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Abstract 
Forests in East Gippsland have a high inherent fire risk, with thinning perceived to potentially 
heighten this risk. This study examined the changes in fine-fuel hazard over a 15-year period after 
thinning, and the effects of a wildfire on thinned and unthinned stands. Contrary to the contentions of 
many fire managers, the fine-fuel hazard at thinned sites was on average lower than in adjacent 
unthinned sites, primarily due to reduced fine fuel. Fine fuel from slash had largely decomposed by 
four years after thinning. Woody debris larger than 50 mm in diameter remained for 15 years or 
longer. Thinning potentially reduces the initial fire intensity (flame height, forward rate of spread), but 
increases the complete extinguishment (blacking-out) difficulty. Thinned coupes may not present the 
fire hazard that was once assumed—they may in fact be areas of lower fire risk for at least 15 years. 
Once alight, however, longer burn-out times will prolong extinguishment. 

Introduction 
Since the Young Eucalypt Report (Kerruish and Rawlins 1991) explored options for managing young 
eucalypt regrowth, thinning has increased: now in East Gippsland  800–1000 ha of native forest are 
treated annually (as of 2010). Many fire managers have believed that the slash left by thinning 
increases both the fuel hazard and likely difficulty of complete extinguishment of a fire burning in a 
thinned coupe (McCarthy et al. 1999). They have contended that, if left unburnt, these thinned coupes 
would add substantially to the hazard already presented by forest fuels in the landscape. 

The main aims of this study were: 

1. To assess changes in the fuel hazard and coarse fuel structure of coupes following thinning 

2. To sample fuel hazard and fuel structure in thinned coupes over time across a range dry forest sites  

3. To identify change in both fuel hazard and likely extinguishment difficulty following thinning. 

Methods 

Site selection 
Twelve study localities were selected within the Low-Elevation Mixed-Species forest type. More than 
two-thirds of the sites were in areas where wiregrass (Tetrarrhena juncea) occurred in the understorey. 
Fourty-four fuel transects thinned within the last 15 y and fifteen in unthinned forest were measured. 

In addition, an opportunistic fire severity investigation was carried out in thinned and unthinned areas 
burnt in the Myrgatroyd Track wildfire (December 2009) to assess the potential for thinning 
treatments to reduce fire severity. 

                                                      
1 A fuller account of this work has been submitted to Australian Forestry 
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Field data collection from transects 
To determine the effect of thinning treatments on fuel characteristics, sixteen variables of fuel hazard 
and fuel structure were measured. Scores for the surface, near-surface, elevated, bark and overall fuel 
hazard were recorded at each plot.  

Extinguishment difficulty index 
As slash contained coarse woody fuels (abbreviated to CWD—‘coarse woody debris’ from here 
onwards) in addition to fine fuels (<6 mm dead, <2 mm live/green), a method for assessing coarse 
woody material was adapted from McCarthy and Dooley (2005). The presence, and persistence, of 
substantial coarse woody fuels within logging residue often means that extinguishment will be more 
complicated than simply ‘putting out the flames’. These coarse woody fuels may support smouldering 
combustion for many days (and sometimes months) after the flaming combustion from the fine fuels 
has been extinguished. 

The index used the scale:  
1 = Low, 2 = Moderate, 3 = High, 4 = Very High and 5+ = Extreme. 

Fire severity comparison 
Fire severity in recently-burnt forest was assessed using a four-class system: 

1. Full Crown Burn—all tree-crown fine material consumed by the flaming front of the fire 

2. Full Crown Scorch—all crown material scorched by the passage of the flaming front of the fire 

3. Partial Crown Scorch—at least 25% of crowns unscorched (i.e. intact green crowns) after the 
passage of the flaming front of the fire 

4. Low/No Crown Scorch—less than 10% of crowns scorched. 

Results 
Many of the fuel variable values changed significantly with time since thinning. 

Although the surface fine fuel cover remained basically the same over the 15 years following thinning, 
there were significant changes in the near-surface and elevated fuels during this period. 

The height of the near-surface fuels (NSF) steadily increased and surpassed the average height of 
unthinned NSF about ten years after thinning. The ground cover of NSF continued to increase linearly 
over the 15 years following thinning, rising above the unthinned average cover after 10 years.  
The percentage of dead material in the NSF rose above unthinned average levels slightly earlier—at 
about eight years after thinning. The average height and projected ground cover of elevated fuels 
increased following thinning. Both passed the average unthinned levels at about the 10-year mark.  
Counts of coarse woody debris (CWD) intercepts showed changes over time that were different for the 
three size classes of CWD. Coarse woody debris in the 10–50 mm size class decreased over time until 
it reached the unthinned average about 6 years after thinning). CWD in the 50–100 mm size class 
reduced to levels similar to unthinned areas by 15 years post-thinning, while the 100+ mm size class 
intercepts remained relatively constant at about 2.3 times the unthinned average over the 15 years 
following thinning.  

The average harvest-residue height decreased following thinning, with residue fine fuels effectively 
becoming absent after four years. The number of both bark and leaf clumps on thinned sites decreased 
sharply and these were mostly absent after five years. The bark hazard increased slightly after thinning 
but still remained just below the unthinned average at 14 years. 

The Equivalent Overall Fuel Hazard, which was derived from slash fuels from thinnings, was 
compared with the average Overall Fuel Hazard for unthinned areas (Fig. 1). This showed that the fine 
fuels, which contribute to the spread rate and flame height at the flaming front of a fire, were less for 
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about 7–10 years post-thinning, but approached average OFH levels in adjacent unthinned areas after 
ten years. 

In contrast to this, the comparison between thinned and unthinned areas for the Extinguishment 
Difficulty Index (Fig. 2) showed that thinned areas contained substantially more material in the 50–
100 mm and 100+ mm size classes for more than 15 years post-thinning. 

This means that, in suppression operations in the unthinned areas sampled, fire crews would have to 
fully extinguish only between 1 and 3 logs (10–50 mm and 100+ mm CWD) per 50 m of firefront—
that is, a moderate level of extinguishment difficulty. Compared to this, in the thinned areas sampled 
suppression crews would have to fully extinguish between 3 and 7 logs (10–50 mm and 100+ mm 
CWD) per 50 m of firefront—that is, a high to very high/extreme level of extinguishment difficulty.To 
express it more realistically, if suppression crews were blacking-out to a distance of 25 m into the 
burnt area, a thinned area might contain up to 25 logs per 50 m of fireline which would need complete 
extinguishment, compared with a similar area of unthinned forest where there would be only 4–9 logs 
per 50 m of fireline needing complete extinguishment. 

The fire severity investigation carried out in thinned areas burnt in the Myrgatroyd Track wildfire  
confirmed the potential for thinnings treatments to reduce fire severity. Full crown burn in unharvested 
forest was reduced to full crown scorch in adjacent thinned areas, where both areas were burnt by the 
same fire front. Full crown scorch was reduced to partial crown scorch, where two thinned areas 
adjoined a forest road which interrupted the continuity of the surface and near-surface fuels.  

Two important factors influenced damage to retained stems. The first was availability of fine fuels, 
with drier autumn conditions making fine-surface, near-surface, shrub and bark fuels more available to 
be involved in the overall combustion process. Resultant higher fire intensities increased the damage 
to both live foliage and to the cambial layer of retained stems, either scarring trees or leading to their 
death. 

The second was long burn-out times associated with larger material retained on site, particularly old 
logs in the 100+ mm size class.  

Discussion 
The results of this study are somewhat counter-intuitive.  

The most important differences between thinned and unthinned areas are related to fuel structure, 
likely ignition source and suppression response. 

All of the thinned areas surveyed in this study had identifiable harvesting extraction tracks—even 10–
15 years post-thinning, and it was generally still possible to find extraction lanes every 20–25 m 
throughout the thinned area. These harvesting extraction tracks broke up the continuity of the surface, 
near-surface and elevated fuels, making them less able to support continuous surface fire. 

 

Figure 1. Equivalent Overall Fuel Hazard vs time 
since thinning for the 44 thinned transects including 
both the OFH data values (vs years since thinning) 
and the average OFH of the 15 unthinned transects 

 

Figure 2. Extinguishment Difficulty Index (EDI) vs 
time since thinning for the 44 thinned transects, and the 
EDI trend in the 15 unthinned transects 
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The conclusions from McCaw et al. (1997) and Buckley and Corkish (1991), when considered along 
with the results of this current study, suggest that there may be few justifiable reasons to apply 
prescribed fire to thinnings slash. That is, given that thinnings operations tend to reduce the fuel 
hazard from the unharvested state, and that burning operations have inherent stem damage risks, it is 
hard to justify burning for either protection or silvicultural reasons.  

However, the retention of more large material on site in thinned coupes means that a ‘no burning’ 
decision is not straightforward. If a thinned area actually does catch fire post-thinning, the fire is likely 
to be harder to completely extinguish, with residual 100+ mm material requiring several days to black 
out. 

Past experience with suppression operations in harvested areas shows that prolonged effort, and often 
heavy machinery, is needed over 1–2 weeks to break open and fully extinguish large fuels. 

Depending on the risk posed by a thinning operation, it may be worth applying extended prescriptions 
during the harvesting operation—for example, ‘clear all 50+ mm material to 3 m away from the base 
of retained stems’. 

Conclusions 
1. Thinnings operations modify most East Gippsland fuel complexes such that flame heights and 

forward rates of spread are reduced when compared with adjacent unthinned forest. 
2. The trends in fuel composition due to thinning are significantly correlated with time-since-thinning.  
3. Larger fuels—particularly the 50–100 mm and 100+ mm material—remained on thinned sites for 

at least 15 years post-harvest. These larger fuels increase problems for fire extinguishment.  
4. Reductions in fire severity in thinned areas, compared with adjacent unthinned areas, were 

recorded for an opportunistic wildfire that occurred during the study. Thinned areas showed only 
full crown scorch, compared with full-crown burn on adjacent unthinned areas, particularly in 
locations burnt early in the fire’s development. 

5. Thinned areas with recent harvest extraction lanes, which have a fuel arrangement likely to reduce 
flame heights and forward rates of spread, may provide opportunities for fireline placement during 
larger wildfires. 

6. From the fuel hazard and fire severity findings, it is difficult to justify prescribed burning of 
thinned areas on fire protection grounds. 
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Summary 
Carnaby’s cockatoo (Calyptorhynchus latirostris) is rare or likely to become extinct. It is listed as 
endangered under the Commonwealth Environment Protection and Biodiversity Conservation Act 
1999. Habitat destruction and decline are major threats to the birds’ survival. Loss of quality foraging 
habitat is thought to pose the greatest risk to the species. Pine plantations have provided a source of 
nutritional stability in the face of disappearing and fragmenting native forage and roosting sources. 

State and Federal Government environmental regulators are involved in the conservation of the 
species, particularly in areas of development planning where changes of land use will affect habitat. A 
National Recovery Plan is in place that stresses the enhancement of critical habitat, and specifies 
deeding habitat as being of particular importance. 

It is the fundamental thesis of this paper that a maintained and expanded commercial pine plantation 
estate will not just protect and manage but efficiently grow and enhance important habitat while 
delivering a positive economic return to proponents. 

Pine plantations possess the unique attribute of providing a food source that is sufficiently abundant 
and densely distributed that birds can remain resident in an area for several months at a time. One 
hectare of pines will support over two birds for the entire non-breeding season, for every year of the 
birds’ lives. 

Silviculture can be tailored to increase cone production with little major impact on timber quality.  

There are significant areas of cleared land south of Perth, on the Swan Coastal plain, suitable for either 
an expanded pine plantation estate or as an area in which to relocate the threatened Gnangara pine 
plantation. Pines would also help to reverse the damaging eutrophication of waterways caused by the 
build-up of mineral fertiliser in soils from a history of pasture-growing. 

South-western Western Australia has the benefit of a strong domestic processing industry. There are 
long-established manufacturing facilities. It is forecast that, at current population growth rates, WA 
will sadly become increasingly dependent on imported timbers for local house construction. 

The pine estate in WA is slowly shrinking. Prominent economics researchers have identified that, for a 
revitalised plantation investment sector, the non-timber benefits that commercial forests provide to 
society must be valued. 

Bringing the pine industry with its experience and know-how together with the proponents of projects 
(like housing development and mining), who have a desire for positive improvements in cockatoo 
prospects, is required. State and federal environmental regulators have a crucial role if this to become 
a reality at any significant scale.  

At a smaller scale, building on the voluntary carbon offset, a voluntary ‘cockatoo habitat’ market for 
the environmental services that a pine plantation provides could be created.  

Pine plantations’ role in the conservation of Carnaby’s cockatoo is just starting to be recognised. With 
the right regulatory environment and increased awareness, the capacity of pine plantations to 
contribute positively to future conservation and food security for the species looks bright. 
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Carnaby’s cockatoo—species description 
Carnaby’s cockatoo (Calyptorhynchus latirostris) is classified as ‘fauna that is rare or likely to become 
extinct’ under the WA Wildlife Conservation Act 1950. It is also listed as ‘endangered’ under the 
Commonwealth Environment Protection and Biodiversity Conservation Act 1999.  

Carnaby’s cockatoos are large, measuring 53–58 cm in length, with wingspan of up to 110 cm, and a 
mass of around 600 g (see photos at http://www.pbase.com/wildlifeimages/carnabys_black_cockatoo). 
They can live up to 50 years in the wild. Carnaby’s cockatoos are generally seasonal migrants, 
whereby they are predominantly dispersed inland during the breeding season (July–December) then 
shift to higher-rainfall coastal areas during the non-breeding season (December–July) (Johnstone and 
Kirkby 2009). During the non-breeding season, the birds are found in conspicuous, noisy flocks.  

During the breeding season, adults nest as solitary pairs within small breeding flocks. These birds 
display strong bonds throughout their adult life. (Johnstone and Kirkby 2009). 

Breeding occurs from early July to mid-December. Carnaby’s cockatoo is endemic to south-western 
Western Australia. The distribution is shown graphically in Figure 1. 

Threats to Carnaby’s cockatoo 
Cockatoos face threats to both their breeding and non-breeding habitat. It is accepted that habitat 
destruction and decline are major threats to the survival of the Carnaby’s cockatoo across their whole 
range. The loss of quality foraging habitat in the non-breeding range is thought to pose the greatest 
risk to the species (Saunders and Ingram 1998). There has been a shift in food choices, with the 
traditional elements of their diet being replaced, at least in part in some regions, by the high-energy 
seeds of introduced plantation pines—Pinus pinaster and Pinus radiata (Fig. 1)  

 

 
Figure 1. Distribution of Carnaby’s cockatoo and softwood plantations in WA (Sources: Johnstone and Kirkby 
2009; Plantation Information Network) 
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Habitat destruction or decline may initially cause little extinction, but the rate of extinction rises over 
time. Vegetation clearing is ongoing as remnant bush is converted to urban development. Pine 
plantations continue to be harvested, particularly in the north of the DEC Swan Region where the 
original 23 000 ha of the Gnangara, Pinjar and Yanchep pine forest (just north of Perth, Fig. 1) are 
being cleared over the period from 2004 to 2029. The area of the current estate of 15 000 ha is 
reducing by about 1000 ha y–1. 

Extraction of sand and gravel, and mining, involves the clearing of vegetation. Depending on species 
involved, revegetation following mining can begin providing food resources relatively quickly (Lee et 
al. 2010). 

Declining overall availability of nesting hollows is a threat; the hollows can take more than 200 y to 
form. Hollows are common in large senescent marri (Corymbia calophylla). Native forest silvicultural 
prescriptions have been adapted to retain trees that have nesting site potential, but the complete 
removal of forest (for example, during bauxite mining) is much more difficult to manage or ameliorate 
(Finn 2013). 

Injury or death due to collision with motor vehicles accounts for a large portion of observed mortality 
(Saunders, Mawson, & Dawson, 2011).  

Carnaby’s cockatoos are dependent on water being available in the vicinity of roosting sites 
(Johnstone and Kirkby 2009). Important watering points include both natural water bodies and 
artificial water sources like dams. 

Conservation framework for Carnaby’s black cockatoo 
The threats facing Carnaby’s black cockatoo are well documented, and both the state and federal 
governments are involved in conservation efforts. A great deal of effort is applied at the level of 
developmental planning, and changes of land use. This is particularly pertinent because of the 
developmental pressures of the growing city of Perth, and mineral extractive industries across the 
cockatoo’s range. Such developments may require environmental impact assessment under the 
Western Australian Environmental Protection Act 1986 and/or the Commonwealth Environmental 
Protection and Biological Conservation Act (EPBC). 

The federal government has produced guidelines to assess whether a proposed activity will have an 
adverse impact upon the species, and if it should be referred to the federal Minister of the Environment 
for a ruling under the auspices of the EPBC Act (Australian Government Department of Sustainability, 
Environment, Water, Population and Communities 2012). 

Where a recovery plan for a species exists, the federal minister will make a decision concerning the 
activity that is consistent with the plan. The WA state government and Australian federal government 
have collaborated in the preparation of such a recovery plan (Department of Environment and 
Conservation 2012). Activities that have the following results would be considered adverse, and are 
recommended for referral (among others): 

• Loss of nesting hollows 
• Land use or hydrological change that results in loss or degradation of feeding, watering or 

roosting habitat 
• Removal of pine plantations (without replacement) where flocks of birds have some 

dependence for food. 

National Recovery Plan—objectives  
The objective of the plan is: 

To stop further decline in the distribution and abundance of Carnaby’s cockatoo by protecting the birds 
throughout their life stages and enhancing habitat critical for survival throughout their breeding and 
non-breeding range, ensuring that the reproductive capacity of the species remains stable or increases. 
(Department of Environment and Conservation 2012) 
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This is backed up with several performance criteria, and that which is most relevant to pine plantations 
is: 

The extent of ... feeding habitat (as defined by vegetation complexes or suitable revegetation), and night 
roosting habitat (as identified through community survey) are maintained throughout the species range. 
(Department of Environment and Conservation 2012) 

National Recovery Plan—guidance of actions 
There are six broad themes to the recovery actions: 

1. Protect and manage important habitat  
It is the fundamental thesis of this paper that a maintained and expanded commercial pine plantation 
estate will not just protect and manage, but grow and enhance important habitat, while delivering a 
positive economic return to proponents. 

2. Conduct research to inform management  
Undertake research into the biology, ecology, and conservation management of Carnaby’s cockatoo.  

3. Undertake regular monitoring  
Monitor population parameters, habitat, threats and status of the Carnaby’s cockatoo.  

4. Manage other impacts  
Monitor the impacts and implement strategies to reduce other factors detrimentally affecting 
Carnaby’s cockatoos, and support rehabilitation programs.  

5. Undertake information and communication activities  
Develop and distribute awareness-raising and guidance materials for decision makers, establish joint 
management agreements and provide for improved sharing of information between agencies.  

6. Engage with the broader community  
Engage with and involve people across the community in the conservation of Carnaby’s cockatoo.  

Environmental offsets, efficiency 
The term ‘environmental offsets’ refers to measures that compensate for the residual adverse impacts 
of an action upon the environment (like land clearing). Offsets provide environmental benefits to 
counterbalance the impacts that remain, and after avoidance and mitigation measures.  

The Australian Department of Sustainability, Environment, Water, Population and Communities 
(SEWPaC) has required offsets as conditions of approvals for actions that impact on matters of 
national environmental significance. The offset packages have included funding for purchase of 
uncleared areas which contain like-for-like habitat, retaining vegetation on-site, rehabilitation of 
nearby degraded sites and the establishment of artificial nest hollows. Recreating habitat has been very 
expensive, at over $30 000 cash costs per hectare revegetated (Brundett 2013). 

Suitable offsets must also effectively account for the risk of the offset not succeeding. Some offsets 
are inherently less risky than others. Successful restoration of a native ecosystem upon a disturbed 
environment (e.g. existing farmland) is more risky than the establishment of a commercial forestry 
crop upon the same farmland. Forestry, being a practice in WA with a well-developed body of 
professional expertise and experience, has an inherently lower risk.  

Pine plantations and Carnaby’s black cockatoo 

General feeding and food resources 
Carnaby’s Cockatoo feeds mainly on seeds and occasionally on other items such as nectar, fruit and 
insect larvae. Seeds are taken from a variety of native and introduced plants. The most commonly-
used native species are Banksia and Hakea (Valentine and Stock 2008). The most important non-
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native food resource is pine, both Pinus radiata and P. pinaster. Carnaby’s cockatoo is mostly 
arboreal, but will feed on fallen fruits and seeds. 

Pine plantations as a source of food 
Pine plantations were first planted around Perth in the 1920s. It was forecast by foresters even then 
that the state’s native forest resources would be stretched by future population growth. Concern was 
formed not so much on the sustainable potential of managed native forests, but more on the rate that 
clearing of native forest was being undertaken for agriculture. 

Once pines had matured sufficiently to begin reproductive growth, at about age seven years, cockatoos 
were soon observed starting to use the food resources. Perry (1948) noted that in native forest habitat, 
birds congregated in flocks of 12–30. He correctly concluded that the population size was limited by 
the amount of food available from natural sources. Once the food density in any given area increases, 
the cockatoo population increases rapidly. Perry reported flocks of 5000–6000 individuals within pine 
plantations. 

The presence of significant pine plantations in the greater Perth region has influenced the distribution 
and abundance pattern of Carnaby’s black cockatoo for almost eight decades (Finn et al. 2009). 

Finn et al. (2009) postulate that pine plantations have provided a source of stability in an otherwise 
disappearing and fragmenting landscape. The authors venture that, if one needed to develop an ideal 
food resource for Carnaby’s black cockatoos, pine would possess many of the requisite features–it is 
abundant, provides high energetic value and the cones ripen (January and February) just when the 
breeding pairs have completed the demanding process of gestating, brooding and fledging a chick 
(Finn, Stock and Valentine2009). 

Pine plantations possess the unique attribute of providing a food source that is sufficiently abundant 
and densely distributed that birds can remain resident in an area for several months at a time (Finn, 
Stock and Valentine2009). Moreover, feeding time per day can be as little as two hours (Stock 2013). 

Roosting and pine plantations 
Roost sites are thought to allow convenient access to nearby food and water resources, as well as 
providing a protected place to rest for the night. Birds arrive at sunset and leave the roost in the early 
morning. They spend the day moving between foraging sites and can travel up to 30 km from the roost 
(Saunders 1980).  

Energy balance of food resources 
Cockatoos are attracted to pine cones mainly because they provide a high rate of energy return for the 
investment (cost) of energy dedicated to forage. Finn et al. (2009) list six features of pine that enhance 
its value as a food source: 

1. Abundance—In the greater Perth metropolitan area, there are about 15 000 ha of pine 
plantation, as well as scattered other groves and solitary trees. 

2. Density—Silvicultural management of pine trees primarily for sawn timber production dictates 
that trees be grown at high densities to suppress branch growth that weakens timber.  

3. Energetic value—Pine seed has a high energy content (kJ g–1). 
4. Effort of extraction—Seeds can be extracted from pine cones relatively easily. 
5. Availability—Pine cones mature at an opportune time to provide forage during the non-

breeding season. 
6. Suitability for roosting—Mature pines offer opportunities for roosting and feeding in 

immediate proximity. 

Estimating pine plantation contribution to cockatoo’s forage habitat 

Cone formation 
‘Flower’ production per hectare tends to increase with tree age, tree size and tree vigour, and to 
decrease with stand density after competition between the crowns becomes intense. Production per 
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tree is usually far greater in dominants than in suppressed trees, and is greatest in open-grown trees 
(Cremer 1992). 

Female cones generally start to form when the tree reaches a height of around 8 m. Few cones are 
found at a height below 2 m from the ground, irrespective of tree age (Keizer 1963). Female 
reproductive structures take about 2 y from formation to maturity. 

Eight-year-old trees in New Zealand were found to have an average of 40% of the trees bearing female 
cones. Of the 40% which did bear cones, the average number of cones per tree at age eight was 4.24 
(Keizer 1963). 

Cone mass estimation 
Cremer (1992) estimated the production of female cones by counting cones upon the eight most 
visible trees within plots. Previous measurements had determined an average cone weight of 101g. 
The number of cones was multiplied by the average cone weight firstly, and secondly by the number 
of trees, to arrive at an estimate of cone weight per hectare. Successive counts of the same trees over 
four growing seasons allowed estimates of the cone production increment (Cremer 1992). 

Cone energy value 
The energy value of the cones depends on the amount of seeds within and their level of development. 
The energy value of two major food sources is indicated in Table 1.  
Table 1. Cone energy value (Valentine and Stock 2008) 
Species Seed energy content  

(kJ g–1) 
Total energy content  

(kJ per nut) 
Number of cones/day to 

meet FMR* 
Banksia attenuata 22 63.9 11 
Pinus radiata 25.4 39.4 18 
* FMR  = field metabolic rate which predicts the average daily energy requirement per bird 

Relationship between vegetative and reproductive growth 
In order to develop a plantation management regime that has as an objective the development and 
maintenance of forage for cockatoos, it is necessary to be able to predict the development of cone 
biomass over a plantation life cycle.  

Cremer (1992) studied radiata pine, near Canberra, Australia between 1984 and 1987. The weight of 
mature male and female cones produced during the study averaged 1.1 t ha–1 y–1. About one third of 
this was empty male cones, one third pollen and one third female cones. This reproductive growth was 
on average equivalent to about 5% of total growth excluding roots. On the site in question the 
reproductive growth was equivalent to 10% of stem wood growth. Cone yield varies widely between 
species, sites and seasons (e.g. Pederick and Brown), but Cremer’s data will be used here for purposes 
of illustration. 

The following equations are put forward for initial inclusion in a model to estimate the yield of female 
cones per hectare, relative to the stem wood increment laid down in that year (current annual 
increment or CAI). 

 
The amount of female cones can be estimated by: 

 
Of this quantity, only the actual seeds contained within the mature female cones are of value to 
browsing cockatoos. Cremer (1992) harvested and extracted the seeds from 164 of the cones from the 
study area. It was found that 1.54% of the weight of female cones was made up of seeds themselves. 
An average cone weighs 101 grams and contains just 1.55g of seed. Therefore it can be estimated that 
the seed mass per hectare is: 
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The energy value of pine seed is 25 kJ g–1 of seed (Table 1). 

The energy value per hectare, derived via estimation of stem growth, total cones, female cones per 
hectare and seed mass, can be represented by: 

 

Number of cockatoos supported by 1 ha of pine trees 
The ability of a given area of food source, to support a given number of birds depends firstly on the 
total energy value of the food, and secondly the energy needs of the species. 

The field metabolic rate (FMR) which predicts the average daily energy requirements of breeding was 
reported by (Valentine and Stock 2008) as being 726 kJ day–1. Therefore, a cockatoo, over the course 
of a year needs somewhere in the vicinity of 264 990 kJ. 

The average productivity of radiata pine in WA is around a mean annual increment (MAI) of 20 m3 
ha–1 y–1. MAI is the average of the series of current annual increments (CAI) up to a given age. It thus 
gives an estimate of the food value of a plantation over its life.  

Using the equations above, for typical pine trees, the energy available to cockatoos from the seeds in 
mature cones is 257 465 kJ ha–1 y–1. If a cockatoo requires 264 900 kJ y–1, then one hectare of typical 
pines growing at an MAI of 20 will support 0.97 cockatoos for an entire year. Given that cockatoos 
use pine seasonally—for about five months per year during the non-breeding season—then the 
257 465 kJ will support the equivalent energy demands of 2.3 birds. 

Management of pine plantations to promote cockatoo forage habitat and 
address key elements of the recovery strategy 

Rotations, landscape, flow of energy 
Historically plantations in WA have been managed on a rotation basis. As areas have been harvested, 
they have been replanted and the cycle repeated. This has also resulted in a consistent supply of food 
for cockatoos. The removal of the pines from the Gnangara, Pinjar and Yanchep plantations, however, 
is removing this food resource in those areas.  

New plantations established over the course of 10 or more years would provide one of the key benefits 
of a plantation estate at the landscape level—that at any one time there is forage habitat suitable for 
cockatoo use.  

The flow of seed energy from specific plantations established for cockatoo forage could be combined 
with the flows from already-existing commercially focussed timber plantations to show the location 
and amount of forage habitat value across the greater pine plantation estate in Western Australia. 

Silvicultural interactions 
Silviculture is the art and science of managing groups of trees to effect desired management outcomes. 
Tools available to foresters include species selection for replanting, creation of site conditions that 
favour one trees species over another, thinning of trees to concentrate site resources (including water, 
light and nutrients) upon residual stems, felling of selected stems, and fertiliser application to forests. 

Literature reviews related to seed and cone production lead to the conclusion that management of pine 
plantations can be tailored to favour the production of cones (Karlson 2006), and thus food value for 
Carnaby’s cockatoo. 
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Plantation management actions likely to improve pines’ utility as important habitat for 
cockatoos  

1. Initial planting density 
Typical planting density (stocking) of pine in SW Western Australia is around 1500 stems ha–1, giving 
a good selection of trees from which to form the final crop. Improvements in tree quality from 
breeding programs mean there is some scope to reduce this to perhaps 1200 stems, but there are good 
reasons why it should not be reduced much further. Higher stockings help to ensure that crown closure 
is quite rapid, which suppresses lateral branch growth and reduces the radial extent of ‘core wood’ 
(which has inferior timber properties), thus improving timber value. There are no compelling reasons 
to deviate far from commercial practice at establishment. 

2. Timing of thinning, and crop tree selection 
Thinning practice would deviate most from that of commercial timber plantations. 

In timber plantations, first thinning usually occurs after the age of 12 y and second thinning at around 
age 20. Structural sawlog is produced, along with industrial logs. Final harvest happens at about age 
30; the remaining trees are quite large and ready to be milled into structural timber. 

For cockatoo forage plantations, a much earlier first thinning is suggested, opening the forest up and 
promoting growth of individual trees. There is some evidence from other pine species that overstocked 
and suppressed stands will result in delayed sexual maturity (Sullivan 1993).  

Thinning between 8 and 10 y of age would make resources available to crop trees at about the time 
they reach sexual maturity. While smaller trees may make conventional harvester thinning 
uneconomic, specialised equipment less sensitive to tree size is available and may make such early 
commercial thinning possible.  

Second thinning can be brought forward, to around age 16 y. A third thinning at age 24 y would be 
scheduled, allowing the plantation to grow at its biological maximum.  

Final harvest would be from age 30 onwards. Once a pine reaches about 35 years of age, maximum 
height is attained. Subsequently more resources are put into thickening the trunk and the crown 
branches. Usually thicker crown branching is unwanted, as it both reduces the timber quality, and adds 
to the cost of site cleaning up for the next rotation. It is uncertain if this will be detrimental for 
cockatoo forage. Possibly the increasing crown biomass will carry a greater and greater weight of 
cones, and this could be traded off against other factors. 
Table 2. Comparison of silviculture—timber and cockatoo plantations 

Timber orientated  Cockatoo orientated 
Event 

Timing SPH Products Timing (y) SPH Products 
Planting  1500   1200  
First 
thinning 

14 600 Pallet sawlog 
Pine rounds 

Chip-log 

8–10 960 Chips 
Biomass 

Second 
thinning 

20 300 Structural sawlog 
Pallet sawlog 

Chip-log 

16 600 Pallet sawlog 
Chip-log 

Third 
thinning 

– – – 24 300 Structural Sawlog 
Pallet sawlog 

Chip-log 
Final harvest 30 0 Structural sawlog 

Pallet sawlog 
Chip-log 
Biomass 

30+ 0 Structural sawlog 
Pallet sawlog 

Chip-log 
Biomass 
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3. Fertiliser 
Keizer (1963), in research from New Zealand, found significant cone production responses to different 
fertilisers, particularly on phosphorous- and nitrogen-poor sites. This suggests that WA sites should 
have a cone production response to fertiliser (see Plantation location—climate and land suitability, 
below). Phosphate and magnesium were found to be the most important elements. The best 
commercially available fertiliser for encouraging cone production was a mixture of superphosphate, 
urea, borax and potash (192 kg ha–1 superphosphate, 64 kg ha–1 urea, 6.3 kg ha–1 borax, and 64 kg ha–1 

potash). 

4. Firebreaks and roading networks 
Plantation layout must balance the forest protection goals of providing firebreaks and access with 
detrimental ‘edge effects’. The outer trees of stands are of lower timber quality. For cockatoo forage, 
this is not detrimental. ‘Break trees’ will reach reproductive maturity, and produce more branches and 
thus cones, than interior trees. Managers could increase the density of firebreaks by making 
compartment size smaller. The resulting impact on commercial viability would have to be weighed up, 
as management costs would increase, productive land would be set aside as breaks, and the worth of a 
proportion of sawlogs to processors diminished. 

The quality of plantation roads is usually low. This thus means that vehicle speeds are low, minimising 
the potential for vehicle strikes on birds. 

Additional measures specific to management for cockatoos 

1. Artificial hollows 
Carnaby’s has been found to be the most willing cockatoo species to use artificial hollows. DEC has 
provided guidelines for the use of artificial hollows (Department of Environment and Conservation 
2011a; b). Native trees adjacent to or contained within a plantation (or even the pine trees themselves) 
could be utilised as mounts for artificial hollows. 

2. Location of dams 
Availability of water sources for Carnaby’s cockatoo has been described above as a critical threat. 
Wildfire is a threat to plantations, and dams are sensible infrastructure to reduce risk. By locating 
dams near to native forest remnants or adjacent bushland, roosting and watering habitat can be co-
located, even while pine trees are young.  

3. Information sharing, awareness and research 
Once established, managers should participate in conservation forums, and engage in activities like the 
Great Cocky Count (Department of Environment and Conservation 2013). 

There is a long history in the pine forestry industry of plantation share-farming agreements, including 
conservation covenants. Sharing of information and building of awareness improves chances that 
agencies with land resources can be matched with other agencies, or parties that have the wherewithal 
to establish, manage, harvest and renew pine plantations. 

With little additional effort, occurrence of cones can be included into routine timber inventory. With 
time, this research will form the basis for refining models of plantation energy production. 

4. Community engagement 
Forest managers should endeavour to raise awareness of the conservation contribution of the pines 
established through the use of interpretative signage, and walk trails. Inspiration could be taken from 
other forest interpretive areas such as the Wellington Discovery Forest (Tourism Western Australia 
2013). 

Plantation location—climate and land suitability 
There are significant areas of cleared land south of Perth on the Swan Coastal plain that would be 
suitable for either an expanded pine plantation estate, or as an area in which to replace the threatened 
Gnangara pine plantation. 
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Broadly there are two major types of soils on the Coastal Plain. The first is a series of dune 
systems near the coast. The second major type is soils formed by deposits directly eroded from 
continental parent material (see Fig. 2). The soils have low fertility, and are comprised upwards of 
90% sand; highly leached, and in non-managed areas reliant upon nutrients leached from organic 
matter upon the surface (Bolland 1998).  

The Swan coastal plain is heavily cleared (Fig. 3) and has been subject to many types of 
environmental disturbance. Bush remnants are scarce and scattered (Australian Federal Government 
2002). One of the major disturbance factors that continue to pose a challenge is dealing with the 
effects of over-fertilisation of pastures. This has caused damaging eutrophication of wetlands 
(Mitchell et al. 2002). Plantation establishment has been shown (through first-rotation growth boosts) 
to be able to access nitrogen stored in the soil profile, and make use of it before it leaches through to 
waterways. 

Plantation location—sociological 
Plantations are generally viewed differently from traditional rural land uses such as cropping and 
grazing. Williams (2009) reported that plantations are more acceptable in circumstances where they 
are planted: 

• in areas with water availability (catchments not fully allocated) 
• on poorer quality or saline soils 
• on land previously used for plantations 
• on only part of rather than the whole property 

Figure 3. Swan Coastal Plain location. The darker-green area on the 
right is primarily native forest; the lighter strip between this and the 
ocean is largely cleared of forest. 

Figure 2. Soils of the Swan Coastal 
Plain (Bolland 1998) 
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• on land owned by an individual (not a company) 
• where forest products can be processed locally. 

Making sure pine plantations established with cockatoo forage as a co-objective are publicised as such 
will surely assist in overcoming some negative perceptions of plantations. So too will heeding the 
findings of sociological reports, and trying wherever possible to avoid alienating highly productive 
rural land, and working with land-owners to establish pines on suitable parts of their property, as 
opposed to purchasing or leasing whole properties and converting to plantations.  

Plantation economics 
In contrast with most conservation programs that rely on ongoing external funding which is often 
subject to political uncertainty, commercial plantations generate their own revenue flows. The south-
west of Western Australia is well served with a robust pine processing industry. 

The economics of pine plantations are most constrained by (de Fegely et al. 2011): 

1. high costs to access land (purchase, lease, sharefarm) 
2. high opportunity cost associated with investment due to the time to revenue generation 
3. the current revenue stream being insufficient to counter the long time to harvest. 

 
However, it is generally accepted within the forest industry that while the status quo remains, 
investment in long rotations (greater than 10 y) will remain unviable (de Fegely et al. 2011). In order 
to be considered viable by commercial investors, plantations must have an after-tax internal rate of 
return (IRR) of at least 7 per cent (in real terms). The IRR for a newly established radiata pine 
plantation is around 3.8 per cent (White et al. 2013). 

Payment for environmental services performed by plantations (such as carbon sequestration in trees or 
wood products, salinity mitigation, catchment protection and biodiversity values) are viewed as one of 
the most significant opportunities to create a market-based revenue supplement that will make 
plantations once more commercially viable (de Fegely et al. 2011). 

Further, plantations established primarily for cockatoo forage will not be as commercially attractive as 
a timber-focussed plantation, because the silvicultural decisions made to promote cone development 
work against the production of the most highly desirable structural sawlogs. This therefore makes the 
potential payment for environmental services even more critical. A possible pathway will be discussed 
in this paper’s conclusion.  

Implementation and conclusion 
An expanded commercial pine plantation in WA will be an overwhelming positive development for 
cockatoo conservation. The value of pine plantations as forage habitat is indisputable. A substantial 
pine timber industry exists in WA that is capable of harvesting, processing and value-adding any forest 
products that arise from new plantations. The expertise exists to grow and manage the plantations.  

However, the economics of pine plantation investment as they stand right now are middling to poor. 
Research has clearly shown that to remain viable, some payment is necessary for the environmental 
services that pines provide. 

Large scale—offsets 
There are land users and segments of the business community whose activities have negative impacts 
upon Carnaby’s black cockatoo populations and habitat—activities such as mining and property 
development. Environmental regulators require proponents of such projects to carry out mitigating 
measures to offset their impact. Many of these measures are very costly, and their prospects of 
successfully providing food and habitat are uncertain. A lower-cost alternative that has the means to 
provide future commercial return is a more efficient use of society’s resources. 

It is necessary to bring together the pine industry, with its experience and know-how, and project 
proponents with a desire for positive improvements in cockatoo prospects. 
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State and federal environmental regulators are crucial in this becoming a reality at any significantly 
large scale. These bodies determine what activities qualify as acceptable offsets. If a mitigating 
activity such as the establishment of a pine plantation is included or referenced in compliance-related 
literature, it is certain that project proponents will seek out means to engage with the pine industry and 
encourage plantations to be established. With acceptance by regulators, pine plantations could make a 
huge positive impact upon the prospects of this endangered species. 

Regulators, however, have strong preference for offsets involving native vegetation, and exotic species 
such as pine are not endorsed. A system more cognisant of outcomes would recognise the potential of 
pine plantations. 

Smaller scale 
At a smaller scale, individuals and groups will not want to engage directly with forest growers to work 
on a forest project in their own right. Observing the approach of the voluntary carbon market, many 
people are interested in offsetting their business or personal carbon emissions. Building on the carbon 
idea, a voluntary ‘cockatoo habitat’ market for the environmental services that a pine plantation 
provides could be created. This would provide the financial boost the pine plantation needs to be 
economically viable.  

Promoted as ‘Adopt-a-flock’ it would involve: 
• quantification of the food/energy stream arising from the proposed pine project that 

could be going ahead (if the economics were better) 
• give the energy stream a value, and then issues certificates in the energy flow, 

representing the food needs of a certain number of cockatoos, for a certain period of 
time 

• sell the certificates to organisations and persons who wish to support the conservation 
of the cockatoos. 

 
For example, 30 y of non-breeding range forage for 2.3 cockatoos comes off a typical pine plantation. 
If this food at were valued at $2000, then with a payment of $2000 towards the project, an interested 
person or organisation could keep two birds fed for life. This works out to $30 per cockatoo per year. 

Pine plantations’ role in the conservation of Carnaby’s cockatoo is just starting to be recognised. With 
the right regulatory environment and increased awareness, the capacity of pine plantations to 
contribute positively to future conservation and food security for the species looks bright. 
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The koala was listed as a threatened species in NSW, ACT and Queensland in 2012 under the 
Australian Government Environmental Protection and Biodiversity Conservation Act 1999 (EPBC 
Act). The species was already listed as vulnerable under NSW state legislation. Federally, and in state 
legislation, the koala remains unlisted in Victoria and South Australia where the species is regarded as 
thriving.  

The implications for forest management of federal listing of the koala are minor for areas covered by 
an existing Commonwealth–State Regional Forest Agreement but are substantial for all other areas. 
Avoidance of a ‘significant impact’ on koala populations is likely to receive greater attention under the 
EPBC Act than under existing state legislation (e.g. NSW Threatened Species Conservation Act 1995) 
where the species is currently managed in conjunction with others) as part of a ‘landscape approach’. 
The species-specific site prescriptions applying within existing regional forest agreements are unlikely 
to change. Mitigation options are likely to include greater emphasis on the designation and 
management of ‘habitat offsets’ in association with supplementary threat abatement procedures.  

The establishment of eucalypt plantations including koala food tree species on existing cleared lands 
has recently been shown to be effective in restoring habitat for the koala within a relatively short time. 
Koala referral guidelines under the EPBC Act have not yet been finalised. 
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Abstract 
Since the installation of Melbourne’s first piped-water supply, impacts of forest harvesting on water 
yields have been debated. Catchments from which mountain ash has been harvested show an initial 
increase in water yield for some years after harvesting and then a longer-lived decrease in flow. There 
is no evidence of diminishment in yield associated with harvesting of non-ash species. A recent study 
quantified water yield increases from the Goulburn River catchment if harvesting ceased and the 
forests became ‘old-growth’. In reality such old-growth forests would be difficult to attain because of 
fire and other disturbance. The growth of Melbourne has led to water-harvesting from multiple-use 
forest. Unlike the older water reserves, there is latitude for forest water management and research in 
these areas. It is argued that current research should continue and new programs be developed to 
quantify the water yield for mixed-species forest, the longevity of thinning responses, and the relative 
values of wood and water in water supplies with alternative sources of both products.  

Introduction 
Central Highlands of Victoria is a somewhat vague term but, for this paper, is taken to mean the 
forests directly east of Melbourne which, amongst other things, sustain flows in rivers flowing west, 
north and south. These rivers supply water to urban areas of Melbourne and towns and irrigation areas 
both north and south of the Great Dividing Range. The development of Melbourne’s water supply 
system led to reservation of high-rainfall forest areas from about 1870 on. Some of these were burnt in 
1926 and 1939 fires, and water managers observed lower-than-expected runoff from the regenerating 
forests. This provided the seeds of a continuing argument on the optimal use of the forests and the 
relative values of wood and water. Much of this debate centres around long-term water use by 
mountain ash (Eucalyptus regnans). This is the major commercial species in the high-rainfall zones. 
The purpose of this paper is to examine the state of knowledge on this matter and to suggest actions 
for the future. Brief references are made to well-known hydrology work of the past, and some new 
work is introduced. 

In the first half of the 20th century, the forests were mostly either in water reserves under the control 
of then Melbourne and Metropolitan Board of Works (MMBW), or in state forests under the control of 
the Forests Commission Victoria. The sole function of land in ‘water reserves’ was to produce water. 
There was active competition between the two agencies, with the governments of the day tending to 
‘sit on the fence.’ Thus, in 1923 the MMBW made (surprisingly accurate) projections of the future 
growth of Melbourne and applied to the government to take control of the Thomson River catchment 
from the Forests Commission Victoria (Ritchie 1934). The then government declined (or more likely, 
gave no clear response). Ultimately, a half-century later a large dam was constructed by the MMBW 
in this catchment but, unlike previous dams, the catchment land was not vested under the direct control 
of the MMBW. Since then, expansion of Melbourne’s water supply has involved acquisition of water 
resources from catchments with land uses other than water production. Thus the Thomson River 
catchment has some forest harvesting. Similarly the Tarago Reservoir which now supplies Melbourne 
has both agriculture and forest harvesting.  
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More recently a ‘North–South’ pipeline brings water from Eildon Reservoir (on the north-flowing 
Goulburn River) to Melbourne. This catchment has a long tradition of forest harvesting, together with 
some small townships and agricultural uses. Unlike other reservoirs supplying Melbourne, boating and 
water recreation is allowed. Melbourne has also a new desalination plant. Although the current 
Victorian Government has stated that this will not be used for the foreseeable future, it is likely that 
this will form important, albeit expensive, water back-up for Melbourne in drought. Traditionally 
Melbourne has had to pay only for the cost of collecting and distributing the water. It is likely that 
future expansion of Melbourne’s water supply will not be as easy as in the past. 

Both the quality of the forests and their value as water catchments reflects the high rainfall in this 
region: the higher the rainfall the greater the importance. Figure 1 shows a mean annual rainfall map; 
it can be seen that the major water-producing areas of the Watts River (‘Maroondah Reservoir’ and 
O’Shannassy Reservoir) have very high rainfall compared to other areas. Also to be noted is the low 
rainfall to the west and north of Melbourne. Logical extensions to Melbourne’s water-gathering net are 
forested catchments to the east of Melbourne. This, however, involves diverting water from irrigation 
areas and other towns. 

Over the years a number of issues have been articulated concerning the forested catchments supplying 
Melbourne. In particular: 

1. Is there a difference between the yield of mountain ash catchments carrying regrowth and the yield 
of catchments with more mature forest? 

2. Do forests of ‘mixed species’ forests (e.g. Eucalyptus obliqua, E. viminalis, E. rubida) have a 
similar age-related water yield? 

3. Forested catchments give a sustained flow of high-quality water, but the yield is not always high—
can this be improved? 

 

 
Figure 1. Mean rainfall in the Melbourne Water catchment and drainage areas (courtesy 
of Melbourne Water) 
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A recurrent suggestion for improving water yield from these forests has been cessation of harvesting. 
The argument is that then the forests would eventually become ‘old-growth’ with a greater water yield 
(e.g. ACF/Practical Ecology 2009). ‘Old-growth’ is a subjective concept but in this paper is taken as 
forests of or older than 200 years. 

Yield differences between mature and regrowth forests 
This question has been the hub of debate in the last four decades, but the origins of the debate go back 
to before the 1939 forest fires. At the Royal Commission into the 1939 fires the MMBW and Forests 
Commission noted that plans for ‘scientific investigation into this issue’ had been deferred because of 
the disruption due to these fires. After WWII the MMBW initiated scientific work. This included the 
thesis of Brookes (1950) that showed that the highest water-yielding slopes in their catchments were 
the ones with no eucalypt forest (bracken and wattle). Interestingly, the recent work of Hawthorne 
(2012) corroborated this by showing that, for the same sapwood area, mountain ash transpires at a 
higher rate than Acacia. The MMBW commenced paired catchment work research work in 1954, but 
other than continuing measurement in small streams, did not pursue the work. In 1959 a report of the 
State Development Committee of the Victorian Government (State Development Committee 1959) 
recommended logging on Melbourne’s water catchments. The MMBW (perhaps to buy time) asked 
that any decision be deferred until the small-catchment work it had initiated was completed.  

This work ultimately led to the Coranderrk paired catchment project, with a mountain ash catchment 
being logged and burnt in 1971 (Howard and O’Shaughnessy 1971; Langford and O’Shaughnessy 
1980). Because this involved logging, the catchments were located outside of the Melbourne water-
supply area in a rainfall zone at the lower end of that usually expected for mountain ash. This rainfall 
is probably fairly typical of much of the Central Highlands area’s commercial forest. Subsequently, 
additional work was undertaken in higher-rainfall mountain ash at North Maroondah and Black Spur 
within the Maroondah catchment. More recently, the area of Melbourne’s proclaimed catchments has 
been vested in the Yarra Ranges and Kinglake National Parks and the functions of the MMBW have 
been distributed between Melbourne Water and a collection of water distribution agencies. Some of 
the streamflow measurements and some analysis of data from some of these small catchment projects 
has been continued by Melbourne Water.  

Figure 2 shows the water use of mountain ash, relative to an old-growth (control) catchment within the 
regenerating Picaninny catchment. This is an update of the work of Bren, Lane, and Hepworth (2010) 
on the Coranderrk paired catchments. The results show: 

(i) a period of enhanced streamflow after logging, lasting about eight years 

(ii) a period of diminished streamflow after this, implying greater transpiration. 

The data show that the ‘break-even point’ after logging is twenty years (i.e. the cumulative gain 
balances the cumulative loss relative to old-growth at 20 years). The results are commensurate with a 
catchment with a large amount of water stored in the soil. Thus major changes in vegetation will 
impact on streamflow, but may take some years.  

The question of whether there is any similar age-related response of non-ash forest appears 
controversial. Some scientists and many polemicists have claimed that other species show a similar 
relationship. Langford (1976) and Kuczera (1985, 1987) noted that their data did not show a yield 
decline for ‘mixed species’. Recent analyses by Webb, Kathuria and Turner (2012) on the Karuah 
paired catchment project (north of Newcastle) and the Yambulla paired catchment project near Eden 
(Ashley Webb, Forestry NSW, pers. comm.) did not show such a decline in water yield due to the 
presence of regrowth; rather they suggested that cutting led to increased stream flow, but that this 
declined to the pre-cutting state. This reversed the conclusion of an earlier analysis (Cornish and 
Vertessy 2001) that the data did show elements of such a decline. Note that the concept of ‘forest age’ 
is difficult to apply to many ‘mixed species’ eucalypt forests because of their heterogeneous nature. 
These forests are often not managed as ‘even-aged.’ The author believes that resolution of this issue 
will be an important task for researchers. However, to the best of his knowledge, there are no data 
showing an age-related decline for any species other than mountain ash in Australia. 
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Catchment efficiency 
Water catchments have many values, but from a human point of view the ratio of the volume of water 
leaving the catchment to rainfall entering the catchment is the catchment efficiency. Figure 3 shows a 
reworking of the Coranderrk data of Bren, Lane and Hepworth (2010) to show change in catchment 
efficiency with time as the catchment was logged and regenerated. The mean catchment efficiency of 
the old-growth control catchment is also shown. It can be seen that logging increased the efficiency, 
which then decreased below that of the old-growth catchment.  

Figure 4 combines the data from Bren, Lane and Hepworth (2010) with the ‘Zhang Curve’ model of 
Zhang, Dawes and Walker (2001) to show mean water yield function as a function of age of the 
mountain ash and annual rainfall. Catchment efficiency contours are also shown, and the catchment 
efficiency curve for ‘mature forest’ is included. The data suggest that catchments composed of 
regrowth ash with low rainfall have a very low efficiency.  

Even forests of mature ash, however, struggle to achieve 30% catchment efficiency; in many parts of 
the world a catchment efficiency this low would be viewed as unsatisfactory. The author believes that 
the relatively low water-production efficiencies of these heavily-forested mountain ash catchments 
will become of importance in the future. Strategies involving a reduction in vegetation density may 
become increasingly important. 

Thinning of mountain ash forests for greater water yield  
The work of Arthur Webb in the 1960s and 70s (e.g. Webb 1989) showed that thinning of regrowth 
mountain ash forests was possible up to about 40 years of age. After this, the mechanical handling 
issues and damage to retained stems outweighed the advantages of increased water yield. 

A suite of work undertaken in Melbourne’s water catchments looked at thinning as a possible way to 
increase water yield. Thinning techniques included uniformly thinning trees below upper canopy 
height, patch cutting and strip thinning (Crotty Creek). A good summary of this work is found in 
Jayasuriya, Dunn, Benyon and O’Shaughnessy (1993). Uniform thinning was shown to be more 
effective in enhancing streamflow than patch-cutting. A streamflow increase of 25–30% (130–150 mm 
year–1 rainfall equivalent) was observed after treatment in both catchments. Eleven years later, a 
treatment effect of 15% was still evident in the selectively-thinned catchment (Black Spur 3), but the 

 
Figure 2. Flow change (relative to old-growth Slip catchment) in a logged and 
regenerated catchment (Picaninny catchment, Coranderrk Project). From 
Bren, Lane and Hepworth (2010) but updated to March 2011.  
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effect had completely decayed in the patch-cut catchment (Black Spur 1). Measurement in the thinning 
trials ceased in 1997. 
Hawthorne (2012) revisited this work to look at what had happened twenty years after the thinning. 
This included a resumption of measurements in 2007. She noted that both patch cutting and strip 
thinning had poor survival rates of regenerated mountain ash trees, and this resulted in some Acacia 
species dominating these areas. At the same time, in the cleared strips, the average width of the strips 
had been reduced as the canopy of the edge trees expanded into these.  

 
Figure 3. The results of Figure 2 expressed as a change in efficiency of the regrowth catchment 
(Picaninny Creek) relative to Slip Creek (control) as a function of age of the regrowth forest. 

 

 
Figure 4. A visual presentation of the data from Figures 2 and 3 for the ‘no trees’, ‘mature 
forest’ and maximum water-using regrowth case. Lines of equal catchment efficiency are 
also shown. The shaded area represents the domain accessible by the forest. 
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Hawthorne (2012) found that the magnitude of thinning responses was influenced by both the amount 
of tree basal area removed and climatic variation. The persistence of the increase was influenced by 
the composition of the regrowth vegetation, and in general the increase persisted until the cessation of 
measurements in 1997. Resumption of measurements at the strip-thinned catchment at Crotty Creek 
showed a decrease in water yield relative to the unthinned catchment some twenty-five years after the 
thinning. She concluded that this may have partly reflected the enhanced growth of the mountain ash 
and also the occupation of the cut strips by dense growth of wattle and other non-eucalypt species. 
Hawthorne (2012) also noted the value of the long-term paired catchment research and the difficulties 
imposed by the gap in the records associated with agency reorganisation. 
Clearly, thinning of forests has a role to play in the management of mountain ash and presumably, by 
extension, mixed-species forests. The technique is limited by difficulties associated with the size of the 
trees and the trade-off of water yield versus damage to residual stems. Other techniques such as patch-
cutting and strip thinning may reduce this damage, but do give the forests an unusual appearance. 
Wide-spread application probably would not be supported by the general public.  

It is concluded that thinning of young regrowth stands has a role to play in the management of Central 
Highlands forests for water and wood. The author believes that, in the future, forests on catchments 
will often be kept at a low forest density and, where feasible, there will be some form of recurrent 
understory removal combined with silvicultural treatment to optimise the joint production of wood and 
water. 

The strategy of growing commercial forests to old-growth status 
A consultancy with the Murray Darling Basin Authority (MDBA) to examine the influence of ‘native 
forest silviculture’ on water yield in the Murray–Darling Basin was undertaken in conjunction with the 
Australian Bureau of Agricultural Resource Economics (ABARE); the full report on this can be 
obtained from http://www.mdba.gov.au/files/bp-kid/1576-CP2-NativeForest-Part-2.pdf. An 
abbreviated account is given by Bren, Jeyasingham and Davey (2013). This work was initiated by the 
MDBA because of the stimulus of a publication by ACF/Practical Ecology (2009) that argued that the 
value of the water foregone by not growing forests on to old-growth exceeded the value of the wood 
produced. A critique of this document prepared as a part of the above consultancy for the MDBA can 
be downloaded from http://www.mdba.gov.au/files/bp-kid/1575-CP2-NativeForest-Volume-1.pdf. 
This concluded that the volumetric computations in the ACF/Practical Ecology (2009) report were 
reasonable but that the water was massively overvalued, wood products were undervalued, and that in 
analysing net present value, effectively a negative interest rate had been used which had the effect of 
vastly boosting future water values.  

As a part of this consultancy, Bren, Jeyasingham and Davey (2013) looked at the impact of logging on 
water resources in the Murray–Darling Basin. This involved tabulating the area of forest land in the 
Murray–Darling, classifying these into forest types, and applying a model of forest water use based on 
tree age. The selection of the model involved using all paired-catchment data available and testing 
published eucalypt water-use models using a strict procedure based on the Nash-Sutcliffe ‘coefficient 
of efficiency’ fit of the data (Nash and Sutcliffe 1970). Selection of a model was based on the 
goodness of fit to available data. 

The model selected was the BISY model of the Murray Darling Basin Commission (MDBC 2007); 
this is shown graphically in Figure 5. This model provided the ‘best fit’ to the available data. It should 
be noted that although the model has a ‘mixed species’ component (which was used), there was no 
data to test this independently There is little published information available on the origins of the data 
of the model. To apply the model to large areas of forest, it was assumed that the harvestable forests of 
the Goulburn catchment would ultimately become a ‘normal forest’ with a rotation age of 100 years. 
The relative change in water use between the logged forest and a forest allowed to grow into old-
growth forest was computed. For most of the Murray–Darling Basin, the rainfalls are low and forest 
harvesting would lead to a minor increase in water yield. The only significant forest areas with high 
rainfall and ash species are the catchments of the Upper Murray, Ovens Kiewa and the Goulburn. In 
these, harvesting can have some long-term implications for water yield. Reference should be made to 
the full report for details.  
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Figure 6, from Bren, Davey and Jeyasingham (2013) shows the change in flows computed for the 
Goulburn River catchment if logging were to cease and the forests were allowed to grow into old-
growth forest. Cessation of logging would initially lead to a decline in flow lasting about twenty years. 
This reflects that logging enhances flows for 5–10 years, and cessation of logging would remove this 
effect. The increased volumes of water coming from the catchment later are, in themselves, 
substantial—but there are a number of important caveats that need to be considered: 

1. Yield increases are widely dispersed over the landscape and often occur at times of high flow when 
the water is classically less valuable. The question of whether increases could be captured in dams 
is of importance to the economics of the case.  

2. It is probably impossible to grow on all the forest to old-growth because of the impacts of fire, 
windthrow and other disturbances. Certainly the experience from major fires in 2003, 2006 and 
2009 in this area suggests that forest harvesting is not the only factor controlling age. 

3. Even if the forests could be given enough protection to allow them to achieve an old-growth status, 
it is questionable whether such forests would be ‘resilient’ in the face of disturbances such as 
burning, insect attack or wind-throw. Development of resilience in forests (as espoused by 
Thompson et al. 2009) has become something of a goal of catchment managers and ecologists 
around the world (Ashley Webb, Forestry NSW, February 2012, pers. comm.) 

 
Figure 5. Runoff (both absolute and relative to old-growth) as a function of age and annual rainfall for 
both mixed species and mountain ash, as shown by the ‘BISY’ model of MDBC (2007).  
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The consultancy showed that there is certainly a hypothetical possibility of increasing long-term yields 
by diminishing forest harvesting. At the same time, it showed the poverty of the data on which to base 
computations. Although the study used the best data and best models available, the authors expressed 
reservations about the quality of these. The work showed a clear need for further hydrologic research 
for the exploration of such scenarios.  

The complication of fires 
Studies looking at wood and water yield assume that once a stand has regenerated, water use follows a 
relatively ordered pattern. However, major fires in 2003, 2006, 2009 and perhaps at the time of writing 
in 2013 have certainly shown the vulnerability of this assumption. Fires may lead to some sort of 
growth check in the mixed-species stands or complete regeneration in the mountain ash stands. As 
discussed above, it probably makes strategies such as growing on to old age unviable. Any forest 
management strategy to jointly manage forests for water, wood and other values (recreation, wildlife, 
etc.) must explicitly include the risk of fire and the subsequent complications in the mix of factors 
important for multiple use of the forest. No matter how the stands are managed, there must be good 
provision for fire-fighting access, fuel-reduction burning and control of ignition sources. 

The future 
Melbourne is heading for a population of around 6.8 million people by 2056 (Australian Bureau of 
Statistics 2008). Recent drought has shown the vulnerability of Melbourne to shortage of water from 
its forested catchments. The catchments that served Melbourne up to 1970 are now mostly 
incorporated in various national parks. Some of these areas contain mountain ash and were severely 
burnt in the 2009 fires. These will, as a consequence, suffer diminished water yield as a result of thick 
regeneration. There are no substantial water resources available to the west of Melbourne, and hence 
any newly utilised catchments will logically come from Central Highlands areas to the east. Diversion 
of water from such areas will take water from towns and irrigation users to the north and south. It 
should be noted that similar, rather foreboding scenarios can be drawn for many cities around the 
world as they strive to meet the needs of expanding populations.  

The situation appears to present both threats and opportunities. The threat is that the strategy of 
ceasing harvesting trees and attempting to grow the forests to old-growth status will be adopted by a 

 

 
Figure 6. Computed increase in annual yield of the Goulburn River if harvesting was to 
cease and forests were allowed to become old-growth. This was taken from Bren, Davey 
and Jeyasingham (2013) 
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population which is not enamoured of forest harvesting but is enamoured by the concept of ‘old-
growth.’ The author’s opinion is that people espousing this view are often more motivated by desire to 
stop logging than concern about water values. However, it may well be that this is, in some 
circumstances, an entirely rational and economic strategy. 

Forest management can give enhanced fire protection and, by thinning and control of forest densities, 
an enhanced water yield. Such forest management opportunities are not available in the catchments 
now held in national parks. The opportunity cost will be a need for development of hydrology 
knowledge, hydrologic management experience, and an understanding of the economics of it all. 
Forest harvesting is not greeted with popular acclaim and proponents will need to work hard to 
demonstrate to the wider community that this is an advantageous choice. 

Suggestions to meet this challenge are: 

1. A full review of the research messages of the various paired-catchment projects that commenced in 
the 1970s and 80s but have not always been effectively communicated: a list of these is given in 
Bren and McGuire (2012). Much of this work was done by Melbourne Water. The work would 
include collation of past results and new data analysis where data are available. This would be a 
substantial task for one person or a small group. 

2. A similar examination of world-wide practice in similar situations, with one or more lucky scholars 
being sent to examine techniques and collect information from advanced overseas countries. 

3. New paired catchment work and plot trials to produce good data on mixed-species water yields. 
Other work might include the impact of thinning and the longevity of its influence on water yield. 

4. Development of well-founded management tools to quantify the impacts, costs and returns of 
active catchment management.  

5. Development of economic models that incorporate temporal variation in the value of wood and 
water, the hydrologic impacts, and the necessary fire and other forest protection aspects.  

6. Development of a team with specialist knowledge in the application of these models to forest areas 
to inform water agencies, government, media and the public.  

7. Informed response, based on the above, to informed or uninformed criticism.  

 
In general, these suggestions come under the category ‘investment in the future’. 
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An understanding of the amount of water used by plantation forests is important for two main areas of 
government policy: regulation of intercepting land uses in water-sharing plans, and impacts of water 
use under the carbon farming initiative. 

Forest water use is an intercepting land use that governments have agreed to regulate through the 
National Water Initiative. There is important variation between regions in the significance of forest 
water interception. For effective regulation, we need to understand the local increases in 
evapotranspiration that occur when replacing pasture and other land covers with plantation forests. We 
also need to know whether the water used affects other licensed uses of water. In some parts of river 
basins increased water use could affect other uses of water, but in many others such water is not 
consumed and not used for particular environmental benefit, and so may not require regulation. 

The benefits of regulation of water use should outweigh the costs of regulation. One factor that 
influences the relative merit of water regulation is the significance of the volume being regulated. In 
some regions it is of a scale comparable to that of other matters that are subject to regulation, but in 
others the scale is small and comparable to that of other unregulated water uses. 

 

The following notes are based on points made in the presentation2: 

Water scarcity is getting worse because of climate change, groundwater use and rising demand allied 
to increasing population. 

Catchments of key dams are largely covered by native forest. This presentation mainly considers 
plantations; most existing plantations are downstream of dams. ‘New’ plantations (30 000 ha) have 
little impact on other water uses. 

When the water table is within 6 m of the surface, as in some eucalypt and pine plantations in the 
Green Triangle of South Australia, the plantations may use 300–400 mm per year more water. 

Conclusions: 

o Plantations can be a significant water-intercepting land use. 

o Need better techniques to locally assess the amount of water resource consumed. 

o Need to identify areas of potentially significant risk to water entitlements and those of low 
risk, and manage only the significant risks. 

o Need practical methods of regulation that work for both the regulator and the industry. 

o Usually, current plantation water interceptions are already included in caps on diversions. 

                                                      
2 The outline on this page has been augmented by the editors 
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Abstract 
Streamflow from forested catchments supply high-quality drinking water to city dwellers in most 
Australian states. Water use by plantations and regrowth forests remains a contentious issue in 
Australia. Current conflicts include the impacts of plantations under the National Water Initiative, 
proposed licensing of groundwater use in SE Australia, and meeting requirements of the Murray–
Darling Basin plan. Two ‘runoff curves’ are frequently cited as simple models in these water debates. 
The first is the ‘Kuczera Curve’ expressing streamflow from mountain ash forests as a function of 
forest age. The second is the ‘Zhang Curve’ (in various forms) giving mean annual forest 
evapotranspiration as a function of mean annual rainfall. Both were the result of creative, stimulating 
work. The curves are frequently misapplied, either for political ends or because of ignorance. This 
paper examines where the curves can be applied in forestry and points out common misapplications. 
The future needs of forest hydrology research are briefly explored. 

Introduction 
Forests are the dominant vegetation type on over 30% of the earth’s surface, particularly where mean 
annual rainfall exceeds 500 mm y–1. Forests cover 19% of the land area of Australia, comprising 147.4 
M ha of native forests and 2.0 M ha of plantations (ABARES 2012). Water use by forests remains a 
contentious issue. For native forests there is opposition to logging on the grounds that regrowth may 
diminish streamflow. The greater water use of plantations relative to pasture has created significant 
concerns for both downstream water users and regulators attempting to find new environmental water 
provisions from existing allocations. This has led to demands for quantification of ‘significant 
interception potential’ under the National Water Initiative (NWI), considerations of plantation water 
use in the Murray Darling Basin plan, and proposed licensing of groundwater use by industrial 
plantations of radiata pine and blue gum in south-eastern South Australia. 

A runoff curve is a simple model of streamflow as a function of one or two variables. It is referred to 
as a ‘curve’ because it can be plotted on a graph. Such curves are at the lower end of the modelling 
complexity spectrum—perhaps it is their simplicity that is attractive? In Australia, two runoff curves 
are frequently cited in discussions of water use of native forests and plantations. The first of these is 
the ‘Kuczera Curve’ expressing streamflow from mountain ash forests as a function of forest age 
(Kuczera 1985, 1987). The second is the ‘Zhang Curve’ giving mean annual forest evapotranspiration 
as a function of mean annual rainfall (Zhang et al. 1999, 2001). Both of these curves were derived as a 
result of creative, stimulating work and have been most useful in assisting forest hydrology research. 
However, both are often misapplied, possibly for political ends or because of ignorance by the user. 
We believe that the forestry community should be less accepting of application of such models to 
situations where they are clearly not relevant (and hence our title). This paper provides a brief account 
of the derivation of these curves, and examines where their use is appropriate or otherwise. The future 
needs of forest hydrology research are briefly explored so that future debates may be better-informed 
than those of the past.  

 
Don McGuire 
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Kuczera curves 
Major fires in the first half of the 20th century burnt large areas of Melbourne’s water supply 
catchments. The water managers of the time surmised but could not quantify a yield decline in their 
streamflow as the burnt mountain-ash forests regenerated. This yield decline was first quantified by 
Langford (1976). Kuczera (1985, 1987) used an extended version of the data set of Langford (1976) in 
an examination of age-related water yield decline after the 1939 fires and devised a simple model 
which encapsulated some aspects of this. The catchment data set was extended to eight catchments, 
ranging in area for 416 ha (Sawpit Creek) to 90 700 ha (Thomson River at Coopers Creek). 

Kuczera’s (1987) model hypothesized that the yield decline could be described by a two-parameter 
model showing the reduction in yield for each of the catchments. The fit of the curve was designed so 
that the forest was close to its ‘long term value’ (i.e. zero) at about age 150 years. This model is: 

, (1) 

 
 
in which t is years since the fire, g(t) is the annual yield decline in mm relative to old-growth forest, 
Lmax and K are model parameters, and e is the exponential constant. Parameter Lmax is the maximum 
reduction in water yield and is defined by: 

Lmax = 6.15a, (2) 

where a is the percentage of regrowth ash forest in the water catchment, parameter K is such that 1/K 
is the period in years from the fire to the point of maximum water yield decline. The data suggested 
that 1/K was about 26 years. These have become known generically as ‘Kuczera curves’ (in fact 
Kuczera (1985, 1987) did not specify his preferred parameter values, and hence use of the plural 
form). Although mountain ash (Eucalyptus regnans) occupies about 80% of the total ash forest, alpine 
ash (E. delegatensis) and shining gum (E. nitens) are also considered by Kuczera to have similar 
impacts on catchment yield. Figure 1 shows a set of Kuczera curves using the above parameters for 
catchments with 0, 30%, 60%, and 100% mountain ash. The discontinuity in the gradient at t = 2 
reflects that his data showed no detectable change in streamflow after the 1939 fires up to age 2 y. It is 
to be noted that this discontinuity often disappears from illustrations.  

The work of Kuczera (1985, 1987) was a fresh and relevant approach to quantifying the water yield 
reduction associated with forest fires burning water catchments with a large amount of mountain ash 
forests. From the practical point of application, there are two major problems. The first is that this 
model was derived from high-rainfall ‘deep ash’ catchments. Thus, for sites with lower annual rainfall 
the magnitude of the predicted change in flow exceeds the possible runoff, although the streams 

usually continue flowing. The 
second is that rainfall is not an 
input into application of the model; 
hence the model has little 
predictive ability for a given area. 
This limits the practicality of 
application in a year-to-year 
scenario. As such it is better 
viewed as a conceptual model 
since Kuczera (1985) noted that 
the streamflow records were too 
short at that time to conclusively 
identify the recovery in yields 
assumed by the model. 

 
Figure 1. Kuczera curves for catchments with 0% (along axes), 
30%, 60%, and 100% mountain ash. The value of the minimum is 
set at 26 years.  
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Do Kuczera curves apply to 
logged mountain ash 
catchments? 
The short answer to this is 
‘maybe’; a longer answer would be 
that the water use of the regrowth 
ash appears to have some elements 
of the water yield decline shown 
by Kuczera curves, but there are 
other elements not described. The 
basis for such a statement comes 
from examination of paired 
catchment projects looking at the 
water use of mountain ash. 
Figure 2 shows a result from Bren 
et al. (2010) (updated to 2011). 
This is the water yield change after 
logging the Picaninny catchment 
of the Coranderrk project. It can be 
seen that the logging led to an 
increase in streamflow for some 
five or so years, followed by a 
decrease. We have used the model 
of equation (1) and (2) to compute 
the Kuczera curve for a catchment 
with the same proportion of 
mountain ash. The model has no 
provision for the increase in flow 
associated with logging and over-
estimates the decrease in flow that 
occurred. 

A similar paired catchment project 
was the ‘Myrtle 2’ paired 
catchment project. This examined 
the water yield change of logged 
old-growth forests in a higher-

rainfall environment than Coranderrk. Data analysis by Watson et al. (2001) showed that there was a 
similar initial water yield increase and then a decrease in flow. However, only data up to 14 years after 
logging has been published.  

In both the above cases, logging led to an increase in streamflow for some years after harvesting. An 
increase in streamflow after burning was not shown by the stream gauging used by Kuczera (1985, 
1987). It is a moot point as to whether burning a catchment can or does lead to an increase in 
streamflow. Bren (2011) examined the response of a mixed-species catchment to burning. Arguably 
the streamflow that occurred-post burning would not have occurred without burning, but the volume 
involved was small. More usually, catchments are burnt after long, dry periods, and there can be no 
increase in streamflow because there is so little water stored in the catchment slopes.  

Do Kuczera curves apply to non-ash catchments? 
The short answer to this would appear to be ‘no’. Both Langford (1974) and Kuczera (1985, 1987) 
could find no evidence of a water yield decline associated with burning of ‘mixed species’ forests; this 
finding is incorporated in Equation 2. ‘Mixed species’ usually means non-ash species such as 
messmate (E. obliqua), mountain grey gum (E. cypellocarpa), manna gum (E. viminalis) and a suite of 
associated species. Bosch and Hewlett (1982) noted that, of all the paired catchment projects looking 

 
(a) 

 
(b) 
 
Figure 2. (a) Change in water yield from logging of old growth on 
Picaninny catchment (from Bren et al. 2010), and (b) The same data 
plotted at a reduced scale with a Kuczera curve corrected for the 
amount of ash in the catchment. 
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at water yield changes after logging, mountain ash was the only species noted as showing a decline. 
Up to a few years ago, it was often postulated that catchments afforested with eucalypts generally 
showed a water yield decline when regeneration occurred, but there is little evidence of this. Recent 
work by Webb et al. (2012 ) and Webb and Jarrett (in press) in analysing data from paired catchments 
projects at Karuah (north of Newcastle, NSW) and Eden (NSW) have generally shown an increase in 
flow after logging, and no sign of a long-term decrease in flow. Thus it must be accepted that, at this 
state of knowledge, only mountain ash shows such a response.  

Misapplication of Kuczera curves  
It is not often that concepts in forest hydrology have caught the popular imagination, but ‘Kuczera 
curves’ appear to be one such case. This has manifested itself in Kuczera curves being cited in anti-
logging literature and on numerous web-sites, but many authors have also postulated that Kuczera 
curves apply to various forestry cases with no supporting evidence. In many cases, authors (who 
should know better) reproduce curves for 100% ash forests to apply to forests with a small (or nil) 
proportion of this species. Sometimes the context is an attack on logging of native forest, with the 
argument that there will be a decrease in streamflow; an implicit assumption in this is that streamflow 
should be available to downstream water diverters in lower-rainfall environments. An interesting 
corollary of this is that if increases in streamflow are good, and decreases in streamflow are bad, then 
it follows that logging of native forest must be good if streamflow increases occur. We believe that 
forest scientists should be critical of claims for diminished streamflow due to regrowth from logging 
in non-ash forests and demand evidence to back such claims.  

When confronted with claims of reduced streamflows, we believe a suitable response might be as 
follows: 
1. Are we talking about mountain-ash forests? If not, there is no evidence that Kuczera curves 
apply to mixed-species forest. Close of conversation. 

2. If burnt mountain ash forests are involved, Kuczera curves are applicable. The appropriate 
correction must be made for the proportion of regrowth ash forest in the catchment. An 
appropriate estimate of the K and Lmax parameters must be made. A realistic estimate of error 
involved should be made. 

3. If ash forests have been logged: 
• Has the appropriate correction been made for the percentage of regrowth ash and mixed-

species forest in the catchment? 
• If forests have been logged, elements of Kuczera curves are applicable: 

o     Has allowance been made for the impact of increased flow after logging? 
o     Has allowance been made for the deferment of the period of decreased flow? 
o     Has allowance been made for the fact that annual rainfall is not included in the Kuczera 

model? 
o     Has allowance been made for the large error in the model, as shown by the model 

application to the Coranderrk data? 
An associated paper at this conference (Bren 2013) articulated the need for considerably more work on 
this subject if more complete answers are to be given in the future. Notwithstanding this, there has 
been a substantial body of work already completed that does allow reasonable ‘error limits’ to be 
applied to discussion. Our concern is that this is often ignored.  

Zhang curves 
Dryland salinity became a major problem facing Australian agriculture in the 1970s, resulting in a 
considerable amount of research effort and funding being directed to resolving the issue. Clearing of 
deep-rooted perennial vegetation for agriculture caused increased recharge to groundwater, leading to 
rising water-tables with associated salinity and increased salt exports. The Zhang curves evolved out 
of a CRC for Catchment Hydrology research project on salt exports by Zhang et al. (1999, 2001) to 
specifically estimate the impacts of afforestation or deforestation on runoff and recharge of alluvial 
catchments in the Murray–Darling Basin. The method was subsequently extended using a global 
dataset of 250 catchments classified as grassland, mixed land-use or forest (>70% canopy coverage). 
Catchments were selected based on the following characteristics; rainfall was the dominant form of 
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precipitation, catchment slopes were gentle and 
soils were relatively deep (>2 m). The rational 
function fitted to the global dataset of each 
land-use is given in equation 3 below: 
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where Eo is mean annual potential evaporation 
(mm y–1), P is mean annual rainfall (mm y–1), 
and w is the plant-available water coefficient ( 
a surrogate for root zone depth). Figure 3(a) 
shows the derived relationships for forest (w = 
2 and Eo = 1410) and grassland (w = 0.5 and 
Eo = 1100). Figure 3(b) shows an alternative 
and often-used form in which the mean annual 
streamflow (S, mm y–1) is estimated by: 

S=P – ET. (4) 

Figure 4 shows both these forms plotted 
against the distribution of commercial 
plantations as a function of annual rainfall; it 
can be seen that the bulk of plantations are in 
the 650–1500 mm annual rainfall zone where 
the difference between the curves is steadily 
increasing with rainfall. Zhang et al. (2001) 
state that ‘the model is a practical tool that can 
be readily used to predict the long-term 
consequences of reforestation, and has potential uses in catchment-scale studies of land use change.’ 
The curves produce a reasonable estimate of the long-term impacts of having large areas within a 
catchment as mature forest. Zhang curves have been widely criticised by several authors (Greenwood 

 
Figure 3. (a) The mean annual ET curve as a function 
of mean annual rainfall, as defined by Zhang et al. 
(2001) and (b) the curves replotted to show mean 
annual streamflow as a function of mean annual 
rainfall. 

 
 
Figure 4. The two forms of Zhang curves and the distribution of plantations as a function of mean annual 
rainfall in Australia 
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et. al. 2008, 2011) as being too imprecise for water resource allocation and management purposes.  

The graceful decline of the Zhang streamflow curves back through zero flow at zero mean annual 
rainfall is questionable since forests and grassland hardly exists at mean annual rainfalls < 400 mm y–1, 
but is possibly an artefact of the use of annualised average data. At 300 mm mean annual rainfall, little 
runoff is expected on most catchments. Over a 10-y period, however, one unusually wet rainfall year 
of 700 mm may produce 150 mm runoff, giving an mean annualised runoff of 15 mm over the 10-y 
period. 

Misuse of Zhang curves in the plantation water use debate 
Zhang curves have been useful equations for quantifying the potential impacts of land use in Australia. 
In particular, they can be viewed as giving upper and lower mean annual water use estimates of forest 
and grassland communities. Our major point of criticism regarding their application to the plantation 
water-use debate is that they imply substantially greater water use of plantations than is actually the 
case because they are based on data from mature forests. Since Australian plantations will rarely 
approach mature forest and will spend much of their plantation cycle as very immature forests, use of 
Zhang curves provides an over-estimate of the water use differential between pasture/grassland and 
plantation for a given mean annual rainfall. Despite this fact, many publications from Government 
agencies (both state and federal) concerned with water and land-use change start (and often end) their 
discussion on plantation water use with Zhang curves although they are of limited relevance to 
plantations. Such a biased approach can only put forestry negotiators at a disadvantage unless the 
negotiators are strident in their dismissal of this approach.  
Consider the development of a radiata pine plantation. At the time of planting, there is generally little 
vegetation other than the planted pine trees. Thus the water use (ET) of the plantation will be closely 
linked to soil evaporation losses from bare ground. As the plantation develops, canopy interception 
losses increase and the trees may start to transpire water stored in the catchment slopes. Pine 
plantations are often thinned several times over the rotation. Although plantation final felling age 
varies, it is typically around 30 y in southern Australia. Figure 5 shows plantation water use as a 
function of annual rainfall and plantation age; this set of curves was presented by Bren et al. (2006) 
and was derived by incorporating the results from the Croppers Creek paired catchment project (Bren 
and Hopmans 2007) into a Zhang curve framework. It can be seen that in general the annual water use 
of the radiata pine plantation never approaches that of the mature native forest. The water use of the 
plantation may approach that of the native forest if the plantation is allowed to grow to full maturity 
and site occupancy, but this is generally not the aim of plantation managers. In fact, this plantation was 
burnt soon after these curves were derived and is now six years into its second rotation.  

 
Figure 5. Data from the Croppers Creek hydrologic project superimposed on Zhang curves to illustrate 
the variation of annual water yield as a function of annual rainfall and age (from Bren et al. 2006). 
‘Eucalypt’ refers to the native eucalypt forest that the radiata pine plantation replaced.  
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A second point of misuse relates to the fact that the curves are derived from long-term mean data. 
There is a tendency to use the plots as annual ET (or annual runoff) as a function of annual rainfall; 
indeed study of many occurrences shows that the illustrators have dropped the term ‘mean’ from the 
axes and present them with axes labelled as annual streamflow as a function of annual rainfall. 
Figure 6 shows the Zhang curve estimates of mean annual streamflow for pasture and native forest as 
a function of mean annual rainfall. The plot also shows a cloud of points showing annual streamflow 
for mature native forest as a function of annual rainfall for the mature native forest catchments at 
Croppers Creek (in north-eastern Victoria), and a regression for these points. To directly compare the 
two sets of data, a ‘mean point’ for the Croppers Creek points (marked) can be derived; a set of such 
‘mean points’ was the input data for the original model of Zhang et al. (2001). The regression of 
annual streamflow on annual rainfall shows that in this environment there is little or no streamflow if 
the annual rainfall drops below about 900 mm. This is in contrast to the behaviour of the mean annual 
streamflow as a function of the mean annual rainfall. This important distinction seems to be commonly 
ignored. Authors Bren and McGuire note that in their own historical use of these relationships they 
have occasionally been guilty of this sin.  
From a statistical perspective, the coefficients of the Zhang curve for each land use are a reflection of 
the classification of the global dataset used by the authors. Inherent in such an approach are large 
errors associated with data collection, variability between countries, and variations in water use 
between different vegetation types which are mapped into either ‘grassland’ or ‘forest’ category. 
Given the inherent problems of such a data set, use of the mean annual values of rainfall and 
streamflow is a necessary strategy to ‘tame’ the variability. However this limits the utility of the 
curves for shorter-term prediction. The curves are admirable for illustrating, at the global level, long-
term differences in water use of mature forest or pasture, but application to specific land-use cases is a 
mis-application. 
It should be noted that although information on plantation water use in Australia is not perfect, there is 
a substantial body of research available if quantitative consideration is necessary. Work published in 
recent years includes paired catchment studies on radiata pine replacing native forest at Croppers 
Creek (Bren et al. 2006; Bren and Hopmans 2007), radiata pine on pasture at Tumut (Webb and 
Kathuria 2011), and new studies on water use of blue gum (e.g. Benyon et al. 2006; Roberts 2012). 
This can be easily extended by examining work in New Zealand, Chile, South Africa and many other 
countries. Hence it seems ludicrous that agencies and individuals chose to use generalised curves 
applicable to mature native forests from around the world when results far more specific to plantations 
in Australia are easily available.  

 
Figure 6. Annual data from Croppers Creek, the mean point of those points, and the regression of annual 
streamflow as a function of annual rainfall shown against Zhang curves. 
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When confronted with a Zhang curve in a plantation debate 
It is suggested that if confronted with Zhang curves in a debate on plantation water use, a critical 
approach should be taken. A number of questions can be asked. These include: 
1.  Why is a set of relationships derived from a world-wide data set based on mainly mature forests of all 

types being used in an Australian plantation debate? 
2. Are the curves marked as showing mean annual ET or streamflow as a function of mean annual rainfall 

(or has the ‘mean’ been dropped)? 
3. What allowance is being made for the immaturity of the plantations? Unless this is done, use of Zhang 

curves alone will greatly overestimate the water use of the plantation.  
4. If there is concern that the plantations use more water than pasture as they grow, are offset credits being 

given for the reduced water use of new plantations since the water yield of these will be greater than that 
of pasture? 

Future research priorities 
Although we are critical of aspects of the use of runoff curves, their use reflects a demand for 
quantitative hydrologic information. Much of the available information has come from paired 
catchment studies, and we would like to note the value of these in providing such information. While a 
significant number of forest hydrology studies have been conducted in Australia, most generally report 
only short-term results and access to the valuable long-term data is fragmented over numerous 
computing systems and organisational restructures. These studies could not easily be replicated now 
because of fragmentation of forest ownership, or public outcry over clearance of even small areas of 
native vegetation in the name of science (Bren and McGuire 2011). Lack of access to this valuable 
historic data severely impedes the development of improved hydrologic models and understanding 
without resorting to further long-term stream gauging and monitoring studies. A project to collate 
these past paired catchment studies of forest hydrology would enable a more efficient and rigorous 
analysis of previous research results, and permit the systematic development of water use – forest age 
curves that reflect the variation in forest structure and species composition. Measurements of forest 
growth parameters such as site index, stocking and volume productivity in these studies would also 
allow calculation of water use efficiency (Bren et al. 2011), and provide a method for foresters to 
validate the potential impacts of plantations in ungauged catchments using the sophisticated growth 
and yield models employed by many forestry organisations. 

Unfortunately public perceptions of tree water use derived from simple hydrologic models such as the 
Zhang or Kuczera curves provide only limited insight into hydrologic processes associated with land 
use change, particularly over the full rotation cycle for managed plantations with multiple thinning 
operations. It is therefore imperative that new and better models of plantation water use be developed 
by collaborative research between the forest industry and water resource agencies to enable better 
understanding of the annual variation of tree growth, water use and climate.  

Conclusion 
The authors contend that misapplication of simple runoff curves to situations where they are not 
applicable requires scrutiny by forestry organisations. In both the cases cited, there is a need for the 
forest industries to (1) be critical of the application of such simplistic approaches and (2) provide a 
firmer, scientific basis of knowledge to interested parties. The plantation sector is becoming an 
increasingly important part of Australia’s forest and timber industry, providing the major proportion of 
sawlog volume, and a significant level of employment and income through value-adding in many 
regional areas. While plantations can improve water quality outcomes in many situations, and were 
originally viewed as a biological solution to dryland salinity, the potential impact of plantations on 
catchment water yields remains the principal concern. Given the potential for new tree crops on 
agricultural land to simultaneously sequester carbon, enhance biodiversity, produce additional 
resources for industry and help repair the environment, it is essential that a factual approach to water 
allocation be taken to support the growth of Australia’s plantation estate. 



Don McGuire and Leon Bren 

I N S T I T U T E  O F  F O R E S T E R S  O F  A U S T R A L I A  N A T I O N A L  C O N F E R E N C E  7 –11  A P R I L  2 013  C A N B E R R A  184

References 
ABARES (2012) Australia’s Forest at a Glance 2012. ABARES, Canberra. 83 pp. 
Benyon, R.G., Theiveyanathan, S. and Doody, T.M. (2006) Impacts of tree plantations on groundwater in south-

eastern Australia. Australian Journal of Botany 54, 181–192.  
Bosch, J.M. and Hewlett, J.D. (1982) A review of catchment experiments to determine the effect of vegetation 

changes on water yield and evapotranspiration. Journal of Hydrology 55, 323–333. 
Bren, L.J. (2011) Hydrologic impacts of fire on the Croppers Creek paired catchment experiment. In Revisiting 

Experimental Catchment Studies in Forest Hydrology. Proceedings of a Workshop held during the XXV 
IUGG General Assembly in Melbourne, June–July 2011. IAHS Publication 353, pp. 154–168. 

Bren, L.J. (2013) Effects of forest management on water yield in Victoria’s Central Highlands catchments. In: 
Managing our Forests into the 21st Century, Institute of Foresters (Australia) Conference proceedings, 
Canberra, April 2013, 11 pp. 

Bren, L.J. and Hopmans, P. (2007) Paired catchment observations on the water yield of mature eucalypt and 
immature radiata pine plantations in Victoria, Australia. Journal of Hydrology 336, 416–429. 

Bren, L.J. and McGuire, D. (2011) Paired catchment experiments and forestry politics in Australia. In: Revisiting 
Experimental Catchment Studies in Forest Hydrology. Proceedings of a Workshop held during the XXV 
IUGG General Assembly in Melbourne, June–July 2011. IAHS Publication 353, pp. 106–111. 

Bren, L.J., Lane, P.M. and McGuire, D.O. (2006) An empirical, comparative model of changes in annual water 
yield associated with pine plantations in southern Australia. Australian Forestry 69, 275–284. 

Bren, L.J., Lane, P. and Hepworth, G. (2010) Longer-term water use of native Eucalyptus forest after logging 
and regeneration: the Coranderrk Experiment. Journal of Hydrology, 384, 52-64.  

Bren, L.J, Elms, S. and Costenaro, J. (2011) How much water is needed to product a cubic metre of radiata pine 
log? Australian Forestry 74, 901–905. 

Greenwood, A., Creswell, D.J., Fee B.M. and Vanlaarhoven, J.M. (2008) Sustainable water resources 
management, plantation forestry, and a method for the provision of environmental flows to wetland 
ecosystems. In: Proceedings of Water Down Under 2008 Conference, Modbury South Australia. Institute 
of Engineers Australia.  

Greenwood, A., Benyon, R.G. and Lane, P.N.J. (2011) A method of assessing the hydrological impact of 
afforestation using regional mean annual data and empirical rainfall-runoff curves. Journal of Hydrology 
411, 49–65. 

Kuczera, G. (1985) Prediction of Water Yield Reductions following a Bushfire in Ash –Mixed Species Eucalypt 
Forest. In: Rep. No. MMW-W-0014, Melbourne and Metropolitan Board of Works, Melbourne, 
Australia. 163 pp. 

Kuczera, G.A. (1987) Prediction of water yield reductions following a bushfire in ash – mixed species eucalypt 
forest. Journal of Hydrology 94, 215–236.  

Langford, K.J. (1974) Change in Yield of Water Following a Bushfire in a Forest of Eucalyptus regnans. Report 
No. MMBW-W-003, Melbourne and Metropolitan Board of Works, Melbourne, Australia. 

Langford, K.J. (1976) Change in yield of water following a bushfire in a forest of Eucalyptus regnans. Journal 
of Hydrology 29, 87–114. 

Roberts, S. (2012) Predicting the water use of Eucalyptus nitens plantations in Tasmania using a forest estate 
model. Report to Forests and Wood Products Australia. Forestry Tasmania, Hobart.  

Watson, F.G.R., Vertessy, R.A., McMahon, T., Rhodes, B. and Watson, I. (2001) Improved methods to assess 
water yield changes from paired catchment data in forest hydrology studies. Forest Ecology and 
Management 143, 189–204. 

Webb, A. and Kathuria, A. (2011) Response of streamflow to afforestation and thinning at Red Hill, Murray 
Darling Basin, Australia. Journal of Hydrology 412–413, 133–140. 

Webb, A. and Jarrett, B.W. (2013) Hydrological response to wildfire, integrated logging, and dry mixed-species 
eucalypt forest regeneration: the Yambulla experiment. In press, Journal of Hydrology.  

Webb, A.A., Kathuria, A. and Turner, L. (2012) Longer-term changes in streamflow following logging and 
mixed species eucalypt forest regeneration: The Karuah experiment. Journal of Hydrology 464–465, 412–
422. 

Zhang, L., Walker, G.R. and Dawes, W. (1999) Predicting the Effect of Vegetation Changes on Catchment 
Average Water Balance. Report on Project S3, CRC for Catchment Hydrology, Canberra.  

Zhang, L., Dawes, W.R. and Walker, G.R. (2001) Response of mean annual evapotranspiration to 
vegetation changes at a catchment scale. Water Resources Research 37, 701–708. 
 



 

I N S T I T U T E  O F  F O R E S T E R S  O F  A U S T R A L I A  N A T I O N A L  C O N F E R E N C E  7 –11  A P R I L  2 013  C A N B E R R A  185

 
City of Melbourne’s urban forest:  
the science, the politics, the people 

Ian Shears and Yvonne Lynch 

Urban Landscapes, City of Melbourne, GPO Box 1603, Melbourne, Victoria 
 

 
 

Overview 
Melbourne has long been regarded as Australia’s ‘garden city’, but more than a decade of drought 
combined with severe water restrictions has left the city’s urban forest in a state of unprecedented 
decline. Forecasts estimate that 23% of the city’s current tree population will be lost within a decade 
and 39% within 20 years. 

Furthermore, a changing climate, new diseases and the pressures of increasing urban density to 
accommodate a growing population are compounding urban forest management challenges for the 
City of Melbourne. Under these variable conditions, the lifespan and efficiency of trees and other 
urban vegetation to provide necessary ecosystem services is threatened. 

This paper outlines the holistic and multidisciplinary approach to the landscape developed through the 
City of Melbourne’s Urban Forest Strategy that aims to guide the evolution of the forest and to move 
beyond ‘traditional’ urban tree management practices, whilst incorporating a resilience-centric 
response to these challenges. It also describes methods used for public engagement to engender 
‘community ownership’ of the forest—in terms of both decision-making and of the asset itself. Future 
growth in the urban forest, green infrastructure and provision of ecosystem services will ultimately 
respond to the range of urban pressures, reduce the cost of grey infrastructure and improve the quality 
of the urban environment. 

Introduction 
The City of Melbourne manages about 70 000 public trees with an estimated amenity value of 
$730 million within a municipal boundary covering 37.6 sq km. The city has a residential population 
of over 100 000. On average, over 805 000 people use the city daily, and Melbourne hosts over a 
million international visitors each year. Melbourne enjoys a temperate climate with warm to hot 
summers, mild springs and autumns and cool winters, and is renowned for its changeable weather. 

The urban forest is a critical element of the city’s fabric, liveability and cultural heritage. Melbourne 
has been traditionally regarded as Australia’s ‘garden city’, recognised for its tree-lined boulevards 
and heritage parks and gardens characterised by avenue plantings along formal path networks. It is 
currently home to one of the most significant stands of mature urban elm trees remaining in the world, 
following the destruction of many of the elm populations in the northern hemisphere by Dutch elm 
disease. 

The elms lining the major boulevards of Victoria Parade and Royal Parade, along with the avenues of 
trees in the Fitzroy Gardens, are registered as ‘significant’ by the National Trust of Australia 
(Victoria). A number of the city’s gardens are also registered as significant by the National Trust 
Australia (Victoria) and Carlton Gardens has World Heritage listing. 

Unfortunately, the longevity of this great green legacy passed on by the city’s forefathers is now under 
threat. The recent drought, extending from 1998 to 2010, combined with tight water restrictions, has 
accelerated irreversible decline for many trees both young and old. Forecasts indicate that the city may 
lose 23% of the current tree population within a decade and that within twenty years this figure is 
likely to have reached 39%. For heritage parks and gardens, the figures are even more dramatic, with 
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assessments indicating a likely 35% loss in ten years and a 58% in twenty years. Loss of such large 
numbers of trees will have a devastating effect on the amenity of parks and streetscapes unless 
appropriately managed. 

In 2011, the City of Melbourne began to strategically address these combined challenges through the 
development of its Urban Forest Strategy. Community and political support for such strategies is of 
paramount importance, and the consultation program developed for the project fostered an open 
dialogue with industry experts and stakeholders across the broad scientific, political and public 
spectrum. 

Challenges 
Neither landscape managers nor the Melbourne community have previously witnessed the decline of 
the city’s urban forest to such an extent. Responding to this decline presents many challenges. 
Although the horticultural decisions for replacement are relatively straightforward, the community in 
general tends to prefer postponing replacement decisions till future generations. 

The removal of trees is invariably unpopular and especially so in high-profile landscapes. While 
landscape professionals can clearly see the immediate need to remove hazardous or declining trees, the 
public will often respond strongly against removing trees that are still alive, or perceived to be in good 
health. Balancing the long-term needs of tree management against the short-term perspective of the 
public is one of the greatest challenges for tree managers.  

The nature of boulevards and avenues, in particular, highlights the challenges of providing for the 
future against loss of amenity and radical change in the short term. Where there is a variety of trees of 
varying ages planted randomly or at widely-spaced intervals, removal and replacement may be 
achieved without significant loss of amenity. This is not the case, however, with evenly aged and 
spaced plantings which are characteristic of boulevards and avenues. 

Trees in urban environments are subject to a wide variety of stressful conditions that shorten their 
lifespan. Depending on their location, they grow under different levels of anthropogenic influences. 
Parkland trees, for instance, are exposed to a moderate level of stress, with pollutants and disturbances 
from people and animals being the main factors. Street trees, however, are subjected to limited soil 
volumes, soil compaction, pollutant emissions, de-icing salt, heat exposure, low air humidity and 
periods of water stress—therefore much more stressful conditions. Urban tree planners must not only 
consider a range of species that are adaptable to climate variability, but also select those species that 
are structurally adequate, offer maximum aesthetic appeal, and are able to thrive and provide 
ecosystem services under duress. The challenge is that few studies have comprehensively analysed the 
full suite of ecosystem services and goods (ESG), and ecosystem disservices, provided by an urban 
forest (Dobbs et al. 2011). 

Climate change  
Climate change science and international urban forestry research both indicate that the range of threats 
facing the urban forest will increase in the future, particularly vulnerability to pests, disease and 
extremes of weather. Under these variable conditions the lifespan and efficiency of trees to provide 
ecosystem services is threatened. This calls for a new approach in how the urban forest is managed, so 
that future vulnerability can be minimised and benefits maximised. 

In recent years Melbourne has experienced record-breaking low rainfalls, record-breaking high 
temperatures and extreme heat events. Summer 2013 has been recorded as the hottest summer on 
record, averaging 2.1°C above ‘normal’, including nine consecutive days over 30°C— the longest 
such period since records began in 1856 (Climate Commission 2013). 

Over the next 20 years and beyond, Melbourne will become increasingly warm and dry, and liable to 
more frequent extremes of heat and inundation from sea-level rise and extreme rainfall events (CSIRO 
and BoM 2007). With increasing urban density, particularly in and around the central city, 
Melbourne’s urban heat-island effect will also intensify.  
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Strategic framework  
Urban forestry is entering a new era in Australia. The City of Melbourne’s Urban Forest Strategy 
highlights the importance of its role in enhancing liveability and adapting to predicted climate change. 
Meeting the challenges of climate change is not limited to smart species selection and establishing 
resilience within the forest, but also extends to the role that the landscape plays in providing resilience 
and maintaining liveability for the city in a changed climate. Building the urban forest as a living 
ecosystem and ensuring that it provides a wealth of environmental and social benefits for our 
communities will rely on the cumulative impact of improving soil moisture retention, reducing 
stormwater flows, improving water quality and re-use, increasing shade and canopy cover, and 
reducing infrastructure conflicts.  

At the heart of this strategy, the City of Melbourne recognises the importance of a ‘whole-of-forest’ 
approach to understanding and managing this invaluable resource. While the focus of urban forestry 
encompasses adaptation of the forest, it must also cultivate the forest’s potential to adapt to our urban 
environment, and establish a role for the community in realising that goal. Fortunately, there is 
increasing recognition of the importance of nature in urban lives: ‘In the urban epoch more than ever 
we need creative urban design and planning that makes nature the centrepiece, not an afterthought.’ 
(Beatley 2011, p. 4) 

Substantial growth is anticipated in Melbourne’s residential, worker and visitor populations, 
accompanied by increasingly-dense built forms. One of the important functions of the urban forest and 
green infrastructure is to provide shade and cooling. Increased canopy coverage throughout the city 
will minimise the urban heat-island effect and improve thermal comfort at street level for pedestrians, 
as well as reducing energy loads required for cooling. Increased water-sensitive urban design and 
storm-water harvesting will play an important role in managing  floods, cooling the city,  and 
providing soil moisture for healthy vegetation growth, as well as enhancing the city’s ecology. The 
expansion of open space and permeable surfaces are also design elements that will enhance the 
development of a ‘city within a forest’. 

Two primary goals of the Urban Forest Strategy that are critical in adapting the city’s landscape and 
building resilience are increasing species diversity and increasing canopy cover. 

Diversity 
A core focus of the strategy is to adapt the urban forest to climate change by increasing species 
diversity—numerically with no more than 5% of any one tree species, no more than 10% of any one 
genus and no more than 20% of any one family—and by increasing diversity in age, ecology, and 
traits and spatial connectivity to build resilience. 

Three species dominate the City of Melbourne’s tree population: elms, planes and river red gums. This 
exposes the population to a higher risk of ill-health and mortality through pests, pathogens, extreme 
heat events and low rainfall. The urban forest faces potential threats from Dutch elm disease, myrtle 
rust, plane tree canker stain, fireblight, elm leaf beetle, sycamore lace bug, emerald ash borer and fig 
psyllid. Myrtle rust alone has the potential to affect 43% of the city’s tree stock. 

Diversifying the landscape reduces the risk of significant loss in any individual or group of species due 
to pests and diseases and climate variability. 

While vulnerability can be reduced by planting a more diverse range of species, a number of 
Melbourne’s vulnerable landscapes are affected by other concerns and policies that can preclude 
simple species substitutions. Heritage policies protect many of Melbourne streetscapes and parks, in 
particular a number of elm avenues. The worldwide devastation caused by Dutch elm disease has left 
Melbourne’s elm population as one of the most significant in the world, and our community is 
protective of this legacy. Conversely, changing demographic and cultural factors over the past fifty 
years have increased pressure to preserve, restore and cultivate native vegetation in public landscapes. 
For example, native vegetation policies protect the tree communities in Royal Park, which is 
dominated by two genera (Eucalyptus and Acacia) and two families (Myrtaceae and Fabaceae). 
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The issue of managing avenue and boulevard plantations is of similar concern. Eventually all 
boulevard trees will need to be replaced, either by trees of the same species or similar in order to 
maintain their heritage and aesthetic significance. This would best be achieved by a ‘section by 
section’ approach rather than wholesale removal and replacement—which in itself would appear 
radical—therefore an essential part of the replacement process involves engaging with the community 
and stakeholders to garner support for this approach, and to develop and implement sound strategies 
for tree removal and replacement that are adequately resourced. 

All of these factors require careful consideration and consultation with authorities such as Heritage 
Victoria alongside community groups. ‘Like-for-like’ replacement of trees based on species is often 
insisted upon for many heritage landscapes, and obviously new plantings should respect the heritage 
values and character of any area, but the appropriate responses may not be so clear to the populace. 
For example, if the city’s elms are wiped out by Dutch elm disease, it would become evident that the 
heritage values of Melbourne’s parks and boulevards had been poorly served by maintaining the 
current predominance of elms in the landscape. 

Canopy cover 
Canopy cover is a key criterion by which we measure the urban forest’s ability to produce benefits for 
the community and the environment. The strategy also aims to increase canopy cover in the public 
realm from 22% to 40% by 2040. Large-canopied trees provide greater environmental and health 
benefits than smaller canopies—depending on the scale, up to 75% more benefit per tree. Doubling the 
canopy cover will improve public health and wellbeing through increased environmental services, and 
mitigation of extreme heat events by reducing localised temperatures. 

Increasing the number of trees within the municipality is important, but increasing the extent of tree 
canopy cover across the municipality is more important for achieving the greatest environmental and 
public health benefits. Identification of new opportunities for tree planting is central to increasing 
canopy cover, and analysis of aerial imagery combined with canopy cover modelling shows that the 
municipality can accommodate a substantial increase. A great proportion of the City of Melbourne’s 
public space—and by far the most intensively-used space—is in streets, thereby providing the most 
important target areas for increasing canopy cover. In precincts such as North and West Melbourne, 
with only a 20% canopy cover, streetscapes are a clear priority for tree planting. 

Research shows that the integration of vegetation into the city’s built infrastructure aids in regulating 
the urban microclimate—a crucial element in ameliorating the effects of an increase in temperature in 
the urban realm. 

Community engagement and participation 
Melburnians are absolutely passionate about their trees, parks and gardens—a message that was very 
clearly delivered during the eight-month community consultation period for the draft Urban Forest 
Strategy. Through this mechanism, Council made serious propositions to its residents, businesses and 
visitors about the city’s future tree stock and the legacy it could create for future generations. Success 
rested on robust community engagement to ensure support for the strategy by building understanding 
of the challenges facing Melbourne’s urban forest and the value of healthy urban landscapes. 

The risk was that the strategy might be considered by the community to be simply a plan for tree 
removal, given that it was heralding a loss within the landscape of almost 40% of trees within two 
decades. The topic of tree removal in Melbourne is a controversial one, as it is in many cities, and on 
many occasions routine tree removals have turned into disputes due to lack of proper understanding 
about Council’s motives in tree management. 

The Urban Forest Strategy seeks to manage the change occurring in Melbourne’s landscape by 
building resilience in a culturally sensitive manner. Acknowledging that levels of community interest 
in the strategy would be high, the community engagement process was designed to allow all members 
of the community to readily input and provide feedback through a variety of channels. 

Additional publicity across a broad range of media assisted in generating widespread community 
awareness of the program and associated consultation period to highlight the opportunity to be 
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involved. Social media networks and a short video (YouTube) were deployed, alongside an 
informative infographic, an ‘Avant Card’ designed specifically for the initiative by Michael Leunig, 
and a children’s banner competition. It was vital to recognise the community’s emotional connection 
to its public landscapes and the expectations that reside as a result of that connection. The 
International Association for Public Participation’s (IAP2) Public Participation Spectrum was adopted 
to ensure that the full range of engagement techniques with stakeholders and communities was 
undertaken, including conversations with the community through a series of meetings, forums and 
online virtual forums. 

Throughout the promotion process, emphasis was placed on educating the community by conveying 
the ‘story’ of the forest—including its evolution, its potential decline and its management 
challenges—in a manner that was interesting, simple to understand and easy to access.  

The initial phase of the engagement process focused on species diversity and how it informs tree 
selection. Two distinct ‘camps’ of public interest became quickly apparent—those who want to 
maintain Melbourne’s exotic tree heritage and those who favour Melbourne’s indigenous plantings. As 
the Urban Forest Strategy advocates diversification in the entire tree population, this meant that it 
supported both approaches without polarising the groups, while continuing education about the 
challenges posed by climate variability and emerging pests and diseases further garnered acceptance 
of diversity. 

The conversations that flowed amongst the community during the consultation helped shape and 
support the urban forest strategy. Consultation revealed the community’s keen focus on the cultural 
identity and heritage of Melbourne’s trees, as well as a desire to enrich the city’s biodiversity. Many 
imaginative ideas and comments received via the website explored options for increasing the tree 
canopy cover, and revealed a strong emerging advocacy for green walls and roofs. 

Implementing the strategy will entail development of a set of tree-precinct plans in further partnership 
with the community to define how the urban forest can be shaped  to achieve the strategy’s targets. 

Conclusion 
Future growth in the urban forest, green infrastructure and provision of ecosystem services will 
respond to the many urban pressures and environmental challenges, ultimately reducing the cost of 
grey infrastructure (roads, drainage, utilities etc.) and improving the quality, health and sustainability 
of the urban environment. ‘Investments in green and nature-full cities are good investments on many 
levels, and there are few more effective ways in which cities can be improved and the quality of lives 
of residents profoundly enhanced, while ecological footprints are reduced.’ (Beatley 2011, p. 16) 

The Urban Forest Strategy arose from the need to plan ahead for the future of Melbourne’s trees. 
Many of Melbourne’s current landscapes were created well over 100 years ago in a different climatic 
and social environment. Now is the time to design and plant the forest of the future in a way that 
respects Melbourne’s unique character, responds to climate change and urban expansion, and 
underpins the health, liveability and wellbeing of the city and its inhabitants. 

We often think of the trees as the lungs of our city, but they are also, in some ways, our heart and soul. 
The whole community owns our trees and our future trees... There are few political, budget or policy 
decisions that must deliver for people in 100 years. In politics, so much is driven by the artificial three- 
or four-year election cycle. Not this plan. Our trees are too important. (Robert Doyle, Herald Sun 9 
January 2011) 
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Abstract 
Trees are essential for our survival. In addition to food and fibre, trees produce intangible benefits for 
people, such as improved health. Urban trees contribute to cleaner air and have been associated with 
reduced stress in people. Understanding of the role of trees in promoting both ecological and human 
health is increasing. Examples of research on these benefits and possible reasons why these responses 
occur are presented. People have both learned and innate responses to plants. Some, such as responses 
to particular tree shapes, appear to have genetic components. Most people in the world now live in 
urban areas. Many of these areas are devoid of plants, resulting in concerns over children being raised 
in such unnatural areas. These impacts also are examined. 

Introduction 
Trees are important for life on earth. They provide building materials, fuel, fibre, pharmaceuticals and 
food. For thousands of years, in cultures around the world, trees have been revered for their mental, 
social and spiritual, as well as physical, contributions to people. Until recently, there has been no 
research to verify these purported benefits. Today, numerous scientific studies documenting 
environmental, aesthetic, emotional and physiological responses to trees and nature are available 
(Maller et al. 2002; Relf and Lohr 2003; Wilson et al. 2008). This paper examines a small fraction of 
the studies available, focusing on trees in urban areas. Research on why humans respond positively to 
trees and nature is also presented.  

Ecosystem services of urban trees 
Trees provide valuable ecosystem services for urban communities. Calculations of the economic 
return from energy savings, air quality benefits, reductions in atmospheric carbon dioxide, stormwater 
runoff mitigation and aesthetics compared to the costs of tree programs in cities yielded annual net 
benefits of US$21 to 38 per tree (McPherson et al. 2005). A few specific ecosystem services are 
discussed below. Benefits to human health, which may be considered additional ecosystem services, 
are addressed in a subsequent section of the paper. 

Cooling 
Climate change and urbanisation both contribute to hotter cities. Appropriate use of trees can help 
ameliorate this situation. Trees provide cooling by shading surfaces and through evaporative cooling 
during transpiration. Ng et al. (2012) showed that trees were more effective in cooling in Hong Kong 
than grass. Hall et al. (2012) calculated that in Manchester, UK, there was the potential for new trees 
to reduce maximum surface temperatures by between 0.5°C and 2.3°C depending on the available 
space to plant trees. Cohen et al. (2012) focused particularly on human comfort to document the 
importance of trees to mitigate the urban heat island effect in Tel Aviv, Israel. 

Air pollutants 
One way that trees improve air quality is through the physical removal of air pollutants, including 
ozone, carbon monoxide and sulphur dioxide (Nowak et al. 2006). Trees with smaller leaves, such as 
conifers, and those with hairier leaves are more effective at removing salt droplets than other trees 
(Beckett et al. 2000). McDonald et al. (2007) showed through modelling that tree planting could 
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contribute significantly to the reduction of particulate matter of <10 µm in diameter in urban areas. 
Particles of this size are associated with adverse human health effects.  

Biodiversity 
As the world is becoming more urbanised, urban and suburban parks are increasingly important as a 
source of biodiversity. A study of parks in northern Belgium showed that 30% of the wild plant 
species from the surrounding area occurred within the parks (Cornelis and Hermy 2004). The 
researchers found even greater percentages of wild birds, butterflies and amphibians. Larger parks, not 
surprisingly, were associated with greater biodiversity; the researchers concluded that the greater 
diversity of habitats, such as forests, ornamental gardens and hedges, in larger parks was the major 
factor. 

Trees provide habitat for a wide range of species, and their role for birds in cities has been examined 
by a number of researchers (Clergeau et al. 2001). Ikin et al. (2012) found that the number of birds in 
Canberra in small parks, which are considered critical for wildlife in increasingly urban areas, was 
greater when there were more trees and shrubs in the city blocks surrounding the parks. Another study 
in neighbourhood parks in Canberra specifically examined the impact of tree size on birds, showing 
that larger trees were associated with more species richness, abundance and breeding (Stagoll et al. 
2012). 

There is increasing concern that urbanisation will lead to the homogenisation of species in urban areas. 
Urban areas are highly degraded, so highly adapted, early-successional species are often selected for 
planting in cities (McKinney 2006). Many of the same tree species are now seen in cities across the 
globe (Wittig and Becker 2010). To retain the biodiversity that can be associated with trees and parks 
in cities, careful plant selection will be vital (van Heezik et al. 2012). 

Health benefits of urban trees 
Stress reduction 
One of the first documented human responses to plants was stress reduction. Ulrich (1979) showed 
scenes of nature or of urban areas without plants to students who had just taken a test. Those who 
looked at nature reported improved well-being associated with stress reduction, while those who saw 
urban scenes expressed an increase in sadness. Physiological changes related to recovery from stress 
when viewing nature, including lower blood pressure and reduced muscle tension, were documented 
in a further study in which people were subjected to stress and then asked to view videotapes of 
outdoor nature or urban scenes (Ulrich et al. 1991).  

Early studies on stress reduction used two-dimensional representations of nature in comfortable 
rooms. The stress reducing benefits also extend to live plants and real nature. Hartig et al. (2003) had 
subjects perform stressful tasks followed by sitting in a room with no view or a view of trees and then 
by actually walking in nature or in an urban area. They documented stress reduction from both nature 
treatments. Another study compared subjects when visiting or walking in a forest and in urban areas. 
Subjects were less depressed under the forested conditions (Morita et al. 2007).  

Recent studies have expanded the support for stress reduction in nature. Li (2010) showed that 
immune responses increased in subjects who spent three days in the forest. The increased immune 
function was still detectable 30 days later. Tsunetsugu et al. (2010) tried to isolate components that 
could contribute to this response. They found that blood pressure begins to decrease within 20 seconds 
of smelling volatiles associated with certain trees.  

Recovery from illness 
Other studies have examined the effects of plants on people with illnesses. A landmark study by 
Ulrich (1984) examined patient records from a hospital with rooms with a view of trees and others 
with a view of a wall. Patients were assigned to rooms based on availability, not choice. Those in 
rooms with the tree view recovered more quickly from major gall bladder surgery than those with the 
wall view. Coronary patients have also been shown to benefit from being in a room with a view to 
nature (Raanaas et al. 2011). 
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Depression appears to be reduced in people who walk in gardens or arboreta. Cimprich (1993) worked 
with women undergoing surgery for breast cancer. They were asked to perform a restorative activity 
for 20 minutes three times a week. Most chose walking in a garden. They recovered more quickly 
from the depression that typically follows breast cancer diagnosis, showing signs of recovery within 
three months, while depression in the control group continued to worsen. Berman et al. (2010) focused 
on people with major depressive disorder, having them walk in an urban area or in an arboretum on 
different days. Their moods and mental capacities were better after walking in nature. 

Pain tolerance 
Ulrich’s study (1984) of patients recovering from surgery also found a positive association with nature 
and pain reduction. Patients with a view of trees used fewer doses of strong pain medication than did 
those with a view of a wall. Lohr and Pearson-Mims (2000) looked at pain tolerance in people without 
acute pain. Subjects in a room with no decorations, colourful objects or interior plants were exposed to 
short-term discomfort by submerging a hand in ice water. The room with colourful objects was rated 
as interesting and colourful as the room with plants; thus they were similar in their potential to provide 
visual distractions. Plants were more effective at reducing discomfort than no decorations or colourful 
objects. The researchers concluded that the mechanism for pain reduction by plants was not through 
helping keep one’s mind off of the discomfort, because colourful objects were not as effective.  

Other studies have replicated and extended research on the effects of plants and nature on pain and 
discomfort. Patients studied by Diette et al. (2003) reported markedly better pain control during 
flexible bronchoscopy, an invasive procedure, when murals of nature scenes were placed by their 
bedsides and they listened to nature sounds before, during and after the procedure. Lechtzin et al. 
(2010) found that scenes of nature also helped reduce the level of pain associated with bone marrow 
aspirate and biopsy. 

Obesity and walkability 
Rates of obesity are increasing in many countries. Obesity is associated with life-shortening outcomes 
including diabetes and heart disease. Studies are documenting a positive link between walkable 
outdoor spaces with trees and lower rates of obesity (Lachowycz and Jones 2011). Residents in New 
York City who lived in areas with more street trees, especially when those trees were on walkable 
streets, were found to have lower body mass indices than people living in areas without street trees 
(Lovasi et al. 2012). Bell et al. (2008) showed that children living in communities with more 
vegetation nearby had better body mass index scores than children in areas with low amounts of 
vegetation.  

Social benefits of urban trees 

Quality of life 
Physical environments (landscaping and nearby land use) can contribute as much as social and cultural 
factors (population density and income) to the psychological and social health of a community 
(Brogan and Douglas 1980). Research has increased our understanding of specific social impacts of 
plants. Kweon et al. (1998) showed that older people in housing units with common outdoor spaces 
with trees had more positive interactions with their neighbours than did those in units with paving.  

Trees and nature enhance the quality of life in communities throughout the world. Using a survey, 
Gandelman et al. (2012) found that people in urban areas of Uruguay who said they were happy were 
more likely to live in areas with trees than people who said they were not happy. People living in areas 
with trees also reported an improved social life. Studies in the United States have linked living in 
public housing units that have trees around them with more social ties, a stronger sense of belonging, 
and greater feelings of personal safety (Kuo 2003). Gardeners in New Zealand reported the activity 
was peaceful and rejuvenating, and they almost never said it was stressful or frustrating (Kid and 
Brascamp 2004). Female gardeners were more likely to value the stress reduction induced by 
gardening than men; men were more likely to value the role of gardening as a shared activity with 
others. 
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Aggression and crime 
Various studies have linked the presence of trees with reduced rates of violence and crime in urban 
areas. The number of incidences of self-reported physical aggression, such as hitting or kicking 
someone, in residents of high-rise public housing in Chicago, IL, USA, with trees were significantly 
lower than in those in housing without trees (Kuo and Sullivan 2001a). When police crime reports 
from these same public housing units were studied, researchers found that the number of crimes was 
lower when there were more trees and grass around the unit (Kuo and Sullivan 2001b). This was 
significant for property crimes, such as theft, and for violent crimes, such as homicides. Similar results 
were found in Baltimore, MD, USA, where increases in canopy cover were associated with reductions 
in outdoor crime, and the reduction was much greater when the canopy cover was on public land 
rather than private land (Troy et al. 2012). 

Productivity 
Productivity has also been shown to be higher when plants are present. In one early study, college 
students performed tasks in their dormitory rooms while researchers surreptitiously recorded their 
window view (Tennessen and Cimprich 1995). Students in rooms overlooking trees and grass were 
more productive than those with views of sidewalks, buildings or parking lots. Another study 
measured reaction time on a computer task that involved visual concentration, mental processing and 
manual dexterity in a room with or without interior plants (Lohr et al. 1996). People were 12% faster, 
with no increase in error rate, when plants were present. More recently, Berman et al. (2008) 
compared productivity before and after a long walk in an arboretum or in an urban area. Improvement 
on the task was insignificant after walking in the urban area, while it was great and significant after 
walking in the arboretum. 

Why humans respond to nature 
There are major theories on how people respond to plants that have been widely discussed (Velarde et 
al. 2007). ‘Attention Restoration Theory’ (Kaplan and Kaplan 1989) focuses on the ability of nature to 
relieve mental fatigue. ‘Stress Recovery Theory’ (Ulrich 1993) focuses on the evolutionary association 
with nature and the resulting reduction in stress when we are in more natural surroundings. The 
question of why people respond to nature relates to both of these theories. 

Behavioural ecology 
Humans clearly have physiological responses to at least one aspect of nature: day length (Bronson 
2004). Humans evolved in conjunction with nature and most likely have developed cues to additional 
aspects of nature. Most people enjoy looking at sunsets, rivers, and mountains, all items that hold 
important information about our surroundings. Why wouldn’t people also have innate responses to 
other aspects of nature?  

An early study by Balling and Falk (1982) hinted that our responses to nature have both innate and 
learned components. They showed scenes of different biomes to American adults and children. Both 
liked savannah scenes. Adults also expressed preferences for the biome where they grew up, such as 
deciduous forest. The authors suggested that the children were expressing an innate preference 
(savannahs), while adults were expressing both innate (savannahs) and learned preferences (familiar 
biomes). Falk and Balling (2010) also documented the cross-cultural nature of savannah preferences: 
people from the rainforests of Nigeria who were unfamiliar with savannahs also expressed strong 
preferences for savannah scenes.  

Evidence supporting the innate and learned components of our responses to nature was found in a 
study comparing responses of Australian and American college students and members of the 
Wildflower Society of Western Australian to scenes of Australian landscapes (Kaplan and Herbert 
1987). All three groups had similar overall preferences for the highest- and lowest-rated scenes, which 
could be a result of innate preferences, but differences among the groups were consistent with likely 
learned preferences. A follow-up study including a broader range of Australian landscape scenes and 
subjects showed that aboriginal college students had strong preferences for all scenes of nature, but 
disliked scenes showing human influence, such as sheep troughs or ruins, a likely learned response 
(Herzog et al. 2000).  
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Orians (1986) predicted that an innate response to savannah scenes would occur if the scene contains 
important survival information. The spreading trees and open grassland of savannahs were associated 
with good habitat for early humans, so quick recognition of such quality habitat could save valuable 
energy. Easy-to-climb savannah trees with broad canopies and relatively short trunks would provide 
both prospect (a look-out to detect prey) and refuge (quick escape from predators) (Appleton 1975). 
Appleton (1975) and Orians (1986) noted that a tree, Acacia tortilis, grew in the East African 
savannah and took the spreading form in areas that provided good habitat for people. Orians (1986) 
further noted that, in dry areas, acacia trees were shrubby and dense, while they were tall and narrow 
in wet areas, so the spreading form would signal suitable habitat.  

Environmental cues 
Humans have been shown to exhibit responses to different forms of nature. We respond positively to 
water (White et al. 2010) and negatively to spiders (Vernon and Berenbaum 2002). People also appear 
to respond more positively to trees than to other plant types (Talbot and Kaplan 1984). Researchers 
have begun to isolate particular components of nature that evoke human responses, and the studies 
discussed below are some examples of this work. 

Studies have found that people like looking at trees with spreading forms. People in Africa, Asia, 
Europe and North America have expressed a preference for these wide-crowned trees (Orians 1986; 
Falk and Balling 2010). Such a preference would be expected if the theory that responses to savannah-
type environments with spreading-crown trees are a result of evolutionary origins (Orians 1986). Lohr 
and Pearson-Mims (2006) documented that, in addition to preference responses, people exhibit 
positive emotional responses to such trees. They showed that people felt happier and less sad when 
looking at scenes with trees compared to those without trees, but the responses were strongest when 
the scenes had trees with spreading crowns rather than columnar or rounded crowns.  

Colour is another environmental variable that provides cues for human survival. Plants with good 
nutrient qualities would be greener than those subjected to pests and environmental stresses. Lucas et 
al. (1998) documented that macaques, which have eyes similar to ours, select leaves with high nutrient 
content by selecting those with a particular green hue. Kaufman and Lohr (2004) documented human 
response to colour in nature by showing people tree canopies of various hues and intensities. People 
preferred green trees to those of other colours, and they most preferred trees with green hues and 
intensities that would be associated with healthy trees. These researchers later documented that trees 
with a medium green canopy were physiologically more calming than other canopy colours (Kaufman 
and Lohr 2008).  

Brain processing 
Preferences that people express for nature scenes have been correlated with particular brain activity. 
Yue et al. (2007) had people rate 200 different scenes of nature and found that preferred scenes were 
associated with increased activity in the part of the brain associated with pleasure. People also exhibit 
reduced stress when looking at images with fractals, which are geometric patterns that repeat as the 
form is magnified (Taylor 2006). Fractal patterns that cover an image with detail have a fractal 
dimension value of nearly 2, while sparse fractal patterns have a value close to 1. People prefer 
looking at fractals with values of 1.3 to 1.5, which is the range associated with the reduced stress 
response (Taylor 2006). Many patterns in nature, such as branches, spreading canopies, and clouds, 
are fractal and fall within this range. Human vision has been found to be particularly efficient at 
processing fractal patterns in the 1.3 to 1.5 dimensional range (Redies 2007). Studies of brain waves 
suggest that landscape images in this range are restorative, relaxing and efficient in holding our 
attention (Hagerhall et al. 2008). Redies (2007) speculates that mental ease of gathering large amounts 
of information may be related to our sense of aesthetics.  

Ellemberg et al. (2012) showed that another form of visual processing (based on the statistical slope of 
the amplitude spectrum) in adults appears to be optimised for viewing nature. They also documented 
differences in the ability of children to process these signals, with 6- and 8-year-olds being much less 
sensitive than adults in ranges associated with nature, while 10-year-olds were similar to adults in this 
ability. The authors noted that they could not say if the improved ability in older children and adults 
was learned or innate.  
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Children in cities 
More and more children are being raised in isolation from nature as the world becomes more 
urbanised. In his book Last Child in the Woods, Louv (2005) poignantly expressed concern about 
children and ‘nature-deficit disorder’. Reduced childhood interaction with nature and being raised near 
urban elements rather than nature correlates with less appreciation for trees in adults (Lohr et al. 2004; 
Lohr and Pearson-Mims 2005). Reduced cognitive capacity in children is another example of a 
possible consequence of nature-deficit disorder. Wells (2000) documented that children’s ability to 
concentrate improved when they moved from housing surrounded with little nature to homes with 
greener surroundings. Taylor et al. (2001) showed reductions in symptoms of Attention Deficit 
Disorder when children spent more time in area with increasing amounts of nature. More recently, 
Faber Taylor and Kuo (2009) documented that children with Attention Deficit Hyperactivity Disorder 
who walked in nature for 15 minutes had symptoms that were reduced by as much as taking 
medication for the disorder. Such results support concerns about children being raised in isolation 
from nature. They also show that increasing childhood interaction with plants and nature has positive 
effects. Arranging hikes for children in parks or forests and planting trees on our city streets are 
examples of ways to reduce the negative effects associated with being raised in stark urban areas. 

Conclusions  
Many positive effects of urban trees and nature on cities and people have been documented. Trees 
contribute to biodiversity, reduce the urban heat-island effect, clean the air, improve human health, 
enhance mental processing, reduce crime and improve social interactions. Researchers are explaining 
why these responses occur. Some responses appear to be innate, contributing to our ability to interpret 
our surroundings quickly. Others are learned, contributing to our culture and our ability to adapt to 
new surroundings. This paper has reviewed some of the research in this field, but it covers only a 
small portion of the work. The documented benefits from trees in nature are vast and our 
understanding of them is growing exponentially. 
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Abstract 
The suburbs of Hughes and Garran were among the first to be developed in Canberra’s Woden Valley; 
part of that development involved planting a mixture of eucalypt species in a designated park. A 
volunteer group involved in maintaining the resultant small suburban woodland has, in collaboration 
with the land owner, sought to develop and implement a management plan to improve the woodland 
for the benefit of the surrounding community.  

This paper illustrates an approach to participative planning in the context of a small suburban 
parkland. It describes the process of developing the management plan with a brief reference to the plan 
itself and comments on issues that arose during the process. 

Introduction  
Canberra has seven times more parkland per capita than any other Australian capital city and, as a 
consequence, parts of Canberra’s parklands receive less than optimal management due to budgetary 
pressures. 

The Hughes–Garran Woodland is an eight-hectare wooded park, designated as ‘semi-natural open 
space’, located between the two suburbs. It is not a designated nature reserve like the nearby Red Hill 
Nature Reserve and it has received limited maintenance because of its location and physical 
characteristics (much of it is very rocky). Parts of the woodland were often inaccessible due to dense 
weed growth that was also a fire hazard in summer. Neglect encouraged the dumping of rubbish and 
material from adjacent domestic gardens.  

In 2003 residents living adjacent to the woodland, formed the Hughes–Garran Woodland Group (the 
Group) with a membership of about 12 people. In 2011 the Group began to develop a management 
plan in collaboration with the land owner, the ACT Government.  

The vision for the plan is to restore the original yellow-box, red-gum grassy woodland, while 
improving the amenity and conservation values of the woodland for the benefit of the local 
community.  

The process of developing the management plan involved: 
(i) obtaining the Group’s agreement to the project 

(ii) seeking funding for the project 

(iii) developing terms of reference for consultants 

(iv) appointing appropriate consultants 

(v) developing and circulating the draft management plan 

(vi) obtaining input to the plan from within the Group, ACT Government and local community 

(vii) acceptance of the management plan by the ACT Government. 
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The woodland and its volunteers 
The woodland is bordered by the suburbs of Hughes to the north and Garran to the south and east. 
Kitchener Street delineates the north-eastern end and the Southern Cross retirement village the western 
border (see Fig. 1). It is located along a ridge connected to Red Hill and is described as a ‘substantially 
modified woodland’3.  

The woodland had been grazed since European settlement in the 1860s. Most of the Hughes-Garran 
land was in a grazing lease held by Charles C. Russell from the 1930s until the early 1960s, when the 
lease was withdrawn for urban development. By this time the original woodland was seriously 
degraded (see Fig. 2) and only three or four original trees can now be identified in the woodland. 

In 1965 much of the area was planted with a number of eucalypt species, most of which were well 
suited but not locally indigenous to the site. Since 1965 the woodland has been maintained by the ACT 
Government; this involved mowing firebreaks around the periphery and all of an accessible area 
adjacent to Kitchener Street. With the exception of the mown area, the park was irregularly burnt, 
occasionally by the land owner, more often by small boys.  

Features of the woodland today 
The woodland is used for recreation—walking, running, cycling, playing—and as a thoroughfare. 
Both children and adults pass through the park to shops, business premises and the three schools close 
to the park. Since the establishment of the internal walking tracks, it is increasingly used for 
recreation, with people walking through the woodland rather than around it.  

The management of the park is largely determined by aspect, rock outcrops (Fig. 3), and the existing 
vegetation. The most significant elements of the vegetation are the 1965 tree plantings (Fig. 4), an area 
of native grasses and forbs (Fig. 5), and the dense weed cover (Fig. 6).  

                                                      
3 Fearnside, A., Shirley, J.W. and Sharp, S. 2013. The Hughes Garran Woodland; a management plan. P.45; 
www.sactcg.org.au or Google: Hughes Garran Woodland 

 
 

                        Figure 1. Locality of Hughes–Garran Woodland 
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Figure 2. An aerial photograph of the ‘new’ suburb of Hughes shows the barren site and 
the few trees present at the time. Part of the Hughes–Garran Woodland is shown at the 
base of the photograph (Canberra Weekly 15 Nov. 1963). 

 

 
              Figure 3. A rocky outcrop in the North management unit 
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              Figure 4. Plantings of yellow box predominate but are too dense and often fire-damaged 

 

 
              Figure 5. Native grasses—mostly kangaroo grass—on the West management unit 
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                    Figure 6. Couch and wild oats dominate the understorey in parts of the park 
 

The Hughes-Garran Woodlands Group  
The volunteer group first became involved in the management of the park in 2003. Initial dissent 
within the local community about the extent to which the volunteer group should intervene meant that 
work by the Group was largely confined to controlling woody weeds and some planting of shrubs and 
trees. The rest of the decade saw increasing drought conditions and many tree deaths and, in 2007, a 
control burn under quite mild conditions killed or badly damaged many trees.  

In 2011, a combination of the breaking of the drought and the arrival of some young families in the 
adjacent community generated renewed interest in the park, which was further enhanced by the 
purchase by the Group of a ride-on mower and the development of a network of walking tracks within 
the park.  

The current Group involves about a dozen members, mostly with young families who live close to the 
park. Andrew Reichstein is the current convenor and, like most volunteer groups, there is a core of 
people who drive the enterprise, relying on the support of the rest of the group for work activities. 
Working bees are held to control weeds, reduce the fire hazard and to maintain walking tracks through 
the park.  

The management plan 
When the availability of limited funding through the ACT Government’s Environment and 
Sustainability Directorate was brought to the attention of the Group, it was decided to apply for 
funding to hire an independent consultant to prepare a management plan. Involving consultants 
provided access to a high level of land use management expertise and countered some of the 
entrenched views both within the Group and government agencies. 

Initiating the project 
A proposal to develop a management plan was prepared and circulated to Group members for 
comment and approval prior to the application for funding. The principal objective stated in the 
proposal was to ‘Provide guidance for the Park Care Group on how to develop the current park into an 
urban forest’, with the focus of the report to be on the following elements:  
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• to expand on the vegetation mapping previously undertaken by members of the Group 
• to identify options as to how the park can be managed to satisfy the demands of the Group 

and the ACT Government 
• to provide recommendations to address fire management within the park. 

Funding  
A modest sum of about $9000 was made available for the consultancy by the Department and Dr 
Sarah Sharp, an ecologist, Tony Fearnside and Jim Shirley (both members of the Friends of ACT 
Arboreta) with forest management, fire and mapping skills, were engaged to prepare a draft plan. 
Greening Australia and publications describing the adjacent Red Hill Nature Park were useful sources 
of information. The limited funding required considerable involvement by the volunteer group in both 
data collection and writing the draft plan.  

Preparing the draft management plan 
Significant features of the woodland were captured from recent aerial photography, supplemented by 
ground-truthing, in a desk-top GIS, and subsequently used to produce various maps. These included 
the tree canopies and grassland, new plantings, rocky outcrops, walking paths, service roads and other 
utilities. The vegetation cover was classified into forest, woodland and grassland. These maps 
provided a focus for the description of the current state of the woodland and for discussion of 
management options.  

The contents of the draft management plan included: 

Introduction  
The Hughes–Garran Woodland   
Community, use and participation  
The consultancy  

Characteristics of the Woodland   
Mapping the woodlands  
Soils   
Ecology   
Restoration of the woodland—model 
Bushfire management   
Walking tracks and service roads  

The Management Units 
West Management Unit  
South Management Unit  
Central Management Unit  
North Management Unit  
East Management Unit  

The Plan  
Objectives  
Management actions—an annual rolling plan and ten-year plan. 

 

A key feature is the partitioning of the woodland into management units (MUs) for which 
management prescriptions were subsequently developed and detailed in the draft management plan. 
The MUs were based on mapped features such as pathways, vegetation boundaries, roads and tracks. 
Sets of activities defining the burning, mowing, supplementary planting and weed control regimes 
were then identified for each management unit, giving a spatial focus to the plan. 

An annual rolling plan and a ten-year plan for the woodland were the main outcomes of the draft 
management plan.  

Presentation of the draft management plan 
The draft was initially circulated to Group members and the Department’s ParkCare and Volunteers 
Coordinator for comment and then to the wider local community. About 650 fliers were circulated to 
local households advising on how to access the draft report online, or at the Hughes Community 
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Centre. Submissions by email or by phone were requested. Only three submissions were received, 
which provided useful but limited comment.  

The draft report and the submissions were then passed to the ACT Government’s Territory and 
Municipal Services (TAMS) who provided a constructive response, suggesting a number of 
amendments. These included some points of clarification, a tighter specification of their mowing 
commitments, the requirement for volunteer equipment operators to be trained and approved, all of 
which were incorporated in the report. 

Ideas and Issues arising 
The project produced a number of ideas and issues that are considered important to the 
implementation of the plan.  

The ‘model’ woodland 
The idea of gradually changing the existing vegetation towards that approximating the original 
Blakeley’s red gum, yellow box grassy woodlands provides a long-term goal that is well accepted by 
both the landowner and the volunteer group. This is unlikely to be achieved soon because of 
constraints imposed by the close-spaced initial eucalypt planting and the heavy weed cover, but it does 
provide a vision for the woodland’s long-term management (see Fig. 7). 

The Management Units 
Residents with an interest in the woodland can be expected to have differing expectations of the 
woodland; some are interested in planting trees and shrubs, others in birdlife, some were concerned 
with better fire protection, others with a ‘hands off’ total protection approach. Such contrasting 
requirements provide a basis for conflict, and this was experienced in the early days of the Group.  

Different parts of the woodland call for quite different management regimes. For example the native 
grasses of the western end and the southern boundary adjacent to the Fitchett Street houses require 
controlled burning every few years to regenerate the grasses and protect some of the houses. Areas 
able to be mowed provide a more conventional parkland. The Central management unit will be fully 

 

 
Figure 7. A relatively undisturbed yellow-box, red-gum grassy woodland. Components 
of an unmodified woodland would include a few, scattered mature trees, regenerating 
trees of different ages, an understorey of shrubs 1–2 metres high and ground cover 
including tussocks, grasses and forbs. (Photo: ACT Government) 
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protected to enrich the habitat for both flora and fauna. In consultation with the Department’s bushfire 
managers, walking tracks were used to divide the woodland into five management units, as shown in 
Figure 8. 

Identification of the MUs allows different areas of the park to be managed in a manner that goes much 
of the way towards accommodating the diverse expectations of the community and also reduces the 
area to be burnt.   

Utilising community skills 
The implementation of the management plan depends on the ability of the Group to recruit people 
from the local community. A range of skills is required, including vegetation mapping, plant 
identification, herbicide application, weeding, planting, mowing and removal of unwanted vegetation 
whether it is woody weeds or material in those parts of the park where fuel loadings must be 
minimised. This work may be conducted by individuals working at times of their choosing or by 
organised working bees. To do this work in a productive way requires the use of equipment such as 
mowers, brush cutters, spraying equipment and, in a woodland, chainsaws. The ACT Government is 
responsible for insurance cover for volunteer groups working on public land and is reluctant to 
approve the use of mowers and chainsaws by volunteers. The use of such equipment should be 
allowed providing operators are trained and the equipment used meets approved standards. Unless 
their use is approved, the limited volunteer workforce will not be able to carry out the work required.  

The role of the ParkCare and Volunteer Coordinator 
The ACT Parks and Conservation Service employs a ParkCare and Volunteer Coordinator to oversee 
and assist volunteer park groups in the ACT. The importance of this position was very apparent during 
the development of the plan. Most departmental employees are heavily committed to their routine 
work and, as might be expected, only the Park Care Coordinator could commit the time and resources 
required to further the volunteers’ efforts and coordinate the involvement of the relevant ACT City 

 
Figure 8. The five management units with walking tracks and service roads defining the boundaries. 
Each is managed differently 
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Services staff to provide input and advice. The existence of the ParkCare and Volunteer Coordinator 
position is an important step towards encouraging volunteer input, as is the proposed review of the 
existing Volunteer Policy which is intended to provide a clear set of policies and guidelines for 
volunteer activities in parks and reserves. The role is also a difficult one, with responsibilities to both 
the volunteers and the ACT Government, and we suggest that a higher-level appointment with greater 
authority is warranted.   

Local community involvement in the planning process 
The rather formal approach taken in seeking community input was a conscious decision taken to avoid 
the inconclusive and acrimonious debates that have occurred at public meetings in Canberra where 
land management issues have been debated. A public meeting may have elicited more comment; but 
all those likely to be interested in the woodland were fully advised as to the content of the plan and 
were given the opportunity to comment.  

Conclusions 
The process adopted in jointly developing a management plan for a small wooded park by a volunteer 
group (the Hughes-Garran Woodland Group) and the land owner (the ACT Government) with input 
from the local community, has delivered a workable plan which should result in substantial 
improvements to the management of the woodland.  

The use of consultants to prepare the plan, with specialist expertise not otherwise available to the 
group, provided an objective analysis of the state of the woodland and added credibility to the 
management plan. 

The process may have been improved by the presentation of the draft report to a public meeting. This 
decision not to hold a public meeting, in order to avoid the possibility of acrimonious and counter-
productive behaviour, was a deliberate strategy; but all residents likely to be interested and\or affected 
by the development of the woodland were given the opportunity to respond formally to the draft.  

The management plan is in the process of being approved by the ACT Government. Success with its 
implementation will depend on the two parties maintaining a good working relationship, the Group 
continuing to obtain the support of the local community, and the volunteer workforce being allowed to 
use its skills in a safe and productive manner.  

The contribution towards the funding of the consultancy by the ACT Environment and Sustainability 
Directorate and the contributions made by a number of officers from other ACT Government agencies 
is gratefully acknowledged. 
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