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Recently we presented data on the amount and distribution of standing-tree carbon on 1.5 M ha of Tasmanian State forest (Moroni
et al. 2010) and deduced that the concept of carbon-carrying capacity (CCC) could usefully be applied at the site level but not at the
landscape level in disturbance-driven wet eucalypt forest ecosystems. The recent response in this journal of Dean (2011) perpetu-
ates the confusion between site-level CCC and attainable landscape-level C stocks, but mostly comprises material not at all relevant
to the data and concepts presented by Moroni et al. (2010). Here, we rebut the response of Dean (2011) to the substance of our ori-
ginal analysis, in regard to the CCC of forests subject to disturbance, processes of ecological succession with and without distur-
bance, the use of Forest Class inventory datasets, and old-growth forest as a reference state. We respond to the wider issues raised
by Dean (2011) by noting that the carbon footprint of active forest management needs to consider not the long-term landscape-
average C stocks attainable under natural or anthropogenic disturbance regimes, but also the carbon stock in wood products, and
furthermore the carbon emissions mitigation resulting from the use of timber in place of resources with higher greenhouse-gas
emissions.

1. Introduction

Moroni et al. [1] used a large inventory dataset from 1.5 M ha
of Tasmanian State forests to determine the distribution of
standing-tree carbon (C) stocks across forest types and age
classes. The total mass of C on this estate was estimated at
163 Tg. Although the highest C densities (Mg ha−1) occurred
in the tallest mature wet eucalypt forest of highest crown
cover, this forest type represents only 0.2% by area of state
forest—more typical, and containing the majority of the total
C stock, were shorter mature forests with lower crown cover,
rainforest, and forests containing regrowth or silvicultural
regeneration. Moroni et al. [1] used the range of forest class-
es, types, and ages in this dataset to illustrate the ecological
impossibility of attaining or maintaining theoretical C sat-
uration in landscapes containing wildfire-generated forests:
conversion of an entire landscape permanently to mature
eucalypt forest (that stores the most C) would first require
fire to convert existing mixed forest and rainforest back to
eucalypt forest, then exclusion of fire while eucalypt forests

mature, then prevention of the subsequent progression of
eucalypt forests to less C-dense rainforest.

Few of the comments of Dean [2] were in fact related to
the above content, with the author instead presenting his
views on a range of different and often contentious matters
in regard to forestry and climate change. In particular, Dean
[2] assumes that changes in forest C storage resulting from
forest management represent the only C footprint of the
forest industry, and overlooks the role of wood products in
greenhouse-gas mitigation through C storage and through
reducing emissions from fossil fuel usage (using wood to re-
place other resources), as well as the impact of the global
trade in wood products on forest management decisions.
These latter roles are widely recognized as having important
roles in greenhouse gas mitigation [3–5].

Here we refocus the discussion on the actual objec-
tives, data, and analyses of Moroni et al. [1], and respond
to the relevant comments and assertions of Dean [2]. We
also briefly give context to the role of forest management
in greenhouse-gas mitigation and respond to some of the
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comments of Dean [2] related to the Tasmanian forest in-
dustry.

2. Carbon Storage in Forests

The Australian public discourse around forest C storage often
invokes forest types associated with very large trees and C
stocks [6] but which are atypical across the landscape, and in
any case are predominantly in reserves [7, 8]. Generalising
from these very tall, wet, mature eucalypt forests overesti-
mates actual and potential forest C storage across the land-
scape, with most forests in fact able to store substantially
less C [9]. The first objective of Moroni et al. [1] was thus
stated as “to improve understanding of forest C stocks at the
landscape level in Tasmanian State forest using an inventory-
based analysis of C in standing live and dead trees, and exa-
mine carbon in forest by Forest Class, forest type, elevation,
and land-use classes.” In contradiction to the assertion of
Dean [2], we do accept the value of previous measurements
in tall, wet, C-rich forest, but our analysis showed that addi-
tional data is required from a wider variety of productivity
and cover types for estimation of landscape-level forest C-
stocks and the actual potential of forests to store C.

The second, and related, objective of Moroni et al. [1]
arose from the difficulty in applying the parameter carbon-
carrying capacity (CCC) across landscapes containing euca-
lypts at various stages of their fire disturbance cycle, and
was stated as to “estimate the carbon carrying capacity of
Tasmanian State forest and explore the methods required to
achieve and maintain carbon carrying capacity in Tasmanian
State forest.” In spite of its original definition, the CCC con-
cept is typically associated with stands of old, C-rich forests,
and thus overestimates potential C stocks when applied to
landscapes containing forests of a range of ages following
natural or anthropogenic disturbance. Specifically, CCC is
of dubious relevance to management where the forest with
highest C stocks is not ecologically stable: wet eucalypt forests
are susceptible either to fire or to succession to rainforests
with lower C density.

2.1. Carbon-Carrying Capacity of Disturbance Forests. Euca-
lypt regeneration strategies vary considerably [10], including
requirements for disturbance of various degrees of severity.
Tall, wet eucalypt forest systems are among the most produc-
tive, high-quality forests in south-eastern Australia, extend-
ing in a discontinuous arc from southern Queensland to
Tasmania, and many require severe site disturbance to regen-
erate [10–12]. Drier eucalypt forests show less reliance on
severe site disturbance for regeneration. Disturbance in wet
sclerophyll forests is often but by no means always stand-re-
placing [11, 13], whereas disturbance dynamics in drier scle-
rophyll forests are generally gap-driven and not stand-replac-
ing.

Dean [2] unfortunately reinforces the confusing relation-
ship of CCC to wildfire. Roxburgh et al. [14], Mackey et al.
[15], and Keith et al. [16] define CCC as “the mass of C
able to be stored in a forest ecosystem under prevailing envi-
ronmental conditions and natural disturbance regimes, but
excluding anthropogenic disturbance.” The inclusion of the

phrase “and natural disturbance regimes” suggests that time
since fire is accounted for in some way, but instead CCC has
regularly been calculated as the maximum potential C that a
forest can store, that is, solely in relation to mature forests.
Estimates of the additional potential C storage capacity of
forested landscapes are then presented as the difference bet-
ween current forest C stocks and those anticipated if all sites
in the landscape were simultaneously occupied by mature,
C-rich forests. This approach might work in drier or more
open eucalypt forests not subject to stand-replacing wildfire
and that would always naturally support a proportion of
older trees, but does not capture the impact of disturbance
history on the landscape-level age-class patterns of wetter
eucalypt forests [17]. Large wildfires, as typified by those on
the south-east Australian mainland in 2003, 2006, and 2009
[18], always keep a portion of the wet eucalypt forest area in
younger age classes and below maximum potential C storage,
and it is not realistic for the total area of these forests to be
simultaneously mature and at their CCC. CCC thus cannot
be both values simultaneously—a landscape or temporal
average including fire effects (as the definition might suggest)
and a local and temporary stand maximum (as CCC is gene-
rally calculated). Even though Dean [2] acknowledges wild-
fire may be “intrinsic to both the standard definition of CCC
and to the time-based average method of determining carbon
budgets for forest activities,” this is then ignored in the in-
correct generalisation of CCC values across the landscape.

In his concluding remarks, Dean [2] appears to agree
when he criticises Moroni et al. [1] for “their unnecessary re-
definition of CCC and their use of C saturation at a land-
scape-scale rather than its usual usage over a specific dura-
tion for a specific forest stand.” However, only 2 sentences
later Dean himself applies CCC at the landscape scale when
he writes “the estimated C deficit in Tasmanian State forests
(the amount below its CCC) due to commercial forestry is
currently 29 (±4) Tg.” This internal contradiction is the best
example of the flaw in the logic. Dean [2] needs to decide
whether he is using CCC as a stand parameter or a landscape
parameter, because in disturbance-driven ecosystems—and
especially in extreme cases of these such as wet eucalypt for-
ests—CCC differs substantially between the stand level and
the landscape level.

We thus do not disagree with the definition or applica-
tion of CCC for individual forest sites and have not attem-
pted to redefine this term, as asserted by Dean [2], but we do
disagree with how CCC has been applied at a landscape level
in disturbance forests, and its use to calculate some theore-
tical deficit in C stocks due to management at the estate level.
The dynamic nature of these ecosystems and their C stocks in
time and space prevents all stands across a landscape reach-
ing stand-level CCC at the same moment, prevents any stand
from remaining at its CCC indefinitely, and makes a non-
sense of the goal of managing for stand-level CCC at the
landscape scale [19]. It would be preferable to use the term
theoretical carbon saturation sensu Nabuurs et al. [20] at the
landscape level, restricting CCC to the stand or site level. This
would be ecologically sensible, and also would prevent the
illogical situation where mature forest sites could carry more
C than their calculated CCC.
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2.2. Ecological Succession to Rainforest. Cool-temperate rain-
forests of SE Australia are comprised of considerably smaller
trees than the wet eucalypt forest they replace [21–23], and
this transition from eucalypt forest to rainforest is associated
with a loss of standing-tree C [1]: forests containing trees of
large dimensions are the key to large forest-C stocks [24].
This transition can occur without the “higher stand densi-
ties” surmised by Dean, and instead it often involves pre-
mature senescence of the eucalypt overstorey. Thus, Dean is
not necessarily correct when he writes “the biomass of old-
growth mixed-forests, being a superposition of two forest
types, is likely to be higher than that of each component sep-
arately”; instead, the wet sclerophyll-mixed forest-rainforest
successional pathway is associated with progressive loss of the
tallest and largest trees on the site (and loss of C), not simply
the addition of a rainforest understorey.

Dean [2] is also incorrect in asserting that we argue that
a reduction in tree dimensions with ecological succession
only occurs in Tasmania: it in fact occurs in more instances
than Dean [2] provides, but nevertheless these relatively few
instances are atypical of more common ecological devel-
opment where later successional species attain dimensions
equivalent to or larger than early successional species [25,
26]. Dean [2] is also incorrect in asserting that Moroni et al.
[1] indicate wet eucalypt forest will transition to rainforest
only with the cessation of timber harvesting: this transition
occurs in the absence of disturbance, including wildfire [21–
23].

2.3. Inventory Datasets. Dean [2] provides a CCC estimate
for the eucalypt component of Tasmanian State forest that
attempts (commendably), but fails, to account for landscape
age-class structure. Dean [2] overestimates CCC primarily by
basing his estimate on Forest Classes 1–17. These classes are
dominated by mature trees, with or without some regrowth,
while Forest Classes 22–45 omitted from his calculations are
dominated by immature regrowth resulting from wildfire.
Comparing classes of a given height potential, Forest Classes
22–45 of course have lower C densities than Forest Classes
12–17 [19] but only the area-weighted combination of all
these forest classes will give an unbiased estimate of the C
stock of natural forests. Dean then falls into the trap of
comparing C densities of current silvicultural regeneration
(Classes 50–74) only to the densities of Forest Classes at least
110 years after disturbance (Classes 1–17), which of course
will overestimate C loss due to human activities; he admits
“the areas of regeneration would not all achieve maximum
C stock simultaneously,” but then continues as though the
numerical comparisons are valid.

Dean [2] also suggests that Moroni et al. [1] assume for-
ests at 110 years of age are C-saturated and ecologically ma-
ture. This is clearly not the case. The 110-year age threshold
that differentiates regrowth and mature forests across forest
classes is inherent to the inventory dataset used, as it indicates
when tree form begins to take on mature characteristics. As
indicated in Moroni et al. [1], most mature forests will be
significantly older than 110 years, and the inventory cohort
of forests over 110 years old thus contains an area-weighted
mixture of forests of all ages greater than this age, with an

appropriate proportion of very old stands, and an area-
weighted C stock. Sample plots are randomly located in State
forest [27], rather than the “regular grid array” assumed by
Dean [2].

As Dean quotes from Roxburgh [17], consideration of
forest C stocks therefore “requires knowledge of the actual
spatiotemporal variation in natural disturbance history of
the forest estate, the spatiotemporal variation in other attri-
butes relating to site quality, and the site histories from where
the data were collected.” Moroni et al. [1] provide this infor-
mation for Tasmanian State forest. However, these real, on-
ground data appear to be at variance with earlier assump-
tions as to the area of tall wet forest, which leads Dean [2] to
try to locate “missing high-biomass stands,” with suggested
reasons including “European colonisation” or “clearing for
agriculture” as much as harvesting and regeneration. Cer-
tainly, reafforestation of the rich soils of much Tasmanian
agricultural land in the valleys of southern, north-eastern,
and north-western Tasmania would increase landscape C
stocks over the next couple of centuries, as forest grows to
various stages of maturity, and provided wildfire does not in-
tervene. However, Moroni et al. [1] did not aim to compare
extant C stocks across Tasmania to some pre-European
(ideal) state, restricting instead their analysis to the current
situation on existing state forest. We agree with the descrip-
tion by Dean [2] of the need for better forest C accounting
but the logic is even more applicable to agricultural and
urban land, where the C deficit compared to mature forest
is much greater.

The signal of past disturbances is thus present in current
inventory datasets [1]. While the CCC of individual sites does
not change (being the maximum value that site could carry),
attainable landscape-level C stocks are substantially lower
and cannot be estimated by the theoretical exercise of extend-
ing site CCC values across a complete forest estate that in-
correctly assumes eucalypt forests can be held at maturity
indefinitely. It is thus also quite inappropriate, as others have
done [2, 15], to subtract the current C content of wet euca-
lypt forests from an estimated CCC derived from mature-
forest site values, and present the answer as a putative land-
scape C loss from forest harvesting that could be sequestered
back into the forest.

Lastly, Dean refers to an unpublished presentation [28] to
justify his claim of little difference in long-term average C
stocks depending on the initial state (age) of the forest. How-
ever, slide 51 of 62 in that presentation indicates that this
result is driven by assumed large, progressive decreases in soil
organic C on each harvesting cycle, as well as much more
frequent logging than is actually planned. Losses of 30% of
soil organic C per rotation were assumed in this work and
in Dean et al. [29], but amended downward over 10-fold, to
2.5%, in Dean and Wardell-Johnson [30]. Unduly pessimistic
assumptions in regard to forest management will lead, of
course, to lower modelled carbon stores in managed forests.

2.4. Old Growth as a Reference State. Wildfire is not evenly
distributed across time. Tasmania has experienced relatively
low levels of wildfire since the 1960s, and no megafire of
1 M ha or more since 1934 [31], partly because active fire
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management has reduced the impact of the 90 average annual
unplanned wildfires (to an average of ∼10 000 ha burnt per
year over the period 2003–2009: [7]). Even though as Dean
[2] suggests many of the recent wildfires in Tasmanian forests
are likely of European origin [31], Tasmania’s natural forests
are currently relatively old and C-rich, but this simply means
that they will lose large amounts of C in the next landscape-
level wildfire.

The age-class structure of pre-European wet eucalypt for-
ests is unknown, although it has been suggested that repeated
low-intensity aboriginal burning of moorland reduced the
likelihood of moorland fires escaping into eucalypt forest and
potentially contributed to the infrequent but high-intensity
wildfire pattern in wet eucalypt forests [31]. The total area
of old growth also likely varied widely over millennia due to
variation within the fire regime; similar natural, stochastic
variation in the proportion of forests that are old-growth
has been modelled elsewhere [32]. It is thus perverse to use
old-growth stands as the reference points for carbon storage
as though all forests were originally old-growth. The pre-
European age-class structure of eucalypt forests will have
contained a range of ages, possibly including much open for-
est or young forest resulting from both wildfire and Abo-
riginal burning, with the overall extent of eucalypt forests
being a subset of the extent of pre-European wildfire [1].
Additionally, fire danger in Australia is increasing [33], and
hence with time Tasmania’s forest age-class structure will
likely decrease.

3. Forest Politics

Much of Dean [2] comprises comments on climate change,
climate science, the role of forests and forestry in the global
carbon cycle, forest carbon flux measurement, historical tree
biomass measurements, forest allometry, the economic via-
bility of the Tasmanian forest industry, forest politics, and
Forestry Tasmania (the Tasmanian State Government Busi-
ness Enterprise charged with managing State Forests). These
comments are interesting, some are contentious, but are
unrelated to the datasets analysed by Moroni et al. [1], so we
will mostly not deal with them.

However, it is worth noting that the wider response of
Dean [2] is predicated on the erroneous assumption that
maximising landscape C storage is the sole role of forest man-
agement in greenhouse gas mitigation. The C footprint of
active forest management in Tasmania and elsewhere needs
to consider not just the long-term landscape-average C stocks
attainable under the natural or anthropogenic disturbance
regimes (wildfire or timber harvesting), but also the C stock
in wood products, and further the C emissions mitigation
resulting from use of timber in place of resources with higher
greenhouse-gas emissions [19]. If wood was unavailable,
alternative products (steel, aluminium, glass, or concrete) as-
sociated with greater greenhouse-gas emissions would be
used for structural and appearance products, increasing
the burning of fossil fuels both directly and indirectly:
wood usage is widely recognized as being associated with
lower emissions [3–5]. Wood can also be used directly as
a C-neutral biofuel, with the associated C emission being

balanced by C sequestration in growing trees, unlike the case
with fossil fuels. The exclusion of further Australian native
forests from productive usage would also lead to increased
imports to supply Australian wood demands, consequently
increasing emissions from increased transportation and
more intensive harvesting internationally.

The misrepresentation of the Tasmanian forest industry
by Dean [2] does need to be corrected for the wider audience
of this journal. Dean states the Tasmanian forest industry
has received repeated economic support and suggests it is
financially unviable. The Tasmanian forest sector has recei-
ved $AUD 211 million in State and Commonwealth funding
to compensate the industry for transferring production for-
ests to reserves [34]. The compensation was largely used to
establish plantations to offset production losses from newly
reserved native forest. Income is expected from this invest-
ment as the plantation estate matures to harvest. However,
more than half of the people employed in the Tasmanian
timber industry depend on native forest management [35],
and in 2009/2010 the estimated final value of wood products
from logs sourced from native Tasmanian State forests was
$AUD 563 million [7]. Monash University estimates that Tas-
mania is $AUD 111 million a year better off with Forestry
Tasmania than it would be otherwise [34]. Since corporatisa-
tion 16 years ago, Forestry Tasmania has earned $AUD 200
million in profit and has paid taxes, rates, and dividends
exceeding $AUD 99 million [34].

Lastly, Dean unreasonably criticises Forestry Tasmania
for not making its data and systems freely publically avail-
able. Forestry Tasmania is a Government Business Enterprise
engaged in commercial activities, and as for any company the
release of datasets and systems would expose it to competitive
disadvantage. One outcome would be a disincentive to con-
tinue investing in data collection and technical development,
and the loss of data sets for research and collaborative re-
search programs.

4. Conclusions

We have restricted our response to that part of Dean [2]
relevant to the substance of our research article [1]. In es-
sence, Dean [2] overestimates the amount of C that Tasma-
nian wet eucalypt forests can store by assuming all stands can
reach their carbon-carrying capacity (CCC) simultaneously,
thereby ignoring the proportion of forests that will at any
point in time be immature regrowth following wildfire. This
in turn leads to an overestimation of the impact of forest
management and timber harvesting on landscape C stocks.

Dean [2] also asserts that changes in landscape C stocks
constitute the C footprint of forest industries, whereas a life-
cycle analysis of forest and wood products shows a different
picture [19]. Accounting for the direct and substitutional
roles of wood products as well as landscape C stocks is nece-
ssary to determine the impact of forest management in Tas-
mania and elsewhere on the atmospheric levels of greenhouse
gases.
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