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Abstract 

Using Cape York Peninsula, Queensland, Australia as a case study, this paper 

combines field sampling of woody vegetation with cost-benefit analysis to compare 

the social optimality of fire-assisted pastoralism with sustainable forestry. Carbon 

sequestration is estimated to be significantly higher in the absence of fire. Integration 

of carbon sequestration benefits for mitigating future costs of climate change into 

cost-benefit analysis demonstrates that sustainable forestry is a more socially optimal 

land use than fire-assisted pastoralism. Missing markets for carbon, however, imply 

that fire-assisted pastoralism will continue to be pursued in the absence of policy 

intervention. Creation of markets for carbon represents a policy solution that has the 

potential to drive land use away from fire-assisted pastoralism towards sustainable 

forestry and environmental conservation.  

 

Key words: Carbon sequestration; Climate change; Land use policy; Fire; Cost-benefit 

analysis 
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1. Introduction 

Socially optimal allocation of land between alternative, competing uses represents an 

important policy choice that economic theory treats as an issue of resource allocation. 

An allocation is perceived optimal when aggregate discounted social returns from 

alternative uses over time are maximised. In practice, however, the existence of 

complex socio-political processes which dominate the policy making process and do 

not conform to the rational, utilitarian principals underpinning economic theory, 

together with the presence of externalities (costs or benefits not captured by markets), 

often result in a sub-optimal land use allocation. The inherent lack of markets for 

external costs and benefits makes them difficult to quantify, increasing the likelihood 

of them being ignored in private and public land use decisions (for example, Reed, 

1993; Sedjo et al., 1995). 

 

The choice between converting forested land to pasture, or pursuing land uses such as 

sustainable forestry which maintains woody vegetation cover, is an example of a 

frequent decision faced by policy makers in many tropical countries. Fire-assisted 

pastoralism is a major land use world-wide. For example, satellite data suggests that 

there was a 50-percent increase in the number of forest fires related to fire-assisted 

pastoralism in the Brazilian Amazon between 1996 and 1997, representing one of the 

principal means of deforestation in the region (Schwartzman, 1997). Burning as a land 

clearance tool is also thought to be one of the principal causes of the 1997-1998 

Indonesian fires (Stolle & Tomich, 1999). 

 

 

 2. The Problem 
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There is widely expressed concern that current rates of tropical forest conversion to 

pasture are too high, resulting in socially sub-optimal land use allocation (Barbier & 

Burgess, 1997). As fire-assisted pastoralism represents one of the principal forms of 

forest conversion, key considerations are the negative environmental externalities at 

both the local and global scale that are associated with anthropogenic burning. Whilst 

local externalities are extensive (Gullett & Touati, 2003; Hoffmann et al., 2003; 

Hulme & Kelly, 1993; Kammen & Marino, 1993; Loomis et al., 2003; Nepstad et al., 

1999; Piccolo et al., 1994; Prange et al., 2003; Reiners et al., 1994; Sastry, 2002; 

Shakesby et al., 2003), this paper focuses on two principal global externalities 

associated with fire-assisted pastoralism. Firstly, it is often observed to impact on 

biodiversity (Cassel-Gintz & Petschel-Held, 2000; Kinnaird et al., 2003; Kozlowski, 

2000). For example, Taylor et al. (1999) implicate the increasingly frequent use of fire 

as threatening biodiversity hotspots in rain forests on the Sunda shelf of Southeast 

Asia. Secondly, fire-assisted pastoralism has direct implications for climate change 

from emissions of CO2 and reducing the carbon sequestration potential of forest 

vegetation and soils (de Koning et al., 2003; House et al., 2002; Jaramillo et al., 2003; 

Kauffman et al., 2003; Page et al., 2002). In the Brazilian Amazon, for example, it is 

estimated that the use of fire may have doubled the magnitude of CO2 sources in the 

region (Houghton et al., 2000).  

 

This paper focuses on the choice between fire-assisted pastoralism and sustainable 

forestry in Cape York Peninsula, Queensland, Australia (Figure 1) where rates of 

deforestation resulting from fire-assisted pastoralism are high. Roughly equivalent in 

size to England, with a population of just 18,000 people, Cape York Peninsula is 

subject to annual burning that is estimated to affect around 80% of its total area (Cape 
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York Peninsula Sustainable Fire Management Programme, personal communication, 

2001). The Australian National Greenhouse Inventory (1999) observed rates of long-

term conversion of forested land to pasture in the area as high as 350,000 ha yr-1 

between 1996 and 1997.  
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Figure 1. Map of Cape York Peninsula and sampling location 

 



Fire-assisted pastoralism is the dominant land use in Cape York Peninsula, supported 

by heavy government subsidies. There are also significant areas set aside as national 

park and wildlife reserves under the control of the Queensland Parks and Wildlife 

Service (QPWS) who use fire with the intention of encouraging habitat diversity by 

preventing advancement of closed rainforest into areas of open sclerophyll woodland, 

fire-climax heath and turkey scrub (Crowley, 1994; QPWS, 2000, 2001). Fire thus 

constitutes an important tool in government land management policy. 

 

Land use choices regarding the use of fire in Cape York Peninsula are further 

complicated by the fact that Northern Queensland is thought to have a long history of 

anthropogenic fires stretching back at least 40,000 years (some estimates date it as far 

back as 70,000 years), coinciding with the arrival of the first Aborigines (Stocking & 

Mott, 1981). These early burning practices are thought to consist of traditional ‘fire-

stick’ farming where low-intensity, early dry-season burning was used across small 

areas to drive game into specific hunting grounds and to increase the productivity of 

resource rich areas such as monsoon forests. More recently this pattern of burning has 

changed, coinciding with the displacement of Aborigines by European settlers, to late 

dry-season, high-intensity burns with increased fuel loads over larger areas (Gill et al., 

1990). What is currently lacking in Cape York Peninsula is an objective, rational 

analysis of whether fire-assisted pastoralism is the socially optimal land use choice 

when compared to alternative land uses that preclude the use of fire, such as 

sustainable forestry. 
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3. Goals and Hypothesis 

This paper tests the hypothesis that fire-assisted pastoralism in Cape York Peninsula 

represents a socially sub-optimal land use by using economic analysis based on data

from woody vegetation sample plots. We use a simple cost-benefit ana

 

lysis of fire-

ssisted pastoralism and sustainable forestry. Data from the vegetation sample plots is 

ion of 

n 

.1 Study site 

tion was undertaken at Wattle Hills, a 35,650 ha property 

 

a

used to estimate carbon sequestration, which in turn is used to estimate mitigat

future costs associated with climate change in the cost-benefit analysis. This permits 

analysis of the impact of missing markets for carbon on land uses in Cape York 

Peninsula and is used to inform a discussion of policy options for encouraging more 

socially optimal land uses. 

 

4. Methods 

Woody vegetation sample plots were assessed biannually between 1997 and 2003 

with and without the presence of fire in the Wattle Hills area of Cape York Peninsula. 

This data was used in conjunction with income and expenditure statistics for fire-

assisted pastoralism and sustainable forestry to conduct a cost-benefit analysis of 

these competing land uses with and without the inclusion of the social value of carbo

sequestration. 

 

4

Sampling of woody vegeta

in the northeastern part of Cape York Peninsula from which fire has been excluded in

parts of the property since 1990 (Figure 1). The eastern boundary lies along 143o12’ 

E, the northern boundary along 12o 30’ S, the southern boundary along the Pascoe 

River and the western boundary in the Great Dividing Range. There is a rainfall 
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gradient from east to west, with rainfall highest in the east. Woody vegetation within 

the property’s protective firebreaks has undergone a process of natural, fire-free 

regeneration. Vegetation outside of the firebreaks, on the other hand, has continu

be subjected to periodic burning from fires encroaching from elsewhere in Cape York

Peninsula.  

ed to 

 

attle Hills are prevented from deriving income from selective 

on 

cies 

ntal sampling 

 total of 16 permanent sample plots was established at Wattle Hills in July 1997.  

arranged in strips of 4 at two separate sites of differing soil type in 

 

The leaseholders of W

timber extraction by the terms of the lease that state any timber extraction must be 

the basis of clearly delineated, single species stands. They do, however, derive some 

income from other non-timber forest products such as seed from valuable tree spe

like Acacia mangium and Callitris intratropica. 

 

4.2 Environme

A

The plots were 

sclerophyll Eucalyptus dominated woodland either side of, and perpendicular to, one 

of the property’s western firebreaks (Figure 2). They thus cover two levels of 

variation, namely burning regime and soil type. 
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Figure 2. Layout of permanent sample plots across burning regime and soil-type 
A stratified random sample of 16 permanent sample plots was established at Wattle 

arranged in strips of 4 at two separate sites of differing soil type either side of, and 

levels of variation, namely burning regime and soil type. 8 temporary outlying 

plots contained representative vegetation. 

ll plots were established and data collected according to existing sampling protocols 

heil, 1995; Synott, 1979; Whitmore, 1989). Individual plots measure 25m2 and each 

 further divided into 12.5m2 quarters. Data was collected biannually between 1997-

003, measuring species composition, height and diameter at breast height (dbh) of 

oody vegetation with dbh > 3cm within the plots. Eight temporary outlying replicate 

plots and elucidate patterns of association 

Hills in July 1997 in sclerophyll Eucalyptus dominated woodland. Plots were 

perpendicular to, one of the property’s western firebreaks. The plots thus cover two 

replicate plots (2 for each strip of 4 plots) were also sampled in 1997 to test whether 

 

 
A

(S

is

2

w

plots (2 for each strip of 4 permanent sample plots) were also sampled in 1997 to test 

if vegetation in the plots was representative of the site in general (Figure 2). 

 

Plots and replicates were ordinated using Detrended Correspondence Analysis 

ECORANA) to compare similarity of the (D
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throughout the study site (Hill & Gauch, 1980). Analysis was weighted by; (A) 

species presence/absence, (B) species distribution weighted by basal area of each 

individual plant enumerated – basal area being proportional to biomass, (C) change in 

basal area per species. DECORANA output is in the form of four false axes arranged 

in order of greatest variation. The axes are thus a proxy for variation in the vegetation 

and can be correlated with environmental variables such as presence/absence of fire 

and soil type. 

 

Carbon sequestration was estimated using conical stem volume, assuming that 1m3 of 

stem volume is associated with 1.6m3 of tree biomass (including stemwood, roots, 

3

value of the two alternative land uses was calculated at 

branches, and so on), and that 1m  of biomass contains 0.26 tons of carbon (Brown et 

al., 1986; Sedjo, 1989). By multiplying carbon content by 44/12, the relative weight 

of a CO2 molecule compared to a carbon atom, CO2 fixation was also estimated 

(Hoen & Solberg, 1994). 

 

4.3 Cost-benefit analysis 

Cost-benefit analysis was conducted based on an assumption of two identical 35,000 

ha properties. The net present 

three different discount rates – 0%, 3% and 6%. Income and expenditure was obtained 

via a combination of published sources and personal communication with Cape York 

Peninsula land managers (Table 1). Standard forestry management accounting 

techniques were applied in calculating costs associated with sustainable forestry 

(Price, 1989, pp. 66-75). This accounts for depreciation in capital value as well as the 

opportunity cost of investing in machinery, assuming a 10% market rate of interest. 

Availability, utilisation and rate of output are also accounted for. Costs include 

 10



machinery for implementing and maintaining firebreaks (bulldozer, tractor with 

blades, fire truck, four wheel drive support vehicle, fuel) and labour costs. Income 

om sustainable forestry is based on income from timber production and the sale of 

sustainable forestry in Cape York Peninsula 

 Cost Benefit Cost Benefit 

Livestock productiona    45,801 

 23,420   

d

 
 

 

 

 
*$41982 in year 1, $37,172 thereafter 

(ABARE, 2000), (RIRDC, 1998), (Scudo PLC, 2000, personal communication), 

(Nordhaus, 1993a, 1993b)  (Fankhauser, 1995) 

 

fr

Acacia mangium and Callitris intratropica seed. 

 

Table 1. Net costs and benefits associated with fire-assisted pastoralism and 

 
 Sustainable Forestry Fire-assisted pastoralism 

Market costs and benefits 

Timber productionb 

Sale of seedc  12,507   

Firebreaks  37,332*    
 
Missing-market costs and benefits 

Carbon Sequestration ha-1 

Nordhause       2001-10  6.8  6.8

2011-20  8.6  8.6 

2021-30  10.0  10.0 

Fankhauserf    2001-10  22.8  22.8 

2011-20  25.3  25.3

2021-30  27.8  27.8

Values are quoted in $US yr-1 at 2002 prices 

a  b  c,d

e , f
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Carbon sequestration for the two properties was calculated on the basis of the 

environmental data obtained from the plots at Wattle Hills. It was assumed that if the 

DECORANA analysis demonstrated

of the area as a whole, then carbon sequestration figures obtained from the eight plots 

u e (0.5 ha per regime in total) would be representative of the 

total 35,000 ha under investigation and facto ccordingly.  

 

Due to uncertainty regarding the actual value of carbon sequestration in mitigating 

ange, two alternative and widely cited values 

re used. The lower figure was based on Nordhaus (1993a; 

sed on ankhauser (1  (Table 1). T ese values in se 

each decade as nal effe t of climate ge mitigation is magnified over 

time owing to an increasing stock of atmospheric CO2. 

5. Problems and progress 

There are three ptions mig  to error. F tly, factorin

mple area to indicate carbon 

sequestration on a 35,000 ha property may not properly account for variation in the 

vegetation. For example, a property pursuing fire-assisted pastoralism may still 

incorporate large areas of semi-natural, rough pasture that could potentially store large 

amounts of carbon (Adger et al., 1992). It is, however, unlikely that these areas would 

store as much carbon as the relatively well wooded burnt plots that the findings of this 

paper are based on. This implies an overestimation of carbon sequestration on 

properties pursuing fire-assisted pastoralism. The use of replicate sample plots and 

 that the vegetation sampled was representative 

nder each burning regim

red up a

future costs associated with climate ch

for carbon sequestration we

1993b) and the higher ba F 995) h crea

 the margi c chan

 

 areas where assum ht lead irs g up 

carbon sequestration data based on a 0.5 ha sa
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application of DECORANA analysis helps to demonstrate the representative nature of 

 this paper. Carbon content of 

oils in undisturbed forests is significantly higher than that in disturbed forests or 

, 2003; Santos et al., 2003), implying that we have under 

also 

e 

 for the 

 

ncome derived from a property devoted solely to sustainable 

restry (RIRDC, 1998). Whilst this may be an underestimate it does not affect the 

le 

the sample plots. 

 

The second problem of representation is the exclusion of soil sampling and non-

woody vegetation. Soil carbon is an important element of carbon sequestered by 

forests and future sampling of soil carbon fluxes in the plots could enhance the 

accuracy of the carbon sequestration figure presented in

s

pasture land (Jaramillo et al.

estimated carbon sequestration under the sustainable forestry land use option. 

Exclusion of under-story vegetation and woody vegetation with dbh < 3cm 

suggests an underestimation of actual levels of carbon sequestration, especially in th

unburnt plots where under-story vegetation has become relatively dense in the 

absence of fire. These under-estimations add further weight to the implications of the 

paper’s overall findings. 

 

The final problem is the lack of primary data on the value of timber production

study site due to the lease restrictions discussed in Section 4.1. The value used in the

cost-benefit analysis is based on an estimate for farm forestry which may be lower 

than the possible i

fo

overall findings of this study and remains the best available estimate until lease 

restrictions are revised in Cape York Peninsula and actual income from sustainab

timber extraction can be obtained.   
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6. Results 

6.1 Vegetation analysis 

Each false axis produced by DECORANA analysis has an associated eigenvalu

indicates the degree to which that axis captures the variation within the sampling

points. A value of one would indicate perfect capture, a value of zero indicates no 

representation at all. Table 2 contains Axis 1 & 2 eigenvalues for all three levels of

analysis undertaken. 

 

e that 

 

 

able 2. Related eigenvalues for DECORANA Axis 1 and Axis 2 output 
 

 

 

 

 

Note: Each false axis produced by DECORANA analysis has an associated 

eigenvalue that indicates the degree to which that axis captures the variation within 

the sampling points. A value of one would indicate a perfect capture, a value of zero 

indicates no representation at all. 

 

The low eigenvalues at each level of analysis indicate that information is widely 

distributed between all four axes. Plotting Axis 1 against Axis 2 for both species 

presence / absence (Figure 3A) and basal weighted species distribution (Figure 3B) 

yields a relatively random distribution suggesting no significant variation between 

plots and replicate vegetative structure at each site. Analysis of DECORANA output 

for change in basal area (having been attributed the highest Axis 1 eigenvalue of 0.39) 

indicated significant grouping of burnt and unburnt plots. This is illustrated in Figure 

T

 

 

 

 

 

Eigenvalues  

Axis 1 Axis 2 

Presence / Absence 0.28 0.14 

Basal Weighted 0.20 0.088 

Change in Basal Area 0.39 0.14 
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3C. Excluding the two outlying burnt plots, all unburnt plots are grouped in the lower 

. 

Correlation of Axis 1 scores wit sence of fire yielded a weak correlation 

(R = 0.487). However, upon exclusion of the lous outlying burnt plots, a 

strong correlation (R = 0.833) was observed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

half of Axis 1 (< 150) and the remaining burnt plots in the upper half (> 150)

h presence / ab

two anoma
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Figure 3. DECORANA analysis of permanent sample plot vegetative representation 
Each false axis produced by DECORANA analysis has an associated eigenvalue that indicates the 

egree to which that axis captures the variation within the sampling points (Table 2). A value of one 
ould indicate a perfect capture, a value of zero indicates no representation at all. Plotting Axis 1 

Axis 2 for both species presence / absence (A) and basal weighted species distribution (B) 
elds a relatively random distribution suggesting no significant variation between plots and replicate 

vegetative structure at each site. Analysis of change in basal area (having been attributed the highest 
xis 1 eigenvalue of 0.39045) indicates significant grouping of burnt and unburnt plots (C). Vegetative 

epresentation can therefore be assumed for the plots. Key: 1.1 and 2.1 = Burnt plots; 1.2 and 2.2 = 
nburnt plots; Rep = Replicate plot 

 
 
 
 
 
 

 

d
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6.2 Carbon sequestration 

Carbon sequestration in the unburnt plots was 102.6 tonnes of carbon (376 tonnes of 

CO2) per ha per year on average over the six years of the study. This was significantly 

igher (Student’s t: P < 0.001, df = 63) than in the burnt plots, which sequestered an 

verage of 33.6 tonnes of carbon (103.4 tonnes of CO2) per ha per year. 

.3 Cost-benefit analysis 

able 3 illustrates that at all rates of discount, when the benefits of carbon 

d, sustainable forestry at the assumed levels of income 

has a negative net present value. When benefits from carbon sequestration are 

included, sustainable forestry has a considerably higher net present value than fire-

assisted pastoralism. This remains true using both Nordhaus’ lower and Fankhauser’s 

higher values for carbon. 

 

Table 3. Cost-benefit analysis of sustainable forestry vs. fire-assisted pastoralism 
with and without the value of missing markets for carbon 

Discount Rate 

h

a

 

6

T

sequestration are not include

0% 3% 6% 
 

le 
forestry 

Fire- Sustainable 
forestry forestry 

Sustainab assisted 
pastoralism 

Fire-
assisted 

pastoralism 

Sustainable Fire-
assisted 

pastoralism 
Net Present Value ($US thousands) excluding carbon: 

 - 42.2 1374.0 -29.1 897.7 -21.7 630.4 

Net Present Value ($US millions) including carbon: 

Nordhaus 
300.1 573.9 188.9 389.0 128.0 carbon 

valuesa 
912.1 

Fankhauser 
carbon 
valuesb 

2,725.5 894.0 1, 6.5 572.9 1,205.1 305.3 74

a b(Nordhaus, 1993a, 1993b), (Fankhauser, 1995) 
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7. Discussion of results 

7.1 Vegetation analysis 

DECORANA analysis demonstrates that the plots contain representative vegetation 

homogeneous nature of the vegetation. The grouping of unburnt and burnt plots based 

on change in basal area when the two anomalous burnt plots where excluded (Figure 

3C) suggests a e o ara ity he rn

r on representation in terms of 

biomass, which is of relevance to carbon tration o poin ards t

presence of a single underlying dominant environmental factor that is influencing the 

relative distribution of the plots with regard to the rate of increase in basal area. The 

strong correlation between Axis 1 scores and presence / absence of fire (R = 0.833) 

i ire is the dominant environmental factor. The two anomalous burnt plots 

(1.2.1 and 1.2.4) may have been subject to environmental influences differing from 

the other burnt plots. The incursion of fire at Site 1 in 1997 is the most likely 

explanation as this will have imposed environmental stress that was not experienced 

at Site 2 at that time. 

 

7.2 Socially optimal land use in Cape York Peninsula 

The cost-benefit analysis demonstrates the influence consideration of environmental 

externalities, such as carbon sequestration, can have in terms of determining optimal 

land use. Without the inclusion of carbon, the negative net present value of 

sustainable forestry (Table 3) implies that this is not a socially desirable land use as 

costs outweigh benefits. Integration of the benefits derived from carbon sequestration 

(Figure 3). The low eigenvalues (Table 2) are likely to be due to the relatively 

 high degre f comp tive similar  within t separate bu ing 

egimes. This gives an indication of good vegetati

seques . It als ts tow he 

mplies that f
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reverses this conclusion. At all levels of analysis, using both Nordhaus’ (1993a; 

1993b) conservative values and Fankhauser’s (1995) more generous values, 

sustainable forestry demonstrates a far higher net present value than fire-assisted 

pastoralism implying that sustainable forestry is the more socially optimal land use 

(Table 3). It should be noted that considerable uncertainty exists within the literature

as to the true social value of carbon sequestration in mitigating future costs ass

with global warming. Appropriate valuation is obviously highly dependent on realisti

modelling of these po

 

ociated 

c 

tential costs. 

ncertainty surrounding 

rate that 

e of 

ial 

able 

r aspect of uncertainty to land use choices based 

n economic analysis, particularly when applied to issues of environmental 

significance such as the potential impacts of global warming. For example, high 

 

Whilst the range of existing value estimates emphasises u

carbon sequestration values, it also confirms a trend of increasingly higher estimates 

over time. Nevertheless, even if Nordhaus’ (1993a; 1993b) relatively conservative 

values are to be accepted, the results presented in this paper clearly demonst

sustainable forestry still emerges as the more socially optimal land use (Table 3). 

 

Another important observation is that relative difference between net present valu

the two land uses increases as discount rate decreases (Table 3). The substant

decrease in net present value with increasing levels of discount rate observed in T

3 illustrates the large effect that discounting can have on land use decisions. 

Considerable convergence is observed in the net present value of the two land uses at 

higher discount rates potentially making choices less clear.  

 

Choice of discount rate adds anothe

o
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discount rates might be argued appropriate due to the large time scale involved in

global warming. The benefits of reducing atmospheric CO2 emissions will not be 

realised for a long time into the future with implications for intergenerational equity

Perceptions of benefits will also vary. Developing countries, for example, will be 

more inclined to discount future benefits from greenhouse mitigation at a higher le

 

. 

vel 

an more developed nations as countries whose economies are heavily reliant on 

ork 

phic future events such as 

aturally occurring fire. Future catastrophic losses could also result from pests or 

 Putz, 

uch 

 

 

 

hange. 

tastrophe cannot be excluded with any 

ertainty because of the complexity of the climatic global system and the 

th

income from, and the development of, heavy industry will have to bear greater 

relative costs of atmospheric CO2 reduction.  

 

High rates of discount could be argued to be applicable in the case of Cape Y

Peninsula, or other areas where fire is frequent, due to uncertainty attached to the risk 

of losing carbon sequestered by forests as a result of catastro

n

diseases. This risk is, however, less of an issue for the kind of mixed species forests 

that this paper focuses on than for trees in industrial monocultures (Pinard &

1996). Nevertheless, the regular use of fire on surrounding properties in an area s

as Cape York Peninsula does pose an inherent risk of fire ‘jumping’ firebreaks and

entering properties from outside. Indeed, just such an event was observed at Wattle

Hills in October 2003 shortly after the 2003 data collection reported here. 

 

Conversely, the possibility of high impact events (as are incorporated in Fankhaser’s 

(1995) modelling of the value of carbon sequestration) may also play an important

part in justifying the use of low rates of discount, especially regarding climate c

It has often been noted that a future climate ca

c
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unprecedented stress imposed on it (Fankhauser, 1995). Worst-case scenarios incl

a redirection of the Gulf Stream, melting of the Antarctic ice-sheet and release of 

methane from previously frozen materials through the melting of permafrost soils 

(Cline, 1992; Fankhauser, 1995; Howarth & Monahan, 1992). There is a possibilit

that failure to mitigate atmospheric CO2 concentrations could result in major sufferin

for future generations thus favouring low rates of discount. The potential for 

achieving rapid early uptake of CO2 through the saturation of global carbon sinks is 

also undervalued at high rates of discount (Fankhauser, 1995). Such arguments 

provide a strong case for rejection of pure time preferences on ethical or empirical 

grounds and in favour of applying a zero rate of discount. Indeed, some aut

ude 

y 

g 

hors have 

rgued that discounting is inappropriate to any matters of significance to the global 

ptions 

ial 

a

environment (Broome, 1992; Price & Willis, 1993). 

 

7.3 Missing markets and optimal land use policy 

No matter which of the existing estimates of the value of carbon sequestration we 

adhere to and whether we accept the need for a zero rate of discount or opt for one far 

higher, the analysis presented in this paper clearly demonstrates that sustainable 

forestry is a socially more optimal land use than the fire-assisted pastoralism that 

currently dominates land use in Cape York Peninsula. The lack of a market for 

carbon, however, implies that, without policy intervention, fire-assisted pastoralism 

will be seen as the economically rational choice for Cape York Peninsula land users.  

 

Considering the global extent of fire-assisted pastoralism and its associated 

environmental impacts outlined in Section 3, there is a need to consider policy o

that address the socially undesirable use of fire as a land management tool. One init
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option available to policy makers in Queensland would be to remove subsidies for 

fire-assisted pastoralism. This would, however, have an immediate negative effect o

the welfare of the majority of land users in Cape Yor

n 

k Peninsula. The more socially 

nd politically acceptable option would be to provide incentives for sustainable 

hat effectively prevent mixed 

 

r 

pe 

 for 

 

a

forestry practices such as removing tenancy clauses t

species, selective timber extraction and improving the infrastructure in Cape York 

Peninsula to facilitate transport of timber to market. Reducing or absolving the use of 

fire by government agencies such as the Queensland National Parks and Wildlife

Service might also be argued as desirable. Enforcing a system of accountability fo

cross-boundary impacts of fires started by pastoralists and other land users in Ca

York Peninsula would be valuable in providing security for foresters against 

catastrophic fires incurred from outside their own properties. 

 

The analysis in this paper points most obviously to development of a market

carbon as a policy option. If sale of carbon credits were to be permitted by owners of 

land for carbon sequestered on those properties to offset against emissions, 

fundamental changes in land use would be observed away from fire-assisted 

pastoralism and towards land uses of a more socially optimal nature such as 

sustainable forestry. Carbon trading has already been established in various forms in 

different parts of the world, such as Europe’s Emissions Trading Scheme.  

 

Australia has followed the US in not ratifying the Kyoto protocol, although the 

Government does have a strategy in place to address climate change (NGS, 2000). 

The method of emissions calculation used within Kyoto allows for emissions to be

offset against carbon sinks such as forests which has meant that, due to the current 
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extent of its forested areas, Australia is on target to meet the short term emissions 

targets that would have been required under Kyoto. Australia is, however, unl

meet Kyoto targets beyond 2008 without fundamental changes

ikely to 

 in industrial and land 

se practices. Whilst the Australian Government’s Greenhouse Office explicitly 

ation 

GS, 

oposed 

ire-assisted pastoralism is a widely pursued land use associated with many negative 

 case 

e a 

 

u

recognises the importance of sustainable land management practices and re-veget

of natural native vegetation to increase greenhouse sinks (AGO, 2002), and has made 

it a central part of Module 6 of Australia’s National Greenhouse Strategy (N

2000), this does not conform with Australia’s recent decision to abandon a pr

international emissions trading scheme. 

 

8. Conclusion 

F

environmental impacts. The analysis presented in this paper suggests that, in the

of Cape York Peninsula, fire-assisted pastoralism is a socially sub-optimal land use 

choice when the value of carbon sequestration in mitigating future costs associated 

with global warming is considered.  

 

Missing markets for carbon therefore imply that alternative, more socially optimal 

land uses, such as sustainable forestry, are unlikely to be pursued in the absence of 

policy intervention. To address this, policy makers in Australia, and most likely 

elsewhere where fire is widely used, would need to focus on developing policy 

solutions that discourage anthropogenic burning. This paper suggests that the creation 

of markets for carbon sequestration is one possible policy solution that could driv

fundamental shift towards more socially optimal and sustainable land uses.   
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