRC), in collaboration with north Australian fire managers.  

Intention/ Purpose  

NAFI was developed to provide fire managers with fire management data 

including hotspots and fire scars which are displayed as maps tailored to 

conditions in northern Australia (NAFI website, 2013). This fire-tracking tool 

displays hotspots which are locations of recently burning fires (as detected by 

NOAA and NASA satellites) and fire scars which are maps of recently burnt 

country (as detected by NASA satellites). Other information provided includes 

fire weather, fire history, lightning strikes and the option of foregrounding theses 

details against topographic maps and satellite images (Tropical Savannas CRC, 

2013). 

 Target Audience  

The NAFI website was developed with, and for, fire managers across northern 

Australia. It was tailored to meet their needs in managing savanna grass or 

woodland fires over large areas (Tropical Savannas CRC, 2013). Fire managers, 

who include pastoralists and Indigenous ranger groups, often have limited 

resources. To meet such needs, the features of NAFI are listed in Table 1. The 
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other two main fire tracking websites are Firewatch and Sentinel whose main 

user groups are fire management agency staff (Tropical Savannas CRC).  

Key Features  

One of the other key elements of the NAFI initiative was its important 

contribution to building networks, relationships, alliances, skills and knowledge 

across northern Australia. “The NAFI team now has good working relationships 

with a range of fire managers from pastoralists to agency staff and Indigenous 

managers as well as with a range of researchers – and they have built up a 

detailed knowledge of web and GIS technology and NRM. It is this knowledge 

and networking that allows the site to respond quickly and effectively to user 

feedback and to evolve with changing technologies and user needs.” (Tropical 

Savannas CRC, 2013, p. 2). 

Affordances and Limitations 

The key affordances are emphasised in this testimonial from the former CEO of 

Bushfires NT, Brent Williams:  

 “The North Australian Fire Information web site has been 

the single most important improvement in fire management 

technology in the NT in the past 10 years. It has given land 

managers accurate daily information on location and extent 

of fires, and has proven an invaluable tool in both strategic 

fire management planning and monitoring, and in tactical 

fire-fighting responses” (Williams, 2005). 
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Table 1: Features of NAFI website. (Source: Tropical Savannas CRC, 

2013). 

Feature Description 

Hotspots Hotspots are colour-coded to show 6hr, 

12hr, 24hr, 48hr and weekly intervals 

to reflect the pace of these large but 

often slow-moving fires. 

Fire scars Fire scars, mapped from MODIS 

satellite images using ecognition 
software. 

 Fire scars are updated weekly during 
the northern fire season.  

Fire scars are colour coded by month 

and are used as a guide to the likely 

path of fires and as a guide to the 

effectiveness of fuel-reduction burns. 

Settings The viewing settings of the site (when 

hotpots and fire scars and other map 

features appear as you zoom in and 

zoom out) have been tailored to the 

needs of landscape-scale fire managers 

who want to see fire behaviour at the 

scale of 10-100s of km. 

Map views Pre-set map views, suggested by end-

users, enable quick access to fire maps.  

Access NAFI has also been developed to allow 

quick access to maps for users with low 

connection speeds. 

Tools Tools are available for downloading 

fire spatial data into GIS software. 

GIS  Layers that show lightning strikes, fire 

history, cloud-cover, weather data 

Emails A hotspot email notification service, 

which can also be extended to SMS 

messages by the fire managers if 

needed. 

Defaults A personalization tool that allows users 

to set layers as default settings 

Layers World Aeronautical Chart maps as an 

intermediate background layer 

Portability Ability to view NAFI colour-coded fire 

data in Google Earth 

Applicatio

ns 

Ability to view multi-layer NAFI maps 
in hand held GPS units for use in aerial 

operations 

Quantifiabl

e  

Area and distance measuring tools 

Tool Bar A simplified map tool bar 

Shortcuts Individual views that can be saved as 

web-favourites or as map shortcuts. 
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Firewatch 

Provenance  

Firewatch is developed by Landgate, a Statutory Authority in Western 

Australia that is the primary source of land information and geographic data 

(Firewatch, 2013).  

Intention/ Purpose  

Firewatch was primarily developed as the principal geographical mapping 

service in Western Australia.  

Target Audience  

Firewatch provides emergency service personnel with an internet-based 

mapping application to help in the management of bush fires around 

Australia (Firewatch 2013).  There are two access points to the mapping 

data available: public access (which is restricted) and subscriber access. 

Process  

The mapping application is derived from datasets. These include fire 

hotspots from MODIS and NOAA imagery, Landsat and MODIS satellite 

imagery, burnt area maps since 1997, greenness images which are updated 

daily and weekly as well as lightning data, and other map layers 

(Firewatch, 2013). There are also two types of mapviewer: a basic “My 

Firewatch” site and the more advanced “Firewatch Pro” site.  The older, 

original “Firewatch” site is still available too.  
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Key Features  

Firewatch includes the Shared Land Information Platform (SLIP) Enabler which 

provides the community with easier access to WA’s considerable land and 

geographic information resources. This is facilitated by sharing spatial information 

across government and business via the SLIP Enabler. SLIP Enabler “provides a 

virtual single point of access to authoritative location information from a range of 

government sources, improving the efficiency and effectiveness of the way location 

information is used and viewed” (SLIP Enabler, 2013). 

 

 

Figure 1: My Firewatch screenshot (Source: Firewatch, 2013 
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Sentinel 

Provenance  

Sentinel is a national bushfire monitoring system that was collaboratively developed 

by the Defence Imagery and Geospatial Organisation (DIGO), CSIRO Land and 

Water and Geoscience Australia.  

Intention/ Purpose  

Sentinel was developed in response to the bushfires that devastated parts of NSW 

and the ACT during the summer of 2001-2002. The Sentinel Bushfire Monitoring 

System is an online mapping tool designed to provide timely spatial information to 

emergency service managers across Australia. This mapping system enables users, 

using a standard web browser, to identify fire locations that present a potential risk to 

communities and property (Australian Government/Geoscience Australia, 2013). 

Target Audience  

Sentinel was developed to provide timely information about hotspots to emergency 

service managers across Australia. It allows users to identify fire locations with a 

potential risk to communities and property (Australian Government/Geoscience 

Australia, 2013). 

Process  

Sentinel obtains data from the NASA Earth Observation Satellites Terra and Aqua 

with plans underway to include future data from other satellites (Australian 
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Government/Geoscience Australia, 2013). The raw image data are received by 

Geoscience Australia's Data Acquisition Facility at Alice Springs and is processed to 

create a surface temperature (thermal) image (Australian Government/Geoscience 

Australia, 2013).  

Locations of high temperature are identified, extracted from the image, transmitted 

from Alice Springs to Canberra where they are input into a spatial database 

(Australian Government/Geoscience Australia, 2013). 

 

Figure 3: Screenshot of the Sentinel Hotspots internet mapping tool. 

Key Features  

Spatial database information can be queried and incorporated into dynamically-

created maps using a web-based mapping system (see Figure 3). Users can query the 

database for fire locations, selecting layers of contextual information to create maps 

showing the areas of interest (Australian Government/Geoscience Australia, 2013).  
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Affordances and Limitations 

Limitations of Sentinel are listed in Table 1. 

Table 1: Limitations of Sentinel Hotspots mapping system 

(Adapted from Sentinel, 2013). 

Attribute Limitations of 

Sentinel 

Time Under ideal conditions, the hotspots 

shown will have been detected 1-24 

hours ago, depending on regional 

information received from the last 

satellite overpass. 

Accuracy Scale The hotspot location on any map (no 

matter how detailed) is only accurate to 

at best 1.5 km. 

Hotspot Symbol The symbol used for the hotspot on the 

maps does not indicate the size of the 

fire. 

Hotspot Accuracy Not all hotspots are detected by the 

satellites. Some heat sources may be too 

small, not hot enough, or obscured by 

thick smoke or cloud. 

Heat Source 

Anomalies 

The satellites detect any heat source that 

is hotter than normal. As well as fires 

these may include industrial operations 

such as furnaces. 
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CyberTracker (and I-Tracker) 

Provenance  

I-Tracker has been developed using the software, CyberTracker 

(www.cybertracker.org).  CyberTracker is the name of not only the software but also 

the non-profit organisation Public Benefit Organisation that developed it in 1997.  

Intention/ Purpose  

CyberTracker was originally developed as a tool to create jobs for future generations 

of Kalahari Bushmen, based on the traditional and intricate practices of tracking, by 

developing tracking into a modern profession (CyberTracker, 2012).  

The North Australian Indigenous Land and Sea Management Alliance (NAILSMA) 

develops digital applications, using the CyberTracker software, which can be 

downloaded onto a hand held computer (a PDA) with GPS, camera and audio 

recording functions. Indigenous rangers use this PDA on land or sea patrols and 

record data electronically. Subsequently, data are downloaded and can be viewed on 

maps and extracted to create reports for future planning and management practices 

(NAILSMA, 2013). 

Target Audience  

The target audience of CyberTracker are Kalahari Bushmen with low levels of 

English literacy and numeracy (as previously stated). 

I-Tracker is the customised version of CyberTracker, designed for Indigenous 

rangers working in north Australia environments. 

http://www.cybertracker.org/
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Process  

PDA applications are developed using CyberTracker software through a 

collaborative and iterative process. Ranger groups trial the new application and 

provide feedback to NAILSMA on any issues that need to be addressed. This ensures 

that the I-Tracker applications are culturally appropriate and user-friendly. I-Tracker 

staff consult with scientists and researchers to ensure that recognised best practice 

standards of data collection are met. Each application is designed to collect 

standardised data but is customised to reflect local and regionally specific priorities 

(NAILSMA, 2013).  

Key Features  

One of the key features of I-Tracker is its user-friendly icon-based applications. This 

icon-based approach was an integral component of the design of the CyberTracker 

software to accommodate people who have low levels of literacy and numeracy. 

Figure 4 illustrates a series of screenshots from CyberTracker (desktop) that reflect 

different ways that this digital tool is deployed, including how it integrates with 

NAFI. 

Figure 4. (over page) Shape (map) file imported by NAFI displayed 

on the CyberTracker desktop. White circles are coordinates recorded 

by the RainDance machine (which display where incendiaries were 

dropped during a prescribed burn. (Source: Ansell & Koenig, 2011, 

p. 21).  
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Google Earth 

Provenance  

Google Earth was first released in June 2005 where it evolved from Keyhole 

Earthviewer that was originally developed in 2001.  

Target Audience  

Since Google Earth is fully available, and free, online, the target audience for Google 

Earth is expansive. 

Key Features 

Google Earth includes many different layers such as ocean and sky layers that are 

freely accessible. These include: borders and labels; places of interest; Panoramio 

(i.e. facility to upload images in situ); roads; buildings in 3D and weather (Google 

Earth, 2013). Google Earth includes three different versions for desktops: Google 

Earth, Google Earth Pro and Google Earth Enterprise with the latter two available 

only at a cost. Google Earth, available free, has been adapted to accommodate 

emerging technologies – particularly mobile devices for Android and iOS (i.e. Apple 

Operating System) devices. 
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ArcGIS  

Provenance  

Esri, a private company originally based in the United States, is the developer of 

ARCGIS. Its geographic information tools have evolved over the past four decades 

(Esri, 2013).  

Intention/ Purpose  

ARCGIS was developed in 1969 to provide GIS services for planning, engineering 

and environmental practices (ARCGIS, 2013) 

Target Audience  

ARCGIS was primarily developed for GIS specialists and associated professions that 

utilise geographic information systems. The recent ArcGIS platform is designed for 

organisations, developers and location analysts. These three main user groups are: 

ArcGIS for Organisations (i.e. professionals); ArcGIS for Developers; ArcGIS for 

Location Analytics (for Businesses and IT organisations (ARC GIS, 2013). 

Key Features  

In the 1980s and 1990s, the focus significantly shifted to generic GIS software tools 

and products. More recently, GIS products were expanded to support enterprise GIS 

implementations (see Figure 1). Most recently, ArcGIS has dramatically shifted into 

a geospatial platform, leveraging web and cloud-based affordances. The latest 

version of ARCGIS 10.1 enables users to deliver any GIS resource, such as maps, 
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imagery, geodatabases, and tools not only as a web service within organisations but 

also between organizations and the public (ArcGIS, 2013).  

A recent initiative of Esri has been expanding the accessibility of GIS by introducing 

ArcGIS Explorer. This free tool enables viewing and sharing geospatial information 

with subsequent free viewers, including applications for smartphones (Esri, 2013). 

Affordances and Limitations 

Figure 5 (below) summarises the expansive affordances of the recent ArcGIS 

platform. 

 

Figure 5. ArcGIS embracing web and cloud-based technologies and affordances 
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QUANTUM (QGIS) 

Provenance and Purpose 

QGIS was born in 2002 to develop a GIS viewer for Linux (a free operating system 

created in Finland in 1991) that was quick and supported many data stores (QGIS, 

2013).  

Target Audience  

Quantum Geographic Information System is an open source GIS that is volunteer-

driven and is freely accessible and available on the internet (see Figure 6).  

Key Features  

QGIS includes the following features: 

 Vector and raster data in different formats and projections. 

 Mapping and interactive exploration of spatial data. 

 Spatial data can be created, edited and exported. 

 Spatial analysis capabilities. 

 Publish Map on Internet capability. 

Affordances and Limitations 

QGIS supports many vector, raster and database formats and functionalities. 
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Figure 6. Screenshot from QGIS: Source: retrieved 28th February 2013 from 

QGIS - http://www.qgis.org/en/about-qgis/screenshots.html 

 

  

http://www.qgis.org/en/about-qgis/screenshots.html
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Appendix B 

LETTER TO POTENTIAL PARTICIPANTS 

14th February, 2013 

 

Dear [potential participant name], 

For the last eight years I have been working with natural resource managers, 

researchers and educators who have helped design and develop a suite of internet 

and multimedia resources and practices that focus on sustaining northern 

Australia’s savannas. These resources can be found at: 

http://www.environorth.org.au.  

I am also a doctorate research student at Charles Darwin University (CDU) and 

would like to build on this work. My project, run through the Schools of 

Education, as well as Environmental and Life Sciences at CDU, involves 

conducting a two-year applied research project that investigates digital 

technologies and their role in fire management in northern Australia - People, 

Place and Practices: Digital technologies in the changing world of fire 

management in North Australia. I am interested in working with people who are 

fire managers in a range of contexts, beginning with some phone interviews.  

This research is significant not only for environmental sustainability but also for 

the sustainability of Aboriginal knowledge practices and livelihoods on country. 

As a product of this project, I am planning to include a critical assessment of 

digital resources and tools for fire management. This will take the form of a user-

friendly “webspace” (on the EnviroNorth website) that is useful and is informed by 

this research.  

http://www.environorth.org.au/
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While the interviews would be semi-structured, the types of questions I’d be asking 

are:  

 Who is working on fire management? 

 What digital resources are people using?  

 What works? What doesn’t? 

 What isn’t being used?  (Why?) 

 What software, hardware or configurations of both might be more useful? 

 Do the current resources and tools accommodate western and Aboriginal 

knowledge traditions?  

 Issues of bandwidth?  Hardware?  

 How could resources and tools be improved? 

 Are there any specific resources and tools that you think would be useful but 

are not currently available? 

 Who else should be included in this study? 

My key research questions are: 

1. Who is using digital resources and tools and how are they being accessed and 

implemented? 

2. Do they meet the needs of the end-users? Do the interfaces and scaffolding 

designs meet peoples’ needs?  What sorts of scaffolding support would make them 

more useful? 

3. What power balances are at play with extant digital resources?  How do the 

resources create and distribute power? 
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4. To what extent do the resources support the working together of western and 

Indigenous knowledge traditions that are valued and used by Indigenous resource 

managers on country? 

5. How do we create and evaluate useful strategies, tools and resources for 

teaching and learning that enable “both-ways” NRM to be understood and to 

occur? 

6. What would the tools and resources look like? 

Initially, I would like to conduct a short phone interview (or Skype) with the 

possibility of a follow-up more in-depth interview face-to-face. 

If you are interested to participate in this, could you please let contact me on 

julie.crough@students.cdu.edu.au or phone: 0406507697 and I will follow up with 

some more information. I look forward to hopefully meeting with you and listening 

to your views on this issue. 

Kind regards, 

Julie Crough 

  

mailto:julie.crough@students.cdu.edu.au
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Appendix C 

SEMI-STRUCTURED INTERVIEW QUESTIONS 

Human Research Ethics Committee Clearance Reference - H11097 

Semi-structured Interview Questions: 

 Could you provide some background on yourself in your current and past 

roles in fire management? 

 What digital tools and resources do you use for fire management? 

 What works? What doesn’t work? 

 What isn’t being used? Why? 

 In what ways do you think these digital tools and resources could be 

improved? 

 Are there any specific resources and tools that you think would be useful but 

are not currently available? 

 Are there any issues of bandwidth or hardware that you face with using 

digital fire tools? 

 Are you currently, or planning to be in the future, involved in the emerging 

carbon markets (i.e. Carbon Farming Initiative)? 

 Are there any other specific people that you recommend with whom I should 

speak with regarding digital technologies in fire management? 

 Are there any other issues that you would like to raise or anything more that 

should be considered in the context of digital technologies and fire management? 
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Appendix D 

SUMMARY OF STUDY’S FIRE MANAGEMENT STAKEHOLDERS 

People 

Interview mode 

Place & Scale Practices & Purpose Key Tools & Resources 

Used 

Performative 

Indigenous 

Knowledge 

Scientific 

Knowledge & 

Understandings 

Key Ideas 

Fire Coordinator 

A  

Phone  

Semi-structured 

Regional  

 

Fire Management – 
operational 

 

NAFI; CyberTracker; 

ArcGIS, Google Earth, 

Fugawi, Aussie Explorer 

With TOs GIS, fire behaviour, 

fire planning, fire 

monitoring, aerial 
incendiaries 

coordination; strategic 

fire management; 
savanna emissions 

abatement and CFI 

Shared virtual 
“space” – 

experiential - for 

building capacity 

Fire weather 

advice service  

Dr Jeremy 

Russell-Smith 

Phone 

Semi-structured 

Northern 

Australia 
National & 

International   

Research; 

CFI; Carbon Abatement 

Charles Darwin University 
– Centre for Bushfires 

Research 

NAFI; CyberTracker 

 

With TOs Strategic fire research 

& management; GIS, 
fire behaviour, 

fire planning, fire 
monitoring, savanna 

emissions abatement 

and CFI 

Funding for 

ongoing programs 
to 

build capacity & 
provide 

technical support 

Dr Andrew 

Edwards 

Skype 

Semi-structured 

Jurisdictional & 

Northern 
Australia 

Research; 

Charles Darwin University 
– Centre for Bushfires 

Research 

NAFI; CFI algorithms – 

fire severity; 

SavBAT2 developer 

With TOs GIS research; fire 

severity & impact; 

SavBAT2 

Resources and 

policy; raise 

awareness of fire 
issues to 

significantly 

influence policy 
and therefore 

more resources. 



 

People, Place and Practices: Digital technologies in the changing world 

of fire management in northern Australia – Julie Anne Crough 

 

 

319 

People 

Interview mode 

Place & Scale Practices & Purpose Key Tools & Resources 

Used 

Performative 

Indigenous 

Knowledge 

Scientific 

Knowledge & 

Understandings 

Key Ideas 

Ben Lewis 

Phone 

Semi-structured 

 

Regional 

(Jawoyn) 

 

Fire Management – 

operational 

NAFI, CyberTracker, 

Aussie Explorer, Google 

Earth 

With TOs  GIS, fire behaviour, 

Fire planning, fire 

monitoring, aerial 

incendiaries 
coordination; 

strategic fire 
management; savanna 

emissions abatement 

and CFI  

Transferable GIS 

skills & training – 

especially 

Indigenous 

groups. 

Training for 

Indigenous groups 
especially NAFI 

manipulation – 

e.g. fire histories  

Dr Bronwyn 

Myers 

Face-to-face 

Narrative 

Jurisdictional & 

International 
(Indonesia) 

Fire Researcher, 

Charles Darwin University 

NAFI, ArcGIS, Open 
Jump 

Land managers GIS, fire behaviour & 
research, GIS & fire 

management training 

in resource-poor 
settings 

Transferable GIS 
skills & training – 

especially 

Indigenous groups 

Project Officer B 

Face-to-face 

Narrative 

Northern 

Australia 

 

 

Project Officer 

NAILSMA 

CyberTracker, NAFI,  Ranger groups & 

coordinators 

I-Tracker coordinator 

& trainer; fire 
management 

Participatory 

process of I-
Tracker 

development; also 

Learning on 

Country – 

intergenerational 

uptake & use. 
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People 

Interview mode 

Place & Scale Practices & Purpose Key Tools & Resources 

Used 

Performative 

Indigenous 

Knowledge 

Scientific 

Knowledge & 

Understandings 

Key Ideas 

Dr Gay Crowley 

Phone 

Semi-structured 

Jurisdictional & 

Northern 

Australia 

 

Fire & Land Management 

Researcher & Consultant, 

NAFI, InfoNet Land managers Land management; 

GIS; digital 

technologies (InfoNet) 

developer 

Develop simple 3-

minute people 

videos – sharing 

peoples’ tacit 

knowledge 

Dr Geoff Lipsett-

Moore 

Face-to-face 

Narrative 

Northern 

Australia 

 

 

The Nature Conservancy NAFI, CyberTracker, 

SavBAT2 

With TOs NGO direction & 

coordination for fire 
management & 

training in northern 

Australia  

Widespread 

training (beyond 
NGOs) to provide 

other Indigenous 

communities 

opportunities to 

engage with CFI 
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People 

Interview mode 

Place & Scale Practices & Purpose Key Tools & Resources 

Used 

Performative 

Indigenous 

Knowledge 

Scientific 

Knowledge & 

Understandings 

Key Ideas 

Dr Leasie 

Felderhof 

Phone 

Semi-structured 

Jurisdictional & 

regional  

 

Firescape Science Director NAFI, CyberTracker, 

ArcGIS, Google Earth, 

ShareMap, Storyline 

With TOs; 

Indigenous 

rangers 

Fire manager, 

researcher & 

consultant; GIS & fire 

planning trainer 

Long-term 

provision of 

services – hard 

money to embed 

training and 
learnings – e.g. 

fire planning with 

Indigenous ranger 
groups 

Dr Payi Linda 

Ford 

Face-to-face 

Narrative 

Jurisdictional & 

MakMak 

Marranunggu 

homeland  

Traditional Owner, 

Charles Darwin University 

researcher 

NAFI MakMak 
Marranunggu 

Knowledge 

System 

Traditional Owner Rak 
Mak Mak 

Marranunggu; intricate 

knowledge of country; 
researcher  

Greater 
consideration of 

Aboriginal 

traditional 
knowledge – e.g. 

Litchfield 

National Park 
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People 

Interview mode 

Place & Scale Practices & Purpose Key Tools & Resources 

Used 

Performative 

Indigenous 

Knowledge 

Scientific 

Knowledge & 

Understandings 

Key Ideas 

Rohan Fisher 

Face-to-face 

Narrative 

Jurisdictional, 

Northern 

Australia & 

International 

(Indonesia) 

Centre for Bushfires 

Research, Charles Darwin 

University 

NAFI, Open Jump; 

QGIS 

Fire coordinators GIS, NAFI updates & 

coordinator, GIS & 

fire management 

training in resource-

poor settings 

GIS training – 

especially NAFI. 

Shaun Ansell 

Face-to-face 

Semi-structured 

 

Regional, 

Jurisdictional & 

Northern 

Australia 

 

 

Fish River Station NAFI, ArcGIS, 
CyberTracker, 

Raindance 

With TOs GIS, fire behaviour, 

Fire planning, fire 

monitoring, aerial 

incendiaries 

coordination; 

strategic fire 
management; savanna 

emissions abatement 

and CFI 

Fire awareness & 

training for 

Indigenous ranger 

groups 

coordinators; 

Training new fire 

coordinators. 
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People 

Interview mode 

Place & Scale Practices & Purpose Key Tools & Resources 

Used 

Performative 

Indigenous 

Knowledge 

Scientific 

Knowledge & 

Understandings 

Key Ideas 

Steve Sutton 

Face-to-face 

Semi-structured 

 

Northern 

Australia & 

National 

 

Centre for Bushfires 

Research, Charles Darwin 

University 

NAFI, Sentinel, 

Landgate, Remote Area 

Global Networks, 

“Chatty Beetles” 

With TOs  Strategic fire 

management 

coordination & 

direction; training 

consultant 

Share knowledge 

– shared space 

esp. 

Indigenous 

knowledge 

systems; targeted 

training 

 



 324 

Appendix E 

SUMMARY OF DOCUMENTED SEASONAL CALENDARS IN NORTHERN 

AUSTRALIA 

Seasonal 

Calendar 

Source Online Access - URL  

Yanyuwa, 

Borroloola, NT 

Not available http://www.bom.gov.au/iwk/yanyuwa/in

dex.shtml 

Gulumoerrgin 

Darwin, NT 

Gulumoerrgin/Larraki

a language 

contributors and 

CSIRO 

http://www.larrakia.csiro.au/ 

Jawoyn Jawoyn Association 

on behalf of its 

traditional owners.  

http://www.bom.gov.au/iwk/jawoyn/ind

ex.shtml 

Mirriwoong Mirima Dawang 

Woorlab-gerring 

http://www.mirima.org.au/calendar/ 

Ngan’gi Seasons 

calendar 

Ngan’gi language 

from Nauiyu Nambiyu 

http://www.track.org.au/sites/default/fil

es/managed/file-

attach/biblio/CSIRO_Nauiyu_calendar_w

eb.pdf 

Wardaman Wardaman Aboriginal 

Corporation 

http://www.bom.gov.au/iwk/wardaman/

index.shtml 

Maung Maung Language 

Holders 

http://www.bom.gov.au/iwk/maung/ind

ex.shtml 

http://www.bom.gov.au/iwk/yanyuwa/index.shtml
http://www.bom.gov.au/iwk/yanyuwa/index.shtml
http://www.larrakia.csiro.au/
http://www.bom.gov.au/iwk/jawoyn/index.shtml
http://www.bom.gov.au/iwk/jawoyn/index.shtml
http://www.mirima.org.au/calendar/
http://www.track.org.au/sites/default/files/managed/file-attach/biblio/CSIRO_Nauiyu_calendar_web.pdf
http://www.track.org.au/sites/default/files/managed/file-attach/biblio/CSIRO_Nauiyu_calendar_web.pdf
http://www.track.org.au/sites/default/files/managed/file-attach/biblio/CSIRO_Nauiyu_calendar_web.pdf
http://www.track.org.au/sites/default/files/managed/file-attach/biblio/CSIRO_Nauiyu_calendar_web.pdf
http://www.bom.gov.au/iwk/wardaman/index.shtml
http://www.bom.gov.au/iwk/wardaman/index.shtml
http://www.bom.gov.au/iwk/maung/index.shtml
http://www.bom.gov.au/iwk/maung/index.shtml
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Yawuru Yawuru Native Title 

Holders Aboriginal 

Corporation 

http://www.bom.gov.au/iwk/yawuru/ind

ex.shtml 

Walabunnba Walya Altjerre (Earth 

Dreaming) Aboriginal 

Corporation 

http://www.bom.gov.au/iwk/walabunnb

a/index.shtml 

West Arnhem 
Land 

Traditional Owners 
including: Wamud 

(Garde et. al., 2009) 

MalakMalak 
and Matngala  

Daly River 
Region (NT) 

MalakMalak language 
group Traditional 
Owners 

http://www.track.org.au/publications/re
gistry/track845 

Walmajarrijarti 
Wangki 
Martuwarra 
Kadaji - 
Walmajarri 
Fitzroy River, 
WA 

Walmajarri language 
group 

http://www.csiro.au/Organisation-
Structure/Divisions/Ecosystem-
Sciences/Walmajarri-Seasons-
Calendar.aspx 

Gooniyandi 
seasonal 
calendar 

Fitzroy River, 
WA 

Not available http://www.track.org.au/sites/default/fil
es/managed/file-
attach/biblio/CSIRO_Gooniyandi_%28Fitz
roy%29_seasonal-calendar_A3.pdf 

Wagiman 

Daly River 
Catchment, NT 

Mona Liddy, Jabal 
Huddleston, Teresa 
Banderson & 
Wagiman/Track 
Steering Committee 

http://www.track.org.au/sites/default/fil
es/managed/file-attach/biblio/CSIRO-
TRaCK_Wagiman_seasonal_calendar.pdf 
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