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About the author
This paper was written by Marc Torra, PhD candidate at the Crawford School of Public 
Policy. Originally from Catalonia, Marc migrated to Australia in 2002. In 2006 he moved to 
W Tree, right in the middle of the East Gippsland’s forest, where he has been living since 
then. He works as an ecological economist advising governments and large donors on 
sustainable electrification of rural areas in developing countries.
What follows is a draft paper not yet presented for publication that is still in the process of 
being refined and improved.

1. Abstract
The Aboriginal people of Australia knew how to tame bushfires, but since European 
colonisation bushfires have become feral. This paper is an investigation into the causes that 
have taken them out of human control; the effect this is having on the environment, society 
and the economy; the potential strategies for taming them; the suggested policies; and the 
instruments to put those policies into action.

2. Introduction
Most scholars agree that during the Aboriginal period bushfires in Australia were tamed and 
since European colonisation they have become feral (Cary et al. 2003, Bradstock 2008; 
Whitehead et al. 2009). Meyers (1995 p.29) once wrote that “when we ask reflective 
questions we confirm the principle of reason by employing questioning in practice.” There is 
no other Australian environmental issue where this need for reflection seems as relevant as 
in the understanding of what has brought bushfires out of human control.
The catastrophic behaviour of bushfires could be defined as a “wicked problem”. Head and 
Alford (2013) describe them as incomprehensible and resistant to solution. Wesselink and 
Hoppe (2010) consider them to be complex, uncertain and contested, demanding new 
types of science and deliberation. Ackoff (1974 p.20) calls them a mess―a system of 
problems that interact in such a way that the solution can seldom be obtained by 
addressing each problem in isolation. 
When problems behave as a mess it is always possible to blame something or somebody 
else. For example, a group of scholars may publish a study that relates landscape traps to 
logging (e.g. Lindenmayer et al. 2011), but then another group quickly refutes the previous 
argument by stating that the cause of landscape traps is bushfires (e.g. Ferguson & Cheney 
2011). However, has the second group considered that certain logging practices may 
exacerbate feral bushfires, which in turn creates landscape traps that cause loss of 
biodiversity?
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In another case, a team may publish a paper stating that the older the forest, the less likely 
it is to experience a crown-fire under extreme weather conditions (e.g. Taylor et al. 2014). 
But again, soon afterwards a counter-paper quickly appears stating that such flammability 
can be explained in terms of stand structure and fuel accumulation (e.g. Attiwill et al. 2014). 
Notwithstanding this second conclusion, have the second team considered that this 
flammability perhaps results from all these variables working together? 
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This exchange of arguments and counterarguments creates the perception that the problem 
is unstructured. Unstructured problems are those for which there is uncertainty about the 
available and required knowledge to solve them (Hoppe 2011). As long as they remain 
unstructured, it is easy to divert the attention of policymakers towards palliating the 
symptoms instead of directly addressing the causes. This is how problems are made 
wicked: not because wickedness is in their nature, but because of the confusion created 
around them. The subsequent confusion enables powerful elites to frame problems in 
particular ways to suit their own strategic interests (Turnbull 2005 p.210). They do so by 
using economic terminology to reconfigure the environment in ways that make it reducible 
to economic logic and associated practices (Coffey 2012 p.308).
This paper presents a meta-analysis of a very specific problem―the increase in feral 
bushfires in Australia since European colonisation. Meta-analysis considers the 
philosophies and paradigms informing policy (Parsons 1995). With philosophical reflection 
becoming more prominent in current policy theory (see Anderson 1987; Forester 1993; 
Fischer 2003), this paper seeks a solution by applying the philosophical principles 
underlying permaculture. Permaculture is an old science with a new name, built on five 
philosophical principles that Mollison (1988) defined as:

1. Work with nature rather than against it.
2. The problem is the solution.
3. Make the least change for the greatest possible effect.
4. The yield of a system is theoretically unlimited (or only limited by the imagination and 

information of the designer).
5. Everything gardens (or modifies its environment).

3. Methodology
Hoppe (2011) distinguishes between unstructured and structured problems, to then suggest 
that between both ends of the spectrum lie those problems for which either the “means” or 
the “ends” have been successfully structured. To structure “means” and “ends” in line with 
the permaculture principle that states “the problem is the solution”, this paper applies a very 

4



specific methodology known as “problem, objective and strategy tree-analysis”. The 
problem analysis offers a diagnose of the “causes”; the objective analysis establishes the 
“ends”; while the strategy analysis determines the “means”. 

4. Problem meta-analysis
A problem tree is a diagrammatic representation of a negative situation, showing a cause-
effect relationship (EC 2004 p.143).

4.1. Core problem
The core problem of this analysis is “Feral Bushfires”.

4.2. Direct causes
This paper identifies five direct causes, which are:

• Low fuel moisture
The higher the moisture content, the longer the time required for ignition to occur 
(Alexander 1998).
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Time to Ignition in Ponderosa pine (Xanthopoulos 1990)

• Homogeneous canopy
Less obvious is the role played by homogeneous canopies. Computer simulations by the 
INRA (2006) concluded that the heterogeneity of canopies decreases the chances of 
crowning propagation, while homogeneous canopies with higher tree densities drive active 
crown fires.

(INRA 2006)
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•   Higher tree density
Li and Magill (2003) consider that the most influential factors contributing to the 
development and spread of bushfires include bush flammability, heat conditions, land 
height, wind direction, wind magnitude and bush density. In their research, they determine 
that the critical density lies between 60% and 65%, depending on the wind speed.

(Li & Magill 2003)

• Increased litter and debris
Once the surface fuel accumulates above 10 tonnes per hectare, a bushfire will be difficult 
to control even under moderate conditions (Adams and Attiwill 2010).

• Increased undergrowth
Undergrowth increases the height of the flames from the surface fuel, increasing the 
likelihood that the flames will reach the canopy through convection.
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4.3. Reinforcing causes
There are two additional causes that feed back into the direct causes, thus creating three 
destructive loops:

• Loop 1: Younger trees leading to low fuel moisture 

The Kuczera curve predicts a decline in water yield immediately after disturbance, with a 
minimum at around 20-30 years of age, followed by an increase towards previous water 
yields, which are only reached after 100 years (Peel et al. 2000).
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(Watson 1999)

• Loop 2: Younger trees and higher tree density

In mountain ash forests, fuel loads approach their maximum levels at around 15-30 years of 
age. At this stage, trees undergo rapid self-thinning as a result of competition for light and 
nutrients (Taylor, McCarthy & Lindenmayer 2014b).
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• Young trees from the same generation and species leading to a homogeneous canopy

When trees are young and of the same generation and species, the canopy will tend to be 
homogeneous, thus increasing the likelihood of crown fires (INRA 2006). The fire then 
creates a natural ash bed for the seeds of fire-adapted species to germinate (eucalyptus 
and acacia), all of which belong to the same generation, thus reinforcing the loop.

• The three loops working together
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Taylor, McCarthy and Lindenmayer (2014) define the following relationship between 
provability of canopy fire and age of the trees:

(Taylor, McCarthy & Lindenmayer 2014)

4.4. Root causes
Less obvious than the previous causes are those that lie beneath. This paper has identified 
a total of five.
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• Old-growth logging

The Kuczera curve is the result of two factors. First, the ability of mature trees to become 
reservoirs of water that can be released when conditions become drier. Second, the ability 
of old trees to contribute to rainfall. In this regard, Mariño and Simonovic (2001) have 
shown how in high-rainfall areas, a 250-year-old mountain ash forest produces 420 mm 
more rainfall per year compared to a forest of the same species which is only 15 years old.
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• Monoculture plantations

After studying fire behaviour in pine plantations, Gill (2005) concluded that they have a 
propensity to produce burning brands even under low-intensity conditions and that these 
will spread through litter and undergrowth, reaching the crowns under suitable conditions.

13



• Clearfell logging

Clearfell logging is the removal of all trees from an area chosen for harvesting. 

After clear-felling, if the coupe is regenerated, the area will be burnt and seeds of 
commercially viable species spread, creating a bed of ash that germinates them. If it is not 
regenerated, diversity and moisture will be higher, but so will litter and debris. In both 
scenarios clear-felling typically produces a flush of regrowth of uniform age and size 
(McEvilly et al. 2011) which leads to feral bushfires.
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This is more clearly explained in these sequence of images:

The first image shows a forest never felled. The second shows it after clear felling, but 
before burning the part that was discarded, estimated at 80% by environmental groups 
(Environment East Gippsland, 2015). The third shows the quality of timber that is currently 
being extracted from clear felling, the majority of which is suitable only to be used as paper 
pulp (see Mercer & Marden, 2006). The fourth shows the forest cleared after burning it to 
germinate the new generation of seeds to regenerate it. The fifth shows the forest 15 years 
after clear felling, when the probability of a canopy fire is at maximum. While the sixth 
shows a forest that was felled, then regenerated, only then to suffer a canopy fire. The 
image was taken after about 5 years had elapsed since the canopy fire. As can be seen, 
the disappearance of the canopy facilitated the growth of the understory in a forest already 
made dry by logging and fire. Clearfelling brought us from image 1 to image 6 in 20 years, 
with image six being what it is currently being called regeneration.
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• Insufficient fuel reduction
The main obstacles to prescribed burning are: the tendency of government departments to 
exclude some habitats without evidence (Adam & Attiwill 2011); the opposition from some 
sectors of society on ecological grounds (Altangerel & Kull 2013); the need to protect some 
areas for their commercial value such as plantations (Gill 2005) or regenerated coupes; and 
the need to protect cattle-fences (Barr & Cary 1992).
Western Australia is the only state with an intensive fuel reduction regime, which has lead 
to a reduction in feral bushfires.

(Sneeuwjagt 2008)

• Fire-exempted areas
Adams and Attiwill (2011) call for an urgent review of all areas declared “fire-exempt” on 
biodiversity grounds. They consider such exemptions to derive from an incorrect application 
of the “precautionary principle”.

4.5. Direct effects
This paper identifies the following six direct effects from feral bushfires:

Correlation in Western Australia between burn-offs and wildfires
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4.6. Reinforcing effects
This paper identifies three reinforcing effects capable of creating destructive loops, which 
are:

4.7. Intermediate effect
Together with the reinforcing effects, loss of employment constitutes an important 
intermediate effect of feral bushfires.

  
At first, this effect goes unnoticed because of the short-term opportunities in salvaging the 
unburnt wood and the injection of resources by the authorities, but in the long term feral 
bushfires lead to a loss of employment opportunities through the four direct causes listed 
above.
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4.8. Final consequences
The final consequences from feral bushfire is the loss of four types of capital.

5. Objective and Strategic meta-analysis
The forest that grows in Australia today is very different from the one that existed before 
European colonisation. Writings from early colonists and explorers describe the forests as 
very open, similar to parkland, with large and well-spaced trees and so little undergrowth 
that there was usually no need for people to clear tracks for their horses and drays (VCFA 
1993). What follows is a strategy to tame bushfires based on the techniques applied by 
Australian Aborigines and the five permaculture principles.

5.1. Core objective

5.2. Direct means
Following the permaculture principle that the problem is the solution, the five direct causes 
of the core problem are inverted, providing the means to a solution:
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5.3. Reinforcing means
The third permaculture principle states: “make the least change for the greatest possible 
effect” (Mollison 1988). The least change is to let trees grow older and apply practices that 
allow for multiple generations of trees and species to coexist. This, alongside with 
decreased litter and undergrowth, inverts the previous destructive loops into three 
constructive loops that help tame bushfires:

5.4. Strategic means
Strategic means are those that can be influenced through policy. They result from the 
inversion of the root causes:

5.5. Search for incompatibilities in the strategic means
There is an incompatibility between “Increased Fuel Reduction” and “High Fuel Moisture” 
because field reduction also removes moisture. There is also an incompatibility between 
“Increased Fuel Reduction” and “Reduce CO2”, “Preservation of Flora” and “Preservation of 
Fauna” because field reduction releases CO2, kills fauna and destroys flora. These 
opposing strategies makes it necessary to analyse if there are alternative solutions to 
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increased fuel reduction. This requires to start by analysing what is the opinion from 
Australian indigenous elders and the strategies they applied to tame bushfires in the past.
Wayne Thorpe, elder from the Gunai-Kurnai nation, does not consider burning off to 
constitute a good practice.  He considers that intentional burning eliminates the understory, 1

which decreases moisture. Those in favour of controlled burning argue that this is the price 
to be paid to avoid high-intensity fires, in which even the canopy burns (see Boer, Sadler, 
Wittkuhn, McCaw, & Grierson, 2009). Mr Thope considers it necessary to stop manipulating 
the forest, both to extract natural resources and to prevent bushfires, allowing nature to 
replenish and take care of itself. 
Some scholars argue that systematic burning was already carried out during the aboriginal 
period, presumably undertaken even by those who claim to be in favour of conservation 
and against logging (see Cary et al., 2003). To refute this last argument, Joel Wright of the 
Gunditjmara Nation, an expert in aboriginal language, shows how in the languages of those 
indigenous nations located West of Victoria, there are no words to refer to intentional 
burning (see Wright, 2014). At least in Victoria, it seems that this was only practiced by 
aboriginal people after the arrival of Europeans as a guerrilla strategy, in an attempt to drive 
European settlers away. 
Faced with these incompatibilities it is advised to carry out those practices that render 
biomass incombustible rather than burning it. This can be achieved by either increasing its 
degree of humidity, or by removing biomass with care to return it back to the forest in a less 
flammable form that increases the natural capital.
Increasing the humidity would mean abandoning the practice of logging the original forest, 
even when selective. It also invalidates mechanical reduction of biomass (Mechanical Fuel 
Load Reduction), suggested by other authors (see Ximenes et al., 2017) as a 
complementary solution to burn-offs. This practice selectively extracts juvenile trees by 
using mechanical means and uses them in power generation. Such a solution uses 
mechanical means like bulldozers, which disturb the environment, compacting the soil and 
destroying flora and fauna.
It would therefore be best to apply solutions capable of extracting parts of the understory 
without destroying its ability to maintain a healthy ecosystem, and without losing the Carbon 
it stores. One way to achieve this would be to convert the understory of those areas closer 
to populated areas into biochar (bio-charcoal), to return the charcoal obtained to the area in 
question. This would increase the soil's fertility, structure and ability to retain water, as well 
as reduce its acidity (Sohi, Loez-Capel, Krull & Bol, 2009).
This leaves us with three strategies instead of five, as shown in the following chart:

 This was mentioned during a conversation of the author of this paper in Lakes Entrance in April 2013.1
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5.6. The direct ends
The result of taming bushfires is the inversion of the direct effects: 

5.7. The reinforcing ends
These result from the inversion of the reinforcing effects, thus creating three constructive 
loops:

5.8. The intermediate result
The application of the fourth permaculture principle (the yield of a system is theoretically 
unlimited) and the fifth (everything gardens) provides a myriad of employment opportunities 
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founded on the preservation of the environment, protection of assets and thriving rural 
communities.

5.9. The final outcomes
The four types of capital that were endangered by feral bushfires are thus protected. 

6. Conclusions and Recommendations
This study is an attempt to show that there is a direct connection between clearfell logging 
and the current trend of Australian bushfires to become more feral. It is not intended to be 
an exhaustive research but a first approximation on the type of methodology that could be 
used to analyse and identify optimal policies to implement. As a result of this preliminary 
analysis, this study advices the following set of policies:

Ban:
1. Ban old-growth logging and give mature trees the chance to become old.
2. Ban clear-felling. Woodchipping allowed logs unsuitable for domestic sawmilling to be 

processed into chips and exported (Dargusch et al 2010). With the decline of the 
woodchips market, there is the risk to continue clear-felling the native forest to 
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generate electricity and receive renewable energy certificates for it (see Cummins et al. 
2016).

3. Ban biomass extraction from native forest

Enforce:
4. Enforce adherence to laws, rules, regulations, procedures and standards that 

guarantee  ecologically sustainable forest management. The appropriate regulation is 
already in place but the bodies in charge of guaranteeing its application either lack the 
will or the capacity to enforce it.

Replace:
5. Replace logging of native forests with timber from plantations (see Ajani 2008).

Encourage:
6. Encourage polyculture in plantations such as mixed plantations, for carbon farming in 

conjunction with timber harvesting.
7. Encourage non-timber forestry products and services (e.g. agroforestry, ecotourism)
8. Encourage forest stewardship by indigenous Australians and local communities, and 

their involvement in prescribe burning.
9. Encourage local biochar production: Applying pyrolysis to biomass produces biochar, 

which has potential value for soil improvement, long-term carbon sequestration, 
renewable energy generation, and waste management (Roberts et al 2009). Biochar is 
a fuel reduction alternative to prescribed burning, especially appropriate in fire 
exempted areas, but ecologically feasible only if managed by local people.

10. Encourage the study of forestry in combination with environmental studies (Ferguson 
2012) and learn more from indigenous Australians (Whitehead et al. 2009).

Replace:
11. Discourage the export of low value wood products (e.g. pallets, woodchips) and 

Increase locally added value to forestry products (e.g. making furniture)

Reduce:
12. Reduce flammable biomass without releasing CO2 emissions.
Use:
13. Use native forest as a carbon sink.

Decentralise:
14. Decentralise fire management: by giving the responsibility to locally based teams in 

order to continue moving away from a forestry management approach towards an 
approach focused on forest eco-systems (Feary et al 2010).

15. Decentralise timber milling by reopening local mills that were forced to close as a result 
of the centralisation of milling in a few large plants.

Account:
16. Account for externalities (e.g. CO2 emissions), making those entities generating them 

to pay for the real cost of the goods and services they produce.
17. Account for variations in natural capital as part of the GDP.
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Policy, to be effective, needs to be converted into practical application. With many policy 
instruments to choose from, it is important to select those that accommodate the overall 
goals and objectives of the policy (Bridgman & David 2013 p.91). The following table 
summarises the proposed strategies and the available policy instruments to implement 
them.

Each policy will be conceptualised in a different way, depending on the type of instrument it 
belongs to: 
1. Advocacy policies require educating or persuading, through government or through civil 

society. 
2. The creation of networks will require the cultivation of relations between the different 

government departments and levels, as well as with non-governmental entities and 
abroad. Such networks seek to promote governance based on the horizontal 
relationship, in which the government is a facilitator, as opposed to the traditional vision 
of an executive power that implements actions from vertical hierarchical structures. 

3. The financial type will require defining the type of financing to be granted (e.g. subsidy, 
tax relief, etc.), in what amount, and what impact is to be expected on the different 
capitals, in order to estimate the conversion ratio. 

4. For any direct governmental action, they need to define whether such an action is 
already taking place or not, what administrative level is carrying it out versus which one 
should be doing it (e.g. federal, state, local), how it is actually being carried out versus 
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how it could be done (e.g. public enterprise, government department, program, 
subcontracting), and in what form (e.g. audit and control, service delivery, product 
supply). 

5. Finally, policies of the legislative type need to identify who possesses the necessary 
jurisdiction, versus who should possess it (e.g. federal parliament, state, local 
regulations), and what the current legislation says versus what it should say in order to 
be aligned with the suggested policy.
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