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SUMMARY
1. Climate Change (TOR b)

Climate heating, native vegetation and bushfires are intimately linked in that they all affect each
other through the carbon and water cycles and other interactions. As the climate heats and rainfall
becomes more erratic extreme fire weather is becoming more frequent and intense. Droughts and
heatwaves dry foliage and kill plants, while desiccating potential fuels, increasing the flammability of
vegetation. Burning forests promotes more flammable vegetation while releasing stored carbon to
accelerate climate heating.

Compounding these interactions are land clearing and logging. Clearing forests releases carbon,
increases regional temperatures and reduces rainfalls, thereby increasing fire risk, which is
worsened by fragmentation and edge effects. Logging forests releases carbon, dries and heats the
microclimate, changes fuel arrays and increases the loss of water through transpiration to make
forests more vulnerable to burning.

The climate is heating at an accelerating rate, and along with it the threat of catastrophic wildfires.
While we urgently need to reduce our emissions to limit global heating, we can only keep global
temperature rises to below 2°C if we increase removal of carbon from the atmosphere using natural
climate solutions.

A significant part of the solution to the climate crisis is to protect native forests from clearing and
logging to allow them to regain their carbon carrying capacity. This is termed “proforestation” and is
the only way of achieving the immediate results we need, as growing trees take up and store ever
increasing volumes of carbon as they age. We can take immediate and meaningful action on
climate heating just by stopping logging of public native forests and offering incentives to private
landholders to protect theirs.

It is recommended that:

la. To keep climate heating below the Paris target of 2°C, and limit the growing threat of
catastrophic fires, it is essential that natural climate solutions are vigorously pursued, with
urgent action taken to stop the clearing and logging of native forests (proforestation) so as to
restore their carbon carrying capacity. With the collapse of forests already commenced, as
evidenced by the 2019-2020 wildfires, there is no time to waste.

1b. Plantations will be of little benefit to mitigate climate heating because their establishment
usually releases soil carbon and so it takes 5-10 years before they become net carbon sinks,
they are usually clearfelled on 10-30 year rotations for pulp therefore only providing
temporary storage, and soil carbon losses may never be regained.

1c. Mixed species regeneration and plantings are the most efficient and effective for
capturing and storing atmospheric carbon, and local indigenous species provide the greatest
biodiversity benefits. Though to maximise benefits they need to be established for the long-
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term and appropriately protected. Rather than commercial plantations, the Government
needs to encourage and support native forest regeneration as an urgent priority. The
benefits of new regrowth for enhancing regional rainfalls, reducing temperatures and
supporting biodiversity, needs to considered along with the effects on streamflows.

1.1. Logging has profound impacts on forest carbon storage by cutting and removing carbon
stored in tree trunks, while converting carbon in leaves, branches, bark, tree bases and roots
into detritus where it rots or burns. Young forests may be sources of CO,, with forest’'s CO-
sequestration increasing as they age. Logging has run down carbon stores by around 50%
in affected forests and it can take over a century to regain the lost carbon. Protecting
degraded forests allows them to become carbon sinks and recapture the lost carbon over
time. This also had direct benefits for biodiversity.

1.2. The establishment of plantations involves significant soil disturbance and consequently
the loss of soil organic carbon. It can take one or more decades for soils to recover the lost
carbon. This means that it can take 5-10 years before biomass in plantations result in a net
increase in carbon storage, even when established on cleared land.

1.3. Trees are increasing sickening and dying as the result of increasing droughts and
heatwaves generated by global warming. This is not just a threat to forest ecosystems, it is
also a threat to future timber supplies. This problem is aggravated by a variety of stressors
on tree health, including logging, grazing and weed invasion. As evidenced by the increasing
severity of droughts, heatwaves, and wildfires we are perilously close to a cascading series
of feedbacks that cause the irreversible decline of forest ecosystems and the release of vast
guantities of carbon stored in forest vegetation and soils into the atmosphere, making them
into carbon sources rather than sinks. As shown by the 2019-20 fires we don't have any time
to waste.

2. Sus Yields (TOR c,d)

The Forestry Corporation has a long history of over-estimating and over-allocating timber volumes
from native forests, and nothing has changed. Since 2014 resource modelling has adopted radically
different assumptions to more than double the identified long term modelled yields of high quality
logs. At the time there were no tenure or exclusion area changes, so the doubling of volumes was
purely based on changed modelling parameters.

This dramatic change was made secretively, and 4 years later the Government refused to release
any relevant documents under a GI(PA) request on the grounds of cabinet confidentiality. That
model is still relied on.

Most recently the 2019-20 wildfires burnt through half on north-east NSWs State forests, causing
widespread tree deaths, with estimates that at least a third of the region’s State Forests were
significantly affected, with a loss of 10-50% of large sawlog sized trees over 30 cm diameter at
breast height, and 50-100% of smaller trees. Despite this the Forestry Corporation are unbelievably
claiming short-term losses of only 4% and long-term losses of just 1%.

What is most disturbing is that the Forestry Corporation is primarily relying on subjective opinion and
extrapolation from a sample of just 0.85ha of south coast forests to estimate impacts on 424,200 ha
of the very different north coast forests. For some unfathomable reason they refused to resample
any of their 659 field plots within the heavily burnt forests to obtain real data on the fire impacts,
though the way the data is presented gives the misleading impression that they did.
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They are not proposing to undertake another assessment until 2024, after they have issued new
Wood Supply Agreements to industry.

It is recommended that:

2a. The Forestry Corporation provide a detailed explanation of each of the changes that
were made to parameters that allowed for the increase in the long term 20-100 year
modelled yields of high quality logs from north east NSW from an average of 101,250 m3/yr
identified in 2010 up to 216,000 m®/yr in 2014, with full justification as to why the changes
were appropriate.

2b. The Forestry Corporation be required to exclude all areas known to be significantly
affected by drought or Bell Miner Associated Dieback from net area calculations, and project
the likely changes in these forward for the next 100 years, in identifying current and future
sustainable yields.

2c. The Forestry Corporation be required, as a matter of urgency, to remeasure all their yield
plots in fire affected forests to obtain a more reliable assessment of fire impacts on current
and future yields.

2d. That Forestry Corporation utilise force majeure clauses to immediately reduce timber
commitments for the remaining term of existing Wood Supply Agreements in line with
resource losses.

2e. That no new Wood Supply Agreements be entered into, or extended, until after
remeasuring of all fire affected yield plots is completed, the data analysed, and a report
made public.

3. Ecological Sustainability (TOR Q)

Prescriptions intended to mitigate the impacts of logging on threatened species and ecosystems are
political constructs of unknown veracity that have never been subject to monitoring to assess their
efficacy.

Basic ESFM principles such as the precautionary principle and adaptive management have never
been applied. ESFM was legally unenforceable, enabling the Forestry Corporation to go on logging
forests in ecological collapse due to Bell Miner Associated Dieback on the grounds that it hadn’t
been proved beyond doubt that logging is responsible (though it is blatantly obvious). Similarly the
EPA and Forestry have consistently weakened and remove prescriptions for threatened species,
never once strengthening them, since their inception in 1997, despite never monitoring their
effectiveness. Adaptive management has become the refuge for rogues who say they will do
something but never deliver.

Now the inherent inadequacies of the Coastal IFOA have been laid bare by the unprecedent
drought and fires of 2019-20.

The 2019-20 bushfires have been of unprecedented scale and intensity, the burning of half the
native vegetation and habitats has had massive impacts on north-east NSW's ecosystems, plants
and animal populations. A variety of populations and species are likely to have been so significantly
affected that they are at imminent risk of extinction. Others have been shoved further down that
path. There needs to be urgent assessments of the most heavily impacted ecosystems and
populations to assess their current status and the impacts of the fires upon them.

The burning of some 160,000 ha (35%) of rainforests should have been a wake-up call. This will
result in significant loss and degradation of these priceless relicts from our Gondwanan past. Those
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burnt are now more vulnerable to further burning. The damage is so severe that with the increasing
likelihood of repeat events this could be the start of ecosystem collapse. The burning of rainforest is
akin to the bleaching of coral reefs, and is likely to follow a similar trajectory.

The wet-sclerophyll forests were already experiencing ecosystem collapse due to logging and
lantana invasion, with the burning likely to aggravate this unless the return of lantana is prevented.

Recommendations:

3a. The Forestry Corporation has been logging under a set of protocols intended to mitigate
environmental impacts since 1997. In all that time, with the exception of partial monitoring of
5 plants, they never attempted to monitor the effectiveness of those prescriptions in
accordance with adaptive management, despite consistently weakening them. The new
Coastal IFOA was a political compromise between the Forestry Corporation and the EPA
aimed at minimising resource costs rather than reducing impacts on threatened species to a
sustainable level. All logging prescriptions for threatened species need to be reviewed by
independent experts, with the identification of needed enhancements to reduce impacts to a
sustainable level, including specific performance measures and monitoring requirements.

3b. Ecological Sustainable Forestry is a meaningless platitude as it has never been enforced
and no one heeds its basic principles such as the precautionary principle and adaptive
management. Logging of forests affected by Bell Miner Associated Dieback has continued
despite it being evident it is caused by lantana invasion following logging, on the grounds
that this hadn’t been proven beyond doubt, which is a perversion of the precautionary
principle. This problem has been compounded by the EPA’s failure to effectively audit
logging operations.

3.1a. The highest priority to mitigate impacts on native plants and animals is to protect the
remaining unburnt and partially burnt refuges where species have survived the fires to allow
them to increase populations and recolonise burnt habitat as it recovers, It is recommended
that logging of all burnt forests, and all unburnt habitat with 10 km of firegrounds, be
prohibited for a minimum of 10 years to avoid compounding impacts during this essential
recovery period, and allow time for recovery of populations and recolonisation of burnt
habitat.

3.1b. Prescriptions for threatened flora and fauna were developed in a political process and
were already inadequate before the fires, given the loss of individuals and degradation of
habitat it is essential that there be an independent expert review of prescriptions by relevant
experts

3.1c. Logging makes forests more vulnerable to burning and increases their flammability. As
extreme weather conditions are increasing in intensity and frequency, then to reduce the
likelihood and impacts of future extreme fire events, logging of public native forests has to
stop to reduce their increasing flammability, and to allow them to recover their natural
resilience to future burning.

3.1d. Some 160,000 ha (34.7%) of rainforest was burnt, with most of this suffering significant
canopy damage. While some of this rainforest will die, most will regenerate though will be
even more vulnerable to burning and elimination for decades to come. If we want to increase
the chances of rainforests, and their inhabitants, surviving this unfolding environmental
catastrophe, then we need to restore their natural resistance and resilience to burning by:

O Establish 50m buffers around all mapped rainforests within which logging and

clearing is prohibited
U Prohibiting roading through rainforests
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O Stopping logging of developing rainforest
O Rehabilitating degraded stands and buffers, particularly those infested with lantana
and those suffering from Bell Miner Associated Dieback

3.2. To redress the ongoing precipitous decline in native species reliant upon the resources
provided by older trees it is essential that the removal of older trees be stopped and their
recruitment actively encouraged. To improve ecological sustainability the requirements
under the old IFOA to protect sound and healthy mature/late mature individuals of
recruitment trees for hollow-bearing trees, significant winter nectar producing eucalypt
species, sap-feed trees for Yellow-bellied Gliders and other key wildlife resources must be
restored. The retention of all remaining mature trees over 60cm dbh as recommended by the
2011 National Recovery Plan for the Swift Parrot is strongly supported.

3.3. Now with the fires burning most known localities of the Hastings River Mouse there can
be no excuse for continued complacency. Populations will have been decimated, and habitat
degraded, making the current logging prescriptions redundant because habitat is likely not to
be recognisable for some time and the low numbers of survivors will render trapping
ineffective. All compartments with records or modelled habitat of Hastings River Mouse
should be put under moratorium while surveys of known localities are undertaken to assess
appropriate criteria and trapping effort to identify habitat, and to quantify whether it should
now be considered critically endangered. For private properties all modelled habitat should
be immediately placed under moratorium while an effective prescription is developed.

3.4a. Given the abundant evidence that logging is the primary cause of Bell Miner
Associated Dieback, and that re-logging affected forests makes it worse, it is well past time
that the logging of BMAD affected and susceptible forests is stopped and the process of
restoration begun. If logging is to be allowed, it needs to be on a case by case basis, where
lantana and Bell Miners are surveyed before the logging and monitored for five years
afterwards. In keeping with the principle of adaptive management the results must be
analysed, any needed corrective actions taken, and methods altered to minimise impacts
before being trialled again.

3.4b. As the current aerial mapping is subjective and does not provide a reliable basis for
identifying the current extent of BMAD or to be able to monitor changes over time, it is
recommended that the worst BMAD affected areas be subject to objective and repeatable
mapping using High Resolution Multi-spectral imagery and ALS Lidar to:

a) accurately identify the current extent of BMAD affected and susceptible forests

b) provide a baseline from which to assess changes over time

c) identify the variables affecting BMAD distribution

d) quantify the accuracy of current mapping and other remote sensing technologies

e) monitor the success of rehabilitation works.

3.4c. Itis reprehensible that despite the public monies spent of rehabilitation works on both
public and private lands over the past 20 years that only three studies have monitored the
outcomes of treatments on BMAD affected forests in north east NSW, and that for the two
studies undertaken on State forests the Forestry Corporation has been allowed to largely
suppress and ignore the unfavourable results. In order to better understand the causes of
BMAD and assess the effectiveness and costs of rehabilitation, the highest priority has to be
to undertake independent and transparent lantana (and other problem plant) removal trials,
using manual methods that minimise disturbance, with clear objectives, monitoring and
reporting requirements.
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3.4d. It is apparent that BMAD has reduced the volumes of timber available for logging from
tens of thousands of hectares of public forests in north east NSW, and destroyed any
prospect of such forests contributing to long-term timber volumes. It is also apparent that
BMAD, and its impacts on forest productivity, are expanding. It is essential that this be
accounted for in any future timber modelling before any further volumes are committed in
Wood Supply Agreements

4. Managing public forests in the public interest (TOR e, f, i).

There needs to be a fundamental shift in the management and support for forestry. It needs to be
recognised that logging of public forests is not in the community’s best economic, social or
environmental interests as far greater benefits can be generated by protecting forests and allowing
them to mature: increasing carbon capture and storage, increasing water yields to streams and
providing increased recreation benefits and tourism opportunities.

The current massive subsidies to the native forest industry through the Department of Primary
Industries (including the Forestry Corporation) and grants to sawmill owners would be more
efficiently and effectively directed to a transition program out of public native forests, boosting
hardwood sawlog plantation supply and providing incentive payments to private native forest
owners for maximising public benefits.

The significantly increased carbon sequestration from recovering forests would be of benefit to all
Australians, including rural communities, both by contributing to NSW and Australia’s obligations to
reduce net carbon emissions and by helping mitigate some of the worst impacts of climate heating.
The increased recreational and tourism opportunities will significantly boost regional tourism
expenditure and jobs. The increased water yields to streams and aquifers will be a boon to
downstream farmers and urban drinking water supplies.

Most significantly, by redirecting funding and subsidies from logging companies to landholders it will
provide a direct economic benefit for the retention of native vegetation, and thus reward and
encourage private landholders to manage native vegetation for the optimum public benefit.

Recommendations:

4a. The logging of public native forests has always been an economic burden on taxpayers
due to the high subsidies paid, both through maintaining the loss making native forestry
operations of the Forestry Corporation and through direct payments to sawmill owners and
occasionally workers. The hidden costs are the rundown in timber volumes, water quality
and quantity, and wildlife populations, as well as the increase in weeds and dieback. Given
that plantations are far more efficient and profitable it is past time to complete our transition
to them for future timber needs.

4b. Community attitude surveys over the past 24 years clearly show that the community
prioritise wildlife, water and carbon storage values of forests above timber production. The
University of Newcastle assessed the biodiversity value (Willingness To Pay) of creating the
Great Koala National Park as around $530 million for the NSW population and $1.7 billion for
all Australians. A 2016 survey for the timber industry of 12,000 people found that native
forest logging was considered unacceptable by 65% of rural/regional residents across
Australia, and acceptable by just 17% of rural residents. Logging of native forests has very
low levels of social license and is clearly not in the public interest.
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4c. Tourism is far more important to the north coast economy than logging, and is the fastest
growing sector promising increasing economic and employment benefits. In 2019 over $867
million of tourist expenditure can be taken as associated with forested national parks. It is in
the community’s economic interest to convert more of our public native forests to national
parks as this will provide more fulfilling recreational opportunities and attract tourists to the
region, as well as encouraging them to stay longer. The potential regional benefits of
converting State forests to National Parks has been demonstrated by the University of
Newcastle’s assessment that over 15 years the creation of the Great Koala National Park
would result in 9,135 additional full time jobs, and increases in total output of $1.18 billion
and value add of $531 million. The Government will maximise long term regional benefits by
directing its resources into enhancing and diversifying forest recreational facilities, rather
than upgrading private sawmills

4d. Loss of carbon from deforestation and degradation has contributed 35% of the
accumulated anthropogenic carbon dioxide concentration in the atmosphere, and annually is
around 10% of global anthropogenic emissions. To address the growing threat of climate
heating we need to both reduce emissions and increase sequestration of atmospheric
carbon. Retaining forests and allowing degraded forests to regain their lost carbon are
urgent actions we need to take to begin to redress climate heating on the scale required.
Carbon credits offer a mechanism to reward landholders for protecting forests for carbon
sequestration, though they need to include payments for standing carbon and annual
sequestration when forests are protected. At the current ACCU carbon dioxide price of $17 a
tonne, the value of carbon dioxide currently stored in a logged forest, combined with annual
sequestration could equate to annual payments of $228-410/ha per annum to a landholder,
all paid for with carbon credits. It is requested that the inquiry consider measures needed to
facilitate a scheme that could realise such payments to land holders. Applying such values to
the 500,000ha of logged and loggable State Forests in north-east NSW would equate to
annual revenue of $114-205 million a year, just from stopping logging.

4e. All runoff from forests now has an economic value, though the value varies with
downstream uses, with runoff feeding into urban water supplies being of the highest value.
Stopping logging and allowing forests to mature will increase water yields over time as the
forest’s structure regrows, and thus stopping logging is of direct economic benefit to
downstream water users. While the relative value of forest runoff will vary depending on its
usage, it is apparent that in most instances it will be of higher economic benefit to maximise
water yields by not logging forests. This value will escalate as climate change gathers
momentum and dry periods become more frequent and severe.

4d. It would be of greatest public benefit if public monies currently used to subsidise the
inefficient public native timber industry were redirected into regular payments for landholders
who guarantee long-term protection (by zoning or covenant) and management of native
forests to maximise carbon storage, water yields and biodiversity conservation, some
elements of which could comprise:

a. Extending the Australian Government’s Climate Solutions Fund (or creating a specific
fund) to pay landholders who protect their forests for long-term carbon capture and
storage. Rather than an auction process there needs to be standardized payments
based on stored carbon, carbon sequestration and biodiversity value.

b. Extending eligibility for carbon credits to all forests, including those protected, rather
than perversely just those that have first been approved for clearing or logging.

c. Paying landholders regularly for a portion of the current measured standing volume
of carbon in living biomass.
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d. Paying landholders regularly for additional carbon sequestration and storage in
vegetation and soils.

e. Expanding NSW’s Biodiversity Trust to make regular payments, in combination with
carbon credits, to landowners for permanently protecting core koala habitat, and
other areas of exceptional biodiversity value.
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1. Climate Change

(b) the impact of external influences on the timber and forest products
industry, including but not limited to drought, water, fire, regulatory
structures, habitat protection and local, state and federal policies
regarding climate change and plantation establishment,

On the 26 February 2020 a number of Australia's leading scientists wrote an open letter to
Australian parliaments calling for the immediate nationwide cessation of all native forest logging in
response to the climate, fire, drought and biodiversity loss crises currently facing Australia

An open letter to the Parliament of Australia,

Sadness at the losses from the fires sears our souls. Worse might lie in wait. We write to ask
you to respond to the climate, fire, drought and biodiversity loss crises with an immediate
nationwide cessation of all native forest logging.

We need our forestry workers to be immediately redeployed to fire services support and
national park management to help protect the forests and us from fire.

Large, old-growth trees are important for carbon capture and storage and they keep on
capturing carbon for their entire life. Logging increases fire hazard in the short term. Many
native species rely on unlogged forests.

Our timber needs can be met from existing plantations, with no need to log native forests.
Native forest logging is heavily subsidised by our taxes, which can be better spent on fire
mitigation.

This is above politics —please show the leadership Australia desperately needs.

Climate heating, native vegetation and bushfires are intimately linked in that they all affect each
other through the carbon and water cycles and other interactions. As the climate heats and rainfall
becomes more erratic extreme fire weather is becoming more frequent and intense. Droughts and
heatwaves dry foliage and kill plants, while desiccating potential fuels, increasing the flammability of
vegetation. Burning forests promotes more flammable vegetation while releasing stored carbon to
accelerate climate heating.

Compounding these interactions are land clearing and logging. Clearing forests releases carbon,
increases regional temperatures and reduces rainfalls, thereby increasing fire risk, which is
worsened by fragmentation and edge effects. Logging forests releases carbon, dries and heats the
microclimate, changes fuel arrays and increases the loss of water through transpiration to make
forests more vulnerable to burning.

The climate is heating at an accelerating rate, and along with it the threat of catastrophic wildfires.
While we urgently need to reduce our emissions to limit global heating, we can only keep global
temperature rises to below 2°C if we increase removal of carbon from the atmosphere using natural
climate solutions. The only realistic means of rapidly achieving carbon sequestration of the
magnitude required is to protect native forests to allow them to realise their carbon carrying
capacity.

Globally, terrestrial ecosystems currently remove an amount of atmospheric carbon equal to one-
third of what humans emit from burning fossil fuels, which is about 9.4 GtC/y (10° metric tonnes
carbon per year). (Moomaw et. al. 2019). Forests cover about 30% of the Earth’s terrestrial surface
and store around 90% of terrestrial vegetation carbon (Besnard et. al. 2018).
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Loss of carbon from deforestation and degradation has contributed 35% of the accumulated
anthropogenic carbon dioxide concentration in the atmosphere, and annually is around 10% of
global anthropogenic emissions (Keith et. al. 2015). In Australia, an estimated 44% of the carbon
stock in temperate forests has been released due to deforestation (Wardell-Johnson et. al. 2011),
with stocks further reduced by around 50% in logged forests (Mackey et. al. 2008, Moomaw et. al.
2019).

The 2016 ratified Paris Climate Agreement declared a commitment to hold “the increase in the
global average temperature to well below 2 °C above preindustrial levels” with a goal of limiting
warming to 1.5°C. The Intergovernmental Panel on Climate Change (IPCC 2018), identifies that to
achieve this the world needs to slow global emissions immediately and reach net zero carbon
dioxide (CO2) emissions by around 2050. Even then we need to remove copious quantities of
carbon from the atmosphere. The IPCC (2018) identify:
All pathways that limit global warming to 1.5°C with limited or no overshoot project the use of
carbon dioxide removal (CDR) on the order of 100—1000 GtCO, over the 21st century. CDR
would be used to compensate for residual emissions and, in most cases, achieve net
negative emissions to return global warming to 1.5°C following a peak (high confidence).

Model pathways that limit global warming to 1.5°C with no or limited overshoot project the
conversion of 0.5-8 million km? of pasture and 0-5 million km? of non-pasture agricultural
land for food and feed crops into 1—7 million km? for energy crops and a 1 million km?
reduction to 10 million km? increase in forests by 2050 relative to 2010 (medium confidence).
Land use transitions of similar magnitude can be observed in modelled 2°C pathways
(medium confidence).

Goldestein et. al. (2020) warn:
Given that emissions have not slowed since 2017, as of 2020, this carbon budget will be
spent in approximately eight years at current emissions rates. Staying within this carbon
budget will require a rapid phase-out of fossil fuels in all sectors as well as maintenance and
enhancement of carbon stocks in natural ecosystems, all pursued urgently and in parallel.

Limiting global warming below the 2°C threshold set by the Paris Climate Agreement is contingent
upon both reducing emissions and removing greenhouse gases (GHGs) from the atmosphere.
There has been considerable emphasis on failed mechanical schemes for increasing carbon
capture and storage when for millions of years trees have effectively performed this function. There
is growing recognition that we need to utilise natural climate solutions to have any chance of limiting
global heating to below 2°C. These include protecting remnant vegetation from further degradation,
encouraging regrowth of natural ecosystems, widespread planting of trees. and restoring soil carbon
on agricultural lands.

It has long been recognised that we need natural climate solutions (NCS) to have any chance of
limiting the worst effects of climate change (Sohngen and Sedjo 2004, Wardell-Johnson et. al. 2011,
Keith et. al. 2015, Griscom et. al. 2017, Houghton and Nassikas 2018, Fargione et. al. 2018,
Moomaw et. al. 2019, Goldestein et. al. 2020). As well as reducing atmospheric carbon, natural
climate solutions have a multitude of environmental benefits including reducing flammability,
enhancing rainfalls, reducing temperatures, enhancing streamflows (except for reforestation),
protecting and enhancing natural habitats, restoring habitat linkages and improving soils.

Griscom et. al. (2017) calculate that natural climate solutions can provide 37% of cost-effective CO»
mitigation needed through to 2030 for a >66% chance of holding warming to below 2°C, and 20% of
cost-effective mitigation between now and 2050, further noting:
Thereafter, the proportion of total mitigation provided by NCS further declines as the
proportion of necessary avoided fossil fuel emissions increases and as some NCS pathways
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saturate. Natural climate solutions are thus particularly important in the near term for our
transition to a carbon neutral economy by the middle of this century.

Griscom et. al. (2017) consider that "Forest pathways offer over two thirds of cost-effective NCS
mitigation needed to hold warming to below 2°C and about half of low-cost mitigation opportunities
pathway".

Fargione et. al. (2018) quantified the potential of natural climate solutions to increase carbon
storage and avoid greenhouse gas emissions in the United States, finding "a maximum potential of
1.2 (0.9 to 1.6) Pg CO.e year™, the equivalent of 21% of current net annual emissions of the United
States", and concluding "The conservation, restoration, and improved management of lands in the
United States represent a necessary and urgent component of efforts to stabilize the climate”. Their
solutions include reforestation of marginal farmland, extending logging cycles, increasing soil
carbon, and avoiding emissions. They found that reforestation has the single largest maximum
mitigation potential, followed by extending logging cycles on private lands, stopping forest and
grassland clearing, improving farming practices and soil carbon, and restoring wetlands.

Climate mitigation potential in 2030 (PgCO,e yr")
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Fig. 1. from Griscom et. al. (2017): Climate mitigation potential of 20 natural pathways. We estimate
maximum climate mitigation potential with safeguards for reference year 2030. Light gray portions of
bars represent cost-effective mitigation levels assuming a global ambition to hold warming to <2 °C
(<100 USD MgCO.e™t y™1). Dark gray portions of bars indicate low cost (<10 USD MgCOze™ y™1)
portions of <2 °C levels. Wider error bars indicate empirical estimates of 95% confidence intervals,
while narrower error bars indicate estimates derived from expert elicitation. Ecosystem service
benefits linked with each pathway are indicated by coloured bars for biodiversity, water (filtration and
flood control), soil (enrichment), and air (filtration). Asterisks indicate truncated error bars.
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The first step has to be to stop deforestation. Goldestein et. al. (2020) observe "From 2000-2012,
the aggregate of thousands of local decisions drove the loss of 2.3 million km? of forest cover
worldwide. Human-driven loss was attributable primarily to agricultural expansion in tropical regions
and to forestry in boreal and temperate regions".

While reforestation has the highest potential carbon benefits if undertaken on a large scale, it
requires an enormous amount of additional land, and will take some decades after establishment
before the carbon sequestration benefits begin to manifest. As observed by Moomaw et. al. (2019)
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"newly planted forests require many decades to a century before they sequester carbon dioxide
rapidly”. We cannot remove sufficient carbon by growing young trees during the critical next decade.

By contrast there are vast areas of forest in various states of degradation and regrowth that have

the potential to rapidly increase their carbon sequestration and storage just by stopping cutting them

down. Moomaw et. al. (2019) consider:
... growing existing forests intact to their ecological potential — termed proforestation — is a
more effective, immediate and low-cost approach that could be mobilized across suitable
forests of all types. Proforestation serves the greatest public good by maximizing co-benefits
such as nature-based biological carbon sequestration and unparalleled ecosystem services
such as biodiversity enhancement, water and air quality, flood and erosion control, public
health benefits, low impact recreation and scenic beauty.

Proforestation produces natural forests as maximal carbon sinks of diverse species (while
supporting and accruing additional benefits of intact forests) and can reduce significantly and
immediately the amount of forest carbon lost to non-essential management. Because
existing trees are already growing, storing carbon, and sequestering more carbon more
rapidly than newly planted and young trees (Harmon et al., 1990; Stephenson et al., 2014;
Law et al., 2018; Leverett and Moomaw, 2019), proforestation is a near-term approach to
sequestering additional atmospheric carbon: a significant increase in “negative emissions” is
urgently needed to meet temperature limitation goals.

Globally, existing forests only store approximately half of their potential due to past and
present management (Erb et al, 2018), and many existing forests are capable of immediate
and even more extensive growth for many decades (Lutz et al, 2018). During the timeframe
while seedlings planted for afforestation and reforestation are growing (yet will never achieve
the carbon density of an intact forest), proforestation is a safe, highly effective, immediate
natural solution that does not rely on uncertain discounted future benefits inherent in other
options.

In sum, proforestation provides the most effective solution to dual global crises — climate
change and biodiversity loss. It is the only practical, rapid, economical and effective means
for atmospheric carbon dioxide removal among the multiple options that have been
proposed because it removes more atmospheric carbon dioxide in the immediate future and
continues to sequester it into the long-term future. Proforestation will increase biodiversity of
species that are dependent on older and larger trees and intact forests and provide
numerous additional and important ecosystem services (Lutz et al., 2018). Proforestation is
a very low-cost option for increasing carbon sequestration that does not require additional
land beyond what is already forested and provides new forest related jobs and opportunities
along with a wide array of quantifiable ecosystem services, including human health.

Moomaw et. al. (2019) "conclude that protecting and stewarding intact diverse forests and practicing
proforestation as a purposeful public policy on a large scale is a highly effective strategy for
mitigating the dual crises in climate and biodiversity and ultimately serving the ‘greatest good’ in the
United States and the rest of the world".

Logging is the primary cause of carbon loss from forests, for example for the USA Moomaw et. al.
(2019) consider "Together, fires, drought, wind and pests account for ~12% of the carbon lost in the
U.S.; forest conversion accounts for ~3% of carbon loss; and forest harvesting accounts for 85% of
the carbon lost from forests each year".

Houghton and Nassikas (2018) assessed the potential to take up the equivalent of 47% of global
CO; emissions just by stopping clearing and degrading native vegetation, identifying "the current
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gross carbon sink in forests recovering from harvests and abandoned agriculture to be -4.4
PgClyear, globally. The sink represents the potential for negative emissions if positive emissions
from deforestation and wood harvest were eliminated”.

Net potential sink with a complete
Current average net emissions Current average gross emissions halt to deforestation and forest harvest

2006-2015 (PgC/year) 20062015 (PgC/year) 2016-2100 (PgC)
Temperate —-0.3 -1.1 -19
Tropics (Houghton & 14 —0.5 -15
Nassikas, 2017)
Simulation #2A
Tropics (with shifting cultivation) 14 -3.3 -98
Simulation #2B
Global 1.1/11 -1.6/-4.4 —34/-117

Houghton and Nassikas (2018) conclude that:
... hegative emissions are possible because ecosystems are below their natural carbon
densities as a result of past land use. That is, potential negative emissions are directly
coupled to past positive emissions. There is nothing magical about these negative
emissions. They simply restore carbon lost previously. The corollaries of this conclusion are
(i) that negative emissions will diminish as forests recover to their undisturbed state
(negative emissions will only work for a few decades) and (ii) that much of that recovery will
have occurred before 2100, according to these simulations.

Sohngen and Sedjo (2004) cite one of their studies that "showed that forests could account for
approximately a third of total abatement over the next century".

Trees are essential elements of the earth's carbon cycle, essential for mopping up excess
atmospheric carbon and putting it out of harm's way. Trees continue to take up CO, and store
exponentially increasing volumes of carbon in their wood and soils as they age. The older trees and
forests are the more carbon they store making them vital components of the solution to rapidly
escalating climate heating.

Because of their extent fires can release significant volumes of carbon, largely as CO», though this
is primarily carbon sequestered in dead biomass and a portion of it may end up as char
sequestered in alluvial deposits or sails if fires are not too frequent. Some trees may be Kkilled,
though the dead standing trees may slowly release their carbon over decades.

Logging is by far the biggest threat to terrestrial carbon stores. Cutting down and bulldozing trees
releases their stored carbon, with at best a small fraction stored in timber products with a life of a
few decades. Within our logged forests the volumes of carbon stored have been halved and
continue to decline as retained old trees die out, logging intensifies and return times become more
frequent.

A significant part of the solution to the climate crisis is to protect native forests from
clearing and logging to allow them to regain their carbon carrying capacity. This will provide
immediate results as growing trees take up and store ever increasing volumes of carbon as
they age. We can take immediate and meaningful action on climate heating just by stopping
logging of public native forests and offering incentives to private landholders to protect
theirs.

Native forests play a crucial role in the storage of carbon and the sequestration of carbon dioxide
from the atmosphere. Old growth forests are the most significant carbon storehouses, with most
carbon stored in the oldest and biggest trees (Roxburgh et.al. 2006, Mackey et. al. 2008, Sillett et.al
2010, Dean et. al. 2012, Stephenson et. al 2014, Keith et. al. 2014b). Forests also remove carbon
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dioxide from the atmosphere and sequester it in live woody tissues and slowly decomposing organic
matter in litter and soil. (Zhou et. al. 2006, Luyssaert et. al. 2008)

Forests accumulate carbon when their photosynthesis driven gross primary production (GPP), is
greater than their carbon loss through ecosystem (plant and microbial) respiration (ER), giving them
a positive net ecosystem production (NEP). These have diurnal variations, with photosynthesis
dominant during the day and respiration at night.

With the urgent need to sequester carbon from the atmosphere we should be managing our forests
as carbon sinks. As Mackey et. al. (2008) conclude;
The remaining intact natural forests constitute a significant standing stock of carbon that
should be protected from carbon-emitting land-use activities. There is substantial potential
for carbon sequestration in forest areas that have been logged commercially, if allowed to
regrow undisturbed by further intensive human landuse activities

It is recommended that:

la. To keep climate heating below the Paris target of 2°C, and limit the growing threat of
catastrophic fires, it is essential that natural climate solutions are vigorously pursued, with
urgent action taken to stop the clearing and logging of native forests (proforestation) so as
to restore their carbon carrying capacity. With the collapse of forests already commenced,
as evidenced by the 2019-2020 wildfires, there is no time to waste.

1b. Plantations will be of little benefit to mitigate climate heating because their establishment
usually releases soil carbon and so it takes 5-10 years before they become net carbon sinks,
they are usually clearfelled on 10-30 year rotations for pulp therefore only providing
temporary storage, and soil carbon losses may never be regained.

1c. Mixed species regeneration and plantings are the most efficient and effective for
capturing and storing atmospheric carbon, and local indigenous species provide the
greatest biodiversity benefits. Though to maximise benefits they need to be established for
the long-term and appropriately protected. Rather than commercial plantations, the
Government needs to encourage and support native forest regeneration as an urgent
priority. The benefits of new regrowth for enhancing regional rainfalls, reducing
temperatures and supporting biodiversity, needs to considered along with the effects on
streamflows.

1.1. The Influence of Logging

Logging has profound impacts on forest carbon storage by cutting and removing carbon stored in
tree trunks, while converting carbon in leaves, branches, bark, tree bases and roots into detritus
where it rots or burns. Logging has a far more significant impact on forest carbon stores than
burning, generally logging has run down carbon stores by around 50% in affected forests (Noormets
et. al. 2015).

For many decades the prevalent myth was that forests over 100 years old stop accumulating
carbon, based on the premise that as forests age the decrease in the volume of photosynthetic
leaves relative to respiring sapwood results in a decline in net ecosystem production (NEP). This
myth has been demonstrated to be wrong by numerous studies that have proven that forests
continue to sequester carbon as they age (Harmon et. al. 1990, Carey et. al. 2001, Chen et. al.
2004, Falk et. al. 2004, Roxburgh et.al. 2006, Mackey et. al. 2008, Luyssaert et. al. 2008, Dean et.
al. 2012, Keith et. al. 2014b, Curtis and Gough 2018), though the rate of sequestration may decline
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in some of the oldest forests (Carey et. al. 2001, Luyssaert et. al. 2008, Curtis and Gough 2018).
During droughts forests can become carbon sources rather than sinks (Chen et. al. 2004, Falk et.
al. 2004).

In fact regrowth forests (less than 15-30 years old) may be carbon sources due to lower leaf areas
resulting in reduced sequestration and higher respiration from the residual carbon in soils and
woody debris (Chen et. al. 2004, Luyssaert et. al. 2008).

It is also evident that structurally complex forests are more effective at sequestering carbon than
simplistic monocultures, for example Gough et. al. (2019) found that "Forests that were more
structurally complex, had higher vegetation-area indices, or were more diverse absorbed more light
and used light more efficiently to power biomass production, but these relationships were most
strongly tied to structural complexity".

There can be no doubt that it is the big old trees that store and sequester the most carbon. For
example Roxburgh et.al. (2006) found:
In mature forests, large diameter trees greater than 100 cm d.b.h. comprised 18% of all trees
greater than 20 cm d.b.h. and contained 54% of the total above-ground carbon in living
vegetation. ... The influence of large trees on carbon stock therefore increases with their
increasing size and abundance.

Similarly Moomaw et. al. (2019) identify
Each year a single tree that is 100 cm in diameter adds the equivalent biomass of an
entire 10-20 cm diameter tree, further underscoring the role of large trees (Stephenson
et al., 2014). Intact forests also may sequester half or more of their carbon as organic
soil carbon or in standing and fallen trees that eventually decay and add to soil carbon
(Keith et al., 2009). Some forests continue to sequester additional soil organic carbon
(Zhou et al, 2006) and older forests bind soil organic matter more tightly than younger
ones (Lacroix et al., 2016).

Keith et. al. (2014b) found large trees >100 cm diameter contributed 76% of the biomass in old
growth sites, but only 43% of tree numbers, with remnant old trees also making significant
contributions in predominately regrowth stands.

Above-ground biomass/carbon relationship to tree diameter at breast height. From Roxburgh et.al.

(2006). Method A assumes minimal internal tree decomposition. Method B allows for internal decay.
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Sillett et.al (2010) found that traditional ground-based measurements are inadequate to quantify
whole tree wood production of tall tree species, finding that “larger trees produce more wood
annually than smaller trees”, and that “annual aboveground wood production increased with size
and age up to and including the largest and oldest trees” they measured.

Similarly Stephenson et. al (2014) concluded:
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Here we present a global analysis of 403 tropical and temperate tree species, showing that
for most species mass growth rate increases continuously with tree size. Thus, large, old
trees do not act simply as senescent carbon reservoirs but actively fix large amounts of
carbon compared to smaller trees; at the extreme, a single big tree can add the same
amount of carbon to the forest within a year as is contained in an entire mid-sized tree.
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Figure S3 from Luyssaert et. al. (2008) showing Biomass accumulation as a function of stand age,
shown as the relationship between aboveground biomass and the logarithm of stand age. The thick
black line shows the weighted mean within a moving window of 15 observations. The grey area
around this line shows the 95% confidence interval of the median. Each data point represents a forest
stand (green is temperate, and orange is boreal), many of which have different growing conditions and
species composition.

It is blatantly obvious that by removing the largest trees that logging dramatically reduces the
carbon stored in forests (Roxburgh et.al. 2006, Mackey et. al. 2008, Wardell-Johnson et. al. 2011,
Dean et. al. 2012, Keith et. al. 2014b, Keith et. al. 2015). The accumulation of carbon with age is not
limited to individual trees, but is also evident that oldgrowth forests can go on sequestering carbon
indefinitely. It is only in oldgrowth forests that the maximum volume of carbon is stored, and forests
reach their carbon carrying capacity.

In America Harmon et. al. (1990) found that during simulated harvesting carbon storage is reduced
by 49-62% and does not approach old growth storage capacity for at least 200 years (even when
storage in wooden buildings is accounted for).
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Fig 2(b) from Carey et. al. (2001), annual net primary productivity for natural subalpine forest stands of
different ages in the northern Rocky mountains and simulated whitebark pine stands.
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Luyssaert et. al. (2008) found "Consistent with earlier studies, biomass continues to increase for
centuries irrespective of whether forests are boreal or temperate”.

Carey et. al. (2001) assessed 67 to 458 year old subalpine forests in the northern Rocky Mountains
and found that net ecosystem production, assessed as aboveground net primary productivity
(ANPP), increased over time, well above single species models indicated:
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Fig. 7 from Keith et. al. (2014b): "Carbon accumulation in living biomass (above- and belowground)
over time in E. regnans forest based on site data and equations from the literature and current study".
Details are provided in the paper, though the trends over time are clear.

Chen et. al. (2004) assessed 20, 40 and 450 year old Douglas-fir dominated forests in Washington,
USA, finding that all three age classes were net carbon sinks during the dry warm summers, except
in one year when the oldgrowth was affected by drought and became a carbon source.
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Figures 2 and 3 from Chen et. al. (2004) showing average diurnal fluxes of carbon dioxide (CO2) in a
20- and a 450-year-old Douglas-fir forest in southern Washington, USA. Negative values indicate
uptake (that is, sink); positive values indicate loss (that is, source). Note the significantly increased
respiration of 20 yr old forest.

Chen et. al. (2004) conclude:
... our results strongly suggest that the old-growth forest may be a stronger carbon sink than
previously believed. However, given its shift between a carbon source and sink in these two
summers, the potential for long-term net carbon accumulation in the old-growth stand is
uncertain. The 2 years of data for the summer season examined imply that these forests are
sensitive to interannual weather conditions and thus will be sensitive to any directional
climate change.

The conversion of long-lived forests into young stands may change the system from a sink to
a source of carbon for several decades because the lower leaf area in regenerating forests
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limits photosynthesis while the residual carbon in soils and woody debris contributes to
respiration, whereas old-growth forests may continue to function as a net carbon sink, in
addition to their many other important ecosystem functions (for example, critical habitat,
aesthetic values, watershed protection). Stands younger than 20 years old are expected to
be carbon sources because of low photosynthetic potential and substantial respiratory
losses ...

For oldgrowth forests, Luyssaert et. al. (2008) undertook a search of literature and databases for

forest carbon-flux estimates, finding:
Old-growth forests remove carbon dioxide from the atmosphere at rates that vary with
climate and nitrogen deposition. The sequestered carbon dioxide is stored in live woody
tissues and slowly decomposing organic matter in litter and soil. Old-growth forests therefore
serve as a global carbon dioxide sink ... forests between 15 and 800 years of age, net
ecosystem productivity (the net carbon balance of the forest including soils) is usually
positive. ... Old-growth forests accumulate carbon for centuries and contain large quantities
of it. We expect, however, that much of this carbon, even soil carbon, will move back to the
atmosphere if these forests are disturbed.

Luyssaert et. al. (2008) consider
We speculate that when high above-ground biomass is reached, individual trees are lost
because of lightning, insects, fungal attacks of the heartwood by wood-decomposers, or
trees becoming unstable in strong wind because the roots can no longer anchor them. If
oldgrowth forests reach high above-ground biomass and lose individuals owing to
competition or small-scale disturbances, there is generally new recruitment or an abundant
second canopy layer waiting in the shade of the upper canopy to take over and maintain
productivity.

Although tree mortality is a relatively rapid event (instantaneous to several years long),
decomposition of tree stems can take decades. Therefore, the CO:release from the
decomposition of dead wood adds to the atmospheric carbon pool over decades, whereas
natural regeneration or in-growth occurs on a much shorter timescale. Thus, old-growth
forest stands with tree losses do not necessarily become carbon sources, as has been
observed in even-aged plantations (that is, where trees are all of the same age).

Luyssaert et. al. (2008) emphasise:
In fact, young forests rather than old-growth forests are very often conspicuous sources of
CO:(Fig. 1a) because the creation of new forests (whether naturally or by humans)
frequently follows disturbance to soil and the previous vegetation, resulting in a
decomposition rate of coarse woody debris, litter and soil organic matter (measured as
heterotrophic respiration) that exceeds the NPP of the regrowth.

Curtis and Gough (2018) similarly found that a long held theoretical assumption of carbon neutrality
in old-growth forests was not supported by their assessment of global data for northern deciduous
forests, noting:
All stands older than 2 yr were net carbon sinks, including 12 forests > 100 yr old, and we
found little evidence of declining carbon storage during mid-succession (100-200 yr) and
more gradual declines than expected in late succession (> 200 yr, Fig. 3). On average, NEP
was lower in very old forests, but the decline from peak annual carbon storage was gradual,
falling to half the maximum value at 315 yr, well within late succession.
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Fig 3(a) from Curtis and Gough (2018), showing no evidence for a steep decline in Net Ecosystem
Productivity during mid-succession

Curtis and Gough (2018) concluded "new observations, ecological theory and our emerging
biological understanding of temperate forest ecosystems point to sustained [Net Ecosystem
Productivity] in aging temperate deciduous forests", and thus carbon uptake. They consider:
... the conservation of these aging forests into late stages of ecosystem development is likely
to result in nominal reductions in the land carbon sink, whilst maintaining an immense store
of terrestrial carbon, and restoring the many ecosystem services afforded by the resurgence
of biologically and physically complex forest ecosystems in eastern North America.

From their consideration of global data, Besnard et. al. 2018 concluded that "forest age was a
dominant factor of NEP spatio-temporal variability in both space and time at the global scale as
compared to abiotic factors, such as nutrient availability, soil characteristics and climate. These
findings emphasize the importance of forest age in quantifying spatio-temporal variation in NEP
using empirical approaches".

In regards to logging Mackey et. al. (2008) note:
The carbon stock of forests subject to commercial logging, and of monoculture plantations in
particular, will always be significantly less on average (~40 to 60 per cent depending on the
intensity of land use and forest type) than the carbon stock of natural, undisturbed forests.

The majority of biomass carbon in natural forests resides in the woody biomass of large old
trees. Commercial logging changes the age structure of forests so that the average age of
trees is much younger. The result is a significant (more than 40 per cent) reduction in the
long-term average standing stock of biomass carbon compared with an unlogged forest. ..

In Australian forests Roxburgh et.al. (2006) found that following logging:
Model simulations predicted the recovery of an average site to take 53 years to reach 75%

carrying capacity, and 152 years to reach 90% carrying capacity.

Keith et. al. (2015) demonstrate that changing native forest management from commercial
harvesting to conservation "results in an immediate and substantial reduction in net emissions
relative to a reference case of commercial harvesting™:
Total carbon stocks were lower in harvested forest than in conservation forest in both case
studies over the 100-year simulation period. We tested a range of potential parameter values
reported in the literature: none could increase the combined carbon stock in products, slash,
landfill and substitution sufficiently to exceed the increase in carbon stock due to changing
management of native forest to conservation.
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There is abundant evidence that numerous animal species prefer larger trees for increased
resources, such as browse and nectar, and that many are dependent upon the hollows provided by
the oldest trees. Hatanaka et. al. (2011) sought to measure the direct relationship between carbon
and birds in Victorian forests aged from less than 5 years old to mature stands more than 100 years
old, finding
Mature forest stands had the 