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Total Forest Area – 134 Mha
Native Forest - 132 Mha
Plantation – 1.95 Mha
Other - 0.05 Mha

Net Public Harvestable 
Area: 5.0 Mha



• Ongoing debate on carbon implications of native 
forestry in Australia

• Range of studies – conflicting outcomes

• Complex issue – outcomes largely dependent on 
scope, assumptions and accounting frameworks

Issue



• Funding from FWPA, FCNSW, STTAS, QLD DAF and VicFor

• Carbon implications of stopping native forestry over varying 
climate timeframes

• Carbon dynamics – forests and harvested wood products

• Areas modelled – total of 6 Mha (including non-production 
areas of the production estate):

NSW: 2,121,566 ha (48.6% non-harvestable)

TAS: 702,967 ha (20% non-harvestable)

VIC: 3,145,738 (86% non-harvestable)

QLD: 3,068,773 (54% non-harvestable)

The Study



• Forest carbon modelling - FLINTpro (https://flintpro.com/)

• Soil carbon – not included

• Average fire return frequencies applied

• Harvest frequencies and intensities: provided by each 
State

• 100-year modelling spin-up period; forest carbon values 
then used as starting point for outcome comparisons 
(production and non-production)

The Study



FullCAM (Full Carbon Accounting Model)

• FullCAM is used in Australia’s National GHG accounts for 
the land use, land use change and forestry sectors.

• Given Australia's land sector is 769 Mha, it’s impractical to 
measure emissions and abatement using just direct 
estimation methods, such as field sampling

• FullCAM estimates the carbon stock change in ecosystems 
using a modelling framework including:

- above and belowground biomass
- standing and decomposing debris
- soil carbon resulting from land use and management 
activities



The Study – FLINTpro
• FLINTpro is a spatial integration system 

that reduces the complexity of land 
sector GHG accounting

• Modules have been developed to reflect 
the TYF that underpins FullCAM



The Study – FLINTpro
• Run spatially explicit baseline and 

projected management scenarios across 
all RFA regions based on forest types and 
average harvest history and fires

• 5yr average harvest data by region 
and silvicultural type

• Assumed stable harvest rates

• Conservation scenario is the cessation of 
harvesting with fires



• Allometric relationships unreliable to estimate 
carbon in older forests

• Challenging to reliably estimate the impact of 
internal decay

Uncertainties around forest carbon –
carbon in mature trees



• Previous research has shown the impact for 
native hardwood species in Australia: 
“Existing allometric equations are generally 
poor at estimating biomass of mature trees of 
large DBH”

• End result – likely bias towards higher carbon 
values as forests mature beyond typical native 
forest rotation cycles

Uncertainties around forest carbon –
carbon in mature trees



• Unrealistic high allocation to 
biomass fractions with 
comparatively higher turnover 
rates

• Bark and leaves: 20% of above-
ground component of open and 
tall open Euc forests

• Research: Bark and leaves at 
most 10% of AGB for NSW 
production forests 

Uncertainties around forest carbon –
allocation to biomass fractions



• Unrealistically high turnover rates – e.g. woody 
components (branches and stem) – more than 
90% of carbon lost within 20 years

• Bias towards lower carbon stocks in 
production scenarios

• Research points to opposite impacts from
harvest: “Harvested forests typically contained up to twice the level 

of CWD as unharvested forests, though this was dominated by smaller 

size classes of CWD.”

Uncertainties around forest carbon:
Decay rates – above ground



• “For hardwoods, it is estimated that 

10-50% of the root biomass will still be 
present up to at least 85 years after 
harvest, depending on the species and 
site location.”

• Bias towards lower carbon stocks 
in production scenarios

Uncertainties around forest carbon:
Decay rates – below ground (roots)



• Bushfires, drought, pest and 
diseases

• In NSW: forest carbon stocks 
reduced by 165 Mt over the last 30 
years

(https://www.nrc.nsw.gov.au/Research%20note%20%20Carbon%2
0balance%20of%20forests%20-
%20October%202023.pdf?downloadable=1)

Uncertainties around forest carbon –
climate change



HWP dynamics:
• Carbon storage in service (service life of various products)
• Long-term carbon storage (i.e. in landfills)
• Product substitution (i.e. hardwood transmission pole 

versus concrete options) – Dynamic LCA principles
• Renewable energy generation 

Harvest residue dynamics – use for engineered wood 
products / bioenergy / biochar / novel bio-products

The Study – cont.



• Short, medium and long-lived products, with varying half-
lives

• Each year a % of the carbon leaves the various pools

• Fate of carbon post-service: recycle/re-use; landfill or 
energy

• 94 million tonnes of carbon are stored in HWPs in service in 
Australia

HWPs in service



•Field excavations (6 in NSW and 3 in QLD) 

• Lab-scale bioreactors - products tested:

• Maximum carbon loss of 1.4% for wood and wood products 
and 48% for paper products is lost from Australian landfills (data 
in IPCC Global Emissions Database)

HWPs – long-term C storage in landfills

Sawn wood products: radiata pine, preservative-treated radiata pine, blackbutt, plantation 
blackbutt, spotted gum, mountain ash

Engineered wood products: particleboard, MDF, Weathertex, bamboo flooring

Paper products: Cardboard, copy paper (Eucalyptus; Acacia; recycled)



HWPs – substitution



•In this study – constant factor applied to gradually 
reduce substitution benefit over time

HWPs – substitution

Products Subst. impact (tC
saved / t C in HWP)

Residues Subst. impact (tC
saved / t C in HWP)

Dry sawn hardwood 1.6 Industrial heat 0.1

Recycled dry sawn 0.3 Liquid biofuels 0.75

Green sawn 
hardwood

0.4 Cross-laminated 
timber

1.0

Poles 1.1 Biochar 0.1

Firewood 0.8 Novel 
bioproducts

2.0



Residues – renewable energy

• Bioenergy plays a key role in all 
(IPCC) scenarios designed to limit 
global warming - the share of 
primary energy provided by 
bioenergy is predicted to increase 
from a median value of 10.3% in 
2020 to 26.4% by 2050.

• Large increase in demand for hard 
to abate sectors – transport 
industry, steel production

• Potential role for BECCS



Study results – NSW – Forest Carbon only 

2030 2050 100 Years

Average C stocks (tC/ha) Dead organic matter (tC/ha)

Period Non-production Production

2030 172.5 172

2050 177.2 173.2

100 years 187.8 176.3

Period Non-
production

Production Diference

2030 32.1 32.5 -0.4

2050 32.5 32.7 -0.2

100 years 34.1 33.1 1.0



Study results – NSW – Inclusion of HWP and residues
2030 2050 100 Years

Average C stocks (tC/ha)

Period Non-production Production

2030 172.5 172.8

2050 177.2 177.2

100 years 187.8 186.8



Study results – TAS – Forest Carbon only 

2030 2050 100 Years

Average C stocks (tC/ha) Dead organic matter (tC/ha)

Period Non-production Production

2030 156.7 154.6

2050 169 155.0

100 years 193.4 156.2

Period Non-
production

Production Diference

2030 31.9 33.3 -1.4

2050 32.7 33.4 -0.7

100 years 37.1 33.6 3.5



Study results – TAS – Inclusion of HWP and residues

2030 2050 100 Years

Average C stocks (tC/ha)

Period Non-production Production

2030 156.7 158.6

2050 169 171.7

100 years 193.4 189.3



• Carbon outcomes will vary with forest type, management, 
and timeframes - there is no one rule for all

• Biomass data issues likely leading to bias

• These issues are likely to drive greater differences in forest 
carbon for different management scenarios than what is 
supported by reality – bias towards non-production 
scenarios

Summary



• Climate change impacts: high levels of uncertainty, especially 
for longer simulation periods

• Comparisons between production and non-production 
scenarios – no tangible differences for more immediate   
climate timeframes

• Opportunity to support transition for hard to abate sectors, 
while minimising disruptions to regional communities and 
allowing time for hardwood plantations to establish

Summary
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