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Summary for Industry and Policy Makers

Overview

This is the first assessment of the greenhouse (GHG) balance of native forest production in
Australia that considers all the key elements of the carbon (C) cycle in forests and harvested
wood products (HWPs), plus a cost-benefit analysis that includes socio-economic
considerations and C pricing implications. The aim of the project was to track the fate of C
from representative native forests in New South Wales (NSW) and Victoria (VIC), in forests
managed for multiple use (“production”) and conservation only. The analysis considered C
storage in the forest and the effects of disturbance (harvest and fire), as well as C storage in
harvested wood products (HWPs) and the effect of substitution of fossil fuels with wood for
bioenergy. A complete accounting is important, as much of the debate regarding GHG
balances in forests subject to harvesting system stems from different studies including or
excluding a number of these key elements from their accounting system, and from the
indiscriminate use of default values in the analyses.

Study rationale

There have been many studies recently comparing the GHG outcomes of managing forests for
multiple-use (including production) or for conservation only outcomes. There are
considerable differences in the conclusions of such studies, which to some extent reflect site-
specific conditions, but also the suitability of the values (or methods used to derive the values)
underpinning the parameters and the level of inclusiveness of the different components of the
C cycle in the forests and HWPs (the “C accounting framework”). There are different C
accounting frameworks which, although effective in achieving their specific goals, are limited
in scope and generally not intended to cover all life cycle removals and emissions associated
with a specific activity — this is typically the realm of life cycle assessments (Table 1).

Table 1. Comparison of scope of accounting frameworks

Parameters This study International National

Forest (Above-ground biomass)* (ForestHWP) | framework (Kyoto) Framework
(NCAS)

Carbon in trees v v \4
Carbon in CWD v ' \4
Emissions due to harvest v v? v?
machinery
Emissions due to fire \4 \4 \4
Emissions due to decay v v v
HWP
Carbon storage in HWP in service v v v
Carbon storage in HWP in landfill ' No v
Emissions due to log transport v v2 v?
and product manufacture
HWP substitution impact v No No
(including international leakage)
Fossil fuel displacement benefits v No No
— biomass for bioenergy

IAlthough there is currently insufficient data to support inclusion of below-ground C dynamics in ForestHWP, it can be
easily implemented? Emissions are included as part of sectoral GHG emissions reporting, not integrated with forests
systems.



The international C accounting framework (the “Kg/otframework) is the result of
negotiations designed to create incentives ancegharburden for emission reductions, rather
than all-inclusive GHG assessments. For exampkgitkea range of studies pointing to only
small losses of C from timber that is depositethimdfills, under Kyoto accounting rules the
C in timber is assumed to be completely oxidisethattime of disposal to landfills, to avoid
creating incentives for landfilling. The Kyoto fremork also does not directly deal with the
substitution impacts associated with the use of KHWi® lieu of greenhouse-intensive
materials, and the use of wood biomass in the géparof bioenergy, displacing the use of
fossil fuels. Thus the Kyoto framework does notville an accurate depiction of the true C
pathways associated with forest management, andftine we argue that it should not be
used for determining the GHG balance of nativedbreanagement. Similarly, national level
C accounting in Australia (National Carbon AccongtiSystem — NCAS) does not deal
directly with the substitution impacts associatathwthe use of harvested wood products in
lieu of other materials. It also does not deal witiernational leakage potential (e.g. emission
implications associated with increased wood prddacbverseas in the event native wood
was no longer harvested in Australia).

In this study we applied a C accounting framewdrt is based on a life cycle approach,
including all key C stocks and flows from the farésHWP interface. The approach was to
select 0.5 ha sites as case studies in nativet$osrsas in NSW and VIC managed for
production and conservation. We derived site-spepdrameters to support the derivation of
above-ground forest C pools and emissions duerigebtiand fire; and tracked the fate of C
in HWPs derived from the logs produced in the ftwedhe site-specific forest and
commercial log biomass values, while accurate, wetereplicated and so a comparison of
typical values for similar forest types was coneddciio ensure that the values were within the
typical range for those forests.

One of the limitations in the assessment of the GiH@ications of native forest management
in Australia is the lack of a user-friendly, comipeasive tool that captures C dynamics in the
forest and HWP pools adequately. In our study weoduce a new tool (“ForestHWP”),
which was designed to capture all key elements®fQ pools in forests and HWP, allowing
immediate integration of parameters and runningimilations that allow for the inclusion of
repeated disturbance events (e.g. harvest and. fifreg combination of detailed and
representative site-specific information, includithg dynamics of C in HWP, and a new tool
to integrate the foresttHWP parameters allowed mprehensive assessment of the GHG
implications of managing from production versus smmwation. This approach was much
closer to a “life cycle assessment” framework thaninternational or national C accounting
frameworks (Table 1).

In addition to GHG implications, we considered sozio-economic implications of native
forest management, which are often ignored in dreese balance studies of native forestry.

Background context and study coverage

The potential role of forestry in mitigating clireathange, though substantial, has been
largely overlooked in Australian climate changei@ol As a result, the cost to society of

achieving emissions abatement objectives may isere&Vhen determining the climate

impacts of any industry sector, it is importantaiopt a true life cycle assessment (LCA)

approach, that takes into account all relevant €ons and C removals; i.e. what the

atmosphere actually sees.

This study is a follow-up to a previous study byné¢nes et al (2012), which was primarily a
desktop study, ‘that used modelled estimates tesashe GHG balance of two key native



forest areas managed for timber production in N$%Wé current study addresses a number of
gaps identified in Ximenes et al (2012), and isdamentally different in its approach: data
from intensively measured plots were used to ertedp to wider sub-regional areas. The
selected sites were then used as the benchmarksagdiich the long-term C dynamics in the
forest and HWPs were modelled using a new modake@dWP) developed as part of this
project. ForestHWP provides a complete system gesnr of forest C dynamics, and the
dynamics associated with HWPs, their processing tlagir ultimate fate.

This study included the key above-ground foresto@lp (live tree biomass, coarse woody
debris, litter and harvest residues), the impactlisfurbances on those pools (harvest and
fire), and the dynamics of C in HWPs in service amn¢hndfills. In addition to the physical
tracking of C in forests and HWP, the study alsosttered the fossil fuel displacement
benefits of using biomass for bioenergy, the prodiubstitution impacts and the socio-
economic implications of native forest managementlie case study regions. The study sites
included three paired sites (“production” and “cemation”), with a known history of
disturbances (harvest, thinning and wildfire everniie case studies covered one site on the
South Coast of NSW (near Eden), one site on theNoidh Coast of NSW (near Wauchope)
and one site in the Central Highlands in Victonadr Toolangi).

Key findings

* Forest biomass and HWP data
The comparison of the directly weighed biomass ef kative forest species with estimates
derived from existing biomass equations revealed #xisting equations are generally not
reliable and tend to overestimate biomass, esetoaltrees with large DBH.

Although there is already use of biomass by thdsnidr bioenergy (kill-drying) and some
use offsite, the study highlighted the additioraige volumes of harvest and mill-based
residues that could be utilised for applicationrsas bioenergy generation.

At the end of their service life, the assumptionswhat most HWPs are disposed of in
landfills. According to the latest research, then®WPs in landfills can be considered to be
stored for the long-term. However, regardless ef fidite of timber at the disposal stage -
whether it is recycled, used for energy or landfilithe GHG impacts will be beneficial.

The HWPs from this study typically required lowes$il-fuel based energy in their extraction
and manufacture than alternative materials suclal@asinium and concrete. The biggest
substitution impacts related to the replacementhafdwood products with imported
hardwood (decking and flooring), fibre-cement cliadd concrete slabs and steel and concrete
transmission poles.

The GHG mitigation potential of paper products fie dismissed as limited. However, in
this study we have shown that when the wood filse&dun paper production is sourced from
native forests in SE Asia, the mitigation potentigl using Australian native pulpwood is
large. This is due to the high emission footpremiged by forest degradation and forest loss in
SE Asia, especially when it occurs on peatlands.

e Socio-economic impacts
For NSW native forests the socio-economic benefittnanagement for timber production
were higher than those of management for conservamly, with the State Forests on the
North Coast of NSW generating more socio-econonaicies than those at Eden. The cost
(economic impact) of transitioning production fdseto conservation-only forests for Eden



was $64M and the loss to the regional economy 8888 before taking into account carbon
abatement. For the north coast, the cost of tiansitas $540M and the loss to the regional
economy was $3.36B before taking into account carldatement. Transitioning to
management for conservation also incurred a shecling in regional employment.

Valuation of the carbon abatement benefits relatvbusiness as usual (BAU) were derived
using a 65 year modelling period and a low ($102&€) medium ($20/tCO2-e), and high
($30/tCO2-€e) carbon price.

Assuming a carbon credit was available for avoi@mdissions by stopping harvest we
calculated that a carbon price of $233 per #&@excluding transition costs) was required to
support the conservation scenario on the northtcotes At the Eden site the conservation
scenario generated less carbon abatement than BAJavalue was lost (rather than gained)
when carbon was priced.

When industry value-added benefits (based on BAW) earbon abatement benefits were
combined, the production management scenarios fa#pedormed the conservation
management scenarios. This result was independetiiteocarbon price (low, medium or
high).

e Scenario modelling (ForestHWP)
The accrued GHG benefits for the production scesadompared to the conservation
scenarios were greatest for mountain ash, andtlgliglgher for silvertop ash. Similar to the
mountain ash case study, this benefit was drivengily by the substitution factor for pulp.
For blackbutt, the business as usual (BAU) producscenario was approximately 12%
lower. Assuming a market for pulpwood and/or userasfidual wood for bioenergy, the
average GHG emissions over the simulation periogk megher for the conservation scenario
than for production scenarios. All scenarios, gjfmm those that involve changing from
pulp to biofuel (for silvertop ash and mountain)asicreased net C benefits relative to BAU.

In some cases, changes to the way individual HW@&snanaged can have a major impact on
the overall GHG balance. For example, favouring pheduction of electricity poles over
sawlogs in the North Coast of NSW resulted in a 3fduction in GHG emissions.
Modelling indicated potential reductions in GHG egibns with changes in assumptions for
pallet wood in Victoria, which is currently mulchatithe end of its service life, to disposal in
landfill or use for bioenergy generation.

The ForestHWP simulation results for each caseyssugest the overall C response to
harvesting is context-dependent, and that wideffer@dint outcomes are possible depending
upon the characteristics of the forest, the hamgstgime, and most importantly the mix of
harvested wood products that are produced, thbstsgution benefits, and their ultimate fate.

Key policy implications

The paper substitution impact is a key componenthef GHG balance of sustainably
managed forests. Access to existing hardwood glangain Victoria was not considered
economically viable as replacement for the mounésh and silvertop ash native resource,
and there is no realistic prospect for large-scade plantation establishment. The pulp
displacement factor was calculated considering phiating and writing sector of the
Australiasian market and the implications for smgdiomass from Asia. The results clearly
indicate that ignoring the paper substitution intpaould majorly underestimate the current
GHG balance of native forestry for the pulp-prodigciegions.



It is important to adopt a holistic perspectivahe analysis of the socio-economic impacts of
native forest management, as any potential chatmygsimary industry production models
may have significant implications for regional coommties. However in many of the existing
analysis of the GHG implications associated withdlause options the socio-economic
considerations are overlooked. The analysis highdighe importance of considering socio-
economic impacts in C policy considerations forigagl centres.

The current debate over the C costs and benefitsusfainably managed forests versus
management for conservation is overly simplistie tjuestion is not whether conservation or
harvesting produces a more beneficial GHG gas owtqer se because, although harvesting
typically produced a more beneficial GHG outcoméhi@ long-term, the outcome could be in
either direction depending upon the circumstanthe.question should rather be, under what
conditions and constraints can timber harvestinigerwintegrated across the landscape, be
optimised to produce the most favourable outcomes.

We demonstrated in this study that one of the wayfnhance the GHG outcome of
production forestry is via the increased use ofass for bioenergy. There are large volumes
of harvest slash and mill-based residues availédnleuse. The current business as usual
(BAU) scenario for forest harvest residues result@nmediate C release (via post-harvest
burns), or progressive C loss over time due torahtlecay. Similarly the current BAU for
much of the available wood-processing residueseatiyr used for low-value applications
such as mulch and animal bedding results in releba# the C within 1-3 years, with no net
GHG benefit. Thus there are significant opportesitior native forest biomass to play a much
larger role in the generation of renewable eneegpecially with the recent reinstatement of
native forest biomass as an eligible renewableggnsource under the Renewable Energy
Target (RET). There may also be opportunities eftiture for new projects to be supported
by a method under the Emissions Reduction Fund YEREt credits the fossil-fuel
displacement benefits of using biomass for eneigglacing the use of fossil fuels, against
the baseline of loss of C in the forest via burnomghatural decay. This would allow project
proponents to choose which scheme (RET or ERF)dvoelmost suitable for a given project.

Conclusions

Under the framework adopted in this study and aftersidering both BAU and a range of
alternative management scenarios, we concludedtlhieatelative differences in the GHG
balance of production and conservation scenariosiaowarrant policies that aim to halt
native forest management for wood production. Thereonsiderable room however for
improvement in the GHG outcomes of managing fodpobion, and the work highlights the
potential for further industry development that da@ coupled with an improved GHG
outcome, with multiple benefits. These opportusitemuld be realised in the forest, in the
processing of wood products and in diverting materio different uses at the end of the life
of wood products. The latter involve increased afskiomass for bioenergy, value-adding of
processing co-products and changes in waste maeageihe benefits associated with these
activities include:

* Reduction of wastage and increased returns viaevadiding of co-products

» Contribution to emission reductions and increaséains by potential participation in

national carbon abatement schemes (e.g. RET, ERF)
* Development of new industries, with flow-on berefid regional centres
» Contribution to energy security



Detailed summary of findings

Background context and study coverage

The potential role of forestry in mitigating clireathange, though substantial, has been
largely overlooked in Australian climate changei@ol As a result, the cost to society of
achieving emissions abatement objectives may isetekorestry can play many roles in
mitigating climate change, through maintaining ncreasing existing C reservoirs (C in
biomass, soil and harvested wood products (HWR))gdantify the climate change impacts
of forestry, we must consider the entire foresyistem: the C dynamics of the forest, the life
cycle of HWPs, and the substitution benefits ofnttkss and HWPs. These factors however
are sometimes ignored or treated in a simplistig imamuch of the available literature. This
omission results in an incomplete assessment dhtpkcations of native forest management
for wood production, and conclusions that may leéadthe promotion of native forest
management policy that favours management for ceasen outcomes only.

The study assessed changes in C in forests mamaggchber production and conservation,
taking into account the effects of disturbance\bar and fire), as well as C storage in HWPs,
the substitution effect (for both bioenergy and HA)VBnd a cost-benefit analysis. The study
sites included three paired sites (“production” domihservation”), with a known history of
disturbances (harvest, thinning and wildfire evenifie case studies covered one site on the
South Coast of NSW (near Eden), one site on theNwoidh Coast of NSW (near Wauchope)
and one site in the Central Highlands in Victoniadr Toolangi).

Summary of key findings
In the sections below we provide brief context &eg findings derived from the individual
components of the study.

» Forest biomass

The lack of directly weighed mature tree biomass major impediment for the development
of reliable estimates of C stocks in mature naforests. Available allometric equations for
key native forest species in Australia typicallylude trees with a limited DBH range,
skewed towards lower DBH classes. Without direat®yghed data of mature, large trees, the
uncertainty associated with the use of existingnaditric equations in the derivation of above-
ground biomass for mature forests is high. Thikigely because there is insufficient data
available to confidently account for the additiowatiability in the relationship between DBH
and biomass due to natural decay (creation of Wws)l@nd loss of limbs in mature trees.

In our study we individually weighed 583 trees,hndt range of DBH classes including large
mature trees. The mountain ash conservation sigenwaavailable for destructive sampling.
The breakdown of the biomass components is pres@mteigure 1 (proportions based on the
total biomass for the site rather than on an imllial tree basis). The proportion of biomass in
commercial logs from the “production” sites randeaim approximately 50% for the NSW
sites to 78% for mountain ash (Figure 1). There s¥gsificant variation in the proportion of
the above-ground biomass in the bark for the diffespecies — on a dry biomass basis, the
values ranged from 4% fdEucalyptus regnangmountain ash) to 7-8% foEucalpytus
pilularis (blackbutt) to a high of 11-15% fd&tucalyptus sieber{silvertop ash). Considering
that in native forest harvest operations the logsdabarked in situ, these figures have a direct
impact on the overall production log recoveriestha different species.

Vi



Figure 1. Proportion of the biomass allocated to harvestpmmnts for the key species from
the different case study sites

P A
30% 42% 41% 68% 13%
CommercialLog |  51% | a0% | 41w L 21% | 78%
15% L 11% | % | 8w 4%
[ [ | [ [
Stump 4% % 5% 3% 5%
Silvertop ash Silvertop ash Blackbutt Blackbutt Mountain ash
Production Conservation Production Conservation Production

Comparing the site-specific data with data for dtag tree volumes provided by the Forestry
Corporation of NSW based on inventory plots in thedor harvest” mature forest areas
showed that the NSW production study sites wergessmtative of silvertop ash and
blackbutt forests currently managed for productidable 1). The percentage breakup of the
production and residue components was also comlearsith the forecast figures. The
Victorian averages provided by VicForests are fmepmountain ash forests for average sized
coupes in Toolangi over the past 10 years, andr@adly in agreement with the production
site figures in terms of proportion of the prodantvolumes on site (Table 1).

Table 1. Production and residue volumes (excluding deadsjrdor all production sites
compared to state agency forecasts for similarsforgoes. Standard errors are shown in
parenthesis.

Volume of Volume of
commercial | commercial Residue Residue Total
logs logs volume volume Volume
Sites (m®/ ha) (%) (m®/ ha) (%) (m®/ ha)
Silvertop ash
production 157 55 128 45 285
FCNSW average 165 131 296
forecast a7 56 (20) 44 (23)
Blackbutt production 177 48 195 52 372
FCNSW average 199 169 368
forecast (15) 54 (13) 46 (22)
Mountain ash
production 1107 79 301 21 1407
VicForests Toolangi
average forecast 814 75 271 25 1085

The directly weighed biomass figures derived frdms tstudy were compared to biomass
estimates obtained by applying published biomassteans. Inclusion of large trees in the
datasets provided an opportunity to test the rotasst of existing equations in predicting
biomass for larger trees. For silvertop ash, thaiglied biomass equations, while reasonable
at predicting biomass in the lower DBH range, ostneated the biomass as the DBH
increased. For blackbutt, all of the equations uestenated both the biomass for trees
through the 40-70 cm DBH range and the total bianfasthe production site. The biomass
estimations for the blackbutt conservation siteenapre in line with the actual weighed data.
For mountain ash trees, an assessment was madeshitr-set of trees with DBH greater than

Vil



100 cm — out of the five equations tested, thremrestimated biomass to varying extent, one
underestimated biomass and one provided a godaor fihe data. Thus, biomass estimates of
mature native forest stands that are not basedirentlg-weighed biomass including trees
with the largest DBH range are generally not réiadnd tend to overestimate biomass.

* Development of allometric relationships
For the allometric equations developed from the&stdata, the impact of using DBH only
and DBH and tree height combined as the preditiomass parameters was tested. Inclusion
of height as a combined variable with DBH in thevelepment of the additive biomass
equations did not result in highef Bor the estimation of whole tree biomass — theseew
already high with the use of DBH only. Further waskrequired though to refine the model
specifications and parameter estimations from ¢wdys and to refine the handling of data
from plots that are spatially clustered — these mgyrove the correlations further.

» C storage in harvested wood products (HWP)
The case study regions varied considerably in tipatGways for the key HWPs produced. To
ensure that our analysis of the flow of C from floeest into HWPs reflected current
operations, we applied the regions harvest presmnip and their typical mix of extracted log
grades.

The availability of a pulp market for the regionaskey factor impacting on production log
recoveries. Pulp logs were a major component ofcthamercial logs extracted for both
silvertop ash and mountain ash forests. The rdtgutp logs to sawlogs (on a C basis) was
70/30 for silvertop ash, and 64/36 for mountain. a&tere was no difference between the
commercial log recoveries for blackbutt and fovesitop ash (59%) — however if there was a
pulp market in the mid-North coat of NSW, the prolon log recoveries for blackbutt would
have been considerably higher. For blackbutt, tilerae of sawlogs and poles combined was
53 t C/ ha. Mountain ash had the highest commere@very of all the species included in
this study.

Key uses of silvertop ash include decking, floorimgd structural/cladding products. For
blackbutt, there was a greater variety of HWPs pced, with key products including
electricity poles, flooring, decking, mining timiserstructural timbers and fencing. For
mountain ash, all low-quality sawlogs were procdsse#o pallets, with the high-quality
sawlogs being processed into a similar mix of HWPislackbutt.

The data used in this study for the determinatibthe physical C storage in HWPs (other
than paper products) was based on informationttireapplied by wood-processing facilities
and on the latest research findings on the dynamicthe decomposition of HWPs in
landfills. Long-term C storage for HWPs in Austaalis primarily imparted by the post-
service stage of the HWP life (i.e. typically sigean landfill). It is commonly assumed that
wood disposed of in landfills decays, generatinggdaquantities of methane; however,
research that has specifically targeted the behawd HWPs in landfills has demonstrated
that C in HWPs in landfills (other than paper prad)i can be considered to be stored for the
long-term, greatly extending the permanence pesfad in HWPs.

e Substitution impacts (bioenergy and HWP)
The fossil-fuel displacement factors associatedh wie use of biomass for bioenergy varied
according to assumptions on the use of the bion@s®Ed on current practice, forest biomass
was assumed to be used for co-firing with coal étectricity generation; and wood-
processing residues and end-of-life wood (as rel@yvavere assumed to be used either for
commercial applications (feedstock for boilers)imdomestic applications (firewood). The
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relevant emission factors for each of these utibsaoptions were included in the calculation
of the fossil-fuel displacement factors. Substimtiof residential electricity is by far the

option which generates the greatest substitutiorefite given the high emission-intensity of

coal production required to generate electricitie Tresults for the regions highlight the

significant opportunities that currently exist fioative forest biomass to play a much larger
role in the generation of renewable energy.

HWPs require comparatively lower fossil-fuel basedergy in their extraction and
manufacture compared to typically greenhouse-imtermmaterials such as bricks, aluminium
and concrete. The application of the net differelpe®veen the emission footprint for HWPs
and alternative products is expressed as a prosigstitution impact. The higher the
emission footprint of the alternative products tiglato HWPs, the higher the GHG “savings”
associated with the use of HWPs. In the calculatiothhe product substitution factors, region
and product-specific emission factors for the keydwood HWPs were derived. Key
alternative products were determined based on sixtermarket analysis. Replacement
markets were often comprised of wood or wood-deriweaterials, as the native hardwood
HWPs often occupy a niche; i.e. consumers who waulokt likely want a “wood”
replacement if they no longer had access to Auatralative forest HWPs. Even though the
native forest HWPs in most cases had significallyer emission factors compared to the
alternative products identified, the fact that digernative products were often also HWPs
reduced the product substitution impact (with tkeeption of imported hardwoods from SE
Asia and some engineered wood products (EWP)) (€igu This approach contrasts to how
product substitution is typically quantified, whepeoduct substitution is calculated as the
difference in the GHG emission footprint of HWPgstes the use of non-wood materials
only.

The substitution impacts on a hectare basis weverdfargely by the productivity of the site,
the relative efficiencies of biomass recovery ie forest, sawmill recoveries, the types of
HWPs produced and the displacement options for @astiuct. The weighted substitution
factors ranged from 0.2 t C emitted / t C in HWP rfmountain ash to 2.1t C emitted / t C in
HWP for silvertop ash. The high DF for silvertophadecking (main sawn product for
silvertop ash) can be explained largely by the Hakest loss emissions associated with the
significant proportion of native hardwood from SEsi& that was a likely displacement
product. However, given the comparatively low voturof sawlogs per hectare and low
sawmill recoveries, the overall product substitatimpact for silvertop ash on a hectare basis
(6.2t C / ha) was low compared to other specigs t(€/ha for mountain ash and 18.4 t C/ha
for blackbutt). The substitution impact, when basadmarket analyses of product usage in
different applications, represents a real mitigatioenefit, in the same way the use of
sustainably sourced biomass for bioenergy generawpresents real mitigation when it
displaces the use of fossil fuels.
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* Substitution impacts (paper products used for prgand writing)
There is a widespread perception that the GHG atitig benefits of the production and use
of paper products is limited given their typicadligort service lives. However, the key factor
to consider for the determination of the GHG bataraf paper products is product
substitution. In both the Central Highlands of ith and in Eden, the production of pulp
logs used in the manufacture of printing and wgitipaper is part of integrated harvest
operations, in forests that are considered to beaged according to international standards
for sustainability. Our analysis suggested thatkiéne alternative source of biomass for pulp
and paper production was deemed to be primarilgdonesia. This was based on analyses of
the current Australasian supply chain of paper pectg] use of the existing plantation
resource in Australia, the likelihood of the esigtithent of large scale new plantations, and
the current supply of pulpwood from Asia, Pulp gmaper production is one of the key
industries identified as a driver for deforestatadmprimary forest, forest degradation and loss
of peatlands in SE Asia. It is a reality that papelt continue to need to be produced
somewhere into the foreseeable future, especiallgngthe increasing paper consumption
forecasts for developing countries such as Indéh@hina. If native forest biomass currently
sourced from the Central Highlands of Victoria a@noim Eden was no longer available,
logically this would add further pressure to thgrdeled and depleted forest areas in areas of
Asia with comparatively lower standards of forestrmragement.

There is considerable uncertainty about the madeinf the product substitution factor for
paper; thus, every effort was made to ensure tretihderlying parameters required for the
calculation were conservative. The calculated Weid emission factor for pulp and paper
produced in Indonesia ranged from 5.5 to 7.7 &t C /in pulp logs. The high volume of pulp
logs extracted from the Eden and Central Highlasigs, and the high calculated substitution
factor for pulp logs resulted in a large substiimtimpact on a hectare basis. The calculated
product substitution impact for pulp productionnfreilvertop ash ranged from 184 t C/ha
(peatlands drained) to 252 t C/ha (peatlands hurot) mountain ash, the figures were much
higher, ranging from 1010 t C/ha (peatlands drgined1384 t C/ha (peatlands burnt).
Ignoring this impact would majorly underestimate tlurrent GHG balance of native forestry
in those regions.

« Key C pathways (after one harvest event)

In Figures 3-5 we summarise the key pathways fer @hfrom the forests managed for
production. The results highlight the diverse nataf the industry in the different regions.
Current use of biomass for energy is low in allioeg, and the potential for this market is
obvious given the existing levels of biomass the¢ anderutilised in all regions. The
proportion of C in long-lived HWPs is greatest bdackbutt, and landfill currently represents
the main disposal option for those products (with éxception of pallets in Victoria). Paper
accounts for approximately 25% and 34% of the t@ain the forest-HWP system for
silvertop ash and mountain ash forests (Figurasd4sj.
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Figure 3. C flows for blackbutt forests managed for produrti
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Figure 4. C flows for silvertop ash forests managed for picigbn
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Figure 5. C flows for mountain ash forests managed for pectidn
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* ForestHWP — development and verification

The parameters described above were used in a navelnjForestHWP”) developed to
undertake the required integrative analyses (FigreComprehensive accounting of the
whole-of-life GHG balance of production forests uggs explicit inclusion of processes and
parameters that span the entire foresttHWP systdrma.development of a new modelling
framework can be designed ‘bottom-up’ to ensuré gllacomponents of the forest-HWP
system are included. This is particularly imporfeag much of the controversy in recently
published research seeking to quantify the full Gbkance of the harvested forest system
stems from different studies differentially incladiexcluding a number of these key
processes. Other advantages include the abilithéxk calculations to ensure they conform
to mass-balance principles, and also the flexybtiit develop a range of scenarios, and to
include a range of potential non-traditional postvest pathways such as the utilisation of
processing residues for bioenergy, and the caloalaf wood product substitution impacts.

Prior to this study, the most comprehensive assassof the GHG implications of native
forest management in Australia was described inekies et al (2012). In that study, the
assessment of C flows as a result of native farestagement was derived from modelled
estimates of the GHG balance of two key nativedbaeeas managed for production in New
South Wales for a period of 200 years. The primatdsktop approach in that study differed
fundamentally from the one adopted here, wherenskte data from intensively measured
plots were used to extrapolate to wider sub-rediareas. The selected sites were then used
as the benchmark against which the long-term C miyesin the forest and HWPs were
modelled using Forest HWP.
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Figure 6. ForestHWP software interface.
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* ForestHWP — modelling of long-ter@dynamics from the study sites
Whilst site-based runs are useful for investigatimg temporal dynamics of C in response to
e.g. fire and harvesting, it makes comparison acsbsdies difficult, as the C stocks at any
given time are a function of the time since lastutbance, and of the overall disturbance
regime. To account for this, a number of replicsites that differed only in the timing of
disturbance were run, and the average outcomestitose runs is used to allow comparison.
This has the effect of averaging over the distucbainduced fluctuations, thus standardising
for the effects of differences in disturbance regiamd allowing comparisons across scenarios
to be made. For all simulations, 2000 replicatesrwere used to quantify the overall scenario
outcomes. Scenario results were reported for tadigied C at years 50 and 100, and at year
1000 to provide an estimate of the long term awer@glrA) behaviour. For the LTA
behaviour, the biofuel offsets, product substitutieenefits and the landfill C stocks were set
to zero at year 800, and thus the values for tlygsmtities reported for LTA represents
accumulation of benefits over a 200 year timeframso, for the LTA behaviour, the C
stocks were calculated as the average over thie2dtayears of the simulation.

A number of scenarios were considered for modellvith ForestHWP (Table 2). The
scenarios were selected based on their likelihddeeimg implemented in the future. Two of
the scenarios can be considered ‘reference’ oellves; they are the conservation scenario,
where the calibrated models are run with wildfirg vithout harvesting, and business as
usual (‘BAU’) where both harvesting and fire arecluded, and where the harvesting
parameters are those specific to each case sthdye Bre eight other scenarios that were also
applied to each of the case studies, plus a nupfterenarios that were specific to each case
study. Of the eight shared scenarios, one expltdredpotential impacts of moving some
processing waste and products that had reachednthef their service life into residential
bioenergy (Table 2, Scenario 3). There were thceaarios that sought to maximise product
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recovery (i.e. increased use of processing wastenerate long-lived products), landfill and
biofuel benefits (Table 2, Scenarios 4-6, respebtjv Finally, four scenarios were designed
to investigate the implication of increasing theidence of fire (two levels), applied to
Scenarios 1 and 2 (Table 2, Scenarios 7-10). Thaximise landfill” scenario only considers
long-term C storage in HWPs other than paper prisddde rationale for the scenarios that
aimed to “maximise landfill” and “maximise bioengtgwas based on the fact that the
“maximise landfill” scenario in effect maximisesysical C storage as an outcome, whereas
the “maximise bioenergy” scenario maximises the €ndbit by virtue of fossil-fuel
displacement. Thus, the “maximise landfill’ sceparis independent of fossil-fuel
displacement assumptions, whereas the impactsiassbavith the “maximise bioenergy”
scenario are highly dependent on the types oflfasdidisplaced.

Across all scenarios there is variability over tingt 100 years of the simulation; for example
in the Victoria case study there is a tendencyCfatocks to initially increase, reaching a peak
at approximately year 100, before declining agdims pattern reflects the non-equilibrium
starting point of the simulations, and in this c&sa function of the fire and management
histories of the sites post-1939. To exclude swahsient dynamics from the comparisons,
and thus to ensure that the differences acrossstadees can be attributed solely to changes
in simulated management regime, comparisons amamgstase studies were therefore made
based on the LTA summaries.

The accrued GHG benefits were greatest for mouratsim and slightly higher for silvertop
ash compared to the conservation scenario. In ¢exhbs this benefit was driven primarily by
the substitution factor for pulp. For blackbutte tBAU production scenario resulted in
approximately 12% lower GHG benefit compared to“tenservation scenario; however the
BAU harvesting scenario is affected by the curedygence of a market for pulpwood and the
delay in the introduction of a bioenergy market thuait resource. The expectation is that this
change will take place in the short to medium temesulting in BAU scenarios closer to the
“50% of forest residue to bioenergy” or “50% ofdst residue to pulp” scenarios.

For the pulp-producing areas, a change from pubpdymtion to energy generation resulted in
a significant reduction in the GHG benefit, duethie very high product substitution impact
associated with paper products. In general, stegedtat a) involve increased utilisation of
biomass for bioenergy production (without displacpulp), b) extend the longevity of C in

HWPs (by changing production from short-lived produto medium or long-lived products

and by storage in landfills) and c) generally miilsenwaste, will all contribute to a greater net
C benefit for all systems studied. This suggestseths considerable room to improve the
GHG benefits associated with managing forests fodyction.

In some cases, changes to the way individual ptsdare treated can have a major impact on
the overall GHG balance. For example, favouringgiaduction of electricity poles over the
extraction of sawlogs in the North Coast of NSWuhessin a net C benefit over the long term
equivalent to approximately 70% of the long-ternerage above-ground C stocks for the
blackbutt production forests.
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Table 2. Summary of the scenarios used in ForestHWP

Scenario

| Description

Scenarios common to

all three case studies

1 | Conservation Wildfire included but no harvesting.
2 | BAU (Business as | Wildfire included and harvesting as per the obsg¢®duct recoveries,
Usual) waste losses, bioenergy usage etc.
3 | EoL products and | At the end of service life (EoL) all available prad is utilised for residentia
waste to bioenergy | bioenergy, and 70% of dry and green processingenasitilised for
residential bioenergy.
4 | Maximise product | 70% of dry and green processing waste re-utilise@dditional dry product
recovery An example would be use of residues to produceneeged wood products
5 | Maximise landfill At the end of service life aVailable product is sent to landfill, 70% of dry
and green processing waste re-utilised for additidry product (which
eventually ends up in landfill)
6 | Maximise bioenergy| At the end of service lifealhilable product and 100% of dry and green
processing waste is utilised for residential biogpe
7 | Fire x 1.25 (Consv) | Average fire return time decreased by 0.8 (=1/1.25)
8 | Fire x 1.5 (Consv) | Average fire return time decreased by 0.667 (=}/1.5
9 | Fire x 1.25 (BAU) | Average fire return time in the BaU scenario deseeeby 0.8 (=1/1.25)
10 | Fire x 1.5 (BAU) Average fire return time in the BaU scenario deseeaby 0.667 (=1/1.5)
Victorian case study
scenarios
11 | 30% forest residue t030% of forest residues left on site utilised foffcong with coal for
bioenergy electricity generation
12 | 50% pulp to 50% of the material removed from the forest forppslinstead utilised for
bioenergy residential bioenergy.
13 | 100% pulp to 100% of the material removed from the forest fdpps instead utilised for
bioenergy residential bioenergy.
14 | EoL pallets to At the end of service life all pallets (=green) seat to landfill.
landfill
15 | EoL pallets to At the end of service life all pallets (=green) atgised for bioenergy.
bioenergy
NSW North Coast case study scenarios
16 | 50% forest residue 1050% of forest residues left on site utilised foffiting with coal for
bioenergy electricity generation
17 | 50% forest residue 1050% of forest residues left on site utilised folpu
pulp
18 | Increase product to | The regional product mix used in the simulatione@aced by the product
poles mix as observed at the coupe-level, which incrediseproportion of pole
manufacture over 6x.
19 | NSW South Coast case study scenarios
20 | 30% forest residue 1030% of forest residues left on site utilised forfiting with coal for
bioenergy electricity generation
21 | 50% pulp to 50% of the material removed from the forest fomppislinstead utilised for
bioenergy residential bioenergy.
22 | 100% pulp to 100% of the material removed from the forest fdpps instead utilised for
bioenergy residential bioenergy.
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In Table 3 the LTA C values for the BAU and changehagement scenarios are listed.

Table 3. Comparison of the implications of changed managemnwith the BAU scenarios.
The BAU value is the LTA total C values. The val@i@stheChanged management scenarios
are the differences between each scenario and Baweédting (in t C/ha), and the % change
(in parentheses). Red values indicate declinetivelto BAU.

Victoria
Central North Coast  South Coast
Highlands Blackbutt Silvertop Ash
BAU Conservation (tC/ha) 522.8 247.5 276.7
BAU Harvesting (tC/ha) 835.2 218.5 288.4
Management Scenarios
(difference from BAU
Harvesting)
30% of forest residue to 10.3 NA 17.0
bioenergy (1.2) (5.9
50% of forest residue to NA 38.4 NA
bioenergy (17.6)
50% of forest residue to pulp NA 104.7 NA
(47.9)
50% pulp to bioenergy -144.1 NA -32.8
(-17.3) (-11.4)
100% pulp to bioenergy -274.6 NA -65.7
(-32.9) (-22.8)
All end-of-life products, and 23.7 25.9 9.1
all
processing waste to (2.8) (11.9) (3.2)
bioenergy
Max product to bioenergy 32.9 61.1 12.8
(3.9) (28.0) (4.4)
End of service life pallet 10.9 NA NA
mulch to bioenergy (1.3)
Waste to product (Max 13.0 63.0 29.6
product)
(1.6) (28.8) (10.3)
Max product to landfill 40.0 64.1 30.6
(4.8) (29.3) (10.6)
End of service life pallet 18.3 NA NA
mulch to landfill (2.2)
Adopt site product spread to NA 67.9 NA
yield a greater % of poles (31.2)
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Considerations on disposal options for HWPs atecatifor the analyses of the GHG balance
of native forest management. Long-term C storagdWPs in Australia is largely driven by
the C storage that happens in landfitlawever, the overall GHG impact will be beneficial
whether the product is recycled into another Iaagel application (e.g. old floorboards used
in recycled furniture), landfilled or burnt to prack energy. In fact, the emission abatement
created by diverting wood waste from landfill toeegy generation facilities (resulting in
fossil fuel displacement) can be higher than if pheduct is placed in landfill, depending on
whether/which fossil fuels are displaced. The redaGHG benefits of energy generation and
landfilling will depend primarily on the energy fite of the region. For example, if the HWP
was used in Tasmania, where the energy used ismpiadntly hydro—based (and thus with a
low emission profile), landfilling may be preferabfrom a GHG perspective. In Victoria
however, the predominance of brown coal for enggyeration would suggest potentially a
more beneficial outcome if the HWP was used forgyn@eneration. It is important to note
that landfilling results in actual physical storageC for the long-term, guaranteeing that the
C will not be emitted. The net benefits of bioeneggneration as noted above will depend
primarily on the alternative energy sources forgheicular region.

There are, unsurprisingly, a number of caveats andertainties associated with the
modelling approach taken here. These arise fronsitmglifications that are required when
translating the complexity of the harvested foregstem into a relatively simple set of
mathematical equations. Potential sources of uaicgytinclude the values of parameters that
define the stocks and fluxes of carbon, as welhasexclusion of processes that impact on
forest growth and structure, such as the impactiofite change. The overall implications of
these uncertainties on the conclusions remainsayknhowever the analyses as presented
reflect the impacts of different management optiassased on the best available data, and
although introduction of more complex uncertainbalgses would likely show some of the
options to be statistically equivalent in their @unes, their relative rankings and magnitudes
when compared against the BAU scenario would n@&Xpected to change.

* Socio-economic impacts

In addition to determining the physical dynamics @fflows in forests and HWPs, it is
important to consider the socio-economic implicagiof native forest management, as any
changes to existing primary industry production glednay have considerable implications
for regional economies. Socio-economic considenatiare often overlooked in discussions
around the GHG implications of land management. R&W native forests the socio-
economic benefits of management for timber produactivere higher than those of
management for conservation only, with the Statee$te on the mid North Coast of NSW
generating more socio-economic value than thoseden. The calculated cost (economic
impact) of converting production forests to consginn-only forests for Eden was $64M and
the loss to the regional economy was $308M. For rfid-north coast, the calculated
economic impact of transition was $540M and tha losthe regional economy was $3.36B.
Transitioning to management for conservation omguired a sharp decline in regional
employment in both regions.

It has been argued that managing forests for ceasen only will provide C benefits, which
may be associated with a monetary value. It is maod to understand how this hypothetical
value may be considered against the impacts ofcredguor stopping production on the
primary and secondary market chains associated twéhproduction of HWPs from native
forests. Valuation of the carbon abatement bendditgive to business as usual (BAU) were
derived using a 65-year modelling period and a ($%0/tCO2-e), medium ($20/tC0O2-e), and
high ($30/tCO2-e) carbon price.
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Assuming a carbon credit was available for avoi@edissions by stopping harvest we
calculated that a carbon price of $233 per #€@excluding transition costs) was required to
support the conservation scenario on the northtcotes At the Eden site the conservation
scenario generated less carbon abatement than BAWJaavalue was lost (rather than gained)
when carbon was priced.

When industry value-added benefits (based on BA) earbon abatement benefits were
added together, the production management scerggiterated much higher values than the
conservation management scenarios. This resultindependent of the carbon price (low,

medium or high).

Conclusions

The overall conclusion of this study is that th&atiee differences in the GHG balance of
native forests managed for “production” or “consgion” only do not warrant policies that
aim to halt native forest management for wood petidan. In addition to timber production
objectives, management of production forests in ghely regions also incorporates non-
production considerations. These include retergfoecological values, wildfire management,
positive socio-economic implications for the regipgeneration of revenue to support trained
fire-fighting crews and maintenance of roading re#&s required for quick access to fire
fronts.

There is considerable room however for improvemernthe GHG outcomes, and the work
highlights the potential for further industry deweient that can be coupled with an
improved GHG outcome, with multiple benefits. Thegportunities, are present at the forest,
processing and disposal levels, and involve primparcreased use of biomass for bioenergy,
value-adding of processing co-products and chamgesaste management. The benefits
associated with these activities include:

* Reduction of wastage and increased returns viaevadiding of co-products

» Contribution to emission reductions and increastarns by potential participation in

the Emissions Reduction Fund
* Development of new industries, with flow-on berefi regional centres
» Contribution to energy security
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Introduction

The potential role of forestry in mitigating clineathange, though substantial, has been largely
overlooked in Australian climate change policy. &gesult, the cost to society of achieving
greenhouse gas (GHG) emissions abatement objectiagsincrease. Forestry can play many
roles in mitigating climate change, through maimtag or increasing existing C (C) reservoirs,
(C in biomass, soil and harvested wood products PHWTo quantify the climate change
impacts of forestry, we must consider the entirestry system: the C dynamics of the forest,
the life cycle of HWPs, and the substitution betsedif biomass and HWPs (Figure 1). When we
guantify the potential implications from changingrdst management, we must, similarly,
consider the system as a whole, including impaessilting from indirect land use change and
product substitution, and disturbance events. Thismportant, as much of the controversy in
recently published research seeking to quantifyftleGHG balance of the harvested forest
system stems from different studies differentiatigluding/excluding a number of these key
processes. Consideration of socio-economic imps@tiso important.

According to the Australia’s State of the Foresep&t (ABARES 2013), the total area of
Australia’s native forest both available and su#éaflor commercial wood production was 36.6
million hectares in 2010-11. This includes 7.5 imillhectares of public native forests and 29.1
million hectares of leasehold and private tenuredts both potentially available and suitable for
commercial wood production. New South Wales andtdvia combined account for
approximately half the total area of multiple-useekts available for harvest in Australia. When
harvest restrictions required to maintain non-weatlies are taken into account, the net area
available and suitable for harvest in multiple-psélic native forest (the net harvestable area) is
5.5 million hectares. The area of multiple-use publative forest harvested in Australia in
2010-11 was 79 thousand hectares (approximatety dbfthe net harvestable area). The main
types of logs harvested form Australia’s nativeekis are sawlogs and pulplogs. Other products
such as poles used for electricity transmissionda@endent on suitability of the species, and
market demand.

There are limited reliable datasets describingaheve ground biomass of mature Australian
native hardwood forests. Roxburghal (2006) determined the C stocks of 17 sites preshou
subjected to varying degrees of harvest on thehsmadast of NSW (Kioloa area) by field survey
measurements, with a mean of 214 tonnes above-grGlhma (excluding coarse woody debris).
A study conducted in a similar area (Ximemrésl 2005) and based on direct biomass weighing
demonstrated that a mature high quality eucalypgsfoon the south coast of NSW contained
around 200 tonnes above-ground C/ha. The lackretily weighed mature tree biomass is a
major impediment for the development of reliablgneates of C stocks in mature native forests.
Typically available allometric equations for ketina forest species are limited by the DBH of
the trees that may have been included in the dprmedat of the equation. Without directly
weighed data of large, mature trees, the levelooffidence associated with applying existing
allometric equations in the derivation of abovetgrd mature forest biomass is limited.

There are significant differences in the scope oblighed studies that have attempted to
guantify the GHG implications of native forest mgaement (e.g. Deagt al 2012; Ximene®t al
2012; Keithet al 2014). Omission of key components of the C cyslenanaged native forests
has potentially significant implications in the ctusions drawn. A definitive quantification of
the impacts of harvesting, or of the potential cese to the removal of a management activity,
cannot be made without full accounting of the Cngaand losses associated with disturbance
events such as harvesting activity, measured againsckground of natural variability.
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Figure 1. Typical C flows of native hardwood HWPs.
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There is also limited information on the long-tepimysical C storage associated with HWPs,
and their substitution impacts. It is commonly ased that physical C storage in HWPs is
limited to the period in which they are in serviemwever, the fate of the products after they
reach the end of their useful service lives isaaitin the determination of long-term storage
levels, depending on whether the product is redycte-used or disposed of in landfills
(Ximeneset al2012).

HWPs typically require comparatively low fossil-fusased energy in their extraction and
manufacture compared to greenhouse-intensive raketich as aluminium and concrete. In
their meta-analysis of twenty-one European and INArherican studies, Sathre and
O’Connor (2008) suggest that on average, for eachet of C in wood products substituted
for non-wood products, a GHG reduction of 2.1 taoé C is achieved. Similarly, it is
important to account for the GHG benefits of the aEbiomass for energy that displaces the
use of fossil fuels, as the values can be sigmifi¢a.g. Ximenegt al2012).

There is a widespread perception that the GHG atitig benefits of the production and use
of paper products is limited given their typicadlyort service lives. Whilst this may be true if
only the pool of paper products in service is coded, the product substitution impacts
associated with the use of paper products manugttirom native forest biomass in
Australia may be significant when the main altereaproduct is pulp from deforested or
degraded areas in SE Asia. Tropical deforestattgsrare still high, and the pulp and paper
industry is identified as one of the drivers fofdtg. Lawsoret al2014; Perssoat al2014).

In addition to determining the physical dynamics®fflows in forests and HWPs, it is
important to consider the socio-economic implicasioof native forest management. Any
changes to existing primary industry production eiednay have profound implications for
regional economies. It is important to adopt adtiperspective in the analysis of the socio-
economic impacts of native forest management. dtlieeen argued that managing forests for
conservation only will provide C benefits, which yrize associated with a monetary value. It
is important to understand how this hypotheticdli@anay be considered against the impacts
of reducing or stopping production of HWPs from ivetforests on the primary and
secondary market chains associated with that ptimauc

This is the first assessment of the GHG balanceatif’e forest production in Australia that
considers all the key relevant elements of the ecyn native forests and HWPs, plus a cost-
benefit analysis that includes socio-economic amrsitions and C pricing implications. This
project is a collaboration between the NSW Depantnoé Primary Industries (NSW DPI),
Forestry Corporation of NSW (FCNSW), VicForests, IRS, Victorian Department of
Sustainability and Environment (DSE) and the Audstna Forest Products Association
(AFPA). The key aim was to determine C stocks dnxiek in dry sclerophyll forests in SE
Australia (NSW and VIC), assessing changes in @riasts managed for production and
conservation only, taking into account the effesftharvest, as well as C storage in HWPs
and the substitution effect.

The native forest areas in NSW and VIC include@¢hpaired sites (with each pair including
a site that managed for production and the othén wiinimal or no management history),
and with a known history of disturbances (harvéshnings, prescribed burning and wildfire
events). The case studies covered one area orotlie Goast of NSW (near Eden), one area
on the mid-North Coast of NSW (near Wauchope) amel area in the Central Highlands in
Victoria (near Toolangi). A complete accounting important, as much of the debate
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regarding GHG balances in forests subject to héngsystem stems from different studies
including or excluding a number of these key elemdrom their accounting system, and
from the indiscriminate application of default vaduin the analyses.

For each site, the following parameters were deezlo

1) Total above-ground biomass using a biomass-weigtnailgr

This component of the project applied the methoglplased in previous research (Ximenes
et al 2005). Key components of that methodology inclutteziselection of a representative
area (approximately 0.5 ha), with all trees indiatly identified, numbered and measured
(DBH and height). Trees and tree components wede/idually weighed on a biomass-
weighing trailer (with the exception of the conssion site at the Central Highlands), and
samples of various biomass fractions obtained terngene the moisture and density of the
various tree species. These analyses were coupledhe results of analysis conducted for
the Federal Department of Environment on the coasedy debris and litter levels of the
same forest types.

The site-specific forest and commercial log biomealsies, while very accurate, were not
replicated and so a comparison of typical valuessimilar forest types was conducted to
ensure that the values were within the typical eafy those forests. In order to mirror

harvest prescriptions applied in harvest operationsach relevant region, we adjusted the
figures to exclude retained trees. The productwas also adjusted to reflect the typical mix
of commercial logs for each region, in consultatwith the FCNSW and VicForests. The

adjusted biomass values and product mix were uséldei modelling simulations described

below to ensure they were regionally relevant.

2) Site-specific allometric relationships for key spec

This component of the project involved the develeptrand refinement of height-diameter
and diameter equations for key native forests ggeici NSW and VIC, which are not well
represented in the existing allometric equatioms&dive species in the study areas.

3) Long-term C storage and product substitution eféssiociated with the use of HWPs
C storage in HWPs was determined for the specifadyct types from each region as
required. This took into consideration biomass #anto the various log products, the mix of
the various green and dry and dressed HWPs produncéde various wood-processing
facilities, generation of residue and their respectises, use and disposal of HWPs. Final
determination of long-term C storage in the variel&Ps was primarily a function of the
disposal pathway for each individual product.

The GHG substitution impacts of the use of HWPsnftbe study regions were determined
using market-based information and relevant lifeleyemission data. This took into account
the likely substitution scenario for HWPs for egehbduct region (e.g. if native forest harvest
was no longer carried out in the mid-north coasN&W, what would be the most likely

product substitution scenarios for blackbutt fldmvards, and what would be the GHG
implications of such scenarios?).

4) Product substitution impacts for paper products

The product substitution impacts for paper producten the case study regions was
determined based on analyses of the use of thepgsathuced, and a market analysis of the
likely replacement scenarios. The GHG balance tfaetion of pulp logs to produce the
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alternative paper products was based on publisaed bh the calculation of these factors, we

only accounted for emissions associated with foremhagement. The emissions associated
with the manufacture of the paper at the mill wassumed equal in all scenarios. The

substitution factor for pulp logs was calculatedfss difference in forest management GHG

emissions between our case study sites and in 8 As

5) Development and validation of the ForasPimodel
Comprehensive accounting of the whole-of-life GH&ance of production forests requires
explicit inclusion of processes and parametersgpan the entire forest — HWP system. This
includes:
* forest growth/decay processes and natural diahaé,
* the impacts of harvesting on the forest system,
* accounting for HWPs and their fate, which regsitiee inclusion of:
- any emissions related to harvesting, transpattpaocessing,
- any fossil-fuel displacement benefits from the a§biomass to generate energy,
- the substitution of wood products for non-wooktadatives.

FullCAM is the model used by the Australian Goveemito construct Australia’s national

GHG emissions accounts for the land sector. Thgirai intention was to use FullCAM to

model the data from the case studies; howeverseckxamination of the current version of
FullCAM suggested that its capabilities were nagaildfor the comprehensive accounting
supported by the data developed in this study. Tegelopment of a new model

(ForestHWP) is described in detail in Section 5.

6) Modelling the C balance and scenario modelling ggtorestHWP

The main aim of this component of the work wastegrate field data and other components
from the project’s case studies into a modelliragrfework capable of including all of the key
processes and parameters associated with the-févéBt system (ForestHWP); in order to
provide the capacity to develop comprehensive, -tengn GHG accounts for these native
production forests, and to use the modelling franréwo explore current and potential
future harvesting and HWP scenarios.

7) Socio-economic impacts

The socio economic implications of managing thed$ts represented in the case studies for
production or conservation purposes alone wereshyated. Key considerations included
costs of managing the land, impacts on both daeadt indirect employment and net present
value. These values were aggregated, and applidet¢omine what the C value would need
to be to make managing for conservation a moreadite proposition from an economic
perspective than managing for production.

The findings from this project will assist the ferandustry to understand climate change
policy development that affects its future, andvpmte guidance on the implications of

changes in how the forests and derived HWPs arerdly managed on the GHG mitigation

credentials of the forest industry, thereby redgcisks and maximising the opportunities for
the industry.



Part 1. Total above-ground biomass

Fabiano Ximenes, Michael Maclean, Dave SargeartteBea Coburn, Matthew Mo (NSW
DPI); Michael Ryan (VicForests); Justin Williamsqfestry Corporation of NSW); Ken Boer
(previously FCNSW)

In this section we present the results of the w@it@lve-ground biomass determinations for the
three regions include in the study. This work fottims basis for the analysis presented in the
subsequent sections of the report.

1.1 Section summary

» Three paired sites of approximately 0.5 ha eaclewetected for the study, with each
pair including a site that had been managed fodyrtion and the other with minimal or
no management history. The study sites were logatéden (NSW), mid-North Coast of
NSW (near Wauchope) and he Central Highlands inoviec (near Toolangi).

» All trees with DBH greater than 10 cm were indivadly weighed on a biomass-weighing
trailer (with the exception of the conservatioresat the Central Highlands). The weight
of commercial logs and different residue fractionas determined. Above-ground
biomass (AGB) was derived after moisture content@ensity determinations.

* Key findings:

o Stand density was typically lower and the basah agpically greater for the
conservation sites. The silvertop ash productite lsad the lowest stand density,
basal area and average tree height of all the ptimfusites.

o0 The production sites were representative of manageertop ash, blackbutt and
mountain ash forests, based on a comparison widtést standing tree volumes
provided by the State Forest management agencisidar sites.

o There was significant variation in the proportidntloe AGB in the bark for the
different species; the values ranged from 4% forumt@n ash, 7-8% for
blackbutt, to 11-15% for silvertop ash.

o The moisture content and basic density of the wigpatally decreased from the
stump to the crown for all species.

o0 The biomass in the NSW conservation sites was fgigntly higher than that of
the NSW production sites. The mountain ash prodoite had nearly double the
biomass of all the other sites reflecting the tpgbductivity of mountain ash.

o0 The proportion of biomass in commercial logs frdma tproduction” sites ranged
from approximately 50% for the NSW sites to 78%rfauntain ash.

o0 The biomass estimates from the study sites, althaug@ few instances consistent
with published values for similar forest types, igdr considerably with most
published values.



o Comparison of the directly weighed data with erigtbiomass equations revealed
that biomass estimates of mature native forestdstghat are not based on
directly-weighed biomass and that include treetagje DBH are generally not
reliable.

1.2 Methods

The following section includes a description of teheidy sites harvested (Figure 1.1),
preliminary total fresh biomass results and anyamslof the production logs obtained. The
sites were selected in consultation with local $tees to ensure they were representative of
the overall forest stands in the region. The reprgiveness of the sites was tested again
after the biomass determinations by comparisonk waif-regional values provided by the
relevant State agencies responsible for managitigen@mrests for production. In Table 1.1
key descriptive information is summarised.

Figure 1.1 Location of study sites
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Table 1.1Site information

Mean No.
Plot

: . Stand age : : annual | trees

Site Location (circa) dimensions rainfall in
and area
(mm) plot

Silvertop ash 55S 737919E 100.3m x 46.8m
production 5886641N 1950 (0.47 ha) 1000 103

. 1950-60;
Silvertop ash 55S 739065E 200-250 101m x 47.5m 1000 80
conservation 5885619N years* (0.48 ha)

. 56S 445400F 108m x 46.5m
Blackbutt production 6544700N 1950 (0.5 ha) 1283 153
1920-30;
. | 56S 482200F ' 80m x 60m

Blackbutt conservation 6501500N yzi?g* (0.48 ha) 1548 128
Mountain ash 55S 371474E 100m x 53m
production 5845308N | 1999 053ha) | 1372 | 122
Mountain ash 55S 368757H 100m x 50.5m
conservation 5847893N | 190506 0.5 ha 1372 9

* Multi aged stand

1.2.1 NSW South Coast — Eden — Silvertop ash

Paired production and conservation sites were t®eleto represent “conservation” and
“production” scenarios (more details below). ThegdhNSW south coast biomass sites were

located at Yambulla State Forest, approximateli®@Gouth west of Eden (Figure 1.2).

Figure 1.2.Location of the silvertop ash sites
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Silvertop ash production site

The silvertop ash production site was located ozlaively level area, on sandy soil, situated
on the south side of Black Range Rd, with moststieeing regrowth from approximately
1950. The dominant species was silvertop &lrcélyptus siebeyiwith occasional yellow
stringybark Eucalyptus muellerana river peppermint Eucalyptus elata messmate
(Eucalyptus obligupand narrow leaf pepperminEgcalyptus radiata Shrub cover was
dominated by saw banksiBgnksia serratpand wattle Acacia spp, while groundcover
was sparse to moderately covered with ferns andsgsa There was evidence of past
bushfires and logging. The site was in a compartrseheduled for harvest as part of the
Forestry Corporation of NSW (FCNSW) Eden logging@ions.

Silvertop ash conservation site

The silvertop ash conservation site (Figure 1.2% Vegated on the upper slope of a north-
western facing rocky ridgetop off Skink Rd. Theestbntained a number of mature trees with
DBH >100cm. The forest was dominated by silverteb, avith occasional river peppermint

and messmate. Shrub cover was dominated\dncia sp. and groundcover by ferns. The
forest was 200-250+yrs for the older/dominant cohad 60-70yrs for the second cohort.

1.2.2 NSW North Coast — Wauchope - Blackbutt

Blackbutt production site

The blackbutt production site was located on alsadst facing slope, in a harvest area at
the end of Mcmillians Rd in Mt Boss State Foresg(Fe 1.3). Most trees were regrowth
from approximately 1950’s. The dominant species hlaskbutt Eucalyptus pilulari¥ with
occasional tallowwoodHucalyptus microcorysand Sydney blue guni(calyptus salignga

The mid-storey was dominated b@asuarina spp. wattle and rainforest species.
Groundcover was a medium to heavy cover with varesgrasses. There was some evidence
of past bushfires and logging with many large stsrmpd charred logging slash present. The
site was in a compartment which was scheduleddordst as part of FCNSW Central region
logging operations.

Blackbutt conservation site

The blackbutt conservation site was located orval lIsandy area 5km north of the village of
North Haven (Figure 1.4) in a compartment which wapgroved for harvest as part of private
native forest logging operations with the Bunyalt&loAboriginal Lands Council. The stand
showed little sign of past forest management. Tovmidant species was blackbutt (, with
bloodwood Corymbia gummifenaand tallowwood also commonly present. Shrub coves
dominated by saw banksia and corkwoddll§oisia myoporoidgs Groundcover was a
medium to heavy cover with ferns and grasses. Aljhothere was evidence of past
bushfires, the site had not been burnt recenthyak a multi-aged stand, the large bloodwood
and blackbutt trees were >200 years old, and th#080cm blackbutt probably circa 1920-
30s.



Figure 1.3.Location of the blackbutt production site
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1.2.3. Victoria Central Highlands — Toolangi — Moutain ash
Mountain ash production site

The mountain ash production site was located atahgp State Forest, approximately 15 km
north of Healesville, Victoria (Figure 1.5). The umtain ash “production” site was located
on an east facing slope, in a harvest area off (H@réek Rd, with most trees being regrowth
from the large 1939 fire. The dominant species masntain ashEucalyptus regnanswith

a sub canopy of silver wattlé&¢acia dealbatp hickory wattle Acacia obliquinervia and
mountain pepperT@smannia lanceolaja Shrub cover was dominated Bprrea spp and
tree ferns. Groundcover was light with a heavy tulayer around live trees. The site
presented little evidence of past bushfires po881%here was evidence of past logging with
a few small rotten stumps from a thinning eventhim 1960s. The site was in a compartment
which was scheduled for harvest as part of VicRsregging operations.

Figure 1.5. Location of the mountain ash production and coreg@n sites, as well as the
site where additional large trees were weighed
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Mountain ash conservation site

It was not possible to directly weigh biomass frarsignificantly older mountain ash site for
use as the “conservation” scenario, as old growthuntain ash is rare in the Central
Highlands of Victoria. An alternative approach wa#iowed, where a 0.5 ha plot was
established adjacent to the “Gun Barrel “coupe chvltiontained a number of trees with DBH
significantly greater than those at the “productsite”, due to the stand being primarily
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regrowth from the 1905/06 fire. Every tree with 8HD greater than 10 cm was measured.
The biomass information derived from the “productisite including three large trees (DBH

101-122cm) located adjacent to the production agtenell as ten “additional large trees”

from another nearby site (DBH 114-131cm), (Figlr®) was used to derive allometrics
employed to estimate biomass in the measured fir@@sthe conservation site (“Gun Barrel”

coupe).

1.2.4. Plot establishment and tree measurement

At each site a plot of approximately 0.5 ha wasldshed. The sites were selected in
consultation with local foresters to ensure theyenepresentative of the overall forest stands
in the region, and also to ensure they were inptieimity of sites largely undisturbed by
management (conservation scenario). The approagpted was to attempt to identify the
conservation sites first, because of the inherdfitulties associated with finding sites that
have been largely undisturbed and that are aveilés harvest; and then to select a
production site, which was guided by the harvestedale created by the State Forest
agencies.

All the standing trees within the plot with a DBIregter than 10cm were identified to species
(excluding dead standing trees), numbered and D&t and height measured. The diameter
of the stem was measured using a diameter tap8ratftom the base of the tree. The height
was measured using a vertex for the NSW sites daskea instrument for the Victorian sites.
The height of the trees was also measured by rgrantape measure from the base of the tree
to the top of the crown.

1.2.5. Weight determinations

The harvested components of the tree were weighied & purpose built biomass weighing
trailer (Figure 1.6). The trailer has been congedowith a heavy upper frame with each
corner being supported by a two-speed drop leg.nbineinal dimensions of the trailer are:

Length load space: 2.5 m; length overall: 4.1 m
Width Load space: 1.8 m; width overall: 1.8 m

Figure 1.6 A mountain ash “production” site log being weighen the biomass weighing
trailer.
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Both weigh bars are equipped with two load cellthva combined capacity of 5 tonnes.
Weight increments of 1.0 kg are displayed on ataliglisplay. Details on the methodology
used for weighing tree biomass using the biomasghiey trailer have been described
previously in Ximenesgt al (2008).

Where possible the weight of each log was recosdiéd the bark on and with the bark
removed. The length and diameter of the log was alsasured. A visual estimation was
made of any decay and or bark loss. For practeatans the crown component was only
weighed with the bark intact. The weight of leavess included in the weight of the crown.
The majority of stumps was not easily removed dmiefore could not be weighed, so their
diameter and height were measured and an estirh#fteipbiomass was made based on the
volume of the stump which was calculated, assurfongractical reasons, they approached
the form of a cylinder (Huscht al 1972). Density of the base disc extracted was tsed
determine the mass of the biomass stump.

1.2.6. Sampling and analysis of logs, bark and craws

To determine site specific moisture and densityas were taken from a selection of trees
from each site ensuring that a range of specied&td classes were represented. Generally,
three disc samples (approximately 50 mm thick) waken from each tree, one from the base
of the tree, one from the middle of the tree and &om the upper stem which we have

referred to as the crown. It is important to ndtat this was not the biological crown but, for

trees with production logs, the point where thensie too small to be of commercial value.

Random samples of bark and branches were takentfrerrees. All samples were placed in

plastic bags and sealed to avoid moisture loss.

1.2.6.1. Density

Samples (“V’-shaped wedges from the pith to the¢ey edge) cut from discs were used to
determine the density of the logs. The green sanpe weighed and placed in an oven at
103 + 2 °C until constant weight (oven-dry weighthe volume of the samples was
determined by the water displacement method (ASTRB3). The basic density of the
samples was calculated as the average of four measunts and expressed as:

Oven dry weight (g)

Basic Density= x 1000

Green Volume (m3)
The same process was used to determine the basityd®r bark and branches.

1.2.6.2. Moisture content

Samples used for the determination of density vaése used to determine moisture content.
The moisture content of bark from the stem was détermined. The moisture content of the
samples was determined by oven-drying at 103 + it constant weight in accordance

with AS/NZS 1080.1 (1997) and calculated as theagye of four measurements expressed
as:

Green weight (g)—Oven dry weight (g)

Moisture Content % x 100

Green weight (g)
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1.2.6.3. Sapwood area

The sapwood content of each disc was determineardiog to AS/NZS 1605:2000 (2000).
The assessment was carried out on the discs ap&anils across their diameter. The sapwood
content was expressed as:

disc area (cm?)—heartwood area (cm?)

x 100

Sapwood area %

disc area (cm?)

The sapwood area of each sampled log was calculatélie average sapwood content of the
butt and top discs (area basis used, not masg basis

1.2.6.4. Dry weight biomass calculation
For each tree that was sampled the following wésitzed:

Crown moisture contenfThis was the mathematical average of the moistargent of the
crown disc samples and the branch samples.

Stem moisture contenthis was the mathematical average of the moistargeat of the
crown, middle and base disc samples.

Bark moisture contentThe mathematical average of the moisture conténthe bark
samples.

Stump:The volume and basic density was calculated agidesl previously.

For each study site, the average moisture contathtbasic density was grouped for each
species by DBH class and tree component basedeosatipled components. For example
for the silver top ash conservation site, each tneéhe “DBH class 8 (70-80 cm)” was
assigned an average crown moisture content, steisture content, stump basic density and
bark moisture. Where there was only one tree saimpithin a site for a particular DBH
class, a region (conservation and production) @dri®BH class average was used. Where
there was no tree sampled for a specific DBH clasgegion derived species average was
used.

To calculate the dry biomass for each tree comporiea allocated moisture content was
applied to the green weight for the crown (whickludled leaves), and the green weight
without bark of the stem component (where posdiidebase disc moisture was applied to
the first log cut from the base of the tree). Tokofving equation was applied to derive dry
biomass for the calculated stump volume:

Oven Dry Weight (kg¥ Basic Density x Green Volume (m®)
Where the weight of the bark was known, the relewank moisture was applied. Where the
weight of the bark was unknown, a bark ratio (af tbtal weight of the stem) based on

species, DBH class and tree component was caldul&atem which a bark weight was
determined and the relevant moisture content aghplie
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The total above ground dry biomass for each treetiva sum of each dry weight component.
Tree biomass estimates were converted into carbsumnang a default carbon concentration
of 50% (Ximenes et al 2008).

1.2.7. Coarse woody debris (CWD) and litter measureent

The CWD of all the sites was determined as paat jpérallel project carried out by NSW DPI
for the Federal Department of Environment. Foufite 10 x 10 m sub-plots were set up
within the 0.5 ha plots for the determination of OV&nd litter (Figures 1.7 and 1.8a). CWD
was defined as all debris on the forest floor b diameter, stumps <1.3 m in height and
bark. All the CWD < 30 cm apart from the bark wéassified into two states of decay; (i)
‘Sound’ if it did not deform under heel pressure(idr ‘Rotten’ if it deformed under heel
pressure.

All CWD within the sub-plot with a diameter betwe@b cm and 30 cm was collected,
assessed as to its level of decay and weighedter & set of field scales (PCS, KLS 150,
maximum weight 150 kg and increments of 1 kg — FeglL8b) or on the biomass-weighing
trailer (Figure 1.8c). Due to the large amountiohtass in CWD with a diameter >30 cm, all
large pieces were collected from the broader 0.pltiathus ensuring that the majority of the
biomass was directly weighed. Where possible, tlungs were removed and directly
weighed. Samples from a range of diameter classdsdacay levels were collected from
each of the sub-plots as well as the from the leogdot for determination of moisture

content and density.

The CWD levels in the mountain ash conservation\sire derived using traditional transect
techniques, as direct weighing was not possible.

Within a randomly selected CWD plot, a Slitter plot was established. All the litter dowm t
the topsoil which included branches <2.5cm, leaasd organic material was collected and
directly weighed. Three random samples were takem feach plot to determine moisture
content so that dry biomass could be derived.

Figure 1.7.Plot design showing the general layout, with damgular plot of 0.5 ha, five 10
x 10 m subplots

1 10 m 3
10 m
5 50 m
2 4
100 m
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Figure 1.8a.10 x 10 m sub-plot 1.8bWeighing CWD <30 cm diam

m.

£ '..3'

The moisture content and density of the samplesoabzilated as described above. Due to
the high porosity of the rotten CWD samples, theces were either dipped in wax or
wrapped in cling wrap prior to being immersed inavdor volume determinations based on
water displacement.
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1.3 Results

1.3.1 Forest Structure

The stand characteristics for each site are indudeTable 1.2. In general the data reflects
the differences in maturity between the productiod conservation sites, with the total stems
per hectare and stand density typically lower fog tonservation sites, and the basal area
typically greater for the conservation sites (Tahf). The standard deviation associated with
the tree DBH for the production site was considigrédwer than for trees in the conservation
site, reflecting the less uniform stand profile ioe conservation sites (Table 1.2).

Table 1.2.Stand characteristics for each site.

. Live Stgnd Dead Basal Stand
Site Density area ; >
stems / ha stems / ha m¥ha height (m)
Silvertop ash conservation 154 13 49 27
Silvertop ash production 191 28 25 23
Blackbutt conservation 242 25 39 29
Blackbutt production 270 38 25 31
Mountain ash conservation 160 22 74 63
Mountain ash production 198 40 62 59

Note! Stand density is for live trees onfiGtand height is the average for the dominant specie

NSW South Coast — Eden — Silvertop ash productionte
The dominance of silvertop ash across all dianséesses is highlighted in Figure 1.9.

Figure 1.9 DBH distribution of all species for the silvertaph production site
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Approximately 90% of the 103 trees measured (inoly@ number of dead trees and charred
stumps) had a DBH <60 cm. The silvertop ash prodndite had the lowest stand density,
basal area and average tree height of all the ptmtusites (Table 1.2). When compared to
the conservation site, the higher stand densitylawdr basal area of the production site is
reflective of the DBH distribution indicative ofpmoduction forest (Table 1.2, Figure 1.9).

Figure 1.10.Before and after images for the Eden - Silvertgp @roduction site

AR

NSW South Coast — Eden — Silvertop ash conservatiite

A total of 80 trees were measured, with larger @igentrees (DBH >90 cm) representing
almost 30% of the stand, and trees with 10-20 cril D&presenting 50% of the stand (Figure
1.11).

Figure 1.11.DBH distribution of all species for the silvertaph conservation site.
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The lower diameter classes were dominated by at@sa, whereas silvertop ash dominated
the larger diameter classes (Figure 1.11). Thelzea of 49 rfiha for a stand density of
154 trees/ha is reflective of a mature forest vt DBH distribution skewed towards the
larger diameter classes (Table 1.2, Figure 1.11je Tconservation” site was largely
unmanaged for production (as also evidenced byattleof stumps), with a large proportion
of mature trees and some evidence of past fireteEigure 1.12).

Figure 1.12.Before and after images for the silvertop ash eoragion site.

NSW North Coast — Wauchope - Blackbutt production ge

A total of 153 trees (including a number of deasks and charred stumps) were measured,
with 95% of these having DBH < 60 cm (Figures l1lab®l 1.14). Blackbutt comprised the
majority of the trees measured (63%). The blackprdtiuction site had a comparative basal
area to the silvertop ash production site (2%ha), but with a higher stand density (270
compared to 191 stems/ha). This reflected the tgogeportion of trees in the lower DBH
classes in the blackbutt production site compavetie silvertop ash site (Table 1.2).

Figure 1.13.DBH distribution by species for the blackbutt puotion site
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Figure 1.14.Before and after images for the Wauchope blackirotfuction site.

NSW North Coast — Wauchope - Blackbutt conservation

The conservation site was dominated by three spedtackbutt (21.8%), bloodwood

(18.8%) and tallowwood (19.5%). It had the smallbasal area (39 #ha) of all the

conservation sites, with the highest stand der(@d trees/ha) (Table 1.2). A total of 128
trees (including a number of dead trees and chatethps) were measured, with 80% of
these having DBH <60cm (Figures 1.15 and 1.16)edsected the conservation site had a
higher basal area than the production site (3%a), reflecting its more mature state (Table

1.2).

Figure 1.15.DBH distribution by species for the Wauchope blagk conservation site.
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Figure 1.16.Before and after images for the blackbutt condemasite.

Victoria Central Highlands — Toolangi - Mountain ash production site

A total of 120 trees were measured, with 52% o$¢heaving DBH <60cm (Figures 1.17 and
1.18). The site was dominated by Mountain ash (669 dead standing trees comprising
15% of the total, and mountain pepper and wattéeigs 23% of the total (Figure 1.17). The
stand density (198 stems/ha) was comparable totttez production sites; however the basal
area (62 rffha) and average tree height (55 m) were much higrable 1.2).

Figure 1.17.DBH distribution by species for the mountain asbdoiction site.
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Figure 1.18.Before and after images for the mountain ash ptalu site.

Victoria Central Highlands - Toolangi - Mountain ash conservation

A total of 91 trees were measured, with mountain again being the dominant species
(43%), with the under and mid-storey species at®oanting for 43% of the trees, and 14%
of the trees being dead standing (Figures 1.191a2@).The absence of mountain ash in the
lower DBH classes was clear evidence of the mattatis of the stand (Figure 1.19). The
mountain ash conservation site had the highesi basa (74 ha) and average tree height

(61 m) for all the sites (Table 1.2).

Figure 1.19 DBH distribution by species for the mountain ashservation site.
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Figure 1.20.Image for the mountain ash conservation site. Nwteabundance of tree ferns
in the understorey

1.3.2. Total above-ground biomass (AGB)

The above-ground biomass (AGB) “as measured” @reen weights) for each site is
included in Table 1.3. The mountain ash conseraaite is not included as the biomass was
not directly weighed in the field. Biomass estinsateere derived instead and are discussed in
the ‘Standing above-ground biomass’ section. The, Igreen AGB in the conservation sites
was significantly higher than that of the productgites (Table 1.3). This was unsurprising
given the large DBHSs of several trees containdtienconservation sites. The CWD and dead
tree components were higher for production sitas the conservation sites for silvertop ash
and blackbutt, whereas the litter component didvaoy much (Table 1.3). CWD accounted
for 26% and 32% of the total AGB for the silvertaph and blackbutt production sites
respectively, compared to 8% (silvertop ash) and(@kackbutt) for the conservation sites.
The mountain ash production site had nearly doubé biomass of all the other sites
reflecting the high productivity of mountain ashaple 1.3), with only 6% of the total AGB
in the CWD and dead tree component.

Table 1.3.Above ground biomass as measured for each sftestsweight

Total live

AGB (t/ ha) (t/ha)

(t/ ha) (t/ ha) (t/ ha)
Silvertop ash
conservation 786.2 6.9 63.0 14.5 870.4
Silvertop ash
production 320.8 28.0 85.2 14.6 448.6
Blackbutt
conservation 674.8 54 48.1 21.9 750.2
Blackbutt
production 399.0 19.8 170.4 23.4 612.6
Mountain ash
production 1483.3 27.5 65.6 12.8 1589.2
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In Table 1.4 we compare log and residue volumewelddirectly from the production study
sites with those obtained from the State Foreshags for similar forest types, based on
inventory plots in “ready for harvest” mature fdraseas (all trees with DBH > 10 cm). The
FCNSW forecast was averaged over 22 sites forrsilpeash and 53 sites for blackbutt. The
Victorian averages, over the past ten years, arpue average sized mountain ash coupes in
the vicinity of the study site.

Both the NSW production sites used for the studyewepresentative of managed silvertop
ash and blackbutt forests in the relevant regicas] the percentage breakup of the
production and residue components was also comlpavéth the forecast figures (Table
1.4). The mountain ash volume figures were for agersized mountain ash coupes in
Toolangi over the past ten years, and are broadlggreement with the production site
figures in terms of proportion of the productionlwoes on site (Table 1.4). The total
standing tree volume for the study production sites substantially higher than the average,
due to the very productive nature of the study @ele 1.4). The mountain ash production
site was thinned in the past, with poorer qualigns and trees that would otherwise have
been dead standing removed, resulting in a greab@ortion of utilisable timber.

Table 1.4. Commercial logs and residue volumes (excludingddeaes and CWD) for all
production sites compared to state agency foredastsmilar forest types. Standard errors
are shown in parenthesis.

Commercial | Commercial Residue Residue Total
logs logs volume volume volume

Sites (m*/ ha) (%) (m*/ ha) (%) (m*/ ha)
Silvertop ash
production 157 55 128 45 285
FCNSW average 165 131 296
forecast (17) 56 (10) 44 (23)
Blackbutt
production 177 48 195 52 372
FCNSW average 199 169 368
forecast (15) 54 (13) 46 (21)
Mountain ash
production 1107 79 301 21 1407
VicForests
Toolangi average
forecast 814 75 271 25 1085

1.3.3. Moisture content and Density

The moisture content and basic density of the dantilspecies in each site are included in
Tables 1.5 and 1.6. The moisture content of thedwgpically decreased from the stump to
the crown - this was particularly pronounced forumi@ain ash, which is not surprising given
the height of the trees (Tables 1.5 and 1.6). Thestore content of the bark was typically
considerably higher than for the woody componen#ble 1.5). The branch moisture content
was also relatively high; however these figures Imeaglightly inflated as the branch

moistures were derived with the bark intact. Thestuoe content of the wood from the NSW
production sites was higher than that of the edentaconservation sites (Table 1.5).
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Table 1.5. Average moisture content for the dominant speémseach site (standard
deviation in parenthesis).

Moisture content (%)
Site Species Stump | Stem | Crown® Branch? | Bark
Eden Silvertop
production | ash 46 (4)| 41 (3) 40 (4) 45 (1 46 (7)
Eden Silvertop
conservation | ash 46 (5)| 39 (2) 38 (6) 43 (2 46 (8)
Wauchope
production Blackbutt 43 (5) 413 39 (4) 45 (2) (5%
Wauchope
conservation| Blackbutt 38 (3 37 (3) 35 (4) 42 (1)57 (4)
Wauchope
conservation| Bloodwood 39 (2 37 (2) 35 (3) 41 ()49 (3)
Wauchope
conservation| Tallowwood 42 (2 40 (1) 38 (2) NA B0
Toolangi Mountain
production | ash 57 (3)| 49 (4) 44 (7) 45 (3 60 ()

1 The moisture content for the crown is the math@abkaverage of the moisture content of crown dicd
branches? The bark was not removed from the branch comportbos the moisture content for the branch
includes the branch bark.

The basic density of the stump wood was lower tloainthe stem and crown portions of
silvertop ash and mountain ash trees; these diféexe were not evident for blackbutt (Table
1.6). The basic density of branch wood was typychiver than the stump, stem or crown
wood for silvertop ash and blackbutt; however thiss reversed for mountain ash (Table
1.6). The basic density of blackbutt from the “cemvaition” site was the highest of all species
tested (Table 1.6). The stem basic density foedibp ash and mountain ash (Table 1.6) was
consistent with values reported in the literatu8éeart et al (1979) and Bootle (1983) for
silvertop ash stem wood and Sillett et al (201@) Krith et al (2014) for mountain ash stem
wood). Although the basic density for regrowth Blagtt stem wood from the production site
was consistent with the range reported by Davi®©4)9the value for the blackbutt stem
wood from the “conservation” site was higher thiaa tipper value reported by Davis (1994)
of 729 kg/mi, reflecting the more mature status of the treethansite. The basic density of
the silvertop ash thick bark was highest amongstitihee species listed in Table 4 (523-541
kg/m®). Stewart et al (1979) reported even higher va(669 kg /) for silvertop ash bark
sampled in their study.

The sapwood content of blackbutt samples from thekbutt sites is detailed in Table 1.7
(there were insufficient complete disc samples ftbmsilvertop ash sites). The proportion of
sapwood was considerably lower for the sampledstmeghe conservation site (Table 1.7),
reflecting the more mature status of the treeleéncbonservation site.
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Table 1.6.Average basic density for dominant species foheste (standard deviations in
parenthesis).

Basic density (kg / m)
Site Species Stump | Stem | Crown | Branch Bark
Eden Silvertop 633 671 678 615 541
production ash (72) (34) (57) (18) (68)
Eden Silvertop 635 688 679 637 523
conservation | ash (85) (43) (71) (33) (121)
Wauchope 660 663 661 606 377
production Blackbutt (61) (52) (67) (30) (56)
Wauchope 766 767 783 656 416
conservation Blackbutt (44) (58) (61) (32) (45)
Wauchope 750 770 745 599 482
conservation Bloodwood (33) (35) (81) (25) (46)
Wauchope 692 718 756 693 474
conservation Tallowwood (21) (58) (17) ) (61)
Toolangi Mountain 474 533 567 590 380
production ash (43) (45) (55) (24) (39)

! The basic density for the crown is the mathemhsizarage of the basic density of crown discs amadhes?
The bark was not removed from the branch compotiens, the basic density for the branch includestiaach
bark.

Table 1.7. Sapwood (%, area) of blackbutt samples taken fthen standing live trees
(standard deviation in parenthesis).

Sapwood (%)

Site Species Stump | Stem | Crown
Blackbutt production| Blackbutt 26 (12) 30 (10) 40)
Blackbutt

conservation Blackbutt 13 (7 14 (6) 16 (10)
Blackbutt

conservation Bloodwood 13 (4) 20(1D) 27 (p)
Blackbutt

conservation Tallowwood 8 (1) 7((2) | 18 (16

1.3.4 Standing above-ground biomass (0% moisture)

The dry biomass estimates in Table 1.8 were cdkxilas per the method described earlier
and using the moisture and density values repotedables 1.5-1.7. The differences
between the sites that were evident in the greandstg volumes (Table 1.3) are largely
reflected in the dry biomass estimates (Table I'Bg dry biomass in the NSW conservation
sites was significantly higher than that of the N®vdduction sites. When comparing the
green volumes to the dry biomass, overall there aveeduction in the relative proportion of
bark — this is due to the significantly higher ntoie content of the bark compared to the
woody component (Table 1.5). As logs in native harad harvest operations are debarked in
the forest, the differences in bark proportion lestw species can have a significant impact on
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the total amount of harvest residue left in theegdr— this is exemplified by the differences
between the bark proportions for mountain ash @wdrtop ash (Table 1.8).

The crown component represented a larger propootidhe dry biomass (35%) for the NSW
conservation sites when compared to their respegroduction sites (14-22%, Table 1.8).
The 'other’ residue component for the blackbugsivas much larger than for the other sites.
The Victoria production site not only had the hightotal standing biomass per hectare but
also had the highest production recovery (Tablg 1.8

The dry biomass of 795 t / ha for the Victoria cemation site (Table 1.8) was estimated
using allometrics derived from the Victoria prodantsite measurements, plus an additional
ten mountain ash trees with a DBH range of 114-@f8lthat were weighed on a nearby site
(Figure 1.5). The additional trees were measuradd@ase the number of trees in the larger
DBH classes and therefore improve the capacityreédipt the biomass of the conservation
site, where 45% of the mountain ash had a DBH >100tere were a considerable number
of tree ferns in the Victoria conservation sitealrecent study, Fedriga al (2014) estimated
the C stocks in above and belowground componenteuchtlypt forests in the Central
Highlands region of Victoria. The estimated C swéir tree ferns was on average 2.8t C /
ha, with an upper bound (95% confidence intervél}.8 t C / ha. The upper bound figure
was adopted here as it was likely to be the clasesth to our “conservation site” (it was a
very “wet” site).

Table 1.8.Dry biomass (t/ha) for each site by tree component.

Dry biomass (t/ ha)

Residues Production

Total
Site Bark | % | Crown | % | Stump | %| Other® | % logs | %

Silvertop ash
production 30 | 15 46 22 9 4 15 7 105 | 51| 205

Silvertop ash
conservation 55| 12 165 |35 32 7 35 7 189 | 40 476

Blackbutt
production 17 | 7 35 14 12 5 71 27 123 | 48 | 258

Blackbutt
conservation 34| 8 148 | 35 11 3 134 32 91 22 418

Mountain ash
production 32| 4 61 8 34 4 38 5 588 | 78 | 753

Mountain ash
conservatioh| 31 | 4 54 7 56 |7 17 2| 662 | 81| 819

! Estimated using allometric relationships derivemirf the mountain ash production site and from ateltuof large trees in
adjacent sites. It does not include the estimatesiocks for tree fern€. The “production log” proportion is most likely
overstated, as a proportion of the estimated bisritaproduction logs is likely from trees affecteyldecay.® The ‘Other’
residues includes non- commercial species, deadsimadl trees as well as parts of the stem thatfeadommercial value
due to damage during felling, decay or a reflectbthe current market for that region.
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1.3.5. Biomass breakdown by site

NSW South Coast — Silvertop Ash

Silvertop ash accounted for the majority of thentass in both the production site (87.6%)
and the conservation site (90.1%), (Figures 1.2 BA2). A significant proportion of the
biomass in the production site was made up of stgnstags or burnt stumps (10.3%) and
only 2% from other trees (Figure 21).

Figure 1.21.The proportion of dry biomass by species for theegop ash production site.
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Figure 1.22.The proportion of dry biomass by species for theegop ash conservation site.

Silvertop ash Conservation
1.0%

0.9%

3.3%

H Silver Top Ash

B Messmate

M River Pepermint
M Dead

M Acacia sp

90.1%

28



The majority of the biomass (48%) in the productae was within the DBH range of 40-59
cm. The largest ten trees on the site (10% of tiéals) accounted for 31% of the biomass
(Figure 1.23). For the conservation site, 77% eflifomass was in the DBH classes > 90cm
(Figure 1.24). For both sites the large numbernafesistorey and or regrowth trees in the 10-
19 cm range contributes very little to the biomaassl (Figures 1.23 and 1.24).

Figure 1.23.The distribution of biomass and number of treessgthe DBH classes for the
silvertop ash production site.

Silvertop ash Production

~
o

35

31

Bmmm Silver Top Ash

o]
o

I Dead

s Messmate

w1
o

I River Pepermint

N
o

[ Banksia spp

No.Trees

w
o
No.Trees

Biomass (t/ha)

N
o

=
o

DBH_CLASS (cm)

Figure 1.24.The distribution of biomass and number of treessgthe DBH classes for the
silvertop ash conservation site.
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Debarked production logs accounted for over 51%hef biomass in the production site,

whereas for the conservation site, it was onlyhshghigher (40%) than biomass in the crown
component (35%) (Figures 1.25 and 1.26). The ‘Otfesidue component represented only a
small proportion of the biomass in both sites. #a& production site this was mainly dead
trees, whereas for the conservation site this éigacludes a large tree that was not directly
weighed on site and its biomass estimated. As tieakip of this tree into separate

components was unknown, the whole tree was includésther’ residues, accounting for 24

t/ha of this component. The proportion of the berkhe total biomass was substantial for
both sites (12% for the conservation and 15% fodpction site). As a large proportion of

the logs were weighed both before and after debgskhe proportion of biomass in the bark
of production logs was determined — on average ditrertop ash, bark represented

approximately 21% of the weight of the productiog (green basis).

Figure 1.25.Biomass distribution for different species in ti/ertop ash production site
(0% moisture)
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Figure 1.26. Biomass distribution of the standing component fbe silvertop ash
conservation site (0% moistute)
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NSW North Coast — Blackbutt

Blackbutt accounted for the bulk of the biomasthim production site (82.8%), (Figure 1.27).
Blackbutt was less dominant in the conservation, ssiccounting for 48.1% of the total
biomass, with bloodwood (23.9%) and tallowwood 824) also accounting for a significant
proportion of the biomass (Figure 28). The dead mmment was again higher for the
production site (6.6%) compared to the conservaditan(1.1%).

Similarly to the silvertop ash production site, thmajority of biomass for the blackbutt
conservation site (54%) was within the 40-59 cm Dgidge, with 88% in the 30-69 cm
classes (Figure 1.29). The eight largest treehenblackbutt conservation site contributed
40% of the biomass in the site, with the 70-79 cBHCclasses accounting for 20% of the
biomass (Figure 1.30). The evidence of past bueshfiound on the site is reflected in the
distribution of biomass in the various DBH classehjch suggests past disturbance and a
multi-aged stand (Figure 1.30).
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Figure 1.27.The proportion of dry biomass by species for tlaekbutt production site.
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Figure 1.28.The proportion of dry biomass by species for tlaehkbutt conservation site.
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Figure 1.29.The distribution of biomass and number of treesssthe DBH classes for the
blackbutt production site.
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Figure 1.30.The distribution of biomass and number of treessgthe DBH classes for the
blackbutt conservation site.

Blackbutt Conservation
100 60

I Black Butt

Tallow Wood

I Bloodwood

I Banksia spp

B Dead

No.Trees

s Cork wood

Biomass (t/ha)

No. Trees

DBH_CLASS (cm)

Production logs accounted for a much higher propof the biomass in the production site,
(47%) than in the conservation site (Figures 1131 Bh32). Conversely the crown component
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accounted for 14% of the biomass in the producsioem and 35% for the conservation site.
The “Other residue” component was high for botkssitat approximately 30% (Figures 1.31
and 1.32).

Figure 1.31.Biomass distribution of the standing componentlifierblackbutt production site
(0% moisture)
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value, due to damage during felling, decay or Eecdbn of the current market in that region.
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Figure 1.32.Biomass distribution of the standing componenttha blackbutt conservation
site (0% moisture)
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Victoria Central Highlands — Mountain ash

Mountain ash accounted for the vast majority of hi@mass in the Victoria production site
(over 95%), (Figure 1.33). The number of mountah @ees in the lower DBH classes for
the mountain ash production site was considerabigt than for the dominant species in the
NSW production sites (Figure 1.34). The majorityttod biomass (48%) was in the 70-89 cm
range, with the biomass distribution across the D8&kses approximating a bell curve
(Figure 1.34).

The production recovery for mountain ash (78%) tiashighest of all the sites (Figure 1.35

and Table 1.7), with the crown and other residwesanting for 8% and 5% of the biomass,
respectively.
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Figure 1.33.The proportion of dry biomass by species for thmintain ash production site
(0% maoisture).
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Figure 1.34.The distribution of biomass and number of treessgthe DBH classes for the
mountain ash production site.
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Figure 1.35 Biomass distribution of the standing componentiie mountain ash production
site (0% moisture)
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1.3.6. Coarse woody debris (CWD) biomass

A comprehensive separate report has been preparte WD determinations for the study
sites, in a parallel project. We include here sy information from the CWD report to
assist in the understanding of the relative difiees in CWD biomass between sites and to
provide a more complete assessment of C stockeifotests. The amount of CWD biomass
< 30cm diameter was larger for NSW “production” efsis than for the equivalent
“conservation” forests, and was similar acrosstlaiée production sites (Figure 1.36). The
higher levels of CWD < 30 cm diameter in the prdducsites are likely the result of past
management operations such as thinning.

There was a large amount of biomass in the CWD >cr80diameter for the blackbutt

production forest (Figure 1.37). The DBH distrilmutiof the trees on this site was heavily
skewed towards the lower classes, suggesting #raest of larger, older trees would have
taken place in the past, generating large volunigesidues. This is supported by the high
harvest residue component (78%) for the blackbutservation site (Figure 1.31), which is
indicative of volumes of biomass that may have bleénon the ground at earlier harvest
operations. In the 1950’s and 1960’s many of treekibutt-dominated forests in the region
were subjected to a TSI (timber stand improvemgagtment (Raisoet al 2007), resulting

in large dead stags that would have naturally fiadieer time. Historical harvest records for
the area from the FCNSW indeed confirm this, withSd treatment occurring in the early
1960’s. Also according to historical records, tHackbutt study site was subjected to a
thinning treatment approximately 20 years priooto study.
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Figure 1.36.CWD biomass < 30 cm diameter (0% moisture content)
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The biomass in ground CWD > 30 cm diameter forestbp ash trees did not differ
significantly between the production and conseoratsites (Figure 1.36). Overall, the
biomass in ground CWD > 30 cm diameter exceededothground CWD < 30 cm diameter
for NSW forests (Figures 1.36 and 1.37). This watsthe case for mountain ash — following
the 1939 fires, timber was salvaged from some efstiands killed (Raisoet al 2007). The
absence of large standing dead trees at the produsite suggests that this site was
subjected to salvage harvest — the proximity ofsiteeto existing sawmills in Toolangi at the
time adds weight to this suggestion. Another pdsskplanation for this is related to the fact
the production site had very healthy trees, wititelievidence of significant decay. Thinning
in the 1960s would have removed many of the smakes, resulting in less competition for
the remaining trees and hence less self-thinnings Would have resulted in lower tree
mortality, and thus lower levels of large CWD oe tiround.

The estimated CWD for the mountain ash conservasita derived using the traditional
transect method was very high (316 t / ha), whiclul bring the total dry biomass of the
site to 1111 t / ha. However, there is consideralvleertainty around this figure, as the
biomass could not be directly weighed.

Figure 1.37.CWD biomass > 30cm diameter (0% moisture content)
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1.3.7. Above ground biomass estimated by biomassuagions

For each region two “project specific” additive tmass equations were developed based on
the study data; one using DBH as a single prediatut the other using a combined predictor
variable of DBH and height (D2H) (please see Chapt®r more details). In addition to the
project specific equations, a number of relevartilipbed allometric equations were used,
and the estimates of above-ground biomass were ar@t@gainst the biomass derived from
actual weighed data from each site.

NSW South Coast — Silvertop Ash

The silvertop ash weighed data was compared tonatds derived from three available

biomass equations (Figure 1.38), as well as thge@rgpecific equation (Chapter 2). The

weighed data for silvertop ash was compared tanestis derived from three available

biomass equations (Figure 1.39). The published assmequations, while reasonable at
predicting biomass in the lower DBH range, overeated the biomass as the DBH increased
(Figure 1.38).

Figure 1.38. A comparison between the dry biomass for silverasp for the combined
dataset (production and conservation sites) agrdeted by direct weighing and biomass
equations

Silvertop ash
22
M Weighed Dry Biomass
20 Keith (2000)
- : W Ashton (1976)
18 & # Stewart (1979)
16 y——
v o
14 ’
% 1 -— = I;
© .
. i
o
-
g 9
ol .d. |
8 a a 0 -
a L]
6 [ HLE —
4 “u
] ? |
2
0 ‘“—" l‘ ‘ . ‘ . : : : ‘ .
10 20 30 40 50 60 70 80 90 100 110 120 130
DBH (cm)

Ashton’s equation (Ashton 1976) was developed flmedop ashand mountain ash (both
sites in VIC) whereas the additive equation proposed by Stewalt(@979) was developed
specifically for silvertop ash (grown in Beenak,QyJ with both equations using DBH as the
predictive variable. Ashton’s equation (1976) wasdd on five 27-year old silvertop ash
trees which were felled, with branches and leaveghed in the field and stem biomass
estimated from volume estimations and physicalmpatars derived from stem discs. Stewart
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et al (1979) sampled ten silvertop ash trees ldcatea study site ten km north of Genoa,
eastern VIC. The DBH of the trees ranged betweear2889 cm, with the larger trees being
more than 100-year old. The diameter of the stemh larmanches from every tree was
measured, and biomass estimated based on destrgetmpling of a sub-set of stem discs
and branch samples of varying sizes. Keith’'s equdtKeith et al 2000) is a general equation
for native sclerophyll forests (including for theykspecies in this study), based on 25 records
and 135 data points, with biomass of individuagés$realculated for trees with DBHs ranging
from 10 to 100 cm DBH (10 cm increments).

There was a higher degree of variability in theniass of the weighed trees for the larger
DBH classes (Figure 1.38); this may be partly dughe varying amount of decay in the

crown and within the stem as the trees age. Howtneproject specific equation does seem
to account for some of this variation, suggestheg the equation may also be driven by tree
height (Figure 1.38). All three published equatiangerestimated the total site biomass
(Figure 1.39), more so for the conservation siteictv had a greater number of large (Figure
1.39).

Figure 1.39.A comparison between the dry biomass for silveesp for the production and
conservation sites as well as trees with a DBH ef08s determined by direct weighing and
biomass equations
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NSW North Coast — Blackbutt

The weighed data for blackbutt was compared tameséis derived from four available
equations (Figure 1.40). Applegate (1982) derivedimber of equations based on blackbutt
biomass data collected from Fraser Island, Queedslave used the regeneration old growth
equation which covered a DBH range of 13-129 cmitfKet al 2000). Twenty-nine large
trees ranging from 12.2-128.9cm were felled; howete® DBH class distribution was
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limited with only one tree with DBH greater than 6th (128.9 cm). The branches and
foliage of each tree were weighed in the fielddbrbut the large tree and samples taken for
dry weight determinations. Biomass for the stem ealsulated for logs based on the volume
of the sapwood, heartwood and bark and densityrdetations. Montague et al (2005)
derived a number of equations specifically for kladt across seven study sites (five in the
central and north coast of NSW and two at Fradands Queensland), including plantations
and native forests - we used the general DBH eguuathich was fitted across all study sites
(DBH range 5-129 cm) without a correction factoheTbiomass estimates were based on a
mix of direct measurements of the fresh mass oéttiee tree and subsampling techniques to
estimate the biomass of tree components. Macko{@9i87) proposed a number of equations
for blackbutt with specific DBH ranges, derived faiackbutt-dominated forests 30-40 km
south east of Grafton, NSW, based on measureméminety trees with DBH up to 189.6
cm - we used the equation for a DBH range of 45-c85Keith et al 2000). Stem and branch
volume were estimated using a log volume formuligéh Wiomass estimated using published
density values.

Figure 1.40. A comparison between the dry biomass for blackbarttthe production and
conservation sites combined as determined by diverghing and biomass equations
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All of the equations (with the exception of Mackdws) underestimate the biomass through
the 40-70 cm DBH range and the total biomass fempttoduction site, where the DBH of the
largest blackbutt was 70 cm (Figures 1.40 and 1.Although Mackowski's equation
faithfully predicts biomass in the production sitieis was partly due to the underestimation
of the biomass for the larger DBH classes, whick offset by overestimation of the biomass
for the lower DBH classes (Figure 1.40). The biosnastimations for the conservation site
(Figure 1.41) were more in line with the actual giwid data - this is highlighted in Figure
1.40, where the equations generally have a beitethfough the larger DBH classes
(especially Applegate’s).
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Figure 1.41. A comparison between the dry biomass blackbutt tfe production and
conservation sites as determined by direct weighmgjbiomass equations

Blackbutt

120

100

80

® Weighed Dry Biomass
™ Keith (2000)

™ Montague (2005)

m Applegate (1982)

® Mackowski (1987)

60 -

Dry Biomass (t)

20 -

Conservation DBH >70cm Production

Victoria — Mountain ash

The biomass was directly weighed for the mountah &roduction” site and for the
“additional large trees”, but as mentioned eamiet for the “conservation” site. The biomass
for the trees in the conservation site was derifreth the allometric relationship derived
using the combined data from the “production” atatde tree” sites (not described here).
Feller's equation (Feller 1980) is a DBH and heiglquation developed specifically for
mountain ash located at the Maroondah catchmeat(&fl€), based on destructive sampling
of six trees of varying size (four trees rangingnir 15-30 cm DBH, one around 50 cm and
the largest one around 70 cm DBH). The biomaskettown was derived by a combination
of determining the moisture content of a sub-sangplemaller diameter branches, and the
use of published density values for the measuregkitadiameter branches. The biomass of
the stem was also calculated based on publishesitgealues and stem measurements. The
“Sillett” equation (Sillettet al 2010) is not actually the equation derived byesilét al, as the
relationship used for whole tree biomass estimatiamas not made clear in the text. The
equation used here was derived using their puldifemnass data for 22 trees with a DBH
range of 80-312 cm, located at Kinglake NationakP¥IC (Sillett et al 2010). The biomass
estimates were based on detailed field measurenfespecially of the crown component),
with subsampling techniques used to estimate th@ass of tree components.

Biomass estimates varied considerably accordintheéoequation used. Apart from Feller's
equation, the other tested equations performed wién estimating the biomass for the
production site, which had a DBH range of 20-117@fgures 1.42 and 1.43). Feller’s
equation considerably overestimated the bioma#ise&irmountain ash trees (Figures 1.42 and
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1.43) - a similar overestimation using Feller’'s ation was observed by Keitit al (2000),
who noted that Feller's equation was of an unugwah, which appeared to give erroneous
values at high DBH (above 40 cm). The variabilitypiomass estimates was greater for trees
with DBH > 100cm (Figure 1.43) - the Keith and Ashmtequations both overestimate
biomass while the derived Sillett equation providegery good estimate.

Figure 1.42.A comparison between the dry biomass for mourdamfor the production and
conservation sites combined as determined by diverghing and biomass equations
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Figure 1.43. A comparison between the dry biomass mountainfashhe “production”,
“conservation” and “large tree” sites as determibgdiirect weighing and biomass equations
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1.4 Discussion

A summary of key published above-ground forest @arbkstimates for forests comparable to
those included in this study is included in TahldBe estimates varies considerably, ranging
from 150 t C / ha for regrowth spotted gum forestthe NSW South Coast to 744t C / ha
for old-growth mountain ash in VIC (Table 1.9).

The range of above-ground C estimates varies ceraity between mature native forest
types (Table 1.9). For mature silvertop ash doremhdbrests in the Eden region of NSW
which are largely undisturbed by human activitgrthis good agreement between the values
published by Turner and Lambert (1986), which waased on site-specific allometrics (not
presented in their article), and the value for ¢tbaservation site in this study (Table 1.9).
These values could be assumed to approximate thercaarrying capacity of those forests.
Values reported by Roxburgdt al (2006) for the predicted potential carbon carrysagacity
for forests around Kioloa (approximately 240 kmthaof Eden, dominated by species other
than silvertop ash) are considerably higher (3@3C7ha), although their estimated current
carbon stocks were within the range reported ab&exburgh et al (2006) based their
estimates on the allometric relationships derivedAbh and Helman (1990), which in turn
derive biomass from measured tree volumes and ®iocation of site-specific and published
density values. Ximene=t al (2005) determined biomass for a range of matuogtesp gum
dominated forests around Batemans Bay (approxign@@0 km north of Eden) based on
direct weighing of the tree components. The valaeged from approximately 119 t C/ha for
a low-quality site to 198 t C/ha for a high-qualsgite. No estimates were found in the
literature for biomass in older regrowth blackdaotests in the North Coast of NSW.
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Table 1.9. Summary of published above ground C stock ofcsetenative forests (excluding
coarse woody debris and litter)

Forest type Location Above ground C Reference
(t C ha')
Mean Range
Mixed Kioloa, NSW (predicted C 363.7 +11.2  Roxburght al
carrying capacity) 2006
E. sieberi Eden (200-250+yrs for the 238 - This study
older/dominant cohort and 60- (conservation site)
70yrs for the second cohort.)
E. sieberi/ E. Eden, NSW 229 - Turner & Lambert
consideniana 1986
E. sieberi/ E. Eden, NSW 221 - Turner & Lambert
obliqua 1986
Mixed Kioloa, NSW (current C 210.6 +19.5 Roxburght al
stocks) 2006
E. agglomeratd Eden, NSW 203 - Turner & Lambert
E. sieberi/ E. 1986
muellerana

Dominated by  Batemans Bay region, South 150 119 -198 Ximenest al2005
C. maculata Coast, NSW (regrowth

E. sieberi Eden (mostly regrowth from 103 - This study
the 1950's) (production site)
E. regnans Victoria (old-growth) 744 +41 Keitlet al 2014
E. regnans Victoria (1905-1906 regrowth) 415 - This study
(conservation sité)
E. regnans Victoria (1939 regrowth) 373 - This study
(production site)
E. regnans Victoria (average for 1939 341 +64 Keithet al 2014
regrowth)
E. regnans Victoria (average for 1939 292 234-351 Fedrigo et al 2014
regrowth)
E. pilularis North Haven, NSW (multi- 209 - This study
aged stand — mix of trees >200 (conservation site)
years and from circa 1920-30s.
E. pilularis Mid-north coast of NSW 129 - This study
(mostly 1950’s regrowth) (production site)

1 Dominant species included spotted gu@oiymbia maculata), Eucalyptus pilulasi€ucalyptus sieberiEucalyptus
botryoidesand Corymbia gummiferaThe area had also been periodically subject foammed fires, controlled hazard
reduction burning and post-harvest burns. Tree bgmwas calculated using the regression equat®relaped by Ash &
Helman (1990) modified to include an adjustmentifiternal tree decayThe stands were fully stocked and carrying near
maximum biomass when compared with typical standbé area. Tree biomass was estimated using itve®bs equations
developed for the are¥orests dominated by spotted gum, biomass direetlghed for all tres§Stem and branch volumes
were calculated using an allometric equation fountain ash (Sillett et al. 2010) based on tree dtam(accounting for
stem buttressing and internal wood decay), andipiieti by wood density and carbon concentratibBiomass estimated
from site-specific allometrics including trees afde DBH.
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The above-ground carbon values reported by Feditigd (2014) for mountain ash trees of
similar age to our production site were considgrddlver (Table 1.9). Their value however
is in good agreement with the sub-regional estimgimvided by VicForests for pure
mountain ash stands in the Central Highlands of(&jpproximately 287 t C/ha, as converted
from values reported earlier). There is good agegrbetween the biomass values reported
in this study and those in Keitbt al (2014) for 1939 regrowth mountain ash forests.
However, our study site was of very high produtyis discussed earlier, with substantially
more biomass than estimates for mountain ash sftewerage productivity. The average
carbon stocks suggested by Ketdthal (2014) for old-growth mountain ash stands (744/t C
ha) are higher than the value calculated for ourumtein ash 1905-1906 age class
“conservation” site (415 t C / ha), noting that tild growth stands in Keitht al (2014) are
approximately 250-years old, from fires in the mid00’s. For mountain ash, the forest at
250 years is dominated by typically 20 trees/hal anrelative decrease in biomass is
expected, as the tall open eucalypt forest progeesem aggrading to a steady-state (Attiwill
1994). Mountain ash is a relatively fast growing@ps, with some trees less than 70 years
old being more than 80 m tall (Sillett al2010). According to Sillegt al (2015), such rapid
growth likely occurs at the expense of fire andajeesistance (Loehle, 1988), thus reducing
their maximum longevity. This, coupled with viswddservations of mountain ash old-growth
stands, suggests that the onset of decay in oldtgrsites is likely to occur relatively early
in the old-growth stage of those stands, with sigamt biomass implications. Ambrose
(1982) reports that the development of hollows may be apparent in mountain ash trees
until the trees are at least 120 years old. Theirigs from Sillettet al (2015) suggest that
decay is indeed a major factor to consider in themation of biomass for old-growth
mountain ash stands. They estimated biomass i73aHha plot in Kinglake National Park,
VIC, considered by the authors to represent thesupgvel of density of large trees for
mature mountain ash forests. The maximum estimabedeground carbon mass was 706 t
/ha — this was considered maxima because it dichoobunt for mass loss due to decay in
living trees - the authors noticed extensive demay numerous hollow trunks and limbs. If
half of the mountain ash heartwood volume were tosdecay, as suggested by Sillett et al
(2015), stand-level carbon mass in their plot vemkiced to 438 t /ha. This value is similar to
the estimated value for our 1905/1906 mountaincasiservation site (410 t C/ha).

When comparing total above ground biomass inclu@¥gD, the differences between the
NSW production and conservation sites were redutkd.higher proportion of CWD in the
production sites is a consequence of managementiqgas, as also observed by others.
Bridges (2005) recorded residue volumes of 126 ha before harvesting increasing to 189
m®/ ha after harvesting and decreasing to 13% ma following post-harvest burning in a dry
sclerophyll forest in Eden. A study in Kioloa, NSW Woldendorpet al (2002), where a plot
had been harvested ten years prior to the studytheadthighest levels of forest floor CWD
amongst the five mature native forests includeth@ir study. As previously mentioned there
was a large amount of CWD >30 cm observed at thentatn ash conservation site, and an
absence of dead standing trees in the larger DBbkek - the largest dead standing tree was
43.5 cm - this possibly a result of a past evetatrialg the structure of the stand. The CWD
figure for the mountain ash conservation site d.31/ha (dry biomass) was estimated using
the transect method, and while there was a largauatrof CWD observed at the site there is
considerable uncertainty as to the accuracy offigige. Woldendorget al (2002) reported
an average value of 109 t/ha for a wet sclerodbyist; however their report covered a large
geographical area, included different stand agdgiferent management regimes.
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The crown encompassed a larger proportion of the tiry biomass (35%) for the NSW
conservation sites when compared to their respegroduction sites (14%, 22%), (Table
1.8). These differences are due to the larger ptimpoof mature trees with well-developed
crowns and a higher portion of decay in the coretem sites, coupled with the absence of
management whereby trees with less than optimah fare normally removed during
thinning operations. The non-commercial componerthe blackbutt sites was much larger
than the other sites (Table 1.8, Figure 1.31).

The proportion of biomass in the stump of the ddfe key species ranged from 3-7%.
Stumps may have greater longevity than other resmhmponents such as bark and small
branches, and generally withstand post-harvestshwitih only light surface charring.

The production volumes and residues for the NSWssitere comparable with forecasts
provided by the state agencies, although the ptagensplit of the commercial products
varied somewhat. The mountain ash site yieldeddnigblumes than the average for the area,
and the residue component of 309/ma (Table 1.4) or 166 t / ha was within the ra8§e205

t / ha of post-harvest residue (slash) levels asrd#ed by Raisost al (2007).
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Part 2. Biomass Equations
Dr. Huiquan Bi (NSW DPI); Simon Murphy (UniversitiyMelbourne)

2.1 Section summary

» The fresh weight for the stump, logs, bark of lagsl crown derived from Section 1 was
converted to dry weight using the average moistorgent for trees of the same species
within the same DBH class.

A system of five nonlinear additive equations waeecified for the four biomass
components and total tree biomass with DBH as tine redictor.

* To further improve the accuracy in biomass estiomtiotal tree height was incorporated
in the combined predictor variablb{H) in another system of additive equations.

Key findings:

* The two systems of additive biomass equations edatfle estimation of log and
residue biomass of important commercial tree sgaaigall open eucalypt forests of
south-eastern Australia.

» The accuracy of estimation was generally greatetthe log and bark components
than for the stump and crown components. For toéd biomass, the accuracy of
estimation was generally greater than individuahiass components.

» Adding tree height to the predictor resulted in enaccurate estimates for log and
bark as the reduction in root mean squared errtiSR) was 9%-21% for stem
biomass and 9%-16% for bark biomass. However, #selts were mixed for the
stump, crown and total tree biomass.

2.2 Methods

2.2.1 Fresh and dry weight determination

In each plot, all trees with DBH equal to or greatean 10 cm were felled by logging

contractors and measured for total tree and comydresh weight using methods described
in Ximeneset al (2008). For trees of commercial size, one or ncoramercial logs were cut

from each stem by following current commercial gecifications. After the length and

diameter of a log were measured, it was weighead fiith the bark on and then with the bark
removed to obtain the fresh weight of log and b&dmaged or defect stem sections, if any,
were cut and weighed together with the crown. Facfical reasons the crown component
was only weighed with the bark intact. As stumpsldmot be weighed, the fresh weight of
each stump was estimated from its volume calculfxted stump height and diameter. Such
complete weighing generated four fresh weight camepts for each tree of commercial size:
(1) stump, (2) stem (i.e. logs without bark), (8ykof logs and (4) crown which included an
unmerchantable upper stem, damaged and off-cut seetions. The fresh weight for each

51



component was later converted to dry weight usweyage moisture content for trees of the
same species within the same DBH class. Finally,ttital above ground dry biomass for
each tree was calculated as the sum of the fowvdight components (Figure. 2.3).

2.2.2 Additive biomass equations

Following the approach of Rit al. (2004), a system of five nonlinear additive ecuagiwas
specified for the four biomass components and toé& biomass with DBH (D) as the only
predictor, as follows:

Y, =e®DA +¢

Y, =D +¢,

Y, =e>D" +¢,

Y, =€™D% +¢,

Y, = %D + 2D + D + efoD + g (1)

where Y; to Y, represent the biomass of stump, logs without bbekk off logs, crown
(including damaged stem and off-cuts) in kg respelt, Ys is the sum of the four biomass
components i.e. the total tree biomass, [a}pdre coefficients. A¥; to Ys represent different

biomass components of the same tree, the erroistare inherently correlated and in the
matrix algebra notation can be expressed as

€= [51,52,53,54,55]’ (2)

with the expectationE(e)=0 and a variance and covariance maifix) = X. Each
coefficient in the model is shared between two &qoa as cross-equation constraints are
placed on the structural parameters to ensureiatiibf biomass estimates i.e. to eliminate
the inconsistency between the sum of predictedegafior biomass components and the
prediction for the total tree biomass. This typenaidel specification was first reported by
Reed and Green (1985) when demonstrating the uaelagfs function in forcing additivity
among biomass equations. The system of equatesfied in model (1) was fitted to the
data in the way described in Bi al (2004) for each species using the generalisedodeth
moments (GMM) that produces efficient parameterineges under heteroscedastic
conditions without any specification of the nataofehe heteroscedasticity (Greene 1999).

As demonstrated by Rit al. (2004), Williamset al. (2005) and Biet al (2015), tree height,
H, can be used together with diameter in the coatbjpredictor variableD?H, to improve
the accuracy in biomass estimation. Therefore, hmmosystem of additive equations was
specified with the combined variable of DBH andetheight, BH, replacing D in model (1)
such that:
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Y, =% (D?H ) + e (D?H )™ + % (D?H)> + e (D?H )" + ¢, 3)

Parameters were estimated in the same way as loe$dor model (1). For each biomass
component, a generalized Ras calculated to indicate the goodness of fit:

R =1-12—— (4)

where Y; and¥; (i=1, 2, 3, 4, 5) are the observed and predic@des andY is the mean
observed value of dry to fresh weight ratio.

2.3 Results

In Figures 2.1 and 2.2 we present the diameterilgligion of the trees and the tree height in
relation to DBH of all trees, respectively, fronethix plots. In Figure 2.3 we present the total
fresh and dry weights for all trees from the sigtpl With diameter as the only independent
variable in the system of additive biomass equatidhe estimated exponent of D for log
biomass, i.ef,; in model (1), was 1.82 fdE. regnans1.83 forE. pilularis and 2.07 folE.
sieberi(Table 2.1, Figure. 2.4). The estimated exponenbéark biomas§;, was 1.82 foiE.
regnans 1.83 for E. pilularis and 2.07 forE. sieberi.In comparison with these two
parameters, the exponents for the stump and cr@mpenents3;; and 4, had a greater
range and so were more variable. The accuracytiofi&son was generally greater for the log
and bark components than for the stump and crowrpoaents as shown by the fit statistics
in Table 2.1. For total tree biomass, the accum@cgstimation was much greater than all
individual biomass components.

With the combined variable as the predictor inglistem of additive biomass equations, the
estimated exponent @&?H for stem biomass, i.§,; in model (3), was 0.86 fd. regnans
0.91 forE. pilularis and 0.96 foiE. sieberi(Table 2.1, Figure. 2.5). The estimated exponent
for bark biomas$;; was 0.74 foiE. regnans 0.88 forE. pilularis and 0.93 forE. sieberi.
The exponents for the stump and crown comporigntandf,, also had a greater range and
were more variable.

Adding tree height to the predictor resulted in enaccurate estimates for stem (i.e. log) and
bark biomass, but the results were mixed for tbenptand crown components. The reduction
in root mean squared error (RMSE) was 9%-21% femsbiomass and 9%-16% for bark
biomass (Table 2.1). For stump biomass, there ittlssdhange in RMSE foE. pilularis, an
18% reduction folE. regnansbut a 22% increase f&. sieberi. For crown biomass, there
was a reduction of 31% fd. regnansbut a 14% and 55% increase torpilularis andE.
sieberi respectively. The change in RMSE for total treentass was negligible foE.
pilularis andE. regnansbut a 51% increase f&. sieberi.
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Figure 2.1.Diameter distribution of all live trees with DBHj@al to or greater than 10 cm in
each of the six paired conservation and produgtiots. The number of dead standing trees

in each plot is given on the top right hand cowfezach panel.
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Figure 2.2. Tree height in relation to DBH in each of the gaired conservation and
production plots. Points showing zero height inticthat height measurements were not
taken for these trees.
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Figure 2.3. Total aboveground fresh weight (blue) and dry Wwei¢ged brown) of all
individual trees that were weighed in each plot.
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Figure 2.4. Observed values of biomass components and tetalldiomass plotted against
DBH for the three species together with the fittedves.
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Figure 2.5. Observed values of component and total tree bisnmstted against the
combined variableD?H, together with the fitted curves on natural lodaritc scales for the
three species.
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Table 2.1. Parameter estimates for the two systems of aédiiiemass equations of each
species. DBH is the independent variable in onéesysand the combined variabléHDis
the predictor in another. RMSE stands for root msgarared error.

Species Predictor N i Component o B RMSE R
1 stump -1.6938 1.5633 41.7 0.52
2  stem 0.0460 1.8257 604.1 0.62
E. pilularis DBH 72 3 Dbark -2.1772 1.7821 50.4 0.66
4 crown -9.2652 3.9480 482.3 0.85
S tree 4278  0.96
1 swmp -6.0148  2.6601 86.2 090
2 stem 0.5057 1.8200 7779  0.92
E. regnans DBH 87 3 bark -1.3226 1.5572 46.1 0.86
4 crown -1.2664 1.7083 373.6 032
S tree 855.1 0.94
1 swump -10.0985 35611 1539  0.77
2  stem -1.3748 2.0671 718.2 0.79
E. sieberi DBH 78 3 bark -2.5401 2.0331 147.7 0.86
4 crown -4.6137 2.7228 7450  0.72
S tree 905.2 0.93
1 stump -3.6695 0.7081 41.9 0.52
2  stem -3.2791 0.9142 514.3 0.73
E. pilularis D*H 72 3  bark -5.3047 0.8823 42.4 0.76
4 crown -13.0345 1.6900 747.8 0.64
S tree 646.9  0.90
1 swmp 107815 12742 71.0 094
2 stem -2.6107 0.8605 709.6 0.93
E. regnans D?H 85 3 Dbark -4.0560 0.7418 41.8 0.89
4 crown -1.6637 0.6069 257.9 0.31
S tree 837.6 0.94
1 swmp -13.0203 15202 1871 065
2 stem -4.0905 0.9643 566.3  0.87
E. sieberi D*H 78 3 bark -4.9874 0.9303 133.0 0.89
4 crown -7.0648 1.1791 849.2  0.64
S tree 912.2 0.93
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Part 3. Long term C storage in HWPs and product sustitution
Fabiano Ximenes, Rebecca Coburn, Michael Macleavelsargeant (NSW DPI)

In this section, we move away from the forest aiadk the fate of the C in the commercial

logs obtained from each of the study sites. Thdyaizaincludes all key emissions associated
with the transport and processing of the biomdss,physical C storage in harvested wood
products (HWP), and the substitution impacts asgedi with the use of biomass for

bioenergy and with the use of HWPs in lieu of alédive products.

3.1 Section summary

Determination of the C storage in HWPs was basegroduction information supplied
by wood-processing facilities most likely to progeise logs from the study sites, and also
on default service lives for the different HWPs amd the fate of HWPs post-service
(primarily based on the dynamics of the decompasitif HWPs in landfills).

The product substitution factors applied to the H\WMRere determined taking into

account key geographical markets, key competitorsHWP and likely replacement

scenarios. The emission footprint of the HWPs apdiaicement products were taken from
the literature.

Fossil fuel displacement factors for bioenergy gatien from wood biomass (wood-
processing residues) were derived for commeagpglications (feedstock for boilers) or
domestic applications (firewood).

Key findings:

o Pulp logs were a major component of the commeiloigé extracted for both

silvertop ash and mountain ash forests. The rdtputp logs to sawlogs (on a C
basis) was 70/30 for silvertop ash, and 64/36 foumtain ash. For blackbutt, the
typical volume of sawlogs and poles combined wast 3 ha. The highest
commercial recovery was for mountain ash.

Key HWPs (other than paper) from silvertop ashuded decking, flooring and
structural/cladding applications. For blackbutterdh was a greater variety of
HWPs produced, with electricity poles, flooring, climg, mining timbers,
structural timbers and fencing accounting for theganty of the C. For mountain
ash, all low-quality sawlogs were processed intbefsga with the high-quality
sawlogs being processed into a similar mix of HWPislackbutt.

The production of electricity poles in NSW has ald@HG benefit of very high
long-term C storage factors and a high product tdubsen benefit. Pallets
produced in Victoria, on the other hand, have imdicant long-term storage
benefits. However, if pallets were disposed ofaindfill as opposed to being used
as mulch at the end of their service life, the lbeign C storage in HWPs for the
mountain ash site would increase.

Use of wood-processing residues for residentiatggngeneration as firewood has

a much higher substitution benefit than its use dommercial applications
(boilers), given the high emission-intensity of lcgaoduction in electricity
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generation, as opposed to the typical displacemaenatural gas in commercial
applications (natural gas has a lower GHG emisfiotprint than coal).

The substitution impact associated with the usevadd-processing residues for
domestic heating or energy generation offsite rdrfgem 1.7 t C/ha for mountain
ash to 3.3 t C/ha for blackbutt. The Substitutiompact associated with the
potential use of harvest slash (30% of total) feceicity co-generation was much
higher, ranging from 11 t C/ha for silvertop asii&t C/ha for mountain ash.

There was comparatively little variation in the esion factors for most
hardwood HWPs from the study sites, ranging fro8Qo 0.23 kg C emitted for
every tonne of C in sawn hardwood HWPs.

The net difference between the emission footprott HWPs and alternative
products is expressed as the product substitutnact. The higher the emission
footprint of the alternative products relative toMRs, the higher the GHG
“savings” associated with the use of HWPs, anchigber the substitution factors.

The high emission factor for imported tropical haodd HWPs reflects the
assumption that a significant proportion of thosedpcts are likely to be
manufactured from wood originated from deforestato highly degraded forests
in SE Asia.

The weighted substitution factors ranged from 022/tt C in HWP for mountain
ash to 21t C /t C in HWP for silvertop ash — thoslue to the likely
displacement by SE Asia hardwood. On a hectaresb#®sugh, product
substitution impact for silvertop ash was low congglato other species (due to
low site productivity and low sawmill recoveries).

The substitution impacts ranged from 6.2 t C / dvasflvertop ash to 18.4 t C/ha
for blackbutt HWPs.

Long-term C storage for HWPs in Australia is priftyarmparted by the post-
service stage of the HWP life (i.e. storage in fdhdHowever, the overall GHG
impact will be positive whether the product is releg into another long-lived
application (e.g. old floorboards used in recydigchiture), landfilled or burnt to
produce energy.

The substitution impact, when based on market aealyf product usage in
different applications, represents a real mitigatienefit, in the same way the use
of sustainably sourced biomass for bioenergy géioereepresents real mitigation
when it displaces the use of fossil fuels.
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3.2. Methods

3.2.1. Long-term C storage in harvested wood prodas (HWP)

The long-term C storage in HWPs was determinedbgving these steps:

Determination of the weight of commercial logs (kays, pulp logs and poles) was done
by direct weighing in the field, followed by thetdemination of dry weight based on the
moisture content and basic density of the logs.

Determination of the recovery of sawn boards atgiteeen and dry mills (where relevant)
of the sawmills as required (in direct consultatigith the relevant facilities and using
information from previous studies).

Determination of the volume and mass of the mapesyof green and dry and dressed
sawn boards (where relevant) produced in sawnaitid,their relative proportion as related
to the original weight of sawlogs (in direct cortatibn with the relevant facilities).

Key disposal pathways (previous waste studies).

Application of C storage factors to HWPs disposédnolandfills (Wanget al 2011,
Ximeneset al 2013).

3.2.2. Product substitution factors

The product substitution factors applied to the HpPoduced (except for pulp logs, which
will be included in the next Chapter of this repavere determined by following these steps:

Determination of key geographical markets for padu(in consultation with wood
processors).

Determination of key competitors for each prodypetand likely replacement scenarios
in consultation with the relevant wood-processord expert market analysts. Where there
were multiple replacement products the relativekatgproportions were given.

Determination of the GHG balance of the HWPs preduitom the study sites, expressed
as tonne of C / fhin HWP (based on previous studies, especially Xieset al 2010 and
Tuckeret al 2009). This was a cradle to gate assessmentdingiemissions associated
with the establishment, management, harvest, &otsport and mill-based emissions.

The emission footprint of the HWPs was expressedrase C / tonne C in HWP, in order
to make the results comparable with the other carapts of the assessment. For example,
one tonne of C in the hardwood HWPs from the no@tbast of NSW equals
approximately 2.8 rhof hardwood HWPs.

Energy use of processing residues (residential emmercial), other than energy
generated for internal consumption at the mill. &details on this are given below.

63



» Determination of the GHG balance of the likely esg@ment products as alternatives to the
HWPs from the study sites (expressed as tonne/afitof product). This was a cradle to
gate assessment based on an extensive search litethture (peer-reviewed journals,
direct LCA data, environmental product declarataata and industry reports). When
determining the GHG balance of the replacement ymsg a functional equivalence
principle was applied. As an example for the swoHfloption:

1. We determined the volume (and C) in hardwood beamed joists used in a 100 m
house.

2. If the replacement product (e.g. LVL) was wood-ltadben we also determined the
volume (and C) in the LVL used in a 106 house as sub-flooring.

3. If the replacement product was not wood-based @mgcrete), then we determined
the volume of concrete used as a slab for a 0bause.

» Determination of the weighted GHG balance of tkelyi replacement products based on
their likely respective gains in the share of tharket if harvesting in native forests was
stopped in Australia (expressed as tonne of €dfrproduct).

» Determination of the substitution factor, as th#edeénce between the weighted GHG
balance of the alternative materials to the HWBmfthe sites and the emission footprint
of the HWPs from each site.

In our assessment, the derivation of emission fodgpfor some HWPs and for energy was
more complex, with a number of steps required leefeaching a final emission footprint.
Below we include a more detailed description of hbase factors were derived.

3.2.3. Energy

Fossil fuel displacement factors for bioenergy getien from wood biomass (wood-
processing residues) were derived for residentidl @mmercial energy generation (other
than biomass used to generate energy for interilblsage). Residential energy generation
here refers to the use of residues for home hedlireyvood), whereas commercial energy
generation involves use of the sale of residuesiseroffsite in boilers. The assessment took
into account the likely type of fossil fuel that wd be displaced in each case. Information on
the proportion of residues used for energy germratias obtained directly from sawmills in
NSW and Victoria. This was combined with estimatésesidues beyond the mill, such as
those generated during construction and demoldaiivities.

The method described in the National Greenhouseodsts (NGA) Factors 2014 was
followed to calculate the emissions from using tambesidues to produce energy (Comm.
Aus. 2014). This included the emissions from thenloostion of wood plus the emissions
from the vehicles used to transport the wood (&plpdinly to firewood as the use of residues
for commercial applications typically involves sharansport distances). Under the 2006
IPCC Guidelines, the emission factor for £@leased from the combustion of biogenic C
fuels is zero (Comm. Aus. 2014). Therefore onlyaus oxide (MNO) and methane (CH
emissions that arise from the combustion of woodeveecounted for. All emissions factors
were converted a per tonne of C in wood basis,nasgua moisture content of 15 % for
firewood and 30 % for boiler timber, and C contéartdry wood of 50 %. The parameters
required for the derivation of emission factors figtermining the energy output from
residues (on a GJ basis) are presented in Tablelr8.Table 3.2 we present the GHG
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emission factors that were derived for the useesidues and for the alternative use of fossil
fuels. The factors were expressed on a tonne oasIspthis means that for residues, the
emission factors in Table 3.2 reflect the GHG emiss associated with the use of the
equivalent of one tonne of C in residues. For fdssls, the emission factors presented are
for the use of the equivalent amount of fossil frejuired to generate the same output of
energy as that achieved by the use of one ton@einfresidues. This was required to ensure
consistency with the way the results for otherpaftthe analysis were expressed.

Table 3.1 Parameters used for the calculation of emissiaofa for residues used for
residential heating (firewood) or commercial hegtfboilers).

Emission factor| Energy -
Residue use kg COe/GJ* | content fEﬁ'tC'e[}/"%

CH, N,O Gj/t2 | factor%
Firewood (Residential) 17.8% 0.57 16.2 62
Boilers (Commercial) 0.08 1.22 10.4 70

! The emission factors for firewood were derived froma Australian Methodology for the Estimation afe@nhouse Gas
Emissions and Sinks 2006 — Energy (Stationary ssjiy¢Commonwealth of Australia 2007). The NGA fast@Comm.
Aus. 2014) were used for commercial residd@he energy content figures are as per the NGA fa¢@omm. Aus. 2014).
% The residential efficiency factor was derived frétaulet al 2003; the commercial boiler efficiency factor waevived
from the FAO (FAO 1990).

Table 3.2Emission factors (expressed as &itted per tonne of C in the biomass) for
residues and the fossil fuel types displaced by tise

Emissions (kg CQ-e/t C
in biomass used) Emissions (kg CQ-e/ t C in biomass)
Energy market Residues Fossil Fuels
Commercial Natural | Heating| Weighted
Firewood residues Electricity gas oil emission$
715 - 6435 1200 - 3818
Residential
- 38.83 - 1067 1435 1141
Commercial

1 The emissions for firewood include 1&g CO-e/t C for transport based on 0.07 L/km/tonne firedrand a 30 km round
trip. 2 The weighted emissions for the residential energyket were calculated based on a 50/ 50 split etvedectricity
and natural gas. For commercial boilers this wa®@fbr natural gas and 20 % for heating dilhis factor reflects the
emissions associated with the use of the amoufussfl fuel required to produce the same amournefrgy that one tonne
of C in residues would produce

3.2.4. HWP from South East Asian (SEA) tropical foests

Analysis of the likely displacement scenarios fative forest hardwood from the study
regions revealed a high likelihood of replacemenih \BE Asia timber for some applications.
There are serious concerns over the rate of defdi@s, C emissions and loss of biodiversity
in Southeast Asia (SEA), where tropical forests pose 60% of the forested area (FAO
2001). While in 1990 SEA had an estimated 268 Mhdorest cover, by 2010 this had
dropped to 236 Mha (Stibigt al 2014), with an estimated net annual deforestataia
(2000-2010) ranging from 1.0- 1.45 Mha (Stikigd 2014, FAO 2010).
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In deriving an emissions factor for the timber agted from native forests in SEA for
sawnwood production, we considered that a high qgntagm of the timber extracted

originated from deforestation activities, and alfsom degraded areas, with a smaller
proportion extracted sustainably. Based on thaap@ied three harvest intensities; (i) low
intensity harvest, (ii) high intensity harvest afid) deforestation (Appendix 1). We

calculated a net weighted emissions factor for danfest intensity based on the industrial
sawlog production volumes for each country for 2@ABpendix 1 -Table 3.3). We then

weighted the three harvest intensity emissionsofacfor SEA to derive a single factor
(Appendix 1 -Table 3.3).

For the purposes of this report we defined lowrisiy harvest as that which is done with
minimal disturbance and with extraction rates aad/ést rotations at a sustainable level. On
that basis the C extracted is equal to the C séepeels and the emission sources are only
those derived from the fossil fuels used in the mreery for harvest, transport and
processing. For high intensity harvest, in addittonthe fossil fuel emissions C is lost
through poor harvest techniques and extractionldegesater than those deemed as best
practice for the region. In order to derive theadestation emission factor we assumed that
the area has been clear felled, with no regeneratiad all the above ground C has been lost.

A net emissions factor for each harvest intensig werived making provisions for the C that
is sequestered following high intensity harvest ahte to land use change following
deforestation. The three harvest intensity emissfanotors were calculated for each SE Asian
country and a weighted average based on the inalusawlog production for each country
was applied to obtain a factor for SE Asia (Appe&rdi

The proportion of industrial sawlog that is prodii@s a result of each harvest intensity is
difficult to determine, as data pertaining to thegim of timber (i.e. plantation timber,
selectively harvested timber or through legal landversion) is not officially recorded. We
therefore relied on published data from a numbesairces, and based on this the harvest
intensities were weighted as follows; 10% of prddwc from low intensity harvest, 45%
from high intensity and 45% from deforestation (&pgix 1).

A summary of key emission factors used is givenTable 3.3 below; a more detailed
description of the method and a discussion on dneptexity and uncertainty surrounding the
factor can be found in Appendix 1.

Table 3.3 Weighted net emission factors for each harvesnsgitg and the total for SEA
including an emission factor for shipping.

Net emission$ (kg CO,-e/t C in wood)
Produscltion Low High Shipping Total
n intensity | intensity | Deforestation | emissions | emissions
harvest | harvest
Sawlogs & | 59 645 69| 62 4,338 10,657 243 15,301
veneer logs

! The production volumes are estimated based on E&@og & veneer log figures from FAOSTAT for 2018daFAO
plantation data for 2012 (FAO 2015, Jurgensen 21%he net emissions allow for sequestration throkegfeneration in
high intensity harvest and land use change follgvdeforestation® Based on factors contained in Ximenes and Brooks
(2010)
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3.2.5 Preservative-treated wood

The HWPs that were preservative-treated were gebupwler 4 categories and classified
under various hazard classes relative to the expasdihe product use:

* Framing - H2 and H2F - Softwood; Decking - H3 —t@®&obd; Fencing - H3 —
Softwood; Poles - H5 — Hardwood

A summary of the treatment levels and hazard ctaissehown in Appendix 2. A description
of the steps used in the calculation of the emisfaators for each preservative type is also
included in Appendix 2. The emission factors fog Key preservatives used are presented in
Table 3.4, whereas the emission factors used fur #aated HWP is included in Table 3.5.

Table 3.4Emission factors (expressed on a kg of total adtigredient basis) for key wood-
preservative formulations

Emission factor (kg CO-e
Preservative / kg of total active Reference
ingredient)

CCA 4.7 McCallum (2010)

ACQ 19.1 Bolin and Smith (2010)
Boron 45 McCallum (2010)
LOSP 90.4 McCallum (2010)
Creosote 2b Bolin and Smith (2013)

I This refers to the use of 1 kg of the product éee”.

Table 3.5 Emission factors for the HWPs included in the wsial that were preservative-
treated

HWP Kg C/ tonne of C (dlue
to treatment only)

Treated pine, framing (H2, H2F) 74

Treated pine, decking (H3) 26.3

Treated pine, fencing (H3) 15.1

Treated hardwood poles (H5, CCA) 17.5

Treated hardwood poles (H5, creosote) 117.9

1 does not include emissions associated with hartestsport and manufacture — these
are included in the calculations of the producpléisement factors> mean of CCA,
ACQ, and boron
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3.2.6. Electricity poles

Emission factors were derived for electricity tnamssion poles made using hardwood,
concrete and steel. The poles were all assumedetd@dbom in length. The key factors
associated with the different poles are listedabl& 3.6 below:

Table 3.6Weight and emission factors for hardwood, stedl@ncrete power poles

Pole type Assumed weight (kg) Emission factor
(kg CO-€e / kg of material)
Hardwood 1091 0.52 (this study)
Steel 651 (Sureline 2011) | 2.62 (Bolin and Smith 2011)
Concrete 2645 (Rocla 2007) | 0.15 (Bolin and Smith 2011)
3.3. Results

3.3.1 Commercial Logs

The results below (expressed in tonnes of C in fmgshectare) are presented both as actual
site production (SI) and regionally typical prodant(RG), as defined below:

a) Actual site production (SI)
Sawlogs, pulp log and/or pole logs from all commnadrirees in the study sites were
included. This scenario reflected the actual fldwCofrom the study sites and the
fact that every tree with DBH greater than 10 cns Warvested and weighed.

b) Regionally typical production (RG)
In order to mirror harvest prescriptions appliedharvest operations in each relevant
region, we adjusted the figures to exclude retainees. The product mix was also
adjusted to reflect the typical mix of commerciag$ for each region, in
consultation with the FCNSW and VicForests.

Silvertop Ash- NSW South Coast
Silvertop ash accounted for the vast majority a @ in production logs harvested in

Yambulla State Forest (99%). As expected pulp Bg=sounted for the majority of the C in
the silvertop ash production logs, for both the®d RG scenarios (Figure 3.1).
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Figure 3.1. Silvertop ash production logs from Yambulla Steteest derived from actual
site data and adjusted regional average production
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Blackbutt- NSW North Coast

Blackbutt accounted for the vast majority of thenQoroduction logs harvested in Mt Boss
State Forest (96%). The majority of the productmgs in the Sl scenario were destined for
use as electricity poles (Figure 3.2). This changeanatically for the RG scenario, with a
substantial shift towards high-quality (HQ) and tquality (LQ) sawlogs (Figure 3.2).

Figure 3.2. Blackbutt production logs from Mt Boss State Forsrived from actual site
data and adjusted regional average production
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Mountain Ash- Victoria Central Highlands

Approximately half of the C in the mountain ash qurction logs was destined for use as
pulp, with the remainder equally divided betweew I(E Grade) and high quality (A-D
grade) sawlogs (Figure 3.3). In the RG scenariovtieme of pulp logs increased reflecting
average volumes for the Central Highlands (Figug. 3

Figure 3.3. Mountain ash production logs from Toolangi StateelSt — derived from actual
site data and adjusted regional average production
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The recovery of production logs was expressed jpsreentage of the harvested production
trees (RG scenario) and as a percentage of thHeptotastanding (Sl scenario), (Table 3.7).

Table 3.7.Recovery of biomass in production logs for the &@ Sl scenarios in each study
region on a dry weight basis.

Species Recovery (%); assuming| Recovery (%); actual
harvest prescriptions site production (SI)
(RG)

Silvertop ash

(Yambulla State Forest) 58.8 51.2
Blackbutt

(Mt Boss State Forest) 59.3 475
Mountain ash 62 .

(Toolangi State Forest)

The recovery varied significantly between the NSpéces and mountain ash in Victoria
(Table 3.7). Mountain ash had the highest recovevgls, largely as a reflection of the
characteristics of the species (especially lowlkwébranching in the crown), but also due to
the presence of an active pulp market. Availabiitya pulp market would have significantly
increased the recovery for blackbutt (Table 3.7).
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A breakup of the commercial logs as derived for ghely sites is given in Table 3.8, along
with actual harvest data provided by the FCNSW Vdio@Forests. The data from the FCNSW
for the mid-north coast covered a broad geograptacea and suggests that the study
“production” site yielded a slightly higher propior of high quality logs than the average
blackbutt forest in that region. Logs are gradega@ess or HQ sawlogs primarily depending
on market demand at the time of harvest. Comparaddie for Eden was limited due to a
large proportion of the harvest in the region bedlegived from thinning operations, which

yields a larger proportion of pulp (~90%). WhiletRCNSW data and the Eden production
site are comparable (Table 3.8), the analysisnstdid due to the restricted number of
comparative sites.

The mountain ash Toolangi SF site had a highergtmm of sawlogs than the average for
similar Central Highlands forests provided by Vicgsis (Table 3.8). The Toolangi SF study
site was thinned in the past, with the removal @brer quality stems and trees that would
have been dead standing, resulting in increasetbgawcoveries (Table 3.8). Distances to
pulpwood markets also play an important role in pldp yields for different coupes. The

increased haulage costs for coupes further fronketsroften means reduced commercial
utilisation of non-sawlog components.

Table 3.8.Percentage breakup of the commercial componettiteoharvest from the study
sites compared with actual harvest data providethé\state agencies for similar sites (based
on green volumes, excludes dead trees).

Commercial Silvertop ash Blackbutt Mountain ash
Product FCNSW | Yambulla | FCNSW | Mt Boss Vic Toolangi
actual SF site actual SF site | Forests| SF site
(%) production (%) production | (%) (%)
(%) (%)
LQ Sawlogs 5 12 36 22 14 26
HQ Sawlogs 23 27 50 11 23 25
Poles - - 10 67 - -
Pulp 71 61 - - 63 49
Residue 1 - 4 - - -

3.3.2. Production of HWPs

In order to ensure the results were compared osdhee basis, the HWPs were expressed as
tonnes of C of HWPs produced per hectare (finigH&éPs leaving the “sawmill gate)”. As
for section 3.2.1, these are presented as actiglpsdbduction (SI) and regionally typical
production (RG).

For silvertop ash, a large proportion of the C ioduction logs was destined for pulp and
paper use (Figure 3.4), with a comparatively smadbportion of the C in sawn hardwood

products. Under the RG scenario, there was a sntaéase in the pulp produced and a small
decrease in the sawn hardwood produced, with oyt £/ha excluded from the harvest

(Figure 3.4).
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Poles accounted for the bulk of the blackbutt HWiRder the Sl scenario (Figure 3.5). As
described in section 3.2.1, the decision on whetternogs are graded as “poles” or “high-
quality sawlogs” depends primarily on the markemdads. Typically though for this study
region there is a more even distribution betwedaspand high-quality sawlogs than in the Sl
scenario (RG scenario, Figure 3.5). The impactppiyang typical harvest prescriptions (RG
Scenario) is significant, with 7.4 tC / ha excludemm the harvest. More importantly under
the RG scenario there is a large drop in the Coleg) and a comparatively smaller increase
in the C in the other products (Figure 3.5). Themmaason why the magnitude of the loss of
C storage in the poles was not mirrored by in@gas the other products is due to high
recovery rates in the production of electricitygsy with very little residue produced.

For mountain ash, all low quality sawlogs are pssee into pallets, resulting in pallets being
overall the main sawn product obtained from the @igure 3.6). Processing of the higher
quality sawlogs generates a range of both sawnwmard products and engineered wood
products (EWP) produced using offcuts (Figure F&ilp accounted for a large proportion of
the overall product mix (Figure 3.6). The key impatthe RG scenario was an increase in
the volume of pulp and as a result a reductiom@volumes of sawn products (Figure 3.6).

Figure 3.4 Silvertop ash HWPs from Yambulla State Forest @efifrom actual site data and
adjusted regional average production
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Figure 3.5 Blackbutt HWPs from Mt Boss State Forest — derifredh actual site data and
adjusted regional average production
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Figure 3.6 Mountain ash HWP from Toolangi State Forest —waetifrom actual site data
and adjusted regional average production
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3.3.3. Long-term C storage (LTCS) in HWPs.

Long-term C storage (LTCS) in HWPs (other than pgpeducts) under both the Sl and RG
scenarios is shown in Table 3.7. Calculation of LHRES for the various HWPs is based on
the proportion of HWPs disposed of in landfillstheé end of their service life. The C in
HWPs (other than paper products) is stored indefiniin landfills (e.g. Wanget al 2011,
Ximeneset al 2013, Ximeneegt al 2015).

There was a large variation in the total LTCS foe tlifferent species under the Sl scenario,
with blackbutt HWPs having the highest LTCS (43 t/l&). For silvertop ash, decking
accounted for the majority of the LTCS, whereasHiaickbutt, electricity poles were by far
the biggest contributor (Table 3.7). For mountash,aboth structural / cladding materials,
and finger-jointed / laminated products were theaggst contributors to LTCS (Table 3.7).

The RG scenario had a significant impact especailyplackbutt HWPs (Table 3.7). That is
primarily due to the shift from poles to sawlogse toverall sawn product yields are much
lower than using very long parts of the stem witimimal processing as electricity poles,
which mainly are disposed of in landfills at thedeaf their functional lives. As a result, after
adjusting the product mix to reflect the regionaerages, blackbutt structural / cladding
HWPs have higher LTCS than electricity poles (Tahl®. Under the RG scenario the total
LTCS for silvertop ash and mountain ash decrease@%and 24%, respectively (Tables
3.7).

Table 3.7 Long-term C storage in HWPs produced from sawlagd poles for actual site
production (S1) and regionally typical productid®G) scenarios.

LTCS (Landfill, t C / ha)

HWP Silvertop ash Blackbutt Mountain ash

Si RG Sl RG Si RG
Decking 2.5 1.7 0.7 1.9 - -
Flooring 0.7 0.5 0.7 1.9 2.2 1.6
Structural/ Cladding 0.4 0.3 2.1 6.0 7.7 5.4
Mining timbers - - 1.4 2.3 - -
Fencing - - 0.6 0.9 - -
Packing/Landscape/Other - - 0.2 0.3 - -
Electricity poles - - 37.2 4.9 - -
Architraves/Mouldings - - - - 2.3 1.8
Dressed all round (DAR
boards - - - - 2.2 1.7
Finger jointed/
Laminated - - - - 8.2 6.3
Battens - - - - 1.8 1.4
Plywood - - - - 0.0 0.0
Residues 0.2 0.2 0.2 0.6 1.2 0.9
Total 3.8 2.7 43.0 18.7 25.7 19.6
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3.3.4 Market Information

In Tables 3.8 - 3.11 we present the market sharahi® key product categories for the
different regions in this study, following constita with wood market experts and industry.
Key sources consulted for the development of thita dncluded the URS Timber Market
Survey (2014) and the Bis-Shrapnel report (2014wi$ Timber in Australia (2014-2028). It
is clear from the analysis that there is plentgadpe for increasing the market share for the
majority of hardwood HWPs (Tables 3.8- 3.11). ldlifidn, the proportion of the market that
is occupied by products other than hardwood pradpcovides a good indication of the
likely replacement alternatives in the event nalimedwood HWPs were no longer available.

Table 3.8 Current market share in Victoria, NSW south caast NSW north coast for
decking and floor coverings

0 .
Eeieriiel sulbaiivilan Y% Share of domestic market

Products products NSW South | NSW North
Victoria Coast Coast
_ Treated pine 35% 35% 35%
Decking Merbau 25% 30% 25%
Balau 5% 5% 10%
Cypress pine 5% 0% 0%
Concrete 5% 5% 5%
Composite (PVC) 5% 0% 5%
Domestic hardwood 20% 25% 20%
Carpet 39% 35% 37%
Tiles 27% 25% 24%
Engineered - bamboo 7% 6% 7%
Engineered flooring
(imported) 5% 5% 7%
Imported solid timber
floor 3% 4% 4%
Floor Coverings | CYPress _ 3% 5% 3%
Laminate (melamine
infused paper on top of
wood chip composite) 1% 0% 2%
Engineered flooring - ply
core with hardwood top
(0.6-6mm) (Australian
Hardwood) 1% 2% 1%
Vinyl 1% 1% 1%
Domestic hardwood 13% 17% 14%
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Table 3.9 Current market share in Victoria, NSW south ccasi NSW north coast for
cladding, architraves and mouldings, finger joifi@dinated products and lining

i - % Share of domestic market
Potential substitution

Products products NSW South | NSW North
Victoria Coast Coast
Fibre cement 20% 20% 20%
Hardboard 15% 15% 15%
Plywood 15% 15% 15%
. Radiata pine 15% 15% 15%
Cladding Steel 10% 10% 10%
Aluminium 10% 10% 10%
Imported timber 5% 5% 5%
Cypress 5% 5% 5%
Domestic hardwood 5% 5% 5%
MDF 87% 55% 30%
Clear pine 4% 10% 18%
. . FJ Radiata pine 2% 10% 30%
Architraves/Mouldings FJ Hoop pine 1% 0% 3%
Meranti 0% 10% 12%
Western red cedar 0% 10% 6%
Domestic hardwood 6% 5% 1%
Finger jointed/ Imported 50% 90% 90%
Laminated Domestic hardwood 50% 10% 10%
Lining Western red cedar 60% 60% 60%
Domestic hardwood 40% 40% 40%
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Table 3.10 Current market share in Victoria, NSW south caasil NSW north coast for

structural products

% Share of domestic market
Potential substitution
Products products NSW South | NSW North
Victoria Coast Coast
Pine 87% 88% 90%
Structural- Steel 4% 3% 5%
Framing (Wall) ["concrete/Cement 1% 0% 1%
Cypress 1% 1% 1%
Domestic hardwood 7% 8% 3%
Pine 80% 75% 78%
Structural- LVL/ I-beams 8% 9% 9%
Framing (r00f) | gieel 4% 5% 5%
Domestic hardwood 8% 11% 8%
Battens Pine 40% 80% 90%
Domestic hardwood 60% 20% 10%
Pine 16% 43% 44%
Sub-Eloor LVL/ I-beams 13% 28% 25%
Products Parallel chord truss 16% 0% 2%
Concrete (suspended
sections) 13% 15% 12%
Steel 2% 2% 2%
Domestic hardwood 40% 12% 15%

The likely resulting market shares for productseotthan native hardwood products, if they
were no longer available, are provided in Tabl€3The data in Table 3.12 is based on the
“domestic hardwood” component of Tables 3.8 - 3thkjng into account factors such as
“consumer loyalty”, i.e. the consumer is a “comsnift hardwood user and is unlikely to
purchase a non-hardwood product unless none isablaiin the market. Using the “floor
coverings” market as an example (Table 3.8), domégtrdwood accounts for a relative
small proportion of the overall market (13-17%)lesiand carpet have the biggest share of
the floor covering market for the regions studiddwever, it would be reasonable to assume
that a majority of those consumers who have a haodvfloor would be unlikely to switch to
carpet or tiles should the native hardwood flootor@er be available. This is reflected in the
figures in Table 3.12, where either imported hardevdloors or engineered wood products
are listed as the most likely products to haveremeiased market share. Another important
consideration is that the substitution options @d mecessarily mean that the alternative
products will perform to the same extent as thévaatardwood product - compromises in
performance may be associated with some of théylieplacement options.
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Table 3.11 Current market share in Victoria, NSW south ccasi NSW north coast for
fencing, plywood, electricity poles, mining timbgpacking and pallets

Potential % Share of domestic market
substitution
Products products NSW South | NSW North
Victoria Coast Coast
Fencing Treated pine 75% 65% 75%
Steel 20% 10% 10%
Domestic hardwood 5% 25% 15%
Tropical hardwoods 40% 20% 20%
Plywood for Pine 40% 40% 30%
formwork and bracing
Domestic hardwood 20% 40% 50%
Electricity poles concrete 28% 7% 7%
Steel 2% 3% 3%
Domestic hardwood 70% 90% 90%
Other domestic
Mining timbers timber 60% 30% 30%
Concrete 40% 20% 20%
Domestic hardwood 0% 50% 50%
Packing/Landscape/ | Treated pine 50% 50% 50%
Other Pine 30% 30% 30%
Domestic hardwood 20% 20% 20%
Pine 15% 15% 20%
Pallets Plastic 3% 2% 4%
Domestic hardwood 82% 83% 76%

78



Table 3.12.Likely substitution products for HWPs from thedyusites

Products Most likely substitution Likely
products market share
Decking Merbau 50%
Treated pine 40%
Balau 10%
Engineered flooring
(imported) 50%
Floor coverings Imported solid timber
floor 30%
Engineered - bamboo 20%
Cladding Hardboard 40%
Fibre cement 40%
Radiata pine 20%
Architraves/Mouldings | FJ Radiata pine 40%
MDF 40%
Clear pine 20%
Finger jointed/
Laminated Imported glulam 100%
Lining Western red cedar 100%
Pine 80%
Steel 15%
Structural- Framing
(wall)
Cypress 5%
Structural- Framing LVL/ I-beams 60%
(roof) Pine 20%
Steel 20%
Battens Pine 100%
LVL/ I-beams 40%
Sub-floor products Pine 40%
Concrete (suspended
sections) 20%
Fencing Treated pine 60%
Steel 40%
Plywood for formwork Tropical hardwoods 50%
and bracing Pine 50%
Electricity poles Concrete 50%
Steel 50%
Mining timbers Concrete 100%
Packing/Landscape/Other reated pine 60%
Pine 40%
Pallets Pine 100%
Plastic 0%
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3.3.5 Substitution impacts

In Table 3.13 we report on the emission factore@ased with the extraction, transport and
manufacture of the native hardwood HWPs from eagion (“cradle to gate” approach). The
emission factors in Table 3.13 do not include fefsgl displacement factors for renewable
energy produced outside the mills from wood-processesidues for commercial or
residential applications — these factors are dmtageparately in Table 3.16. We do not
provide substitution factors for paper productghis section — these will be discussed in
detail in Chapter 4 of this report.

There is comparatively little variation in the esig factors for most hardwood HWPs
included in Table 3.13, ranging from 133 to 226kgtonne of C for sawn hardwood HWPs.
The emission factor for plywood is higher because émission intensity of production for
EWPs is typically higher than for sawn productsh€z3.13).

Table 3.13Emission footprints (kg C emitted per one tonneCoin the products) for the
hardwood HWPs produced from the study sites

kg C/

Hardwood HWPs tonne C | References
Finger jointed / Laminated Tucker et al 2009,
(GLULAM) 133.1 | Ximeneset al 2010; this study
Mining timbers 138.5 | Ximeneset al 2010; this study
Fencing 138.5 | Ximeneset al 2010; this study
Packing/Landscape/Other 138.5 Ximeneset al 2010; this study

Ximeneset al 2010; this study;
Electricity poles 149.9 | Bolin and Smith 2011
Decking 156.0 | Ximeneset al2010; this study
Flooring 156.0 | Ximeneset al2010; this study
Cladding 156.0 | Ximeneset al2010; this study
Pallets 162.7 | Ximeneset al 2010; this study
Structural - Sub floor 182.1 | Ximeneset al 2010; this study
Structural - Wall 182.1 | Ximeneset al 2010; this study
Structural - Roof 182.1 | Ximeneset al 2010; this study
Architraves / Mouldings 207.4 | Ximeneset al 2010; this study
DAR boards 207.4 | Ximeneset al 2010; this study
Battens 225.8 | Ximeneset al 2010; this study
Plywood 316.3 | Tucker et al 2009; this study

In Table 3.14 we report on the emission factorstifir various alternative wood and non-
wood products identified as the most likely reptaeat products for the HWPs from the
study sites. The factors vary significantly, botn HWPs and non-timber products (Table
3.14). The high emission factor for imported tr@pichardwood HWPs reflects the

assumption that a significant proportion of thosedpcts are likely to originate from

deforested areas or areas where forestry prasticesustainable in SE Asia (for more details
please see section 3.1.4 in the Methods sectionAapéndix 1). The emission factors for

EWPs are weighted averages accounting for the mupreportion of the market occupied by
domestic and imported EWPs (Table 3.14). A numiberoo-timber products have emission
factors in excess of one tonne of C per equivalemte of C (Table 3.14). Emission factors
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for products that use the same feedstock (e.g.ret#)cvary depending on the function
provided (e.g. for concrete: electricity pole, cate slab, mining) and the quantity of C in
the equivalent hardwood HWP.

Table 3.14 Emission footprints (kg C emitted per one tonneCoin the products) for the
alternative wood and non-wood products identifisdttee most likely replacement products
for the HWPs from the study sites

HWPs References Non-timber products | References
kgC/
tonne kgC/
Product C Product tonne C
Ximeneset al Wilson and Dancer
2010 (2005), Tuckeet al
LVL/ | 2009; Puettmaet
Untreated pine 183.8 Beam 220.9 |al 2013a
Tuckeret al Ximenes and Gran|
2009; Puettman | Steel (wall (2013)
FJ pine 209.5 | et al2013 frames) 277.1
Ximeneset al Engineered Vogtlander and var
Cypress pine 286.7| 2010 - Bamboo 883.8 | der Lugt (2014)
Ximeneset al Bolin and Smith
Pine (H2F 2010; McCallum| Concrete (2011)
treatment); Radiata 2010; Bolin and | (mining
pine (H3) 288.1 | Smith 2010 shafts) 922.9
Tuckeret al Steel - OECD (2001)
Plywood-pine 316.3 | 2009 colorbond 1045.9
GLULAM Puettmaret al Concrete Bolin and Smith
imported 322.5 | 2013 poles 1102.5| (2011)
Plywood- ITTO (2014) Bolin and Smith
Hardwood from (2011)
SE Asia 480.4 Steel poles| 1358.3
Bergman (2005)| Concrete Bolin and Smith
Hardboard 527.1 (floor slab)| 1548.9 | (2011)
Engineered Bergman and CertainTeed (2011
flooring 1055.4 | Bowe (2011)
Imported solid References listed
timber (50% SE in Appendix 1.
Asia, 50%
Northern Fibre
Hemisphere) 2227.6 Cement 3568.1
Imported solid References listed
timber from SE in Appendix 1.
Asia 4173.0

In Table 3.15 we report on the emission footprigsaxiated with the use of alternative
energy sources to hardwood wood-processing residiesse factors reflect the emission
intensities associated with the different fossiéléuconsidered. Substitution of residential
electricity is by far the option which generates fneatest substitution benefit, given the high
emission-intensity of coal production (Table 3.15).
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Table 3.15Emission footprints (kg C emitted per one tonneCoin the residues) for the
energy generation alternatives identified as thstrtikely replacement options for bioenergy
from the hardwood wood-processing residues.

Energy References
Product kg C /tonne C
Natural gas (commercial 291.0 | FAO (1990), NGA (2014)
Natural gas (residential) 327.4 | NGA (2014), Paukt al (2003)
Heating oil (commercial) 391.4 FAO (1990), NGA (2014)
Electricity (residential) 1755.0 | NGA (2014), Pauét al (2003)

In Table 3.16 we combine the factors presentedahlés 3.13 - 3.15 to derive weighted
displacement factors (DF) for each HWP, under tharfl RG scenarios (Table 3.16). The
higher the DF, the higher the emissions associatddthe alternative product. The weighted
DF for HWPs for each region (“Total HWP” cell) raedyfrom 0.18 t C / t C in HWP for
mountain ash to 2.07 for silvertop ash. The RG agerdid not have a significant impact on
either the HWP or the fossil fuel DF for silvertaph or mountain ash, and resulted in slightly
lower factors for blackbutt (Tables 3.16).

Table 3.16HWP and fossil fuel (energy) displacement fac{@s) (tonnes of C “saved” per
tonne of C) for each study site for the actual giteduction (SI) and regionally typical
production (RG) scenarios.

DF (tonne C / tonne C in HWP)

HWP Silvertop ash Blackbutt Mountain ash

Sl RG Sl RG S RG
Decking 1.74 1.74 0.05 0.27 0.04 0.0%
Flooring 0.24 0.24 0.02 0.13 -
Cladding 0.08 0.08 - -
Structural-Sub floor 0.01 0.01 0.01 0.04 0.0 0.g2
Structural- Wall 0.00 0.0 0.00 0.02 0.0( 0.00
Structural-Roof 0.00 0.0 0.00 0.01 0.0( 0.0p
Mining timbers - - 0.03 0.09 - -
Fencing - - 0.01 0.02 - -
Packing/Landscape /Othef - - 0.00 0.0 - -
Electricity poles - - 0.93 0.27 - -
Architraves/Mouldings - - - - 0.00 0.00
DAR boards - - - - 0.07 0.08
Finger jointed/ Laminated
(GLULAM) - - - - 0.02 0.03
Battens - - - - 0.00 0.00
Plywood - - - - 0.00 0.00
Pallets - - - - 0.01 0.01
Total HWP 2.07 2.07 1.05 0.87 0.18 0.19
Residential energy 0.34 0.29 0.59 0.3 0.8 0.85
Commercial energy 0.18 0.20 0.09 0.1 0.0 0.¢90
Total energy 0.52 0.49 0.68 0.54 0.85 0.85




The high DF for silvertop ash decking can be exy@dilargely by the significant proportion
of native hardwood from SE Asia that was a likeigptacement product. Although the un-
weighted DF for blackbutt decking was identicathat for silvertop ash decking, its impact
on the “total HWP” factor was much less than fdvesiop ash. This is due to blackbutt
decking accounting for a much lower proportion bé tsawn HWP output compared to
silvertop ash decking. The comparatively lower DFrhountain ash is largely due to the low
emission intensity associated with the main reptea® product for hardwood pallets
(untreated pine).

When the factors listed in Table 3.16 are combwvél the total C in HWPs from each site

on a hectare basis, the total contribution of “micidsubstitution” can be quantified (Table

3.17). The higher the value, the greater the beas$ociated with the use of the HWP. Under
the Sl scenario, the total displacement factorbiackbutt was much greater than for the
other species, due to the very large impact oftetgty poles. For silvertop ash and mountain
ash, decking and DAR boards respectively accoufiaedhe greatest substitution impact

(Tables 3.17).

Adjusting for harvest prescriptions and for therage product mixes for the wider regions
reduced the overall substitution impacts for allioes, most markedly for blackbutt. This
was primarily due to the switch of a large propmrtiof commercial logs from poles to
sawlogs, resulting in decking having slightly highgubstitution impacts compared to
electricity poles (Table 3.17). For silvertop astd amountain ash, the reductions were
primarily due to an increase in the amount of pupd under the RG scenatrio.

Table 3.17 Substitution impacts (t C/ha) associated withuke of HWPs from each study
site for the actual site production (SI) and regibntypical (RG) scenarios.

Substitution impact (t C / ha)

Silvertop ash Blackbutt Mountain ash
HWP SI RG SI RG Sl RG
Decking 7.6 5.2 2.1 5.7 - -
Flooring 1.1 0.7 1.0 2.8 3.0 2.3
Structural/ Cladding 0.4 0.3 0.6 1.7 1.5 1.1
Mining timbers - - 1.2 1.9 - -
Fencing - - 0.4 0.7 - -
Packing/Landscape/Other - - 0.2 0.3 - -
Electricity Poles - - 42.3 5.5 - -
Architraves/Mouldings - - - - 0.3 0.2
DAR Boards - - - - 5.3 4.0
Finger jointed/
Laminated - - - - 1.7 1.3
Battens - - - - 0.2 0.2
Plywood - - - - 0.0 0.0
Pallets - - - - 0.9 0.6
Total 9.0 6.2 47.7 18.4 13.0 9.8
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3.3.6 Use of residues for bioenergy generation (exHl)

In Table 3.18 we report on the use of residues froood-processing operations for
bioenergy generation other than residues burndfging the timber in the kilns. The residues
may be used for home heating as firewood (e.qg.dmaffcuts) or commercially in boilers
(e.g. in brick manufacture). The amount of C inidess used for energy increases for
blackbutt under the RG scenario (Table 3.18), ctfig the higher proportion of sawlogs to
electricity poles under that scenario (Tables 3.18)

Table 3.18 Use of wood-processing residues for domestic hgatir energy generation
offsite for actual site production (S1) and regilypaypical production (RG).

Energy (t C / ha used for energy)
Silvertop ash Blackbutt Mountain ash
Energy use SI RG SI RG SI RG
Residential 2.1 1.5 3.1 2.7 2.6 2.0
Commercial 3.2 2.8 1.4 34 0.0 0.0
Total 5.3 4.3 4.5 6.1 2.6 2.0

3.3.7 Substitution impact (SUI) from the use of wad-processing residues to generate
energy

The SUI associated with the use of wood-processEsaglues to generate energy is dependent
on the fossil fuel that is displaced. In the ca$ehe residues used here, generation of
bioenergy for commercial purposes was assumedstdtri@ the displacement of natural gas
(80%) and heating oil (20%). In the case of the afseesidues for home heating, they were
assumed to displace the use of electricity (50%)atural gas (50%). The weighted DF for
residential purposes was significantly higher thiaait for commercial purposes. Thus, the
higher the proportion of residues used for homdihgathe higher the SUI (Table 3.19).

Under the RG scenario the SUI for silvertop ashmodntain ash was slightly lower (due to
the higher proportion of pulp) and slightly higtfer blackbutt (due to the higher proportion
of sawlogs compared to poles), (Table 3.19).

Table 3.19Substitution impact (SUI) associated with the ofs&ood-processing residues for
domestic heating or energy generation offsite fdua site production (SI) and regionally
typical production (RG) scenarios.

SUI of using wood processing residues for energy @/ ha)
Energy use Silvertop ash Blackbutt Mountain ash
Sl RG Sl RG Sl RG
Residential 1.8 1.2 2.7 2.3 2.2 1.7
Commercial 1.0 0.9 0.4 1.0 0.0 0.0
Total 2.8 2.1 3.1 3.3 2.2 1.7
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3.3.8 Substitution impact (SUI) from the potentialuse of harvest slash to generate
energy

In Table 3.20 we report on the SUI associated \hth potential use of harvest slash to
generate energy (electricity co-generation withl)}cdhe potential benefits are greater than
those from using wood-processing residues (Tal#@)3because of the significantly higher
volumes of forest-based biomass potentially avilabhe SUI ranged from 12.0 t C/ha for
silvertop ash to 19.8 t C / ha for mountain ashb(@&.20). Under the RG scenario the SUI
for each region was reduced (Table 3.20). The éguyelow do not take into account the
potential SUI associated with diverting pulp logs lioenergy generation - this will be
assessed in Chapter 6.

Table 3.20Substitution impact (SUI) associated with the po#& use of harvest slash (30%
of total) for electricity co-generation for actusite production (SI) and regionally typical
production (RG) scenarios.

SUI of using harvest slash for energy (t C / ha)
Silvertop ash Blackbutt Mountain ash

Sl RG Sl RG SI RG
C in harvest slash 50.1f 46.0 67.6 57.6 82.6 75.0
Harvest slash used for enerdy 15.0 13.8 20.3 17.3 24.8 22.5
SUlI 12.0 11.0 16.2 13.8 19.8 18.0

3.2.8 Summary of key C flows

Table 3.21 combines the information presented alameein previous components of this
report to present a summary of key componentseottilows for the species involved in this
study. It includes both C stocks and avoided emiss{substitution impacts for products and
energy).These factors will be used for modelling tbng-term impacts of native forest
management, taking into account both harvest aridfivei events (Chapter 6). Product
substitution factors for pulp and paper productsiacluded in Chapter 4.
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Table 3.21Key C stocks and flows (t C / ha) for each stuelyion for actual site production
(S1) and regionally typical production (RG) scepari

Key C flows (t C / ha)

C Flow Silvertop ash Blackbutt Mountain ash

Sl RG Si RG Si RG
Conservation forest 238 238 209 209 396 398
Coarse woody debrip 22 29 17 17 NA NAL
(conserv. forest)
Production forest 103 103 129 129 377, 371
Coarse woody debrip 30 30 65 65 18 18
(prod. forest)
Trees retained duetp 9 i 18 i 10
harvest prescription$
Long-term storage if
HWP 4 3 43 19 26 20
SUI-Production 9 6 48 18 13 10
substitution
SU!-Energy (mill 3 > 3 3 ) )
residues)
SUI-Energy (30% 12 11 16 14 20 18
slash)

Note ’CWD was not determined for the Mountain ash consenvaforest using the same methods as for
blackbutt and silvertop ash.

3.4. Discussion

In this section we did not consider temporary Gaje in HWPs in service. At any given

time there is a quantum of C in HWPs in servicghwbnstant additions and removals. In the
long-term assessment of the dynamics of C flowsfthe study sites included here, both
temporary C storage and long-term C storage fi.¢éandfills) need to be considered — this
assessment is included in the analysis present€tiapter 6.

Key replacement markets were often comprised ofdmmowood-derived materials, as the
native hardwood products often occupy a nicherbasumers who would most likely want a
“wood” replacement if they no longer had accesf\ustralian native forest HWPs. Even
though the native forest hardwood products in moases had significantly lower

displacement factors compared to the alternativedymts identified, the fact that the

alternative products were often also wood and wpaomtucts reduced the impact of the
product substitution (with the exception of impadrteardwoods from SE Asia and some
EWPs). This approach is different to that descrilme8athre and O’Connor’'s meta-analysis
of twenty-one international studies (Sathre and @dd@r 2010), which only considered

product substitution that assumed the use of waadus the use of non-wood materials.
Sathre and O’Connor (2010) determined that dispheece factors range from a low of 2.3 to
a high of 15 tonne C / tonne of C in HWP, with migstg in the range of 1.0t0 3.0t C/tC

in HWP, with an average of 2.1t C / t C in HWP akidition to the differences in the scope
of the studies (i.e. whether replacement produnttude other HWPSs), differences in the
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energy sources used for the manufacture of diffggeaducts can have a major impact in the
comparisons between studies. This is because tbeyemrofile can differ substantially
between countries and also between regions inaime £ountry. That is why it is important,
where possible, to use regionally relevant factdren considering substitution factors.

Jonssoret al (1997) determined the displacement factors for dsstesolid wood flooring,
using a functional unit of 1 fflooring during one year of operation. The valuasged from
0.2 (linoleum) to 0.7 (vinyl flooring) t C / t C IHWP. In our study, the displacement factors
ranged from 0.7 t C / t C in HWP (bamboo floorirggthe alternative) to 2t C /t C in HWP
for imported hardwood flooring. The high figures fmported hardwood flooring are due to
the high component of sawlogs from SE Asia useddaufacture the floorboards.

Scharai-Rad and Welling (2002) calculated the stibisin factors for wood utility poles
compared to steel utility poles as 1.6 t C / t GHWP — in our study the equivalent figure
was 1.2t C/t C in HWP. Kinniger and Richter 3P8onducted a comprehensive study of a
range of different types of roundwood poles in Switand, and the middle range of their
estimates for roundwood utility poles ranged fro® @ 4.4t C /t C in HWP.

The production of electricity poles in NSW has ald@HG benefit of very high long-term C
storage and a high product substitution benefitleaproduced in Victoria, on the other
hand, have insignificant long-term storage benefithough the true economic life of pallets
is difficult to determine because of the frequeeed to repair them and variability in how
they are treated in service, it is commonly assuthatl on average they have a relatively
short service life. Furthermore, pallets from Vi@oare mulched at the end of their service
life and used in gardens. They also have low produbstitution impacts, as the main
alternative scenario is the use of untreated pitech has a low emission factor associated
with its production. It should be noted though tthetre may some compromises in durability
and longevity associated with a switch from harddvéo softwood pallets. If pallets were
disposed of in landfill as opposed to being usethakh at the end of their service life, the
impact on the overall long-term C storage in HW#tstfie mountain ash site would increase.
However, companies with responsibility for the disal of pallets may have sustainability
policies in place that favour minimising sendingsteato landfills and seeking an alternative
use for the pallets at the end of their servia lif

Long-term C storage for HWPs in Australia is priityaimparted by the post-service stage of
the HWP life (i.e. storage in landfill). Howevehet overall GHG impact will be beneficial
whether the product is recycled into another Iangel application (e.g. old floorboards used
in recycled furniture), landfilled or burnt to prack energy. In fact, the emission abatement
created by diverting wood waste from landfill toeeygy generation facilities (resulting in
fossil fuel displacement) is likely to be higherathif the product is placed in landfill,
depending on whether/which fossil fuels are dispdiac

In this section we report on the potential GHG lfiknessociated with the extraction of
forest harvest residues for bioenergy generatioemoval of biomass may also play an
important role in reducing the impact of wildfireBhis removal would need to take into
account the impact of extraction on biodiversitg @am nutrition levels for future rotations.
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Part 4. Pulp and paper products - product substituion
Rebecca Coburn, Fabiano Ximenes (NSW DPI)

4.1. Section summary

In chapter 3 we devised product substitution facttor HWP and biomass used for
bioenergy. In this section we consider the produdistitution impacts associated with the
harvest of pulpwood. Pulp logs represented a sggmf proportion of the biomass in native
regrowth silvertop ash and mountain ash forests) wirrently approximately 1.1 millionin
of pulp logs harvested from Eden and Victoria (ABAR2015). The dynamics of C flows in
the paper products from the case studies included Wwere originally outside the scope of
this analysis. This was partly due to the perceptimt the GHG mitigation benefits of the
production and use of paper products was limiteemitheir typically short service lives.
However, the product substitution impacts assodiatgh the use of pulp logs from native
forest biomass may be significant, when the redaémissions associated with the extraction
of pulp logs elsewhere are taken into account.his section of the report we present
estimates for the substitution impact of using pldgs from native forest biomass from
Eden, NSW and from the Central Highlands of Viaori

Currently mountain ash pulp logs are mostly usechllp by Australian Paper in the
production of printing and writing paper (primarilye Reflex brand of copy paper), which is
also consumed locally. Silvertop ash woodchipsexqgorted to Asia (predominantly Japan
and China), where they are also used for the matwriof printing and writing paper.

Based on recent assessments conducted for Victarga,have deemed that sourcing
pulpwood from existing plantations in Victoria olsewhere in Australia, or importing
pulpwood to replace the native regrowth pulplogss wmancially unviable. A similar
conclusion was reached in relation to the posgbitif new hardwood pulp plantation
development to supply the local market, given #eent trends in plantation establishment
and negative prospects. Further discussion on teses is included below.

The results below need to be interpreted in theestrof the type of paper (printing and

writing paper) that is typically manufactured frofme pulplogs extracted from both the
Central Highlands of Victoria and the Eden regidétN8W. The pulp and paper industry has
complex market structures, and what may be tymital particular sector of the industry (e.g.
packaging) may be completely different for anotlsector. All efforts were made to

understand the potential implications of stoppihg fproduction in the context of current

usage and trade patterns for printing and writiaggp as it relates to Australia. As complete
trade information for printing and writing papemst readily available due to confidentiality

issues, our analysis of market trends was develbpsdd on discussions with industry and
market analysts. Due to time constraints we rdsttiour analysis to implications in the

Australasian region, given the importance of tiggam in terms of volumes of pulp and paper
production, its proximity and the historical trddes with Australia. Discussion on potential

market implications associated with potential sisdn scenarios involving other regions,

especially South America, was outside the scopéhefanalysis for this report. A more

comprehensive analysis will be included in a futm@nuscript.
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Key findings

o In this study the key alternative source of pulpdiéar paper production (printing
and writing paper) was identified as SE Asia, priflgan Indonesia. Indonesia is
also the key pulp and paper producing and expodingmtry in SE Asia.

0 The calculated weighted emission factor for puld paper produced in Indonesia
range from 5.5to 7.7 t C / t C in pulp logs. Thégares are consistent with the
few factors available in the literature for pulpguction in SE Asia.

o0 The product substitution impact for pulp productimom silvertop ash ranged
from 184 t C/ha to 252 t C/ha. For mountain ash, fthures were much higher,
ranging from 1010 t C/ha to 1384 t C/ha.

o The inclusion of the product substitution impaat polp biomass has a very large
impact on the GHG balance of production forestryhia regions where pulp logs
are extracted.

4.2. Methods and industry background

4.2.1. Pulp log substitution factors

The substitution factors applied to the pulp loggevdetermined by following these steps:

Determination of key product types (printing andtiwg paper) and geographical markets
for products (in consultation with Australian Papad pulp and paper market analysts).

Determination of the likely source of pulpwood shibbarvesting cease in the mountain
ash and silvertop ash forests of south east Aistfial consultation with Australian Paper
and pulp and paper market analysts).

Determination of the GHG balance associated withptoduction of the alternative pulp
and paper products. In the calculation of thes¢éofac we only took into account the
emissions associated with forest management (iyeCdosses associated with the harvest
of the SE Asia native forests, and where relevabissquent sequestration in growing
plantations managed for pulp production). The eimmssassociated with the manufacture
of the paper at the pulp mill were assumed equdiatih scenarios (i.e. production in
Australia and overseas).

Key potential sources of biomass for pulp and papeduction in SE Asia include native
forests on mineral soil and on peatlands (Indonesid plantations, the majority of which
have been established post 1990 on former fordesteld.

The emission footprint of converting native forest mineral soil and peatlands was

determined based on published above ground C sfockke relevant native forest types
and published emission factors for peatland draraagl or burning where relevant.
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» C sequestration in the plantations establishedoatsilated based on published values for
key species used for pulp production.

* In order to calculate an emissions factor for eacime of C in pulp logs, harvest yields for
pulp from native forests were estimated based erktiowledge of typical recovery values
for sawlogs in Indonesia.

» The substitution factor for pulp logs was calcullases the difference between the impact
on forest management between the case study sifasstralia and in SE Asia.

4.2.2 Likely replacement scenarios for printing andwriting paper produced from native
forest biomass in Victoria and in Eden.

The exact implications of removing Australian nativardwood pulpwood from the market
are of course unknown and impacted by local andajldactors; however based on an
assessment of the local plantation profile, curmaajor suppliers in Asia and the shifting
trade patterns, we have concluded that biomass B&mAsia would most likely fill the
immediate to medium-term gap in the market. In $leetions below we discuss current
markets and likelihood of different substitutioresarios.

4.2.2.1 Current production in Australia

Cessation of harvest in silvertop ash and mourdahn forests in Eden and Victoria would
remove approximately 1.1 million$of pulp logs from the market (ABARES 2015). In lbot
the Central Highlands of Victoria and in Eden, pimeduction of pulp logs is part of sawlog-
driven integrated harvest operations, in forestat thre considered to be sustainably
harvested. Currently most of the mountain ash fngdp are used locally by Australian Paper
in the production of printing and writing paper €fex” brand). In 2013 Australian Paper
produced 619, 000 tonnes of paper, with nativeowetir forests supplying 34% of the fibre
(Australian Paper 2013).

Silvertop ash woodchips are exported to Asia (prilpdapan and China). The export market
for woodchips from Australia has recovered recefdliowing a contraction in 2012 — key

factors for this resurgence include the drop inAlustralian dollar, the quality of resource,
consistency of supply, reduction in production spsow sovereign risk and the recent
availability of very large and efficient woodchiarder vessels (Flynn 2015, Industry Edge
2015b, Grindlay 2015).

4.2.2.2. Substitution with plantation hardwood podfs from existing or new plantations in
Australia

The first logical assumption to analyse is whethative pulpwood from the case studies is
likely to be replaced by pulpwood from existing reew plantations in Australia. Existing
plantations in western Victoria were establishedupply export pulpwood markets in the
Asia-Pacific, mainly Japan, with location, speaasl management regimes optimised to suit
those markets (Poyry 2011). The impact on supmgnfthose plantations should harvesting
cease in the mountain ash forests of Victoria lenkaddressed in two recent reports; one in
2010 by the National Institute of Economic and Istdy Research (NIEIR 2010), the other in
response to this review by Poyry Management Cangu{2011). Both reports agreed that
supply from the current plantation estate in weskéctoria is theoretically sufficient to meet
the demand of Australian Paper now and into the futare. However the financial viability
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and long-term sustainability of supply to Australiaper is questionable. Poyry (2011)
concluded that the transportation costs would doufblhe pulpwood had to be transported
from plantations in Western Victoria to the Austal Paper. Also cost advantages of native
forest pulp logs over commercial plantation loga isiajor impediment for transitioning to a
greater utilisation of the plantation resource hveitumpage prices for native pulpwood much
lower than for plantation pulpwood (NIEIR 2010).€Be differences are primarily related to
the high costs of plantation establishment and grama&nt, as well as land acquisition costs
associated with plantation pulpwood. Furthermomeaking existing long-term pulpwood
supply contracts between VicForests and AustradipeP would incur compensation claims
and further costs. These three key factors strosghygest that transitioning from native
pulpwood to plantation pulpwood to supply Australiaper is not financially viable.
Transitioning to a plantation estate to replacedheent large volumes of native regrowth
pulpwood from the Eden region (approximately 270,68fhnes) is also not financially viable,
due to similar reasons as outlined above.

As the blue gum plantations established under ti8 kach maturity, their harvest is

causing a temporary glut in the hardwood chip mamkeAustralia (Grindlay 2015). These

plantations are feeding the export market followsignificant investment in chipping mills

and port infrastructure (Grindlay 2015). Howevérere is reluctance to retain many of the
existing hardwood pulp plantations following thdlapse of the MIS, and the establishment
of large new areas of hardwood pulp plantatioreursently considered highly unlikely given

the high costs of plantation establishment (Poydl12 Comm. 2015a & c). Hardwood

plantation pulpwood available from Western Victowas expected to peak by 2015, and
expected to decline considerably (50% reductiotgra2020 due to reduced reinvestment
(Poyry 2011).

Thus, while it is generally agreed that the curreest Victorian plantation estate has the
capacity to supply Australian Paper with pulp logsv and into the near future, it is neither
financially viable nor sustainable in the long tersimilar conclusion is reached for the
Eden resource. As a result, we need to look interg@l replacement scenarios overseas.

4.2.2.3. Substitution with hardwood pulplogs from/Asia

In this study we have restricted our assessmeAsi@, given the importance of the region in
terms of volumes of woodchip and pulp and papedypcton, its proximity to Australia and
the historical trade links with Australia. Below wlescuss the woodchip and pulp and paper
industry for key countries in the region.

4.2.2.3.1. Vietnam

Changes in trade patterns, driven primarily by éngergence of China have seen Vietnam
overtake Australia as the largest supplier of hahivchips to Asia (Massey 2012, Flynn
2014, FAOSTAT 2015). However there has been growdngcern over the long term
sustainability of supply from Vietnam. This has hdeelled by recent government policy to
move away from low value exports to more integrgpedcessing and value adding, the
reduction in overseas funding, the high dependemceéicacia (which is currently being
replaced in Indonesia and Malaysia due to diseasd)the rapid rates of harvesting over
recent years (Harwood & Nambiar 2014b, Viet Nam Be2@13, Flynn 2015, Hawkins
Wright 2013, Tran & To 2013, New Forests 2015).ndts for new chipping facilities are
becoming more difficult to acquire (Hawkins Wrigh®13) and there has been discussion
around woodchip export tariffs being put in plaeaykins Wright 2013, Tran & To 2013).
Recent trade figures suggest that Vietham’s suppy have peaked with exports declining
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in 2014 (New Forests 2015). The quality of the wadwvd coming from Vietnam’s Acacia
plantations also suggests that it would be an tedslei replacement for Australia’s hardwood
chip, which is primarily used in the productiontegh quality writing paper. This has been
suggested to be currently limiting Vietham’s ing¢arsinto the Japanese market (Tran & To
2013, Industry Edge 2014).

4.2.2.3.2. Thailand

Thailand has a more established processing indtisény Vietnam, with three major pulp
mills producing over 1 million tonnes per year, aBthm Pulp and Paper the largest
integrated pulp manufacturer in Thailand with fdigis in other ASEAN countries (Harwood
& Nambiar 2014b, Woodst al 2011). Thailand has increased its exports of haadirchips
over recent years, from a predominantly Eucalypiastation estate (Harwood & Nambiar
2014b, Woods et al 2011). Between 80-90% of pulmvoemes from smallholder farmers,
and with the industry accepting logs down to 2.5tiameter, rotations can be as short as 3
years (Woods et al 2011). However, there is unicgytan the market surrounding the supply
from Thailand (Hawkins Wright 2013); this may batpadue to the flexibility of farmers to
move to other crops relatively quickly depending raarket conditions. Contract farming
tries to address this by securing supply, but giErsalor breach of contract are not normally
enforced and approximately two thirds of plantagi@me not under any contract (Boulay &
Tacconi 2012, Woods et al 2011). Harwood & Namk2&x14b) identified limitations in the
Thailand’s plantation industry; in particular arsahce of coherent research and development
has meant that productivity is well below its pdighand the genetic research needed to
develop new clonal varieties is not occurring. $amito Vietnam, the uncertainty
surrounding the supply from Thailand is reflectecgireduced estimated forecast range of 3-
6 Mt per annum (Hawkins Wright 2013).

4.2.2.3.3.Indonesia

Indonesia is one of the top four exporters of hamidvchips to China. In 2013 90% of
Indonesia’s 1.6 Mrhof exported woodchip went to China (FAOSTAT 201B)donesia
differs from Vietnam and Thailand in that it stilas significant areas of native forest and
continues to source timber from those forests (R&D1). The government has encouraged a
move away from native forest timber by providingaincial incentives for plantation
establishment (Obidzinskat al 2012). According to Obidzinslat al (2012), this has been
largely abused, with only 4.9 Mha of the total & M ha of land allocated for plantation
establishment actually planted. Where plantatioange been established (typicallizacia
mangium) the quality and stocking rates have been pooradridw productivity, with the
onset of widespread stand mortality due to fungmkeake (Ganoderma root rot and
Ceratocystis stem wilt/canker), (Harwood and NamBRi@l4b). As a result, mankcacia
plantations are currently being replacedBmcalypt sppplantations (Harwood and Nambiar
2014b). There is no data on the origin of the pualpav(either as chip or pulp) exported from
Indonesia. However, based on historical patternfodst loss within the bounds of fibre
concessions, the vast majority of pulpwood has bedrer directly sourced from native
forests or from plantations that have been estaddi®n lands cleared post 1990 (Abebal
2014,0bidzinsket al 2012, Barr 2007).

4.2.2.3.4. China

Another potential source of pulp biomass is Chirfee total area of Eucalyptus plantations in
China doubled between 2006-2012, and in 2013 it essnated to be 4 million hectares
(Hardwood and Nambiar 2014b, Flynn 2013). The petidily and sustainability of these
plantations to pulp production face similar issaesn other SE Asian countries, with small
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numbers of clones being planted in large areas gewkrally poor land management
practices. In addition, frost susceptibility anghagraphically diverse and often nutritionally
poor plantation sites pose additional challengesdiwood and Nambiar 2014b, Flynn 2013).
Between 2007-2014, imports of woodchips and pulireased proportionally more than
consumption (61% and 16% respectively), indicatimgt China has been unable to increase
their production capacity to meet domestic demawe this period (FAOSTAT2015).The
demand for domestic hardwood plantation timberigh hwith competition from the veneer
and plywood industries (Hardwood and Nambiar 20Emn 2013).

4.2.3. Trends in printing and writing paper consumpgion and production

Consumption of printing and writing paper in deyed countries is declining as paper is
replaced by electronic devices. Globally this hasrblargely offset by India and China’s
increased consumption, which for paper and papedbgaew by 8% and 9.5% respectively,
while global consumption increased by 1.3% (FAOS2AI5, Valois 2012). Strong demand
in the sector is expected to continue into theriytas the per capita GDP for both India and
China is well below that of other countries (GDPingea common indicator to paper
consumption, (Flynn 2013, New Forests 2014, 2015)).

In line with consumption trends, production of wrig paper in developed countries is
declining, with Europe and North America reducirgper production capacity, while at the
same time China has been replacing outdated ireffienills and increasing their capacity
(Valois 2012, PTT 2015,, New Forests 2015, HawldngVright 2015). China is the only
major paper and paperboard producing country te laereased production since the year
2000 (FAOSTAT 2015). This is driving China’'s demafat hardwood chip, which is
currently being met by Australia and SE Asia (FA@ST2015). Historically Japan has been
the dominant importer of Australian hardwood chigsgeiving 86% of Australia’s exports in
2008; however by 2014, 45% of Australia’s hardwebip exports went to China (ABARES
2015, Industry Edge 2015c).

There are concerns about the implications of Ckinacreased demand for imported
woodchips, with Sun et al (2010) suggesting thatoitld drive demand for illegal “virgin
wood and pulp”China is considered to be the world’s largest irtgyoof illegal timber (EIA
2012).Lawson et al (2010) estimated that approximatelyv2o® of illegally sourced wood
products (logs,sawn timber, plywood and veneer)ewerported into China in 2008. A
combined total of nearly 25% of China’s wood pui®2012 came from Indonesia and Brazil
(Margono et al 2014). Although China’s State Fagegtdministration (SFA) has engaged
with the international community and the Chinesev&poment has announced initiatives to
combat illegal logging through a Memorandum of Ustending with both Myanmar and
Indonesia, so far it has not put in place legiskaprohibiting illegal trade into and within the
country (EIA 2012, Lawson et al 2010). China’s statvned companies in 2007 imported
46% of the total tropical log imports, includingitber from high risk countries (EIA 2012).

Within the pulp and paper industry, China’s stratggommercial ties within SE Asia are
with Indonesia. In 2012, 75% of China’s hardwoodpcimports went to just two mills,

APRIL at Rizhao and APP on Hainan Island (Flynn2awkins Wright 2013). These are
two of the world’s largest vertically integratedlpwand paper companies, with origins in
Indonesia. APP has a total operating capacity & d® Mt per annum and market their
products to over 120 countries (APP 2013). APRIEerapes one of the largest pulp mills in
the world, located in Riau Sumatra (the pulp camifandonesia) with a capacity of 2.8 Mt
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per annum. Both APP and APRIL have been found teither directly involved or linked to
illegal forest conversion (Lawsoet al 2014). Under the government’s reclassification of
degraded forests (mostly logged over forests) poboth companies can also legally remove
native vegetation from areas re-classified as pteont concessions. Both companies have
taken steps to address global concerns over tWBR released its ‘Forest Conservation
Policy’ in February 2013, halting natural forestallance across its supply chain while High
Conservation Value (HCV) assessments are condactdchon-forested areas are identified
for development (APP 2013). APRIL has made similammitments, halting harvesting of
mixed hardwoods in May 2015 and declaring thatreitievelopment will be on non-forested
areas only (APRIL 2015). Both companies have madglas commitments in the past,
whereby 100% of their supply would come from Acgdi@ntations by 2007 (APP) and 2009
(APRIL) (Barr 2007). These current commitmentsncale with a slowing of the Chinese
economy and subsequent reduction in demand. Thedsssmodel of the largest pulp and
paper companies, which are often multinationalpbiipg many different markets, relies to
some extent on the willingness of major consumiraykats to purchase paper that is not
certified. Considering the growing consumption blgird and India and their increasing
reliance on imports to meet demand, any measures lace in in Australia to discourage
the use of illegally sourced biomass will havddiimpact globally unless those measures are
implemented in all major importing countries.

Indonesia is well positioned both geographicallg mommercially, to supply China with
hardwood chips and pulp. Indonesia’s move to Eyxtgdlantations combined with its native
forest resources place it in a much better positian other SE Asian countries, such as
Vietnam and Thailand, to increase the supply ohlggality wood chips and or virgin pulp
fibre relatively quickly. Thus, below we detail theps taken to derive an emission factor for
future supply of woodchips and pulp from Indongsianarily to China. This factor was used
to derive the product substitution impact if natpedp logs were no longer extracted from the
Central Highlands of Victoria and Eden.

4.2.4. Derivation of an emissions factor for pulpdgs extracted in Indonesia

It is difficult to ascertain the specific origin dimber used in the pulp and paper industry
within Indonesia, as detailed information is notidable (Lawsoret al 2014, Perssost al
2014a), with official data often being unreliabl®Vitcke et al 2011). The increased
availability of satellite imagery has allowed reséers to estimate areas of deforestation and
degradation. Hansen et al (2009) estimated th& &lha of forest area had been cleared in
Indonesia between1990-2005, and Miettiretnal (2011) reported a loss of 8.8 Mha in
Indonesia from 2000-2010. Margomet al (2012) reported that 7.54 Mha of primary forest
was deforested and 2.31 Mha degraded in Sumatra I890-2010 with the majority of this
(5.43 Mha or 72%) deforested during the 1990’s.sTtwhile the ability to estimate land use
change has improved with the use of satellite imggthe reported values vary due to
inconsistencies in the definitions used when d$ytiaty remotely sensed data, the use of
different data sets, and the potential for misd@&ssion as assessments are based on a
snapshot in time.

Attempts have been made to use remote sensingriafmm to link it to the drivers of land
use change and guantitatively apportion this talagr industries such as palm oil, pulp and
timber. To date much of the industry-specific reskdas focused on the palm oil industry.
Carlsonet al (2013) calculated a net emission of 0.4 Gt C ftbexconversion of 3.15 Mha of
forested land to oil palm plantations in Kaliman{d27 t C emitted / ha) from 1990-2010,
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with peatland conversion accounting for 26% of .thigerestingly Margoncet al (2012)
reported that 28% of land conversion in Sumatrenfi®90-2010 occurred during the 2000’s,
whereas Carlsoret al (2013) estimated that 76% of land conversion by palm in
Kalimantan occurred during the 2000’s. This suggesiat land conversion driven by
plantations has occurred at different temporalsratzoss different geographical areas. Wicke
et al (2011) attempted to quantify land use change domesia and Malaysia from 1975-
2005, and in particular the role that palm oil I@ayed. They estimated that forest cover
decreased by 39 Mha from 1975 - 2005 while agticaltland increased by 10 Mha over this
period, with palm oil accounting for approximatéigif of this expansion. Abooet al (2014)
apportioned forest loss to multiple industries wtindonesia to the extent that it occurs
within industrial concessions for the period 20@1-2. Deforestation within concessions,
whereby forests are converted to non-forest lanticaaccounted for 44.7% of total forest
loss, with fibre plantation and logging concessiansgl palm oil plantations accounting for
approximately 12% of the total forest loss eaclihwhe balance coming from mining (2.1%)
and mixed concessions (6.3%).

There are difficulties in directly attributing fateloss and degradation to a specific industry.
Estimates from Abooet al (2014) are limited to the confines of concessibnandaries.
Delays in plantation establishment can result idemastimation of an industry’s contribution
(Aboodet al 2014, Lawson et al 2014, Wicke al2011). Furthermore, the use of fire to clear
lands often spread beyond the intended area, makdhgtry apportioning difficult (Lawson
et al 2014). This is further complicated by evidemd the practice of acquiring plantation
licences as a means to access timber, with notiateof fulfilling the licence requirements
of plantation establishment (Lawsehal 2014, Wickeet al2011, Perssoet al2014a).

A number of researchers have attempted to attritarid use change and its associated
emissions to a commodity. Perssetnal (2014a) developed a method for calculating a land
use change C footprint for agricultural commoditaesd applied it to beef and soy from
Brazil and palm oil from Indonesia. They estimatiedt 7.5 t CQ was emitted per tonne of
palm oil extracted from Indonesia using a ten yaaortisation period. In a working paper
for the Centre for Global Development, they appliets method to Indonesian pulp and
paper, and for 2009 estimated that 46 t,@@s emitted for every tonne of pulp and paper
produced (Perssast al 2014b). However it is unclear from the study wieettihe emissions
were expressed on a green tonne of pulp basis @noair-dried finished product basis.
Depending on the values used, the emission factadvbe equivalent to a range of 4.3 to
125t C/t C in pulp and paper. The Rainforestigkc Network and the Japan Tropical
Forest Action Group estimated emission intensitieghie range of 16-21 t Cor 4.4 — 5.7 t

C) per tonne of paper (RAN & JATAN 2010). As theie considerable uncertainty
surrounding the calculation of these figures and lbey are expressed, they should be
treated as indicative only.

As there is currently no direct means of knowinggmsely the origin of the timber used to
produce pulp and paper, we have drawn on a nunfgaubdications in an attempt to derive

an emission factor. The most challenging aspedeit/zing an estimate of the proportionate
origin of the timber used. We apportioned pulp itvto broad sources: pulp from plantations
established prior to 1990 (the default base yead digr emission reporting under the Kyoto
Protocol) and pulp from lands that are either muttyebeing converted to plantations or have
been converted post 1990. Within the post 1990siflestion we have made further

distinction as to the origin of the pulp based e tondition of the forest being converted,
and whether it was on peatlands or mineral soil.
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4.2.4.1. Proportion of pulp from plantations estalished prior to 1990

Obidzinskiet al (2012) estimated the proportion of timber for fhdp and paper industry
coming from plantations and from natural forestauatly from 1997-2010. For 1997 the
proportion of timber for pulp and paper from plamas approximated 5% - assuming they
were established prior to 1990 (which is probaliemga seven-year rotation period) and that
they are still productive, in 2010 these plantaticsmccounted for 2% of total timber
production.

4.2.4.2. Proportion of pulp from lands that are eiher currently being converted or have
been converted from forested lands to plantationsgst 1990

Of the 98% of pulp sourced from previously forestaads (post 1990), 5% was deemed to
originate from primary intact forest and 95% fronmnpary degraded forest. This is based on
the assessment by Margorb al (2012) of forest cover loss in Sumatra from 1990,
where 95% of forest loss during this period wasnariy degraded forest, meaning that forests
were typically logged prior to clearing. Their ass®@ent of the whole of Indonesia for 2000-
2010 found that 98% of forest loss was primary ddgd forest. This notion that the majority
of primary intact forest is firstly degraded thrdusglective logging of high value species for
the sawn timber industry with the pulp industry weming already degraded lands is
supported by many authors (Perssbal 2014, Lawsoret al 2014, Agus 2013, Carlsaet al
2013). It is also consistent with ‘The State of #mrest: Indonesia’ report in 2002, which
details Indonesia’s forest history and specific#tly establishment of large scale commercial
logging concessions during the 1970’s, which saetktraction of logs increase from 4 Mm
in 1967 to 28 Mmin 1977, with the majority of this exported. A ban the export of logs in
the early 1980’s to encourage processing industriten Indonesia saw a shift into plywood
production and the number of plymills increase franotal of 21 in 1979 to 101 in 1985.
Therefore it is likely that the majority of primafgrest that has been cleared, particularly
easily accessible forest, had already been seddgtiogged by 1990. Obidzinskt al (2011)
suggests that pulp mill timber is either sourcemmfrplantations or conversion of natural
forest, implying that none of the timber is obtairterough selective logging, which seems
likely considering the additional expense involvadselective logging compared to forest
clearing.

To account for the emissions associated with fotess from peatlands, we used the
assessment by Aboodt al (2014) of forest loss during 2000-2010 within ces&ion
boundaries attributable to the fibre industry. Theynd that ~0.665 Mha (35%) of the 1.9
Mha attributable to the fibre industry occurredpmatlands. It is assumed that the balance of
65% was from forests on mineral soils. Miettiretral (2011) reported a 25% loss of forest
on peatlands in their study area which covered ¥#aand Indonesia for 2000-2010 - when
looking specifically at two provinces in Sumatree tforest loss on peatlands was 40%.
Margonoet al (2014) estimated that 43% of Indonesia’s tota$ losprimary forest occurred
in wetlands (peat swamp, freshwater swamp and maadorest) although for Sumatra the
proportion from peatlands was higher at 54%. Thusle estimates from Abooet al (2014)

of 35% may be conservative, it is the only studychtspecifically attributes loss to the fibre
industry and therefore the figure we have used.
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4.2.4.3. Net emissions from forested lands convedit¢éo plantations

Gross above ground (ABG) C emissions for primanggbwere based on C stocks of 229 t
C/ha for primary forests on mineral soils and 180/ha for primary forests on peatlands
(Carlsonet al 2013). Gross C stock emissions for peatlands deckmissions due to drainage
and burning: 235 t C/ha for peatland drainage (236/hal/yr assuming ten years of
emissions, although emissions can continue on tartmtonger), and 203 t C/ha for peatlands
burnt (Carlsoret al 2013). The C stocks for degraded lands were as$uonbe on average
40% of primary forests (Carlsaat al 2013, Lascet al 2002).

In calculating a net emission factor, allowance waade for the C sequestered in the
pulpwood plantations that were established after lind was cleared. With an average
rotation of 7 and 10 years respectively, the ABGidDres forA. mangiumand Eucalyptus
spp. plantations range from 55-75 t C/ha at the timehafvest (Krisnawatet al, 2011,
Harwood and Nambiar 2014a, 2014b, Lagtoal 2002). Assuming they are managed on
continuous rotations, the long-term average ABGdCks would be 50% of this. An average
standing C stock of 38 t C/ha for pulpwood plamtagi was derived based on 80% of pulp
plantations beinghcacia mangiumwith the balance comprised Biicalyptus sp(Harwood
and Nambiar 2014b, Krisnawadt al 2011). Further, we have assumed that all landetea
due to pulpwood extraction is converted to plaotagj this however is not always the case
with only half of the allocated timber plantatiorea reported as planted in 2010 (Obidzinski
et al 2012). Thus the C sequestered in these areas dmultbwer and therefore our
calculations are conservative.

In deriving an emissions factor for each tonne ah e pulpwood extracted we were unable
to find harvest yields specifically for pulp fronataral forests. Harvest yields for sawlogs in
Indonesia are typically 70 ina (this takes into account the fact that neaflyeasily
accessible areas have already been logged oncesercwhd rotation harvesting has
commenced), (Ruslandit al 2011). Based on the assumption that the recowerydlp is
greater than for sawlogs (given the lower diametdroff for extraction of pulp logs), and
also that there would be a broader range of spestigable for pulp production, we have
adopted a harvest yield of 120%a (41 tC/ha) for pulp (Tables 4.2 and 4.3). This
proportionally adjusted for harvesting on degraldedis.

The emissions associated with each source of pudpe wveighted based on their
proportionate contribution to the total pulp exteatto derive a single emission factor.
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4.3. Results

4.3.1. Production of pulp and paper from the casetsdy sites

Pulp logs were extracted from both the silvertop asd mountain ash production sites.
Although pulp grade logs were also present in taekbutt production site, at the time of the
study there was no market for the pulp logs. Inl@ @bl we include the pulp log production
volumes and the total C in pulp logs, expresseti bag extracted” from each site (Sl) and
also after an adjustment to account for the averag®nal production (RG), and also an
estimate of the production of finished printing amtkting paper.

Table 4.1Volume and total C in silvertop ash and mountain pslp logs from the study
sites

Species Source Volume of pulp logs | Cin pulp logs | Printing and

(m*ha) (tC/ha) | writing paper

(tonnes/ha)
Silvertop ash SI 95.5 32.4 54.0
Silvertop ash RG 102.6 34.1 56.8
Mountain ash SI 543.4 143.4 239
Mountain ash RG 708.2 187.0 311.6

In Tables 4.2 and 4.3 we include the emission facssociated with the extraction of timber
used for the production of pulp and paper in SEaAsie calculated weighted emission factor
for pulp and paper produced in Indonesia range flofhto 7.7 t C / t C in pulp logs,
assuming peatlands are drained and burnt, respbc{iVables 4.2 and 4.3). When expressed
on a tonne of printing and writing paper basis, figares range from 4.1 to 5.7t C / t of
finished paper.

The substitution impacts associated with the etitiacof silvertop ash and mountain ash
pulp logs are presented in Table 4.4. The figuoessilvertop ash range from a minimum of
175 t C/ha (peatlands drained, Sl) to 252.3 t Qffeatlands burnt, RG). For mountain ash,
the figures range from a minimum of 774.4 t C/haaffands drained, Sl) to 1383.8 t C/ha
(peatlands burnt, RG).
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Table 4.2Emissions factor for Indonesian pulpwood assurpeatlands are drained.

Harvest | Emissions
Sequestration rates tC Weighted
Gross from Net native | Emitted / t net
Emissions | plantations emissions | timber | Cinwood | emissions
Source of pulp % t C/ha t C/ha t C/ha t C/ha | extracted tC/tC
Pulp from plantations pre 1990 (2%)
Plantation 2 | - | - | - - - 0.0
Pulp from forests converted to plantations post 199 (98%)
Primary forest (5%)
Mineral soil (65%) 3 229 38 191 41 5 0.1
Peat lands (35%) 2 415 38 377 32 12 0.2
Degraded lands (95%)
Mineral soil (65%) 61 92 38 54 16 3 2.0
Peat lands (35%) 33 166 38 128 13 10 3.2
Total 100 | Total weighted emissions (displacement factc 5.5
Note.* Long-term average C stocks assuming the plantatimmsmanaged on continuous rotations
Table 4.3Emissions factor for Indonesian pulpwood assurpeagtlands are burnt.
Harvest | Emissions
Sequestration rates tC Weighted
Gross from Net native | Emitted / t net
Emissions | plantations emissions | timber | Cinwood | emissions
Source of pulp % t C/ha t C/ha t C/ha t C/ha | extracted tC/tC
Pulp from plantations pre 1990 (2%)
Plantation 2 | - - | - - - 0.0
Pulp from forests converted to plantations post 199 (98%)
Primary forest (5%)
Mineral soil (65%) 3 229 38 191 41 5 0.1
Peat lands (35%) 2 618 38 580 32 18 0.3
Degraded lands (95%)
Mineral soil (65%) 61 92 38 54 16 3 2.0
Peat lands (35%) 33 247 38 210 13 16 5.3
Total 100 | Total weighted emissions (displacement factc 7.7
Note.!Long-term average C stocks
Table 4.4Substitution impacts for the silvertop ash and nawnash pulp logs
Source | Displacement | Substitution | Substitution | Substitution | Substitution
factor impact impact impact impact
(t C emitted / t (tC/ha) (tC/ha) (tC/ha) (tC/ha)
C in pulp logs) Silvertop Silvertop Mountain Mountain
ash (SI) ash (RG) ash (SI) ash (RG)
Al 5.5 178.2 187.6 788.7 1028.5
B* 7.7 249.5 262.57 1104.18 1439.9

Note.! Peatlands drainedPeatlands burnt

101



4.4 Discussion

The emission intensity for printing and writing gapvas calculated for the extraction of pulp
logs rather than on a finished product basis, asotily emissions that were accounted for
were those related to loss of biomass in foresvexsion. The assumption was that the
energy and emission footprint of production at thdp and mill level does not differ
substantially between large, modern pulp millgspective of which country they are based
on. Also by expressing the results on a “tonne ah @ulp logs” basis, we minimised the
opportunities for calculation errors associatechvassumptions regarding recoveries at the
mill level and the final organic C concentrationtloé finished paper products.

The substitution factors for pulp logs calculatedthis report, although high compared to the
factors calculated for other HWP in section 3, @esistent with the few factors available in
the literature. Perssaat al (2014b) reported an emission factor of 46 t,@@itted per tonne
of C in pulp and paper. It is not clear though dmatbasis Perssast al (2014b) expressed
the pulp and paper figures. Similarly, the Rainsbr&ction Network and the Japan Tropical
Forest Action Group assessed the C footprint regdsly APP, reporting emission intensities
on average of approximately 5.0 t C per tonne pepgdRAN & JATAN 2010). If expressed
on a tonnes of C in pulp logs, this figure wouldrgase to approximately 6.8 t C emitted per
tonne of C in pulp logs. Thus the factors usechia teport (5.5-7.7 t C emitted / t C in pulp
logs) can be regarded as consistent with previstisates.

When considering the emission footprint of produetin a particular country, it is important
to consider implications of national policy on thaéder region. The issue of leakage is a
common factor reported in SE Asia, where deforestanay be shifted from one country to
other countries in the same region or other regamnthe world where forest practices are
unsustainable. The global nature of the supplyrch@i commodities such as paper products
makes it especially challenging to model future nges in the emission footprint of
production.

The high volume of pulp logs extracted from the ieded Central Highlands sites, and the
high calculated substitution factor for pulp logsulted in a large substitution impact as a
result of the extraction of silvertop ash and maumash pulp logs. The higher the volume of
pulp logs extracted from the sustainably manageeiste in Eden and the Central Highlands,
the higher the substitution impacts associated thithuse of that resource, which in turn can
have the benefit of reducing the pressure for haghission intensity pulp and paper
production in SE Asia.

In addition to the quantification of the pulp sutwgion benefits, another important aspect of
the C cycle in the pulp logs areas relates to t&-pervice stage. The fate of the paper
product at the point of disposal may have significanplications for the overall emission
intensity of pulp production. Although the levelsrecycling of paper are high in Australia
(e.g. approximately 78% for cardboard — NRRS 20i#gre are only a limited number of
times that the same fibre may be recycled. Mosepppoducts are eventually disposed of in
landfills, as waste to energy facilities are not ge widespread commercial reality in
Australia. Most large-capacity landfills in Austealhave state of the art methane capture
facilities, with many generating electricity fromet methane generated. Thus, it is important
to understand the dynamics of anaerobic decay pérmpgaroducts in landfills. There are
varying estimates of the decay of the various typepaper products, but it is generally
accepted that the lower the lignin concentratiorth@ paper, the higher the likelihood of
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decay (Wanget al 2015). Assuming that at least a portion of theepaip landfills will decay
and generate methane, and if electricity is geadras a result, this will be renewable energy
displacing the use of fossil fuels. The combinegawt of the fossil-fuel displacement from
the use of methane to generate energy and ther&sto the portion of the paper that does
not degrade may be significant, and would potdgtiakcrease the overall GHG benefit of
paper production and use even further. However tification of these impacts was outside
the scope of this report.
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Part 5. ForestHWP: Model Description and Verification
Stephen Roxburgh and Debra Crawford (CSIRO)

5.1. Section Summary

In this section of the report a new C (C) accountimodel for integrating forest growth and
decay processes with harvested wood products (HWéPg)fall, and bioenergy is described
(ForestHWP). The model includes forest growth/dgmagesses and natural disturbance, the
impacts of harvesting on the forest system, andl dife cycle analysis of all HWPs and their
ultimate fate. Also included is the capacity to@aat for transport and processing emissions
associated with harvesting and product manufactune the inclusion of product substitution
factors and fossil fuel offsets associated withubke of forest residues for bioenergy.

Verification of the model, to ensure that all modgquations were correctly implemented and
that the model structure was flexible enough téuiche a wide range of forest types and HWP
scenarios, was achieved through replicating thaltsee¢rom three published studies, with
parameter values and other constraints obtained fh@ original reports. A full description
of the model equations is given in appendix 3.

5.2. Introduction

Comprehensive accounting of the whole-of-life GH&ance of production forests requires
explicit inclusion of processes and parameters $ipain the entire forest/harvested wood
product (HWP) system. This includes forest growgbal/ processes and natural disturbance,
the impacts of harvesting on the forest system,afudl life cycle analysis of all HWPs and
their fate. It also requires inclusion of any enagss costs related to harvesting, transport and
processing, and any emissions benefits accruing fre use of wood products as biofuels,
and the substitution of wood products for non-watidrnatives.

During the planning phase for this project it wasopmsed to use the Australian
Government’'s C accounting model ‘FUllCAM’ as theltéor undertaking such whole-of-life
assessments. However preliminary explorations usinflCAM suggested a number of
simplifications built into this model could potesity compromise the detailed, site-based
analyses required for this project. Most notableentbe inability of FUllCAM to simulate the
time-lagged decay of standing dead trees and adedcicoarse woody debris (CWD)
dynamics; difficulties in prescribing HWP decay dymcs and in-use storage; and
difficulties with integrating the HWP dynamics witlandfill. Of these the former is
particularly important for describing the C dynamaf Ash-dominated forests, where cohorts
of standing dead trees can persist for years-tadbs following fire (with associated
relatively slow decay), before collapsing and dawgyat much faster rates. Also, in many
regenerating forests there is a peak in NPP iry#laes following disturbance (in the case of
Ash forests this results from mass seedling regeioer, with correspondingly elevated leaf
area indices and photosynthesis). This peak in & to an acceleration in C turnover that
significantly modifies the pattern and timing ofolsiass accumulation. Prescribing post-
disturbance NPP profiles in FullCAM is technicafigssibly through manual adjustment of
the Forest Productivity Index, but it is a relaljveomplex and error-prone process.
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To overcome these limitations, the project teansansultation with the steering committee
decided to develop a new C accounting model (‘Fbiv4") to undertake the required
integrative analyses. The development of a new thngdramework brings with it a number
of advantages. First, it can be designed ‘bottomtopensure that all components of the
forest-HWP system are included (forest dynamicdutding growth and wildfire, HWP,
landfill, bioenergy offsets, product substituti@tc.). This is particularly important, as much
of the controversy in recently published reseassksg to quantify the full GHG balance of
the harvested forest system stems from differardias differentially including/excluding a
number of these key processes (see e.g. Beah 2012; Ximenest al 2012; Keithet al
2014a,b); the most notable of these being the rapdf the impact of wildfire, the role of C
storage in wood products in landfill, and the prdsubstitution effect. Second, by including
all sources and sinks, the calculations can bekeuketo ensure they conform to mass-
balance, and hence that they provide an unbiasechaés of the net impact on the
atmosphere. Finally, a customised solution provithes flexibility to develop a range of
scenarios, and to include a range of potential tnaditional post-harvest pathways such as
the utilisation of processing residues for bioegeand the calculation of any wood product
substitution benefits/costs.

The purpose of this section of the report is tootice and describe the ForestHWP model,
and to present some verification analyses thatirmpsafthe model has been correctly
implemented and is fit for purpose. Note that veation is distinct from validation, which is
a test of how generically valid a set of parametses when applied to novel situations.
Whilst validation is an important component of gahemodel testing, the lack of
independent data restricted opportunities for \ai@h in this study. The use of ForestHWP
for integrating the data from the three case stydneluding scenario exploration of different
HWP pathways (e.g. utilisation of processing wdstebioenergy; changes to the product
mix), is presented in the next section.

5.3. Forest HWP Model Description

ForestHWP seeks to provide a complete system giseriof both the forest C dynamics,
and the dynamics associated with off-site HWPSr ffrecessing, and their ultimate fate.

A three-stage process to the development and uge shodel was adopted, of which stages
1 and 2 are covered in this section:

1. Development of the model framework and subsequeding that includes (a) forest
growth and recovery from harvesting and naturatudimnce; (b) the dynamics of
HWP in-service and at end-of-life, including larklf(c) potential benefits arising
from product substitution of wood products for mereergy intensive materials, and
fossil-fuel offset benefits from burning wood foriobnergy; and (d) potential
emissions and waste costs associated with hargeahd processing of timber for
HWP and for bioenergy.

2. Verification of the model through replicating thesults from previous analyses, using

parameters extracted from those studies. Veriboa the process of ensuring that a
new model is operating as expected, and thatlieisefore “fit for purpose”.

109



3. Integration of the case study data within the migwglframework to quantify the
long-term GHG account implications of these proaurcforest systems, and use of
the modelling framework to explore current and ptigé future harvesting and HWP
scenarios.

A schematic of the model is shown in Figure 5.1d anfull description is given in the
Appendix 3. Only a summary of the key featuresveig below.

There are 19 state variables in the model thaesgmt the pools of C in the forest and HWP
sub-systems. For the forest sub-system there arelifong biomass pools (stem + branch -
referred to hereafter simply as stem; leaf, finetrand coarse root); five litter pools (leaf,

stem, standing dead stag, fine root, coarse romt)t@o soil pools (humus and stable). For
the HWP sub-system there are three in-service bgtevood products (labelled I, Il and 11,

but which could be calibrated to represent fashduer products (e.g. ‘pulp’), medium

turnover products (e.g. ‘pallets’) or long-livedoducts (e.g. construction timber); three
landfill pools corresponding to each of the HWPfas{, medium, slow) and two biofuel

pools. Because biomass for biofuel typically hatart life before it is combusted, the size of
this pool is in practice negligible (although treger of consumption of wood for bioenergy
could be high).

Figure 5.1. Overview of the ForestHWP model. The left-hand-sidiehe figure represents
the stocks and flows of C in the forest sub-systama, the right-hand-side are the stocks and
flows associated with harvested wood products (HWaRdfill and bioenergy.
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The dynamics of each state variable take the gefeera:

dC; ]
—= Z Gains — Z Losses
dt

WhereC; is the C stock of poal(living biomass, litter, soil, HWP, landfill or bieel) and

dac;
dt

describes how fast the pool is changing. Integgatims equation over time gives the C
storage. A summary of the typical gains and lossesach pool are given in Table 5.1, and
are separated into continuous and event-drivempigodic. In ForestHWP episodic gains and
lossess occur due to harvesting events or to natistarbance (fire). Continuous gains and
losses include growth, litterfall and decompositi@ppendix 3).

Table 5.1.Summary of main gains and losses of C in ForestHWP

Continuous Episodic

Pool Gains Losses Gains Losses

Living (includes | New growth Litterfall, - Harvest (to litter, soil,

leaf, stem and | (NPP) Mortality HWP, bioenergy, and

root) atmosphere).
Fire (to atmosphere,
litter, and soil).

Litter (includes | Litterfall Decomposition, | From living Harvest (to saill,

leaf, stem, Humification (Harvest and atmosphere, bioenerg)

standing dead (losses from Fire) HWP); Fire (to saill,

trees, and root) decomposing atmosphere).
litter)

Soll Humification Decomposition | From living and Harvest and Fire to
(inputs from litter (Harvest | atmosphere.
decomposing and Fire)
litter)

HWP - In-service life | From harvestingl Waste losses during

decomposition processing.
Losses at end of
service life to landfill,
atmosphere, bioenergy.

Landfill - Decomposition | From HWP at | -

end of service
life

Bioenergy - Combustion From -

harvesting,
waste processin
of HWP, HWP

at end of service

life.
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5.3.1. The forest sub-system

A key component of the forest sub-system is the aitwhich new growth is added to the
living biomass, i.e. Net Primary Productivity (NPP)he dynamics of NPP following
perturbations such as harvesting and fire are mariand in ForestHWP an empirical NPP
function provides this flexibility (Figure 5.2, Appdix 3). Of the possible responses the most
important is depicted in Figure 5.2d, showing akp@&a NPP in the years following
perturbation, followed by a gradual decline to gigturbance values. This is a generic
growth response of forests following a stand-rapladlisturbance (e.g. Chext al. 2002, He

et al 2012), and reflects higher rates of sequestradio® in young regenerating forests,
driven by increased stem densities and increasd@tea.

Another key component of the forest sub-systemhesinclusion of a standing dead tree
(stag) pool. For this pool there is a time lag leswthe event that created the stags, and the
time at which the decomposition of the stags sttrt@ccelerate (Keitlet al 2014a,b).
Following Keith et al (2014a,b) a sigmoidal function is used to sinalditis dynamic. In
ForestHWP, dead stags can also be continuouslytecrethrough a constant mortality
fraction.

Figure 5.2. Range of post-disturbance NPP responses able twinibdated by the NPP-
response function. (a) no growth response. (b)pskacline followed by increase to pre-
disturbance level. (c) sharp increase followed bygredase to pre-disturbance level. (d) the
traditional forest growth response with an inittdcline, followed by a peak NPP as the
forest regenerates, then with a gradual declinghasforest matures. (e) Gradual decline
followed by increase to pre-disturbance level.
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During fire and harvesting events living biomass ba either combusted, removed from the
site for HWP processing or for bioenergy, or cantda@sferred into the litter pool. Litter
biomass can similarly be combusted or removeditdf-§he model also allows for a fraction
of living and litter C to be transferred to the Isorganic C (SOC) pool, e.g. via the
production of char from biomass burning.

5.3.2. The HWP sub-system

HWPs are created only during harvesting eventssé®®f C to the atmosphere as waste
during processing can occur, with an option for eawmn all of this waste to be utilised for
bioenergy. Additionally, waste products from twotbe HWP pools (I & IlI) can also be
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converted into the third (lIl). If desired, deconsgmn of each HWP pool can occur in-
service. At the end of the prescribed service (iféhich might implicitly include any
recycling) the HWP can be transferred to landfih, biofuel, or be lost back to the
atmosphere; or any combination of the above. Theeeadditional waste losses associated
with the processing of end-of-life HWP for landfidind for bioenergy. Because of the
discontinuous nature of gains and losses to HWPBprestHWP each harvest cohort is kept
separate to facilitate the tracking of service #éfel the subsequent calculation of post-service
fate.

5.3.3 Extra-system calculations

The two sub-systems of ForestHWP define a closstesythat conforms to conservation of
mass, where under any stationary (i.e. constant twe long term) regime of growth,
harvesting and fire the system will eventually Isettown to a long-term steady state where
the total gains of C (from NPP) equal the total texyys emissions (which include
decomposition, disturbance losses, and all emissi@sociated with the processing and fate
of HWP, landfill and biofuels).

There are additionally two classes of calculatitirad are ‘extra-system’; i.e. they involve the
fluxes of C outside of the forest-HWP system boupdd@he first are the costs or benefits
associated with the substitution of wood for otheaterials and fossil-fuel offset benefits
associated with burning biomass for bioenergy. Beeond are fossil fuel emissions
associated with the harvesting, processing andépahof HWPs. These are implemented in
ForestHWP as simple product displacement factarssilf fuel displacement factors, and
emissions factors associated with the handling\WWiFHmnaterials respectively (Ximenesal
2012).

The equations detailed in the Appendix 3 were imgted as computer code using the
software development platform Embarcadero Delpht XE

An image of the ForestHWP interface is shown inufég5.3. The simultaneous visibility of
all model input parameters and output results tienitional, and allows changes to scenario
settings to be implemented without the need to gatei through parameter tab pages, or
external parameter initialisation files.
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Figure 5.3.ForestHWP software interface.
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5.4. ForestHWP Model Verification

Model verification is the process of confirming tleagiven model is correctly implemented,
and is producing results that are consistent wotines pre-existing measure or test; i.e. that
the model is fit for purpose. ForestHWP is bothxitiée and generic, and is designed to be
comprehensive in its description of the total fo#d8/P system. The verification procedure
for ForestHWP involved calibrating the model partene to replicate results from three
previous case studies that collated detailed dadanaodelled the dynamics of (1) harvested
Mountain Ash Eucalyptus regnansforests in Victoria (Keithet al 2014a,b) and (2)
Tasmania (Dean et al. 2012). These two case stymle=sented results in the form of a
generalised or ‘average’ forest plot, and thus sftbtine temporal variability in C storage in
response to specific harvesting and fire eventss&htwo studies therefore explicitly
included wildfire impacts, and reported detailetbimation on the temporal dynamics of C
stores and fluxes within the forest and HWP sultesys, allowing calibration of the major
living and non-living C pools. The third case stu(8), that of Ximenes et al. (2012),
modelled the dynamics of harvested native foresésragional scale in New South Wales. In
this case study historical data on the regionavésimg activity was combined across
multiple coupes, and the results were aggregatem ansingle figure that presented the
regional average C storage.

Note that the verification process makes no classo the validity or otherwise of the data,
assumptions, models or parameters used in undgrlyaidation case studies. The
verification process simply accepts the resultsggmrted, and uses them as a yardstick
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against which the model structure and behaviour lmanassessed. Note that the model
calibrations reported here for the purposes of meakdation were conducted separately to
those for the case study analyses based on thecpregults, which are described in the next
chapter.

5.4.1. Verification procedure

The verification procedure involved calibrating thedel parameters such that model outputs
(the temporal changes in the various C pools) neat@s closely as possible those reported in
the original study. The calibration process wasieadd by fixing ‘known’ parameters as
reported in the original studies, and then manuaiiyng the remaining parameters (under
constraints to ensure parameter values remain gicalty sensible) until congruency in the
predictions was achieved.

(1) Victorian Mountain Ash case study

For the purposes of verification, ForestHWP wasbcaied to the dynamics of the ‘average
forest’ (Figure 5.4), as summarised graphicallfrigure 10 of Keithet al. (2014a), Figure 7
in Keith et al (2014b), and the ‘average mature forest’ datansarnsed in Table 2 of Keith
et al (2014a). The model parameters summarising thesfea and waste pathways of the
harvested wood products were taken from Figure &eith et al (2014a), and other
parameters such as the CWD decomposition ratesirancombustion factors were obtained
from descriptions in the text, and from Keéhal (2014b).

A key driver of the C dynamics is the pattern afrbass accumulation over time, which in
the absence of disturbance is defined as the balagigveen the rate of new biomass addition
from photosynthesis (NPP), and losses due tofhttdnortality. For model verification the
biomass accumulation curve is given by Equatiof Reith et al (2014a),

Living biomass = 620 x (1 — e~0:0065%age)075 » 1 25

where 620 (t/ha) represents the above-ground C rabsseady state, and 1.25 is the
expansion factor for root biomass. Overall, theifieation procedure involved first
calibrating the model for the forest sub-systenthim absence of fire, to generate predictions
for the forest at maturity. Fire was then introddiceequiring additional calibration of the
forest sub-system parameters associated withrfipacts, post-fire growth response, and the
production of dead stags. The forest sub-systenanpeters were then fixed, and the
harvesting event parameters were calibrated, imouthe HWP stocks and transfers. A
subset of the calibrated parameters that deterthendynamics of the living biomass pools is
given in Table 5.2.

The standing stocks of living biomass and littevéndoeen relatively well measured for
Mountain Ash forests, providing strong constraifds the parameter value estimates. Of
particular note is the NPP (Table 5.2; 9.5 tC/Ha/gnd the resulting NPP post-disturbance
recovery trend (Figure 5.5a). The shape of thetioglship in Figure 5.5 is a direct
consequence of the interplay between the biomagsradation function, and the constraints
imposed by the litter and biomass measurementthédifferent tree components. Although
there is limited data on the actual time-cours&BP following fire, Figure 5.5 is consistent
in both magnitude and shape with alternative esémaased on combining biomass
increments, litterfall and mortality (Polglaseal, unpublished dataHaverdet al 2013), and
with estimates from other forest types (Cle¢al 2002, Heet al 2012).
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Table 5.2.Calibrated model parameters controlling livingrbass C dynamics in the three
case studies. See Appendix 3 for parameter defivsti

Parameter Keith et Deanet Ximenes | Ximenes
al. (2014) | al. (2015) | et al. et al.
(2013) — | (2013) -
North South
Coast Coast
NPP at maturity (tC / ha / yr) 9.5 8.0 8.9 6.85
Fractional allocation of NPP to leaf 0.35 0.35 0.50 |0.50
Fractional allocation of NPP to stems/ | 0.35 0.45 0.22 0.22
branches
Fractional allocation of NPP to fine roots 0.1 0.1 0.25 0.25
Fractional allocation of NPP to coarse | 0.2 0.1 0.03 0.03
roots
Leaf lifetime (yrs) 2 2 0.67 0.67
Stem / branch lifetime (yrs) 274 290 120 120
Fine root lifetime (yrs) 4 4 4 4
Coarse root lifetime (yrs) 105 70 120 120

Figure 5.4.Calibrated NPP response curve for the study oftkagial (2014).
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(2) Tasmanian Mountain Ash case study

The presentation of the Dean et al. (2012) CAR4DRIehoesults for their Tasmanian study
was similar to the format presented in Keghal (2014), allowing a similar calibration
process to be used. Also, given the similarity one$t type between the two studies, the
Victorian Ash calibration was used an initial stagtpoint for the Tasmanian study, with the
parameters modified only when required in ordemtaich the magnitude of the C stocks and
their temporal dynamics. Because ForestHWP doesepmrate understorey and overstorey
biomass (as is done in CAR4D), these two biomasgponents were summed to yield total
biomass. ForestHWP model parameters for fire fraqueharvesting frequency, soil organic
C (SOC) loss due to harvesting activity, and HWPaglerates were as described in Deén
al. (2102). The parameters associated with the fdyeshass dynamics are also given in
Table 5.2.

(3) New South Wales north and south coast regionahse studies

Because the results presented in Ximezied. (2012) were regional averages calculated over
a number of separate harvesting events (withowilddtsite-specific dynamics of loss and
recovery from specific events), the calibrationgass was slightly different. First, the forest
biomass in the ‘Conservation’ scenario was caldatao yield the observed above-ground C
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stock, and then the harvesting impacts were addgdparameters obtained from the values
reported in the paper, which included the forestagtion percentages and HWP processing
losses (section 2.7 of Ximenes al. 2012). The HWP and fossil fuel product substitutio
factors (not included in the previous two case isg)dwere also obtained from the text
(section 2.9 of Ximenest al. 2012).

Because of the absence of reliable ground-basedatst of forest NPP, the forest biomass
dynamics were calibrated by initially setting NRPvialues estimated from the continental
modelling study of Haverdt al. (2013), which yield values of 10.7 and 9.3 tC/hddy the
north and south coast regional sites respectivalyhe conservation scenario wildfire was
added with an average return time of 75 years,vatidliving above-ground biomass losses
of 10%, 95% losses of fine (leaf) litter, and 5086des of coarse woody debris. During the
calibration process it was necessary to reducattial NPP estimates by approximately 20-
25% (Table 5.2), in order for the model to satigfdty replicate the values reported in the
original study.

To replicate the regional averaging in this casé\stForestHWP was calibrated to represent
the average case, and then 300 replicate simusatiene run and the results averaged — with
the only difference between the replicate runs dpélie random timing of the initial fire and
harvest events. The conservation scenario was aiatliby running the model for 1000 years
with harvesting enabled, and then switching thevésting off to allow forest recovery over
the 200 year simulation period.

5.4.2 Verification results

The results of the verification process for alletircase studies showed close agreement
between the original study and the ForestHWP ostgligures 5.5-5.9). For the Victorian
case study the peak in total biomass at approxiypnd@ years post-fire results from the
lagged-decay dynamics of the standing dead stagsbioced with a rapidly regenerating
forest. The forest harvesting dynamics, based @nabsumptions and parameter values
presented in Keitlet al (2014a), shows similarly good agreement (Figuég. 5
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Figure 5.5. Comparison of the changes in ecosystem C storagfefipe between the original
study of Keithet al (2014a) (fine line) and the calibrated ForestHW®&del (thick line). A
fire event is simulated at time 10.
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Figure 5.6. Comparison of the changes in ecosystem C stonagesponse to repeated
harvest between the original study of Kedgh al (2014a) (fine line) and the calibrated
ForestHWP model (thick line). Harvesting eventsupat 50-year intervals
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The comparison of the Forest HWP results with #silts from Deart al. (2012) showed
similarly good agreement (Figure 5.8). Of particw#gnificance is the agreement for the
simulations that expored the sensitivities of tasuits to changes in the model parameter
defining soil organic C (SOC) losses following hest; and sensitivity to changes in the
HWP longevity parameter (Figure 5.9). This indicatieat ForestHWP correctly captures the
dynamic nature of the system repsonses to pertarb&§nd not just matching the state
variable under static parameter values), which s¢r@ang verification test of the underlying
model structure.

For the Ximenegt al. (2012) study there was less detailed informatiomwhich to base the
calibration, and because the original study wa®dbas actual historical harvesting events
(and not a gereralised representation of forestauyes as in th eother two case studies) the
degree of fit for the forest biomass was less pee(frigure 5.9). Nevertheless the ForestHWP
model was able to capture the major characterisficsoth the conservation and harvesting
forest biomass dynamics, and captured very clogayC storage in HWP, and the product
and fossil fuel substitution benefits.

Figure 5.7. Comparison of the changes in ecosystem C storagegdrepeated fire (up until
year 1200), with subsequent harvesting at 80-y&arvals between ForestHWP (thick line)
and the CAR4D model results (thin line) as repoiteDean et al. (2012).
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Figure 5.8. Comparison of the changes in ecosystem C storagesponse to varying the %
loss of soil organic C (SOC) and HWP product lorityelbetween the results of the original
study of Dean et al. (2012) (thin line) and For&stPi (thick line).
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Figure 5.9. Comparison of the changes in ecosystem C storatygebn ForestHWP (thick
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Figure 5.10. Comparison of included/excluded processes acro tpublished studies

seeking to quantify the net GHG balance of the fiaest-HWP system. Key processes not
included in each of the studies (relative to therfwodel) have been deleted. Note this figure
is designed to provide an overview of the variouslelling approaches - the details of the

full model can be read more clearly in Figure 5.1.

Ximines et al. 2012

Full model

Keith et al. 2012 Dean et al. 2012
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5.5 Discussion

It is significant to note that the three case ssdised in the verification of the ForestHWP
model differed in their conclusions regarding tbke rof HWP in contributing to the net GHG
balance. Ximenest al (2012) concluded sustainably managed forestsdogeerate net C
benefits over the long term, whereas Detal (2012) and Keitlet al (2014a) concluded the
opposite.

Although a more detailed analysis of these studiesluding an assessment of their
underlying data and assumptions) is beyond theesobphis current chapter, as a first step
towards understanding how the different studiesclred opposing conclusions it is
instructive to compare the range of processesnbet included in each of the studies against
the full model (Figure 5.10). Of the three studi@sieneset al (2012) was the only one to
include effects of product substitution and biofa#fsets. The studies of Dean et al. (2012)
and Keith et al. (2014a) both included comprehendescriptions of forest C dynamics, and
also included both HWPs and landfill, but did netlude biofuels nor product substitution
(note that in Dearet al (2012) landfill is not considered explicitly; hatr, the landfill
dynamics are embedded within a composite ‘wood yrtsd pool that combines both in-
service HWP and landfill (C. Dean Pers. Comm)). @armg results across the three studies
is therefore hampered by these fundamental difeaenn the specification of the system
boundary. There are also important differences aluas of key parameters across these
studies, such as the assumed time it takes foruptedo decay in landfill, and the mix of
HWP being generated. To provide an equitable coisgarthe range of processes included
in the analyses and key parameter values needs stabdardised. This can be achieved in
ForestHWP by switching off and on the appropriatedel components, and by harmonising
parameter values. For example, in the calibratibiK@ith et al. (2014a) in the previous
section the soil organic C, biofuels and produdissitution sub-models are excluded from
the model runs.

The application of ForestHWP to the case studiethis project, and a description of the
various scenarios that are explored, is giveneixt section of this report.

5.6 Summary

ForestHWP, a new C accounting model for the comgareive assessment of the full forest —
harvested wood products system, has been designédingplemented in software. A
summary of the model is provided, and a full dggon is given in the Appendix 3.

Verifying that the ForestHWP model can accurateplicate previous analyses provides

confidence that the equations have been correctiplemented, and that the core

functionality has been adequately specified andessmted. Demonstrating that the model
can adequately capture the dynamics of all the@spe a particularly strong verification test

for ForestHWP, given the inter-connectedness apemency among the processes (Figure
5.1).

The model was verified by replicating the resutsnf three published studies. Following

manual calibration of the model parameters, Fond&PHvas able to faithfully replicate the
results as presented in those original studies. vEnidication procedure therefore confirms
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the model equations (detailed in the Appendix 3)ehbeen correctly implemented in the
computer code, and that the model is both flexdnld comprehensive in its representation of
the forest and HWP C dynamics.
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Part 6. ForestHWP: Case Studies and Scenarios
Stephen Roxburgh (CSIRO), Debra Crawford (CSIR@pjdno Ximenes (NSW DPI)

6.1 Section Summary

This section describes how the field data and astsat measurements from the three case
studies (Victoria Central Highlands Mountain Ast§\W North Coast Blackbutt, NSW South
Coast Silvertop Ash) were incorporated into theeBtiWP model described in part 5, and
how ForestHWP was used to explore the implicatimingarious management options on the
total system C (C) balance.

For all three case studies model calibration foldwhe same general procedure, whereby the
parameters specifying the forest C stores and $luxe the absence of harvesting) were
determined by a combination of model inversion (ebg the model parameters were
manually adjusted such that model predictions neat¢he observation) and direct parameter
estimation. Once the forest subsystem was calitbrateen the parameters specifying the
HWP sub-system, such as harvest forest removalsP HWrvice lives, and product
substitution factors were specified, based on sas#y observations and literature survey.

Two ‘reference’ or ‘baseline’ scenarios were coasdl; they were the conservation scenario,
where the calibrated models were run with wildfm& without harvesting, and business as
usual (‘BAU’) where both harvesting and fire arecluded, and where the harvesting
parameters are those specific to each case stuilyinvthe ForestHWP model wildfire and
harvesting events occur stochastically through tiswed therefore comparisons between
scenarios were made based on the average of 10ld€ate runs. To remove the influence of
transient dynamics, scenario comparisons were basetthe long-term average behaviour
(although comparisons based at years 50 and 1Q@eshihne same trends). For each scenario
the model ‘spin up’ involved running the forestyrdub-system for 1000 years with the
appropriate wildfire frequency, and then prescigbinajor known harvesting and/or wildfire
events that occurred from 1939 (for Victoria) ob@9for the NSW case studies), with the
scenarios beginning at a nominal year of 2012.

In addition to the baseline scenarios, eight add#i scenarios common to all three case
studies were explored. Of these, one explored tiengial impacts of moving processing
waste and a proportion of products that had readhedend of their service life into
residential bioenergy. There were three scenahniaissought to maximise (within constraints)
either product recovery (i.e. increased use of ggsing waste to generate long-lived
products), landfill benefits, or biofuel benefitdinally, four scenarios were designed to
investigate the implications of increasing the decice of fire (two levels), applied to the
conservation and BAU scenarios. For the Victoriani€al Highlands case study additional
scenarios included varying proportions of the aurneulp logs to produce bioenergy, and
options around the end use of pallets. For the NGaast Blackbutt case study additional
scenarios involved the utilisation forest residtssbioenergy and pulp, and increasing the
proportion of logs extracted for use as electritignsmission poles. For the South Coast
Silver Top Ash case study additional scenarios lwea utilising varying proportions of the
current pulp logs to produce bioenergy, and implces of using a proportion of forest
harvest residues for co-firing with coal for elégity generation.

Comparison of the BAU scenarios with the conseovasicenario indicated for the Victorian
and New South Wales South Coast case studies dmatdted forests yield a greater GHG
benefit compared to management for conservatioth this effect driven primarily by the
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product substitution factor associated with pulpdorction, which is relatively high due to
the most likely alternative market over the shertrt (assumed to be one rotation length in
the simulations) being the production of pulp fr@outheast Asia, which has a significantly
higher GHG cost compared to Australian forestrycficas. Scenarios that increased
utilisation of residues for bioenergy or that iraged storage in landfill consistently improved
further the benefits of harvested forests relativthe conservation scenario.

For the New South Wales North Coast case studytiseness as usual scenario had a net
GHG balance lower than the conservation scenapo.This case study large amounts of
residue were left in the forest; utilisation ofghiesidue for pulp or bioenergy reversed the
balance, as did scenarios associated with incrgakim longevity of HWPs in the system
(either through the production of longer-lived puots, or sequestration in landfill). For the
North Coast case study there are therefore a numibenanagement options that could
feasibly be employed to significantly improve thet GHG balance of the harvested forest,
though in some cases to be realised this will regiie establishment of a viable market.

Overall, the ForestHWP simulation results suggkstdverall C response to harvesting is
context-dependent, and that different outcomes possible depending upon the
characteristics of the forest, the harvesting regiamd most importantly the mix of harvested
wood products that are produced, their substitubemefits, and their ultimate fate.

6.2 Introduction

A description of the ForestHWP model for integrgtithe C balance across both the forest
and harvested wood product (HWP) systems was giv®art 5. This section describes how
the field data and associated measurements fronthtee case studies (Victoria Central
Highlands Mountain Ash, NSW North Coast Blackbi&W South Coast Silvertop Ash)
were incorporated into ForestHWP, and how the ma@el used to explore the implications
of various management options on the total systdml@nce.

The approximate areas over which the case studiede considered broadly representative
with respect to forest type, disturbance regime arahagement regime are 79,000 ha for
Victoria Central Highlands, 36,000 ha for NSW No@last Blackbutt, and 56,000 ha for
South Coast Silvertop Ash.

6.3 Calibration of ForestHWP to the case studies

The case study data was integrated with ForestH\&Ehe following steps:

» Calibration of the forest C equations of the mddetase study field observations and
ancillary data (estimates of Net Primary Produtti¢NPP), and parameter estimates
associated with the wildfire regime).

» Setting of parameters associated with harvestingvals from the forest, processing
waste losses, product service lives, bioenergyetffactors and HWP product
displacement factors, and post service-life fate Al analyses in this chapter were
based on the regional production (RG) scenariosritesl in Part 3

» Exploration of the C implications of current praeti(i.e. BAU or ‘Business as Usual)
and a range of possible alternative managemenasgosnwith a primary focus on the
process of harvesting, and the post-harvest treatofed\WPs.
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6.3.1 Forest dynamics — Victoria Central Highlands

The Victorian production and conservation siteseMeoth impacted by the 1939 bushfires
although with differing intensities, with the congation site subject to a lower intensity non-
stand replacing fire. The production site was asject to post-fire salvage logging,
whereas in the conservation site the natural peooéstanding dead stag collapse and decay
was allowed to proceed. Whilst current living ab@veund biomass was similar between the
two sites (at approximately 350-400 tC/ha, Partthig, forest structure was quite different
(with a more even-aged and even-sized distributfoimdividuals in the production site, and
with a very high contribution of coarse woody del{fCWD) biomass in the conservation site
(Part 1)). Note that, unlike the other two casasliss, destructive sampling of CWD was not
possible at the Victorian conservation site, aretdfore no direct estimate of CWD biomass
are available.

The Keithet al. (2014a) model calibration presented in Part 5 wsesl as the starting point
for the calibration of the Victorian case studyesiThe process involved setting the NPP
(9.88 tC/halyr), as estimated by the continentaldehoof Haverdet al. (2013). The
ForestHWP model was then initiated at steady stsiteg data from Keitlet al. (2014a) (i.e.
mature forest in the absence of fire, with an abgneeind biomass estimate of approximately
740 tC/ha) and a fire was imposed at 1939, with lioss parameters given in Keit al.
(2014a). For the conservation scenario the site allasved to recover naturally, and the
observed above-ground biomass and CWD estimates coenpared at year 2013 — the year
at which the field measurements were taken (Figutb; note that the biomass estimates for
the conservation site were based on measuremedtallametric models rather than direct
weighing). A similar procedure was used for thedoiciion site, with the exception that a
salvage logging event was imposed five years pos{figure 6.1a).

Using the initial Keithet al (2014a) parameter set the predictions for bottptbduction and
conservation sites were close to those observebpaly required minor changes to the NPP
allocation fractions (parameters 2-5, Table 6.1 lanng biomass longevities (parameters 6-
9, Table 6.1). The root parameters were adjuste@nwure a root:shoot ratio of 0.25.
Although CWD was not measured for the conservasit®, due to the reasons discussed
above, the calibrated model suggests a C stocR@P00 tC/ha.
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Figure 6.1 Site calibration for the Victoria case study. @)nservation forest site. (b)
Production forest site. The circle and triangle Bgla show the values for field-based
observations, and the lines are the calibratedsHd&P model predictions.
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6.3.2 Forest dynamics — NSW North Coast Blackbutt

The forest calibration process for the NSW Northa§locase study required a slightly
different approach due to differences in the histairthe production and conservation sites,
and differences in the impacts of wildfire. Unlikéctoria (where both sites had undergone a
similar disturbance history), the NSW North Coashgervation site was located within an
area that had not been significantly disturbed, re&® the production site had undergone
harvesting in the 1950s, with subsequent silvicaltmanagement including ringbarking of
remaining trees sometime after 1950, and a thinauant in the mid-1990s. Both production
and conservation sites were likely to have beenesulto wildfire over the last century,
however unlike the Victorian Ash forests that suffggnificant mortality from fire, the
impact of fire on the NSW re-sprouting forestsriegominantly limited to the fuel layer, with
only moderate mortality assumed (10%).

The model calibration therefore assumed the obdeabeve-ground biomass and CWD for
the conservation site was representative of thekstat the time of initial harvest in the
production site (Figure 6.2). NPP was again estohfitom Havercet al. (2013), and as per
the Victorian site the NPP allocation and longeprameters were modified in order to
attain the observed site biomass values, at theoppate time since historical harvest (Table
6.1; Figure 6.2).

The timing of the application of the post-1950 tneant at the NSW North Coast production
site was uncertain, and therefore the year of egiptin of the ring-barking treatment and the
stag decay parameter were adjusted such that duecgd CWD approximated that of the
observation at 2013.

Prior to the simulated harvesting event at 1958, rtiodel was run for 1000 years, with
wildfires occurring at random with a mean frequenty5 years.
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Figure 6.2 Site calibration for the North Coast case stuithe circle and triangle symbols
show the values for field-based observations, dredlines are the calibrated ForestHWP
model predictions.
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6.3.3 NSW South Coast Silvertop Ash

The history and therefore calibration of the NSWitBoCoast sites was similar to the NSW
North Coast, with a history of harvesting in thé&Q9 in the production site, although without
the subsequent application of ringbarking. As willle previous case studies, only minor
adjustment of the default parameters was requinedrder for the model predicted and
observed biomass values to align (Table 6.1, Figug As per the NSW North Coast case
study, prior to the simulated harvesting eventiQl the model was run for 1000 years, with
wildfires occurring at random with a mean frequenty5 years.

The model parameters associated with the impactiaofesting on the forest, and the
subsequent processing and fate of the HWP, induttie calculation of product substitution
factors and bioenergy offsets (Table 6.1, pararmet8r49), were derived from information
given in Parts 3 and 4. A brief example is provitetow to illustrate how the calculations
occur, and how the parameters operate.

Using the NSW South Coast as an example, when ribguption forest was harvested in
2013 there was 103 tC/ha available for harvestth®3f 94 tC/ha was actually impacted by
the harvesting event (94.1/102.7 = 0.92; paranideiTable 1). Of this 94.1, 48.0 tC/ha was
removed off-site for processing, comprising 34.th&o pulp, and 13.9 tC/ha as sawlogs. In
terms of ForestHWP parameters this translates t6/%81 = 0.51 removed off site as
product in the form of pulp (34.1/94.1 = 0.362; &aeter 24) and dry board (13.9/94.1 =
0.148; parameter 21). Similar calculations areiedrthrough the processing of logs into
HWPs, the passage of processing waste and protitiet and of its service life into biofuel,
and the eventual fate of HWP into either landfilirelease back to the atmosphere.
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Figure 6.3 Site calibration for the South Coast case stidhe circle and triangle symbols
show the values for field-based observations, dmedlines are the calibrated ForestHWP
model predictions.
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6.3.4 Harvest removals, HWP and landfill dynamicsand bioenergy and product
substitution offsets.

There are some model parameters that require fuetki@anation. The first is the product
substitution factor for pulp, which is 6.4 kg Cs#t / kg C in pulp (Table 6.1). This factor is
applied to the amount of material removed from theest for pulp processing, i.e. it is
applied to the ‘gross’ forest removal fraction. Tieenaining product substitution factors (i.e.
for green and dry board, and poles) are appliddeagost-processing product mass, i.e. these
factors are applied to the ‘net’ forest removakfien, after processing waste losses have
been deducted. This difference in calculation methetween the product streams is due to
the difficulties in deriving suitable ‘net’ substiton factors for finished paper products when
analysing international datasets (see Part 4). lwe the pulp substitution factor is only
applied for a limited time in the simulation scanar(a single rotation: 75 years for Victoria,
65 years for NSW), rather than over successivetioos This is in recognition of the
transient nature of the markets and the expectdtiahin the long-term, pulp and paper
production in SE Asia will be based on the use ofarsustainably sourced biomass.
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Table 6.1.Selected Forest HWP parameter values. Parametidsivere calibrated to ensure
ForestHWP matched the observed aboveground bioamassoarse woody debris C stocks,
and temporal dynamics of those stocks from hisabmlisturbance. The wildfire parameters
(14-17) were derived from the literature, and tleenaining parameters that define the
harvesting impacts and HWP dynamics (18-49) wesedban data collected as part of this
study, and modified to reflect typical regional guation (RG scenario, Parts 3 & 4).

Parameter Victoria | NSW NSW
South North
Coast Coast
Forest growth parameters
1 | NPP at maturity (tC / ha / yr) 9.88 8.82 9.50
2 | Fractional allocation of NPP to leaf 0.35 0.35 390.
3 | Fractional allocation of NPP to stems / branches 0.35 0.25 0.25
4 | Fractional allocation of NPP to fine roots 0.10 29 0.25
5 | Fractional allocation of NPP to coarse roots 0.20 0.15 0.15
6 | Leaf lifetime (yrs) 2 0.67 0.67
7 | Stem / branch lifetime (yrs) 260 135 105
8 | Fine root lifetime (yrs) 4 1 1
9 | Coarse root lifetime (yr5) 105 25 25
10 | Leaf litter longevity (yrs) 2.75 2 2
11 | Stem litter longevity (yrs) 12 13 11
12 | Coarse root litter longevity (yrs) 52 25 25
13 | Fine root litter longevity (yrs) 2 2 2
Wildfire parameters
14 | Mean fire return interval (yrs) 112 75 75
15 | Living biomass loss fraction 0.8 0.1 0.1
16 | Coarse woody debris loss fraction 0.5 0.5 0.5
17 | Fine litter loss fraction 0.95 0.95 0.95
HWP parameters
18 | Rotation length (years) 75 65 65
19 | % of coupe affected by harvest 0.98 0.92 0.86
20 | % of landscape harvested (adjustment for riparia 0.56 0.55 0.60
exclusions zones, etc.)
21 | Proportion harvested material left on site 0.204 0.490 0.517
22 | Proportion extracted to dry boards 0.160 0.148 .24D
23 | Proportion extracted to green boards 0.127 - 93.1

These parameters were adjusted to maintain roatsatos of approximately 0.25, and thus to ensuoelel predictions
stayed within realistic bounds given no root hatingswas undertaken. There is limited empirical wiealge of the actual
turnover rates of living and dead roots againstiviid validate these parameters.

2These NPP estimates are broadly consistent witlermuknowledge of forest growth. For example Haetrdl. (2013)
report an empirically-derived estimate for Victariash forests of 8-12 tC/ha/yr, and for a range 8fforests NPP is
approximately 6-8 tC/ha/yr. Although the US estirsadee lower relative to those reported in the tabis is to be
expected given the better growth conditions atthstralian sites, with warmer temperatures, and-aeeiduous species.
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Table 6.1continued

Parameter Victoria NSW NSW
South North
Coast Coast
24 | Proportion extracted to poles - - 0.048§
25 | Proportion extracted to pulp 0.509 0.362 -
26 | Processing waste fraction loss — dry boards 00.54 0.783 0.663
27 Processing waste fraction to residential 0.004 0.05 0.037
bioenergy — dry boards
28 Processing waste fraction to commercial 0 0.10 0.11
bioenergy — dry boards
29 | Processing waste fraction loss — green boards 4290. - 0.612
30 Processing waste fraction to residential 0.006 - 0.037
bioenergy — green boards
31 Processing waste fraction to commercial 0 - 0.11
bioenergy — green boards
32 | In-service life loss (%) — dry boards 5 5 5
33 | In-service life loss (%) — green boards 5 - 5
34 | In-service life loss (%) — poles - - 5
35 | In-service life loss (%) — pulp 100 100 -
36 | Service life — dry boards (yrs) 50 29° 50
37 | Service life — green boards (yrs) 75 - 25
38 | Service life — poles - (yrs) - - 70
39 | Service life — pulp (yrs) 1 1 -
40 | End service life fraction to landfill — dry baolar 0.916 0.872 0.88
41 | End service life fraction to residential biofuel 0.084 0.128 0.12
dry boards
42 | End service life fraction to landfill — greenaods 0 - 0.922
43 | End service life fraction to residential bioener 0 - 0.078
green boards
44 | Dry board product substitution factor (Kg C effs 0.43 2.07 1.04
/ Kg C manufactured)
45 | Green board product substitution factor (Kg C 0.02 - 0.45
offset / Kg C manufactured)
46 | Poles product substitution factor (Kg C offskt/ - - 1.08
C manufactured)
47 | Pulp product substitution factor (Kg C offsé&tg 6.4 6.4 -
C in pulp harvested)
48 | Residential bioenergy fossil fuel offset fadi¢g 0.85 0.85 0.85
C offset / Kg C combusted)
49 | Commercial bioenergy fossil fuel offset factor 0.30 0.30 0.30

(Kg C offset / Kg C combusted)

SEstimated aggregate service life of various woatlpcts (decking, flooring, structural/cladding,.pttEstimated service
life of pallets.
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The second parameter that requires some explanatithre decomposition loss of HWP in
landfill, which is assumed to be negligible (an@ &nus not present in Table 6.1). This
contrasts with other factors, such as the defactof used by the Intergovernmental Panel on
Climate Change (IPCC) for decomposition of orgamiaterials in landfills of 50% (IPCC
2006). The IPCC factor is designed to be applietthé¢oorganic waste stream as a whole, and
thus, accounts for both easily digestible materi@g. food waste), as well as those
considered recalcitrant (e.g. woody material). TREC recommends using waste-specific
factors if they are available (IPCC 2006). Thedatesearch strongly suggests actual wood
decomposition in landfill is minimal, and landfillge in fact a potentially strong C sink for
wood and engineered wood products (e.g. Ximehed 2008, Wanget al 2011, Ximenegt

al 2013, Ximenegt al 2015; see also Part 3).

The final set of parameters that require clarifaratare the GHG emissions associated with
harvesting operations, and the transporting andgssing of HWP. Whilst these can be
explicitly included within ForestHWP, for the thremse studies these losses have been
subsumed within the calculation of the product stlign factors.

6.4 Description of Scenarios

6.4.1 Overall approach.

ForestHWP is essentially a site-based (or non-apatiodel, where the fate of C for a given
location is modelled through time. In Figures 6.2-@bove the ‘site’ represents the 0.5ha
plots measured as part of this study, and in PafEi§ures 5.5-5.8 the spatial scale is
undefined, but represents an ‘average’ plot froBuaalyptus regnanfrest in Victoria and
Tasmania, respectively.

Whilst such site-based runs are useful for investig the temporal dynamics of C in
response to e.g. fire and harvesting, it makes eoisgn across studies difficult, as the C
stocks at any given time are a function of the tsmee last disturbance, and of the overall
disturbance regime. To account for this in the ageninvestigations below, a number of
replicate sites that differ only in the timing asdirbance are run, and the average outcome
across those runs is used to allow comparison. hassthe effect of averaging over the
disturbance-induced fluctuations (Figure 6.4), thtadardising for the effects of differences
in disturbance regime and allowing comparisonssscezenarios to be made. An example of
a similar approach is also given in Part 5 Figuf for the Ximenesgt al. (2012) study. For
all simulations, 2000 replicate runs are used tantjty the overall scenario outcomes, with
the only difference between runs being the timihfire and harvesting events

A simple interpretation of this approach is that grenario results represent the average
outcome of a number of patches within a region,whdre disturbances occur independently
across patches.
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Figure 6.4. Summary of how average ForestHWP runs are usedmpare scenarios. In (a)

a single ‘site’ is simulated, showing three fireeptis over time that remove biomass, with
subsequent recovery during the inter-fire periadgl® site runs such as this demonstrate the
temporal variability in biomass in response to ydrdtion, but the biomass at any given time
is contingent upon the timing of the last fire, aiin the model is determined at random. (b)
In order to obtain an estimate of the overall metage’ impacts of the perturbation, and thus
to allow different scenarios to be compared, therage over a number of replicate site runs
is determined, where replicates differ only in threing of disturbance. In (b) the average
over five such replicate ‘sites’ is shown, with tigctuations starting to be smoothed out
(dark line). In (c) the average over 30 replicatessis shown, and suggests the expected or
‘average’ biomass under this fire regime is 20h&C/
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To further elaborate on this landscape-level intggtion of the scenarios, for each of the
case studies an estimate was available of the tetabnal area that was unavailable for
harvest, due to e.g. sensitive environmental asael as riparian zones. These estimates are
given in Table 6.1 as Parameter 20. To take tmddeape-scale variability into account the
total C store is calculated as the area-weightedta@e across both the harvested and non-
harvested areas (Figure 6.5).

Figure 6.5. Explanation of the landscape-based calculation dmchw the results are
presented. The dark grey area represents thednacfithe total landscape that is available
for harvest (60% in this example; Table 1, param&®, and the light grey area is the area
within the landscape where harvesting is excludigéiian exclusion zones, etc.). The total
landscape C store is the area-weighted averagbeofCt store in the two sub-areas. For
simplicity, and in the absence of supporting datais assumed the wildfire regime is
equivalent across the two sub-regions. For each sagly the C store in the unavailable
fraction is given by the conservation scenario, gn@dC store in the available fraction by the
various harvesting scenarios (see Table 6.2).

Area available for Area unavailable for
harvest harvest
(60%) (40%)
C store under current C store under current
harvest and wildfire regime wildfire regime = 300
=100 tC/ha tC/ha
(Harvesting scenario) (Conservation scenario)

122 J
NI

Tbtal landscape C \
store = (0.6 x 100 tC/ha) + (0.4 x 300 tC/ha) = 180 #C/h



For each scenario ForestHWP was initialised asritestin the calibration procedure above,
and run until 2013, i.e. as far as the triangle lsgi® in Figures 6.1-6.3 above. At this point
the biofuel offsets, product substitution beneditsl the landfill C stocks were set to zero, and
then the model advanced for a further 1000 yearsr(er to provide an estimate of the mean
implications of each scenario). Scenario resulés reported below for the predicted C at
years 50 and 100, and at year 1000 to provide timage of the long term average (LTA)
behaviour. For the LTA behaviour, the biofuel offssgroduct substitution benefits and the
landfill C stocks were set to zero at year 800, #wg the values for these quantities reported
for LTA represents accumulation of benefits oveét08 year timeframe. Also, for the LTA
behaviour, the C stocks were calculated as theageepver the final 200 years of the
simulation.

6.4.2. Description of Scenarias

Two of the scenarios can be considered ‘refereacébaseline’; they are the conservation
scenario, where the calibrated models are run witlfire but without harvesting, and
business as usual (‘BAU’) where both harvesting &nel are included, and where the
harvesting parameters are those specific to easd stady (Table 6.1). These scenarios are
described in Table 6.2, Scenarios 1 & 2. Note thaPart 3 the actual mix of products
harvested from each 0.5ha coupe was reported (@eders), as well as an adjustment to
better represent the regional product mix (RG patams). All of the scenarios involving
harvesting are based on the RG parameters, witlexbeption of one of the NSW North
Coast Scenarios (see below).

There are eight other scenarios that were alsdeapfd each of the case studies (Table 6.2,
Scenarios 3-10), plus a number of scenarios thed sgecific to each case study.

Of the eight shared scenarios, one explored thenfiat impacts of moving some processing
waste and products that had reached the end of gbmiice life into residential bioenergy
(Table 6.2, Scenario 3). There were three scendraissought to maximise product recovery
(i.e. increased use of processing waste to genkmagelived products), landfill and biofuel
benefits (Table 6.2, Scenarios 4-6, respectivelynally, four scenarios were designed to
investigate the implication of increasing the imgide of fire (two levels), applied to
Scenarios 1 and 2 (Table 6.2, Scenarios 7-10).

The “maximise landfill” scenario only considers ¢pterm C storage in HWPs other than
paper products. The rationale for the scenario$ #med to “maximise landfill” and
“maximise bioenergy” was based on the fact that“thaximise landfill” scenario in effect
maximises physical C storage as an outcome, wheheaSmaximise bioenergy” scenario
maximises the C benefit by virtue of fossil-fuesplacement. Thus, the “landfill” scenario is
independent of fossil-fuel displacement assumptiomgereas the impacts associated with the
“maximise bioenergy” scenario are highly depenaenthe types of fossil fuel displaced.

No scenarios involving the alteration of harvestiotation lengths were conducted, in order
to retain the focus on HWP management. The seitgitdf model outcomes to rotation
length could be considered in the future as patbtroader model uncertainty analysis (see
section 6.5).

The case study-specific scenarios are describeavbel
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Victoria Central Highlands

The scenarios specific for mountain ash in the dfiat Central Highlands explored utilising
varying proportions of the current pulp logs to guwoe bioenergy (Scenarios 12-13), and
options around the end use of pallets producedné@ues 14-15). These two products were
selected because they both represent currentliatgest volumes of products derived from
those forests, and the changed management praotméslied represent realistic scenarios.
In addition to these scenarios, we also considdredmplications of using a proportion of
the high volume of forest harvest residues foridag with coal for electricity generation
(Scenario 11).

North Coast Blackbutt

The scenarios specific for the blackbutt standshenNorth Coast of NSW targeted options
for utilisation of the large volumes of forest hses currently left in the forest after harvest
operations (Scenarios 16-17), and increasing tlopgption of logs extracted for use as
electricity transmission poles (Scenario 18). Quityethere is no market for pulpwood on the
North Coast of NSW, resulting in considerably higkelumes of harvest residues for that
region compared to the other case studies. Inaleas® of biomass also has implications for
the long-term stocks in the residues in the forest.

Table 6.2.Summary of the scenarios explored.

Scenario Description

Scenarios common to all three
case studies

1 Conservation Wildfire included but no harvesting
2 BaU (Business as Usual)  Wildfire ud#d and harvesting as per the observed
product recoveries, waste losses, bioenergy udage e
3 EoL products and waste| At the end of service life (EoL) all available prod is
to bioenergy utilised for residential bioenergy, and 70% of dnd
green processing waste is utilised for residential
bioenergy.
4 Maximise product 70% of dry and green processing waste re-utilised f
recovery additional dry product. An example would be use of
residues to produce engineered wood products
5 Maximise landfill At the end of service lifd alvailable product is sent ta

landfill, 70% of dry and green processing waste re-
utilised for additional dry product (which eventyal
ends up in landfill)

6 Maximise bioenergy At the end of service lifeaadailable product is utilised
for residential bioenergy, and 100% of dry and gree
processing waste is utilised for residential biogpe

7 Fire x 1.25 (Consv) Average fire return time in the conservation scenar
decreased by 0.8 (=1/1.25)

8 Fire x 1.5 (Consv) Average fire return time in the conservation scenar
decreased by 0.667 (=1/1.5)

9 Fire x 1.25 (BAU) Average fire return time in the BaU scenario deseea
by 0.8 (=1/1.25)

10 Fire x 1.5 (BAU) Average fire return time in the BaU scenario deseea

by 0.667 (=1/1.5)
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Table 6.2.Continued

Scenario

Description

Victorian case study scenarios

O

11 30% forest residue to | 30% of forest residues left on site utilised foffcing
bioenergy with coal for electricity generation

12 50% pulp to bioenergy 50% of the material reatbfrom the forest for pulp ig
instead utilised for residential bioenergy.

13 100% pulp to bioenergy| 100% of the materialoeed from the forest for pulp
is instead utilised for residential bioenergy.

14 EoL pallets to landfill At the end of servidie lall pallets (=green) are sent t
landfill.

15 EoL pallets to bioenergy At the efidervice life all pallets (=green) are utilised

for commercial bioenergy.

NSW North Coast case study
scenarios

16 50% forest residue to 50% of forest residues left on site utilised foffcong
bioenergy with coal for electricity generation
17 50% forest residue to | 50% of forest residues left on site utilised folgu
pulp
18 Increase product to polesThe regional product mix (Part 3, section 3.2) used
the simulations is replaced by the product mix as
observed at the coupe-level, which increases the
proportion of pole manufacture over 6x.
19 | NSW South Coast case study

scenarios

20 30% forest residue to | 30% of forest residues left on site utilised foffrmng
bioenergy with coal for electricity generation
21 50% pulp to bioenergy 50% of the material reetbfrom the forest for pulp is
instead utilised for residential bioenergy.
22 100% pulp to bioenergy| 100% of the materialoeed from the forest for pulp

is instead utilised for residential bioenergy.

South Coast Silvertop Ash

The scenarios specific for silvertop ash standsdan explored utilising varying proportions
of the current pulp logs to produce bioenergy (&des 20-21). In addition to these
scenarios, we also considered the implicationssaigua proportion of the high volume of
forest harvest residues for co-firing with coal &ectricity generation (Scenario 20).

6.5 Scenario results

The Scenario results for each case study are susedan Tables 6.3-6.5 and Figures 6.6-
6.9 below. Across all scenarios there is varigbiher the first 100 years of the simulation.
For example in the Victoria case study there israléncy for C stocks to initially increase,
reaching a peak at approximately year 100, befediring again (as reflected in a lower
total C LTA compared with year 100) (Table 6.3).isTpattern reflects the non-equilibrium
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starting point of the simulations, and in this césa function of the fire and management
histories of the sites post-1939. To exclude suahsient dynamics from the comparisons,
and thus to ensure that the differences acrossstadies can be attributed solely to changes
in simulated management regime, comparisons amadhgstase studies are therefore made
based on the LTA summaries. ‘Total C’ refers to shen of the above ground forest C + the
off-site C, the latter of which includes both thesfrage of products in-service and in
landfill, as well as the accrued bioenergy and HWPstitution benefits (for LTA this
represents the accrual over 200 years).

6.5.1 Victoria Central Highlands

The total above ground forest C under the conservatcenario was 523 tC/ha, with an
embedded average fire return interval of 112 yéard with the limitation that a fire requires
at least 10 years of fuel accumulation for it torga Under a regime of ‘business as usual’
harvesting with a 75 year rotation length the etg@@above ground forest C storage declines
to 384 tC/ha; however with the inclusion of the-gitfe C the total C under business as usual
management is 835 tC/ha, representing, over a 80period, a 65% increase in C storage,
or an equivalent of 312 tC/ha (Table 6.3). The mijaf this increase is due to pulp and
paper HWP (Figure 6), which has a relatively higbduct substitution factor (6.4 tC offset /
tC pulp). The importance of pulp for the overallb@lance of these managed forests is
considered in greater detail in the discussion.

Some further observations can be made on thesksteSist, the reduction of aboveground
forest biomass from 523 tC/ha (conservation) to ®3%a (BAU) (Table 6.3) is perhaps not
as great as one might expect given fire predomiyaedistributes C within the forest,
particularly between the living and dead stag pdKkith et al. 2014a), whereas harvesting
results in removal of biomass C from the forestteays This can be reconciled by noting
within the Victorian case study simulations theraswa 50 year buffer period between
wildfire and allowable harvest, and therefore whetegrated over time (e.g. a 100 year
period) the disturbances that occur tend to beeeifire or harvesting. In effect, the
imposition of wildfire within the harvested foresystem leads to an effective increase in
rotation length, as some harvesting opportunities last due to the occurrence of fire.
Second, ForestHWP was specifically designed taideelthe full system C balance in order
to comprehensively account for all stocks and flulzetween the forest and HWP subsystems
(Part 5). However a lack of data on roots and eahnic C for the case studies meant that
these belowground components were not includechén results summary. Despite this,
approximate ‘best guess’ parameters were includedhe belowground dynamics, and the
implications on the overall results of includingdveground C are shown in the last column
of Table 6.3 (and Tables 6.4-6.5 for the remairoage studies). These results are displayed
in grey text to highlight the large uncertaintiesreunding this part of the analysis.

Overall, the results suggest inclusion of the bgimund root and soil organic C dynamics
results in a reduction in the total C benefit (baty rarely was this sufficient to change the
sign of the net C balance from sink to sourceyioe versa This implies that under the

current parameter settings any increase in the o&t80OC input due to e.g. increased
production of litter and CWD from harvesting isufficient to compensate for the additional

losses incurred through the decomposition of tlmsrof harvested trees, and losses of soll
organic C due to reduced aboveground biomass (arsdréduced litter input). There are also,
potentially, direct erosional losses associatedh whe harvesting process itself, which were
not included in the modelling. It is important tote that, in order to be conservative, the
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default decay rates of coarse root biomass in BaVEP are relatively fast (with longevities
of approximately 25-50 years). However there isiificant evidence that the biomass in
roots of native hardwood trees that are harvessetchuch more resistant to decay than
typically assumed (Ximenest al 2004), resulting in much slower rates of C lossravme
and comparatively smaller losses. Preliminary R6P@& analyses suggest modification of
the root decay rates to reflect these results haspbtential to significantly alter the
magnitude of the net belowground C balance, furthighlighting the sensitivity of the
belowground analyses to the assumptions adoptexioVérall role of belowground C in the
total system C balance remains a large gap in wowledge.

Of primary interest in this study is the comparisgnthe business as usual (BAU) results
with a range of alternative management options IETals).

Utilising 50% or 100% the biomass currently used galp and paper production for the
generation of energy has an overall lower GHG betigin BAU, with reductions of -144
and -275 tC/ha respectively (representing declinelstive to BAU, of -17% and -33%,
respectively) (Table 6.6). Utilising 30% of the dst harvest residues for bioenergy resulted
in a modest increase in total C of 10 tC/ka%), as did diverting the use of pallets from
mulch to bioenergy at the end of their service (if& tC/ha, o=1%). Greater benefits were
predicted if all end-of-life products and procegsivaste were utilised for bioenergy (24
tC/ha, or 3%), or if bioenergy opportunities weraximised (33 tC/ha, or 4%). The declines
in GHG benefit through the diversion of pulp ang@aproduction to energy production
result from the high pulp product substitution @actNote because the pulp product
substitution factor was limited to the first harvestation, it is anticipated the application of
the product substitution factor associated with ube of biomass for energy and the direct
displacement of fossil fuels will have greater a&milon in the long-term. Maximising the
product recovery through making long-lived produittsm residues has a net C benefit of
approximately 13 tC/ha (2% over BAU), and maximisstorage in landfill yielded a benefit
of approximately 40 tC/ha (5% over BAU).

Increasing the frequency of wildfire within the BA&tenario by 1.25x and 1.5x led to
declines in total C of -83 tC/ha and -109 tC/ha-({d and -13 % of BAU) respectively. This
was driven primarily through reduced opportunifi@sharvesting due to fire disturbance. As
expected, increases in the fire frequency leadveradl lower C stocks in the forest sub-
system, by approximately 7% (Figure 6.7). These $icenarios embed a large number of
uncertainties and should be regarded as indicatiye these uncertainties and their possible
implications for the results are considered furiheghe Discussion.
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Table 6.3 Summary of scenario results for the Victoria cstsely. ‘Year of assessment’ refers to the predi€@estores (all in t C/ha) at 50 years, 100
years and the long term expectation (LTA). TotglA@B) refers to all on-site plus off-site C storag&cluding forest below-ground C. The ‘%Change
in total C’ is the percentage change of each seenaative to the conservation scenario.

*Although the belowground C stock estimates arecuiain (see text), they are included at the entth@tftable in grey font to provide an approximate
indication of the full ecosystem/HWP C balance.

% change in % change in

Landfill Total C Total C
+in- (B) Total excluding including
Non-pulp service above- belowground belowground
Year of Biofuel HWP  Pulp-HWP HWP (A) Total ground TotalC  (roots, root  (roots, root
Scenario assessment substitution substitution substitution storage off-site C  forestC (A +B) litter, SOC) litter, SOC)*
Baseline scenarios
Conservation 50 0.0 0.0 0.0 0.0 0.0 5179 517.9
100 0.0 0.0 0.0 0.0 0.0 526.4 526.4
LTA 0.0 0.0 0.0 0.0 0.0 522.8 522.8
BAU Harvesting 50 0.1 4.2 415.9 11.9 432.1 410.6 8427 62.7 30.8
(75 year rotation) 100 0.8 7.8 609.4 18.0 636.0 381.2 1017.1 93.2 47.1
Pulp DF = 6.4 LTA 15 11.2 415.1 23.8 451.6 383.6 835.2 59.7 27.1
Biofuel Scenarios
30% of forest residue to 50 6.6 4.2 411.5 11.7 434.0 411.2 8452 63.2 311
LTA 18.8 111 408.0 23.6 461.6 383.9 8455 61.7 28.2
50% pu|p to residential 50 27.8 4.2 208.4 111 251.5 410.2 661.7 27.8 10.8
biofuel 100 51.3 7.7 302.7 17.4 379.1 3824 761.6 44.7 19.2
LTA 72.6 10.9 201.1 22.9 307.5 3834 691.0 32.2 11.3
100% pulp to residential 50 54.8 4.2 0.0 10.3 69.3 413.0 4823 -6.9 -9.0
biofuel 100 100.2 7.6 0.0 16.4 124.2 3829 507.2 -3.6 -8.5
LTA 143.0 10.8 0.0 22.4 176.2 384.4  560.6 7.2 -2.9
All end-of-life products, and 50 17.6 4.3 421.9 11.9 455.7 408.7 864.4 66.9 33.1
all processing waste to 100 40.9 7.8 608.7 9.2 666.6 381.7 1048.3 99.2 50.5
residential biofuels LTA 61.6 10.8 394.7 7.3 474.4 384.5 858.9 64.3 29.7
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Table 6.3 Continued.

% change in % change in

Total C Total C
Landfill + (B) Total excluding  including
Non-pulp in-service above- belowgroundbelowground
Year of Biofuel HWP  Pulp-HWP HWP (A) Total ground Total C (roots, root (roots, root
Scenario assessment substitution substitution substitution storage off-site C  forest C (A + B) litter, SOC) litter, SOC)*
Product scenarios
End of service life pallet 50 0.1 3.8 371.4 17.6 392.9 423.4 816.3 57.6 28.4
mulch
to landfill 100 0.7 7.4 597.1 32.4 637.6 385.5 1023.1 94.4 48.1
LTA 14 11.0 409.5 47.8 469.7 383.8 853.5 63.2 29.1
End of service life pallet 50 2.3 4.1 404.2 11.2 421.9 412.2 834.1 61.0 30.0
mulch
LTA 8.5 11.2 419.1 24.1 462.9 383.2 846.1 61.8 28.3
Green processing waste to 50 0.1 9.0 389.4 22.7 421.2 415.6 836.8 61.6 30.5
dry product
(Max product) 100 15 16.1 559.2 35.5 612.3 393.5 1005.9 91.1 46.6
LTA 3.0 24.5 384.6 51.7 463.8 384.5 848.2 62.2 28.6
Max product to landfill 50 0.1 9.5 411.1 31.4 452.1 409.3 861.4 66.3 32.8
100 0.1 16.9 557.4 53.8 628.3 379.4 1007.7 91.4 46.0
LTA 0.2 24.8 389.2 78.8 493.0 382.2 875.2 67.4 31.4
bioenergy 100 46.5 7.3 587.3 9.9 651.0 385.2 1036.2 96.9 49.4
LTA 72.5 10.8 391.6 7.7 482.6 385.5 868.1 66.0 30.8
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Table 6.3 Continued.

% change in % change in

Total C Total C
Landfill + (B) Total excluding  including
Non-pulp in-service above- belowgroundbelowground
Year of Biofuel HWP  Pulp-HWP HWP (A) Total ground Total C (roots, root (roots, root
Scenario assessment substitution substitution substitution storage off-site C  forest C (A + B) litter, SOC) litter, SOC)*
Fire scenarios
Increase fire frequency by 50 0.1 3.7 364.0 9.6 3774 419.2 796.6 53.8 26.1
1.25x
(Applied to BAU 100 0.7 7.0 552.2 16.8 576.7 383.1 959.8 82.3 41.0
Harvesting))
LTA 1.2 9.6 333.4 20.0 364.2 388.1 752.4 43.9 18.5
Increase fire frequency by 50 0.1 3.5 340.1 9.5 353.1 421.8 774.9 49.6 23.9
1.5x
(Applied to BAU 100 0.6 6.7 531.5 145 553.4 382.3 935.6 77.8 38.4
Harvesting))
LTA 1.1 8.6 310.6 18.8 339.2 387.2 726.3 38.9 15.7
Increase fire frequency by 50 0.0 0.0 0.0 0.0 0.0 510.9 510.9 -1.4 -5.9
1.25x
LTA 0.0 0.0 0.0 0.0 0.0 504.0 504.0 -3.6 -26.0
Increase fire frequency by 50 0.0 0.0 0.0 0.0 0.0 512.2 512.2 -1.1 -55
1.5x
LTA 0.0 0.0 0.0 0.0 0.0 489.2 489.2 -6.4 -27.7
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Figure 6.6. Summary of the long-term average results for thetdrian case study, for each
of the major C balance components. An explanatfidhedscenarios is given in Table 6.2.
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Figure 6.7.Long-term average (LTA) impacts of changing wildfirequency on total C for
the Victoria Central highlands for the conservataase study. Inter-fire intervals (IFl) are
112 years (default), 90 years (1.25x) and 75 yghafx). Fire occurs randomly through time
with a probability 1/IFI, and minimum time sincestdire = 10 years.
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6.5.2. North Coast Blackbutt

In contrast to the Victorian Central Highlands cately, where the accrued GHG benefits for
the BAU harvesting scenario were significantly geedhan the corresponding conservation
scenario, in the North Coast Blackbutt case sthdyBAU scenario was approximately 12%
lower (248 tC/ha vs. 219 tC/ha, Table 6.4 & Figé:8). However the BAU harvesting
scenario is affected by the current absence of ikkehdor pulpwood and the delay in the
introduction of a bioenergy market for that res@urthe expectation is that this change will
take place in the short to medium term, resultimg@AU scenarios closer to the “50% of
forest residue to bioenergy” or “50% of forest des to pulp” scenarios. These scenarios
generated GHG benefits of 38 tC/ha (18% above BakY 105 tC/ha (48% above BAU)
respectively, and were also both in excess of tmservation scenario. The contribution of
pulp product in these projections is again notable.

The “Maximising product recovery” scenario, by nmrakilong-lived products from residues
has a net C benefit of approximately 63 t C/ha (d8@tease over BAU). This benefit is
similar to that of the “maximising landfill” scenar(64 tC/ha; 29% increase over BAU) and
“maximising bioenergy” scenario (61 tC/ha; 28%rease over BAU). Utilising processing
residues and end-of-life products for bioenergydgd a lower benefit, of 26 tC/ha over BAU
(12%).

Extraction of logs for use as electricity transnuaspoles rather than sawlogs for sawn
products also has a substantial impact, resultimgan additional net C benefit of

approximately 68 t C/ha (31 % increase over BAUNiSTIs primarily due to the large

proportion of transmission poles that are depositeldndfill at the end of their service life

(0.92; Table 6.1, parameter 19), which generateagterm storage pool for this product.

The effect of increasing the frequency of wildfias a small decline in total C (Table 6.5,
Figure 6.8). The effect is less than for Victorieedo much lower fire severity impacts on the
forest biomass pools (Table 6.1, parameter 15)tlamdemoval of a buffering period between
a wildfire event and a harvesting event (on theumggion wildfires in the predominantly
resprouting NSW forests have a minor impact omtlagure trees, and thus a minor impact on
the ability to harvest soon after wildfire).
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Table 6.4 Summary of scenario results for the NSW Northstoase study. See Table 3 caption for details.

% change in % change in
Total C Total C

Landfill + (B) Total excluding  including
Non-pulp in-service above- belowgroundbelowground
Year of Biofuel HWP  Pulp-HWP HWP (A) Total ground TotalC (roots, root (roots, root
Scenario assessment substitution  substitution substitution storage off-site C forest C (A + B) litter, SOC) litter, SOC)*
Baseline scenarios
Conservation 50 0.0 0.0 0.0 0.0 253.7 253.7
100 0.0 0.0 0.0 0.0 250.7 250.7
LTA 0.0 0.0 0.0 0.0 247.5 247.5
BAU Harvesting 50 1.2 10.1 11.0 22.4 170.7 193.1 -23.9 -8.9
(65 year rotation) 100 2.5 19.0 19.3 40.9 156.4 197.3 -21.3 -8.8
LTA 3.8 30.7 30.5 65.1 1535 2185 -11.7 -7.0
Biofuel Scenarios
50% of forest 50 13.2 9.2 10.0 32.4 162.3 194.7 -23.3 -9.3
residue to Bioenergy 100 25.5 17.7 18.0 61.3 153.1 214.3 -14.5 -7.1
LTA 44.4 30.9 30.8 106.1 150.8 256.9 3.8 2.4
50% of forest 50 0.4 9.1 100.5 10.6 120.7 163.2 283.9 11.9 3.7
residue to pulp 100 1.3 17.6 131.8 18.4 169.1 153.3 322.4 28.6 8.6
LTA 2.6 30.7 108.6 30.6 172.4 150.8 323.2 30.6 7.3
All end-of-life products and 50 12.5 10.5 10.0 33.0 168.9 201.9 -20.4 -7.7
all processing 100 29.4 19.1 9.0 57.5 156.3 213.8 -14.7 -6.4
Product scenarios
Waste to product (Max 50 1.2 21.4 21.7 44.3 169.9 214.2 -15.6 -5.9
product) 100 3.5 39.3 36.8 79.6 156.7 236.3 -5.7 -3.1
LTA 6.1 63.8 58.2 128.1 153.5 281.5 13.8 2.3
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Table 6.4 Continued.

% change in % change in
Total C Total C

Landfill + (B) Total excluding  including

Non-pulp in-service above- belowgroundbelowground

Year of Biofuel HWP  Pulp-HWP HWP (A) Total ground Total C (roots, root (roots, root

Scenario assessment substitution substitution substitution storage off-site C ~ forest C (A + B) litter, SOC) litter, SOC)*

Max product to landfill 50 11 21.7 22.1 44.9 169.2 214.1 -15.6 -5.9

100 1.7 39.6 39.2 80.5 156.5 237.1 -5.4 -3.0

LTA 2.1 63.9 62.9 129.0 153.6 282.6 14.2 2.4

Max product to 50 16.3 14.8 13.9 45.1 169.0 214.1 -15.6 5.9

LTA 72.1 43.4 10.7 126.2 1535 279.6 13.0 2.0

Adopt site product Spread, 50 1.2 22.2 21.0 44.5 170.9 2154 -15.1 5.7

to y|e|d a greater proportion 100 2.4 41.7 38.2 82.3 156.5 238.8 -4.7 -2.8

of poles LTA 3.8 67.5 61.4 132.7 153.6 286.4 15.7 3.0
Fire scenarios

Increase fire frequency by 1.25x 50 1.2 10.1 11.0 22.2 169.5 191.7 -24.5 -9.5

(Applied to BAU Harvesting)) 100 2.5 18.7 19.0 40.2 156.0 196.1 -21.8 -9.3

LTA 3.7 30.2 30.1 64.0 152.8 216.8 -12.4 -7.6

Increase fire frequency by 1.5x 50 1.2 10.2 11.2 22.6 168.1 190.6 -24.9 -9.9

LTA 3.7 29.9 29.8 63.4 152.1 215.6 -12.9 -8.1

Increase fire frequency by 1.25x 50 0.0 0.0 0.0 0.0 251.3 251.3 1.0 0.6

(App“ed to Conservation) 100 0.0 0.0 0.0 0.0 2476 247.6 -1.3 -0.8

LTA 0.0 0.0 0.0 0.0 243.9 243.9 -1.4 -0.9

Increase fire frequency by 1.5x 50 0.0 0.0 0.0 0.0 249.2 249.2 -1.8 -1.2

(App“ed to Conservation) 100 0.0 0.0 0.0 0.0 245.2 245.2 -2.2 -14

LTA 0.0 0.0 0.0 0.0 2411 2411 -2.6 -1.6
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Figure 6.8. Summary of the long-term average results for th&\N$orth Coast case study,
for each of the major C balance components. Anamgilon of the scenarios is given in
Table 2.
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6.5.3. South Coast Silvertop Ash

For the South Coast Silvertop Ash case study thel Béenario generated a C benefit slightly
in excess of the conservation scenario (289 tC&h@#7 tC/ha) (Table 6.6 & Figure 6.9).
Similar to the Victorian Central Highlands casedstuhis benefit was driven primarily by the
substitution factor for pulp. This is also reflette the scenarios where 50% or 100% of the
pulp product stream is instead utilised for bioggemwhen compared to the BAU scenario
these scenarios generated a lower GHG benefitfChha (11% lower) and -66 tC/ha (23%
lower), respectively.

Use of 30% of the forest harvest residues for mogy results in an additional net C benefit
of approximately 17 tC/ha (6% increase over BAWWeTMaximising bioenergy” scenario
and utilising processing residues and end-of-lif@dpcts for bioenergy yielded benefits of a
similar magnitude (13 tC/ha over BAU (4%) and Sn&Cover BAU (3%), respectively).

The “Maximising landfill’ and “maximising productecovery” scenarios have similar

impacts, with net C benefits of approximately 3T/ha (11 % increase over BAU) and 30 t
C/ha (10 % increase over BAU), respectively. Thepomse to changing the wildfire

frequency for the South Coast case study was vernjas to that the North Coast case study,
due to the similarities in forest types and wildfregimes (Table 6.6).
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Table 6.5 Summary of scenario results for the NSW SouthsCoase study. See Table 3 caption for details.
% change in % change in
Total C Total C

Landfill + (B) Total excluding  including
Non-pulp in-service above- belowgroundbelowground
Year of Biofuel HWP  Pulp-HWP HWP (A) Total ground Total C  (roots, root (roots, root
Scenario assessment substitution substitution substitution storage off-site C forest C (A +B) litter, SOC) litter, SOC)*
Baseline scenarios
Conservation 50 0.0 0.0 0.0 0.0 0.0 2859 285.9
100 0.0 0.0 0.0 0.0 0.0 282.3 282.3
LTA 0.0 0.0 0.0 0.0 0.0 276.7 276.7
BAU Harvesting 50 0.5 35 121.0 1.9 126.8 178.6 3054 6.8 0.2
(65 year rotation) 100 1.1 6.4 159.7 2.9 170.0 165.0 335.1 18.7 4.3
Pulp DF = 6.4 LTA 1.7 9.8 111.2 4.2 126.9 161.5 288.4 4.3 -4.6
Biofuel Scenarios
30% of forest residue to 50 6.8 3.4 116.9 1.8 128.8 178.1 306.9 7.3 0.0
bioenergy 100 13.0 6.3 160.4 2.8 182.5 164.0 346.6 22.8 5.6
LTA 20.2 9.9 110.9 4.2 145.1 160.2 305.4 10.4 -2.5
50% pulp to 50 8.2 3.3 58.1 1.6 71.2 180.4 251.7 -12.0 -8.0
bioenergy 100 15.7 6.3 79.5 2.7 104.2 165.8 270.0 -4.4 -5.7
LTA 24.5 9.9 55.6 4.1 94.1 161.5 255.6 -7.6 -9.7
100% pulp to 50 16.4 3.4 0.0 15 21.3 179.4 200.7 -29.8 -15.8
LTA 47.3 9.9 0.0 4.0 61.2 161.5 222.7 -19.5 -14.8
All end-of-life products, and all 50 4.2 34 117.4 1.2 126.1 179.9 306.1 7.1 0.3
processing waste to 100 8.9 6.4 160.8 0.9 176.9 165.4 342.3 21.2 54
bioenergy LTA 14.0 9.9 111.2 0.9 136.0 161.6 297.5 7.5 -3.2
Waste to product (Max product) 50 1.2 10.2 119.1 4.8 135.3 179.2 3145 10.0 1.6
100 2.6 19.2 159.9 8.2 189.8 165.2 355.0 25.8 7.4
LTA 4.0 29.5 110.7 12.2 156.4 161.6 318.0 14.9 0.0
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Table 6.5 Continued.

% change in % change in
Total C Total C

Landfill + (B) Total excluding  including
Non-pulp in-service above- belowgroundbelowground
Year of Biofuel HWP  Pulp-HWP HWP (A) Total ground Total C (roots, root  (roots, root
Scenario assessment substitution substitution substitution storage off-site C forest C (A +B) litter, SOC) litter, SOC)*
Max product to landfill 50 1.0 10.2 119.1 5.0 135.3 179.3 314.6 10.1 1.6
100 1.8 19.2 160.0 9.0 190.0 164.9 355.0 25.7 7.3
LTA 2.8 29.6 111.4 13.8 157.5 1615 319.0 15.3 0.1
Max product to 50 5.6 3.4 119.7 1.3 130.1 179.4 309.5 8.3 0.8
bioenergy 100 114 6.4 159.2 0.8 177.7 165.6 343.3 21.6 5.6
LTA 17.8 9.8 111.1 0.8 139.6 161.6 301.2 8.9 2.7

Fire scenarios
Increase fire frequency by 1.25x 50 0.5 3.3 116.6 1.8 122.2 179.3 301.5 55 -0.7
(Applied to BAU Harvesting)) 100 1.0 6.3 157.9 2.8 168.0 165.2 333.2 18.0 3.8
LTA 1.7 9.8 109.6 4.2 125.2 161.4 286.6 3.6 -5.1
Increase fire frequency by 1.5x 50 0.5 3.4 117.9 1.7 1235 177.8 301.4 5.4 -1.0
(App“ed to BAU Harvesting)) 100 1.0 6.3 156.5 2.8 166.5 164.8 331.3 174 3.2
LTA 1.6 9.7 109.4 4.2 125.0 161.1 286.0 3.4 -5.3
Increase fire frequency by 1.25x 50 0.0 0.0 0.0 0.0 0.0 282.0 282.0 -14 -0.9
LTA 0.0 0.0 0.0 0.0 0.0 272.7 2727 -1.4 -0.9
Increase fire frequency by 1.5x 50 0.0 0.0 0.0 0.0 0.0 279.1 279.1 2.4 -1.6
LTA 0.0 0.0 0.0 0.0 0.0 269.4 269.4 -2.6 -1.7
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Figure 6.9. Summary of the long-term average results for th&W\South Coast case study,
for each of the major C balance components. Anasgilon of the scenarios is given in
Table 6.2.
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Table 6.6 Comparison of the implications of changed managerwith the business as usual
(BAU) scenario. The BAU value is the LTA total aleground + HWP C storage, and
includes the total bioenergy offset and substitutieenefits summed over 200 years. The
values for the&Changed management scenaras the differences between each scenario and
BAU (in t/ha), and the % change (In parenthesesl Ralues indicate declines relative to
BAU.

Victoria
Central North Coast  South Coast
Highlands Blackbutt  Silvertop Ash
BAU Harvesting (tC/ha) 835.2 218.5 288.4
Management Scenarios
(difference from BAU)
30% of forest residue to 10.3 NA 17.0
bioenergy (1.2) (5.9)
50% of forest residue to 384
bioenergy NA (17.6) NA
50% of forest residue to pulp 104.7
NA (47.9) NA
50% pulp to bioenergy -144.1 NA -32.8
(-17.3) (-11.4)
100% pulp to bioenergy -274.6 NA -65.7
(-32.9) (-22.8)
2|||| end-of-life products, and 237 25 9 91
processing waste to
bioenergy (2.8) (11.9) (3.2)
Max product to bioenergy 32.9 61.1 12.8
(3.9) (28.0) (4.4)
End of service life pallet 10.9
mulch to ' NA NA
bioenergy (1.3)
Waste to product (Max 13.0 63.0 20.6
product)
(1.6) (28.8) (10.3)
Max product to landfill 40.0 64.1 30.6
(4.8) (29.3) (10.6)
End of service life pallet 18.3
mulch to ' NA NA
landfill (2.2)
Adopt site product spread, to 67.9
yield NA ' NA
a greater proportion of poles (31.1)
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6.6 Discussion

The ForestHWP model was applied to the three daskes to explore the implications of a
range of alternative management scenarios on thé ggstem C balance, inclusive of both
on-site forest C and the impacts of wildfire, adlvas off-site C in HWP and biofuels and
associated substitution benefits. The model wabreatd at the ‘landscape’ scale, whereby
the results reflect the area-weighted average @nbalof the sub-areas within each case study
that were available for harvest, as well as the-aels that were protected from timber
harvesting. The model calibration was further basadthe regionally-adjusted harvested
parameters, as described in Part 3.

For comparative purposes the long-term averagensgpof each scenario was calculated, to
provide an estimate of the average or expectecdbmedor the different harvesting and HWP
management regimes. This was necessary to allomhigaous comparisons to be made
across scenarios and between case studies. Ndtbdbause of the spatial scale of these
calibrations the results should not be appliechatgroject level, nor to provide estimates of
potential GHG emissions costs or benefits at ptdgel| scales; for such applications
project-specific calibrations and analyses areirequAlthough the projected C stocks reflect
the expected long-term average outcomes, C stahdg®/VPs in landfills, the bioenergy
offsets and product substitution factors accrudicanusly through time; therefore the values
that are reported for these quantities represenstmmed benefits over a 200 year period.

The ForestHWP simulation results for each caseystupgest the overall C response to
harvesting is context-dependent, and that widelferdint outcomes are possible depending
upon the characteristics of the forest, the hamgsegime, and most importantly the mix of
harvested wood products that are produced, thestgution benefits, and their ultimate fate.
The current debate over the C costs and benefitsusfainably managed forests versus
management for conservation is therefore overlypbstic, the question is not whether
conservation or harvesting produces a more beakftGHG outcomeper se because,
although harvesting typically produced a more bier®@fGHG outcome in the long-term, the
outcome could be in either direction depending ui@ncircumstances. The question should
rather be, under what conditions and constraints foeest management, when integrated
across the landscape, be optimised to produce s favourable outcomes. The focus of
this study has been on outcomes specific to GH@nloal, but it should be borne in mind that,
in general, a more holistic approach is required thcludes a broader array of forest values
such as recreational amenity, timber products, teaance of transport corridors for e.g. fire
management, biodiversity conservation, and socim&aic outcomes.

The context-dependence of the results is bestwben comparing the summary figures for
each case study (Figures 6.6, 6.8 and 6.9). ThéoNan Central Highlands case study
(Figure 6.6) showed significant potential for pogit GHG outcomes, which were driven
primarily by the product substitution costs assteclavith sourcing alternative pulp supplies
from Asia (see below). The profile of the scenadsponses for the NSW silvertop ash case
study (Figure 6.9) was broadly similar to that Yoctoria, with a similarly important role for
pulp. This was despite the different forest types associated wildfire regimes between these
two case studies. In contrast the NSW North Coast¢ study BAU scenario produced lower
GHG benefits than management for conservation, filewi can be noted that the current
harvesting regime does not fully utilise the avalgatimber source due to market constraints,
for example the lack of a pulp market in this regiBor all three case studies changing either
the utilisation of forest residues or the post-katyprocessing and management of HWPs to
optimise opportunities for bioenergy, or to inceeéise storage of end-of-service-life products
in landfill, increased GHG benefits up to 30% abdwsiness as usual. Overall, the results
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from the simulations suggested a number of optamespotentially available for improving
the GHG balance of harvested native forests abaweertt business as usual (BAU) within
the case study regions. Some of these, such adidg/@rocessing residues to longer-lived
products, or altering the product mix to favourddived products (such as the scenario
investigating an increase in pole production f& Hew South Wales North Coast case study)
could be implemented within current market constgiwhereas other options, such as the
utilisation of residues and/or end-of-life produftis bioenergy still lack a suitable market.

All scenarios, apart from those that involve chagdirom pulp to biofuel (for silvertop ash
and mountain ash), increased net C benefits relatvBAU. In some cases, changes to the
way individual products are treated can have a majpact on the overall C balance. For
example, favouring the production of electricitylggover the extraction of sawlogs in the
North Coast of NSW results in a net C benefit dierlong term equivalent to approximately
30% (or approximately 70 tC/ha) above expected-teng average total C stocks for the
blackbutt forests under current production. A matkieeffect is also observed for the change
of waste management for pallets in Victoria, whehanging from mulch production to
landfilling or to bioenergy generation representeeachange of approximately 10 — 20 tC/ha.
Unlike the case of electricity poles, where bothgderm C storage and product substitution
contribute to the net C benefit, for pallets the @ benefit is achieved without the
contribution of product substitution, as the likegplacement (untreated pine) has a similar
emission footprint to untreated mountain ash. Inegal, strategies that involve increased
utilisation of biomass for bioenergy productiontending the longevity of C in the HWPs (by
changing production from short-lived products todmen to long-lived products and by
storage in landfills) and general minimisation @&ste all contribute to a greater net C benefit
for all systems studied.

A major finding from the ForestHWP simulations wthg important contribution of paper
products to the net GHG balance. This is often igddased on their typically short-service
life, however the key factor to consider for thdedmination of the GHG balance of paper
products is product substitution. In both the Canktighlands of Victoria and in Eden the
production of pulp logs is part of integrated hatveperations, with forests that are
considered to be sustainably harvested. In contthst key alternative market for paper
production is based in SE Asia, primarily in Indsiae As explored in detail in Part 4, the
emissions footprint associated with the extractbhiomass for pulp and paper production in
SE Asia is very large, due to high levels of destaon of primary forest, forest degradation
and loss of peatlands. It is important to acknogéethat, in a global economy, any changes
to an important market in an individual country Ilwilave flow-on effects in different
countries. As detailed in Part 4, the market fosecare for increased paper consumption
globally, fuelled by the emerging middle class amge countries such as China, India and
Brazil. It is a reality that paper will continue teeed to be produced somewhere into the
foreseeable future. If native forest biomass culyesourced from the Central Highlands of
Victoria and from Eden was no longer available,idally this would only add further
pressure to the degraded and depleted forest aneagher areas of the world with
comparatively lower standards of forest managenast,with subsequent GHG implications.

If the choice for the management of the HWP postise is between a short-lived product
with no product substitution benefits (e.g. muldbipenergy generation or landfill, it is clear
that the production of a short-lived product whidbcays quickly in service is the least
preferable option from a GHG perspective. The ahdietween energy generation and
landfilling will depend primarily on the energy fite of the region. For example, if the HWP
was used in Tasmania, where the energy used ismpiadntly hydro —based (and thus with a
low emission profile), landfilling would be prefdida from a GHG perspective. In Victoria
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however, the predominance of brown coal for engpgyeration would suggest potentially a
more beneficial outcome if the HWP was used forgyn@eneration. It is important to note
that landfilling results in actual physical storagfeC for the long-term, guaranteeing that the
C will not be emitted. The net benefits of bioenyeggneration as noted above will depend
primarily on the alternative energy sources for plaeticular region. Ultimately, whether the
HWP is recycled, used for energy or landfilled, diverall net GHG outcome will be positive.

A number of studies have attempted to quantifyoverall GHG implications of native forest
harvesting for Australian forests (Ximenetsal. 2012; Dean & Wardell-Johnson 2010; Dean
et al. 2003, 2012; Keitlet al. 2014a), with different authors arriving at opp@soonclusions
regarding the net emissions costs and/or bendfliamesting compared with non-harvesting.
There are at least three reasons for this divesgehopinion. First, it is perhaps unreasonable
to expect a simple generalised response; for exampthis study we found that emissions
and the potential for HWP to generate GHG benefiéised greatly with forest type and
product mix, as discussed above. The second reiastmat different authors have made
fundamentally different assumptions regarding keyameters. For example Kei#t al.
(2014a) have assumed timber in landfill decompestsa half-life in the order of decades to
centuries (consistent with previously accepted mg$ions), whereas recent research has
demonstrated landfill is in fact a strong sink fionber, with minimalin situ decomposition
(e.g. Ximene®t d 2008, Wanget al 2011, Ximenegt al 2013, Ximenegt al 2015). Finally,
and perhaps most fundamentally, most studies hensidered only part of the total Forest-
HWP system, and therefore comparisons across stadéeconfounded because they do not
overlap in the various processes that the authecsegl to either include or exclude from their
particular analysis For example Ximenes al. (2012) included most of the processes
summarised in Figure 5.1 (Section 5), with the pkoa of belowground biomass and soill
organic C. In contrast Deaet al. (2012a) in their modelling included a comprehensive
description of the forest C system, including belgnound and HWP’s in landfill, but did not
include product substitution effects nor the patdrior bioenergy offsets. Keitat al. (2014)

in their study included HWP in landfill, but neith@roduct substitution nor bioenergy.
Because of these differences in the specificatioth® system boundary across studies it is
difficult to make sensible comparisons. Indeedwés partly to address the difficulty of
including all key processes associated with both firest and HWP subsystems that the
ForestHWP model was developed.

6.7 Caveats

The major strength of the ForestHWP model is thawvas designed to comprehensively
account for all C stocks and fluxes within both fbeest and the harvested wood product
subsystems, thus providing the capacity to estinthée total net GHG implications of
different management options. However describingeiatively simple mathematical terms
the complexity of forest growth, debris decay, Wikl and the complexity of describing the
processes underlying the production of HWPs, theservice use and ultimate disposal is
challenging. It is therefore unavoidable that mamyplifications had to be made. The
potential implications of some of these simplifioat for the simulation results are discussed
below. Most of these relate to the forest-sub-sysigven the data and processes underlying
the use and disposal of HWPs are relatively maedble.
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Process description vs empiricism

To keep the problem manageable, the descriptiqgraxfesses within ForestHWP is kept to a
minimum. For example there are no climate inputd fomest growth is specified priori
through a user-defined function, and the decayrghmic matter is assumed to follow an
exponential curve defined by a single invariane nparameter. In this sense ForestHWP is
perhaps better viewed as a C calculator rather @aharodel of forest C growth / HWP. This
was both intentional and necessary in order toideo& consistent and transparent framework
within which all of the necessary calculations spag both the forest and the HWP
subsystems could be embedded. Because of thisOfuyear analysis timeframe and use of
long-term average outcomes should not be intemprasespecific predictions of forest growth
or HWP storage over the coming decades; rathes, a mathematical device to allow the
fundamental differences among the different managemptions to be expressed.

The treatment of wildfire

Wildfire is a key environmental factor in all Auglian temperate forests, but the processes
underlying the ignition, spread, and extinguishmaniildfires are exceedingly complicated
and involve the distribution of fuels across laragses, weather conditions including wind
speed and direction, topographic complexity, etc.contrast, the implementation of fire
within ForestHWP was exceedingly simple, involviifiges’ that occur at random through
time with a given frequency, and with consumptionl aransfers of forest C stocks that are
specified by the user. The aim of this simple &tgorithm was therefore to try and capture
the key impacts of fire on the forest system, withany attempt to provide a predictive
capacity of when fires might occur as a functior @f. prevailing weather conditions.

The scenarios involving alterations to fire freqexevere also very simplistic (Table 6.2), in
that they did not account for the possibility afnsitaneous changes to other aspects of the
fire regime, such as the severity of the impacthenforest C stores. In reality, fires are often
associated with drought (or at the least prolonmeribds of dry conditions) and thus there is
a functional link between forest growth, forest yhamics, and fire behaviour. Another key
aspect that was not considered in the fire simuiatiwas the potential for changes in fire
regime to affect forest structure and compositien.(Bowman et al 2014), thus potentially
leading to further alterations in fire behaviouhe®e are all important considerations and they
potentially have implications for both forest sttwe and function, as well as the ongoing
supply of timber services.

Belowground C and CWD

Because ForestHWP is a full system C model, predistof belowground C (roots and soil
organic C) were available and were presented instmemary tables (Tables 3-5, grey
values). However there is a lack of empirical dataC stocks and fluxes in either roots or
soil, and thus very large uncertainties over thfawleparameter values adopted in Table 1. It
is for this reason we chose to exclude belowgrolndthen presenting and discussing the
main body of the results. For example, Englatdal. (2013) reviewed the evidence for
changes in soil C in response to harvesting in &¥atp Australian forests and concluded
there was at present insufficient data to suppefindive conclusions. Although this review,
like many others, indicates minimal change in €iin response to harvesting, changes in
recalcitrant C pools in response to perturbatiory nake decades or centuries to become
apparent, as indicated by a number of modellindistu(e.g. Deast al. 2012b; Hibbard et al.
2003). Belowground C in forests is a very importamiponent of the total system C balance,
and is likely impacted by harvesting. However ferthvork is required before the direction
and magnitude of these impacts can be predictddamy certainty.
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Coarse woody debris is also an important compooiettte total C balance, particularly in the
Victorian ash forest case study where the creamhdecay of woody material is a dominant
process. There are difficulties in measuring thewam of forest CWD, given it is spatially

highly variable, thus precise measurements arecdiffto obtain. There are additionally

difficulties in either directly weighing or estiniag) the bulk density of fallen timber (if mass

Is being estimated from volume), particularly whiéns large. There are also few data
documenting the time course of decay of dead waudyerial in temperate forests, partly
because of methodological issues, and partly becatishe decadal timescales involved.
Again, more data is required.

Uncertainty

The dynamics of C belowground are not the only sewf uncertainty. Other important
sources include:

1 Uncertainty and representation and or inclusiokeyf processes

Because of the simplicity of the ForestHWP modgllepproach there are many
processes that were either excluded from the calouk, or that were expressed
using simple functional forms. Examples of procedbat were excluded include the
potential for changes in forest growth and struetdue to climate change and
changing atmospheric C dioxide concentrations, ahdnges in the rates of
decomposition due to climatic variability. Exampled processes that were
simplistically expressed include the assumed exmpaiedecay of both forest C
stocks, as well as in-service losses of HWP.

2 Uncertainty in parameter values

A number of the parameters controlling the dynanet€ in the forest subsystem
were estimated through ‘model —inversion’ - a pescehere the model outputs (the
C stocks in e.g. the trees or litter) are considiépeed, and the model parameters are
adjusted in such a way that the predictions mahbese observations. Whilst this
provides some internal consistency ensuring thatptiedictions are consistent with
reality, there is nevertheless the possibility afgmeters ‘trading off’ against one
another, and thus for the values and resulting ¢eatgoehaviour to be ‘incorrect’.
Some of the model parameters were able to be dstindarectly using available data.
Examples include the estimation of net primary pdvity using previous work,
and the setting of the majority of the HWP paramseteom data collected as part of
this project. These data are also subject to umiogyt which will propagate into the
analysis.

The degree to which these uncertainties could enite the outcomes and hence
conclusions of the modelling remains unknown, botld be addressed through a
formal uncertainty analysis of the modelling, tvegisome indication of the likely
confidence bounds around the model outputs.

3 Uncertainty due to the representativeness of thieration data

The basis for the modelling of each of the casalistuinvolved an inherent
assumption that the conservation field data isdagaate representation of the forest
structure and dynamics in the absence of harvesting in particular the harvested
paired-plot. For each of the case studies thisluabfirst calibrating the model to
replicate the C stocks as measured in the consemvaites (taking into account
previous fire and management history), and thenlyagp a range of harvesting
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scenarios to those calibrations. Testing the uglidf this assumption would require
extensive additional field survey combined with assessment of historical
disturbances. This is problematic because one efsttengths of this study is that
biomass estimates are based on direct harvest aasumement, thus avoiding
potential additional large uncertainties associatgth the use of e.g. allometric
equations or expansion factors; however such &esviare extremely time-
consuming and expensive, and for estimating thaseovation’ baseline are for the
most part impractical due to their protected status

4 Uncertainty in markets and other external drivers

Although not related to the structure of the Fd#¥8P model or its parameters,
another important source of uncertainty is theuefice of external drivers such as
changes in forest policy, and market opportunifidse 22 scenarios described above
go some way to exploring the potential sensitigitipowever within each scenario
the assumption was made that these externalitismined constant, which is
unrealistic. A valuable extension study would beetplore the sensitivity of the
results to a relaxation of this assumption, althodgriving sets of plausible future
scenarios could prove challenging.

The overall implications of including some or afl these uncertainties on the conclusions
remains unknown; however the analyses as preseamtibect the impacts of different
management options as based on the best availatde ahd although introduction of more
complex uncertainty analyses, such as Monte-Caelwsigvity experiments, would likely
show some of the options to be statistically edemain their outcomes, their relative
rankings and magnitudes when compared againstuiedss as usual scenario would not be
expected to change.
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Part 7. Socio-economic considerations
Nick Cameron (NSW DPI)

7.1 Overview

There is a range of different ways that native $tgenay be managed for carbon storage and
socio-economic benefits. Using the findings fromot®tate Forest sites (one at Eden
dominated by silvertop ash and the other near Wapelklominated by coastal blackbutt) this
study sought to evaluate and rank a suite of diffeinative forest management scenarios
using socio-economic indices and carbon pricingthes basis of comparison. A similar
analyses is expected to be conducted for the mimuash forests in the Central Highlands of
Victoria in the future.

Analysis for the study was undertaken in threesstep
i. A general comparison of the regional economic ing@¢production forests” (State
Forests) and forests managed for conservation(dtdsional Parks).
ii.  Detailing the costs and benefits of transitioningt& Forests to National Park.
ii.  Quantifying the effect of a carbon price on eledternative forest management
scenarios using two different carbon accountinghodblogies with business as usual
(BAU) as the control.

7.2 Executive Summary

This study found that State Forests generate greamo-economic benefits than National
Parks and that the State Forests on the north geastrate more socio-economic value than
those at Eden. The greater benefits arising frorthrmmast State Forests were due to a better
quality timber resource and a higher proportiodariestic value adding.

Converting State Forests to National Parks wasddarcause a reduction of socio-economic
value and a decline in regional employment at Eslehon the north coast. The greatest loss
of jobs and socio-economic value occurred on thehnooast. Converting State Forests to
National Parks triggered publicly funded transitioysts. These costs were very large when
applied at a regional scale - $65M at Eden and Bbdf the North Coast (NPVs modelled
over 20 years using a 7.5% discount rate).

A true fate carbon accounting methodology (whatatmeosphere sees) was used to quantify
the carbon abatement arising from eleven altereathanagement scenarios relative to
business as usual (BAU). Under true fate accounteight of the production based
management scenarios and one of the conservatiemasos generated positive carbon
abatement relative to BAU. At Eden, the conseovascenario and two of the production
scenarios had less carbon storage than under BAUh@® north coast all of the alternative
management scenarios were positive (including tmservation scenario).

Valuation of the carbon abatement benefits (retatorbusiness as usual) were derived using
a 65 year modelling period and a low ($10/t £4) (Figures 7.1 and 7.2), medium ($20/t
CO.-e), and high ($30/t C&£e) carbon price. The results were presented tagresent values
(NPVs) based on a 7.5% discount rate.
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Figure 7.1— Net present value of carbon abatement relatiieusiness as usual with carbon
priced at $10/t0O2-e - Eden
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Figure 7.2— Net present value of carbon abatement relatiieusiness as usual with carbon
priced at $10/t02-e — North Coast
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The most favourable carbon abatement scenario i@twn the north coast and involved
utilising 50% of the forest residues left in the forest folpprood When applied at a regional
scale this scenario added $669M in value with cagreced at $10/tCe.

When carbon abatement benefits were added to rxistdustry value-added benefits (based
on BAU) the alternative production management scesdar exceeded the conservation
management scenarios. From this finding it was lcoled that the transfer of State Forests to
National Parks for carbon abatement benefit wasipgparted on either financial or socio-
economic grounds.

7.3 Method

The method used for this study was based on fiahnwdelling. To facilitate comparison all
modelling was undertaken on a ‘per hectare’ baéey. modelling assumptions are set out
below with further detail provided within Appendix

Net present values (NPVs) were calculated usingodisted cash flow analysis. To aid
clarity analysis was divided into three discretpst
i.  Valuing the regional economic contribution of Statgests and National Parks under
business as usual.
ii.  Detailing the costs and benefits of transitioningt& Forest to National Park.
iii.  Quantifying the effect of a carbon price on eleaéirrnative forest management
scenarios using two different carbon accountinghoadlogies and business as usual
(BAU) as the control.

A real discount rate of 7.5% was used. 7.5% is comiynapplied to the valuation of long
term forestry projects within Australia. At presen7.5% discount rate will cover inflation
(10-year Australian Bond yield rate) +5% and is panable to the weighted average cost of
capital of many Australian companies.

Benchmarking the economic impact of NSW NationakP#& Reserves and State Forest has
not been previously attempted. A lack of commomeaaic indicators is one reason why this
has not occurred. This study attempted to circurntrés constraint by sourcing relevant data
from a range of existing reports and sources antbaung it into a single valuation.

The limitation of this approach was its reliancedata of different ages and in some cases
differing qualities. In an attempt to address thissaes CPI adjustments were applied (so that
all figures are reported in 2014 dollars) and detaidocumentation provided on all key
modelling assumptions.

A key strength of the method was its reliance aghhguality empirical measurement data
collected from the forests around Eden and Wauclamgkapplied using a state of the art
CSIRO model called ForestHWP. The results from rtiealel provided a complete system
profile of the carbon dynamics of the measureddiosites as well as the harvested wood
products (HWPs) they were generated from them.

By not relying on a single data source and by redvehg data from first principles the

method has maintained a level of independence éfettovity that would not have been
otherwise achievable.
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7.3.1. Indicative comparison of the economic contrution of State Forests and National
Parks

This method was undertaken by way of a valuatiothefforested estates under National Park
and State Forest management on the Far South (et RFA Region) and on the NSW
North Coast (North East RFA Region).

Direct Value-added was used as the common denoonif@t measuring economic impact.
Thedirect value addedf anindustry, also referred to as gross domestic pro@@DP) by
industry, is the contribution of a privatedustryor government sector to overall GDP. The
U.S Department of Commerce clearly defimedustry value addeds the difference between
an industry’s gross output (consisting of salesrexeipts and other operating income,
commodity taxes, and inventory change) and the obsts intermediate inputs (including
energy, raw materials, semi-finished goods, andes that are purchased from all sources).

For the purpose of economic evaluation, the manageof NSW National Parks & Reserves
was treated as an industry. The direct value-a@ffedt of NSW National Parks & Reserves
was based on actual government expenditure on rear&ay and estimated expenditure
related to National Park visitation independentiyued using input-output analysis. Values
were sourced directly from two reports - produced2006 and commissioned by the then
NSW Department of Environment and Conservation (PE®Gne for the NSW Far South
Coast and the other for North-East NSW.

NSW DEC Reports:

* Powell, R., Chalmers, L. & Bentham, A. (2006) Impa¢ National Parks on the
regional economies of the NSW Far South Coast. |IFReport to the NSW
Department of Environment and Conservation. CefatréAgricultural and Regional
Economics Pty Ltd. September 2006. 56pp.

* Gillespie Economics (2006) Impacts of Protectedafoe the Regional Economy of
North-East NSW. A study prepared for the NSW Deparit of Environment and
Conservation. August 2006 43pp including appendices

The direct value-added of State Forests was basdbeovalue-added of the timber industry
and the value-added of State Forest visitor experel{i.e. estimated expenditure associated
with visitation to the estate). Other contributtvghe value-added of State Forests including
grazing and apiary were not included due to thedatively small economic contributions.

The value-added of the timber industry was basetnober production levels average over
three years (2011/12, 2012/13 and 2013/14) for Eateh for the NSW North Coast. The
value of timber production was calculated usingamatl data published by the Australian
Bureau of Resource Economics and Sciences (ABARIEShe value-added of the timber
industry. The method for deriving these valuesetailed at Appendix 4.1.

7.3.2. Detailing the costs and benefits of transithing State Forests to National Parks
The objective of this component of the study wasmtodel the costs and benefits of
transitioning existing State Forests to NationatkPfar the purpose of achieving a forest

carbon abatement benefit. This method involvedetisteps:
i.  Valuing Eden and the North Coast State Forestsrundgness as usual (BAU).
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ii.  Valuing the transition from State Forests to NadloRarks in terms of jobs, structural
adjustment and unemployment costs.
iii.  Revaluing the forests at Eden and the North Caabladional Parks.

A summary of all key modelling parameters is preddt Appendix 4.1.

7.3.2.1. Business as usual (BAU)

The value-added of State Forest calculated initeedomponent of this study was used as the
value of BAU. Employment levels for BAU were soutdeom ABARES Australian Forest &
Wood Product Statistics Socioeconomic Tables indére original source of the ABARES
data was the 2011 National Census. Employment Esslmptions are detailed at Appendix
4.3.

7.3.2.2. Transition - Structural adjustment & ‘Ungloyment Benefit’ costs

Under the transitioning scenario timber harvestiagses and employees directly affected are
eligible for financial assistance. There have beammerous precedents for financial
assistance, the most recent occurring in 2010 valhemnd 100,000 hectares of State Forest in
the NSW Riverina Region was transferred to Natidtak. This study applied compensation
in accord with the 2010 River Red Gum decision aggistance guidelines (Appendix 4.4).

Displaced forestry workers were also assumed tellggble for unemployment benefits.
Details of these entitlements and the proportiopestons affected are provided at Appendix
4.5.

7.3.2.3. Revaluing State Forests as National Parks
Revaluing State Forests as National Parks invoigedtifying values that stay the same and
quantifying those that will change:
I.  The loss of the regional timber industry (value etjdvas assumed as it is dependent
on the forest remaining dedicated as State Forest.

ii.  National Park management expenditure was identéged new source of value added
for the regional economy. The contribution of thisirce was assumed to be the same
as existing National Park (on a $ per hectare pasid based on the work of Powell et
al (2006) on the Far South Coast and Gillespie Beoes (2006) for the north coast.

li.  Visitor expenditure value added was assumed nah#tmge however there is some
evidence to suggest that it may decline. Data aitation levels (Gillespie 2006)
shows that within coastal forest regions 70% of tistation to National Parks &
Reserves occurs on only 10% of the estate andotlet half of all National Parks
receive very low visitation levels (Figure 7.3). tidaal Parks that receive high
visitation tends to be close to major populationtaes, are easy to access and or have
iconic attributes such as waterfalls, majestic tmdk or adjoin the coast. State
Forests in contrast contain fewer sites with icoafttibutes. Road access to State
Forests is better and more uniform than Nationak$aesulting in more uniform
visitation. State Forests are also more amendableisitors who wish to car camp,
hunt, bring their pets and recreational equipmerg. (@wd, mountain bikes and motor
bikes). When State Forests are converted to Ndtiak roads are typically closed
and tighter restrictions on forest use are imposed.
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Figure 7.3— Visitation in National Parks and reserves in NlEW (Gillespie 2006)
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iv.  Generating income from carbon abatement credits waantified under a low
($10/tCQ-e) medium ($20/t Cee) and high ($30/t C&£e) carbon price using an
“true fate” accounting methodology. Details of tlascounting method have been
provided in the next section.

v. Changes in employment levels were assumed bastgtedoss of timber industry jobs
and the creation of jobs in National Park land ngamaent. Calculations were
undertaken in accord with the methodology detaitedppendix 4.5. For the reasons
outlined above, no change was assumed for the nuofilpebs associated with forest
visitation.

7.3.3. The effect of a carbon price on eleven alteative forest management scenarios

7.3.3.1. Carbon accounting

Carbon pricing analysis undertaken for this studg Wwased on the carbon accounting outputs
of a new model called ForestHWP. This model usedstomeasurements taken from two

native forests sites, one near Eden in the Stamish-east and the other near Wauchope on
the State’s mid north coast. From these measurantbet ForestHWP model generated a
complete system profile of the carbon dynamics.

The carbon accounts generated from the ForestHWiReImeere termed the true fate carbon
accounts. These accounts incorporated all of thernp@ols and fluxes of carbon that the
atmosphere sees (excluding below ground) inclutot onsite and offsite carbon pathways.
Offsite storage included harvested wood productsedrvice and in landfill and emission
savings arising from product substitution and fodsel displacement due to the use of
biomass to generate energy.
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A carbon accounting method that may be recognisettruthe Commonwealth’s Emission
Reduction Fund (ERF) was beyond the scope of tlugegt. No methodologies have been as
yet approved under the ERF for native forest mamage activities.

7.3.3.2. Carbon pricing
For analysis purposes NPVs were calculated for esaehnario using three fékrent carbon
prices, namely $10, $20 and $30 per &0

Over the last ten years Australia carbon pricesehanged between $5 and $25 per tonne of
carbon dioxide equivalent (tG&). Under the NSW Greenhouse Gas Reduction Scheme
which operated between 2005 and 2013 most carbaentraded at between $5 and $14 per
tCO,-e. Fixed pricing under the Carbon Farming InitiatiCFI) went as high as $25 per
tCO,-e before being abolished.

Over the last 2 years (July 2013 to June 2015)ptiee of European Union Allowances
(EUASs) has averaged around €6.00/tCO2-e or SAUIDZ@. The current price of EUAs is
around 8.36/tCO2-e or $AU13.95/tCO2-e

Price signals from the Commonwealth Governmentpaiozided through its ERF auction.
The Commonwealth Government has allocated $2.56rbtio underpin the ERF. In the first
auction in April 2015, $13.95 per tG@ was the average price paid. In the second auitio
November 2015 the average price paid was $12.28)@re.

7.3.3.3 Modelling scenarios

The two most common forms of public forest managenage — State Forests managed to
produce hardwood timber products, and National $#ar&naged as reserves for biodiversity
conservation. Within State Forests there are ae soit possible variations on the BAU
harvesting model. The eleven alternatives that \maedysed for this study have been detailed
in Table 7.1. Eight of these scenarios were apgiedden (three of these were unique to that
site). Eight scenarios were also applied to thetiNGoast site with three also being unique to
that site.

7.3.3.4. Modelling period
Financial modelling was undertaken over a 65 yearod. This period was selected as it
represented an average native forestry rotatiogtteim NSW.

7.3.3.5. Modelling exclusions

Modelling the specific costs and benefits of eaddifred harvesting scenario (2 to 11) was

beyond the scope of the project. To implement anthe alternative harvest management
scenarios would require new capital investment @ investment in human resources that
would add value to the BAU. For this reason usimg $ocio-economic value of BAU as a

surrogate for an alternative harvest managememntasiceshould be treated as a conservative
underestimate.
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Table 7.1 State Forest forest management modelling scenario

Forest Mgt Scenario

BAU

Scenario description

Business as usual timber harvesting on State
Forest

Sites where
scenario was
applied

Eden and Mid-North
Coast

1

R Conservation Reservation of State Forest in NakiPagk Eden and Mid-North
Coast
ii. 30% forest residue| 30% of forest residues left on site utilised for Eden

to bioenergy

co-firing with coal for electricity generation

50% forest residue
to bioenergy

50% of forest residues left on site utilised for
co-firing with coal for electricity generation

Mid-North Coast

iv.  50% pulpto 50% of the material removed from the forest for Eden
bioenergy pulp is instead utilised for residential bioenergy.
v. 50% forest residue| 50% of forest residues left on site utilised for| Mid-North Coast
to pulp pulp
vi.  100% pulp to 100% of the material removed from the fores Eden
bioenergy for pulp is instead utilised for residential
bioenergy.
Vil. EoL products and | At the end of service life (EoL) all available | Eden and Mid-North
waste to bioenergy| product is utilised for residential bioenergy, and
70% of dry and green processing waste is
utilised for residential bioenergy.
viii. Maximise product | 70% of dry and green processing waste re- | Eden and Mid-North
recovery utilised for additional dry product. An example Coast
would be use of residues to produce engineered
wood products
ix.  Maximising landfill | At the end of service life alailable product i§ Eden and Mid-North
sent to landfill, 70% of dry and green processing Coast
waste reutilised for additional dry product
(which eventually ends up in landfill)
X.  Maximise At the end of service life all available product|igE€den and Mid-North
bioenergy utilised for residential bioenergy, and 100% of Coast
dry and green processing waste is utilised for
residential bioenergy.
xi.  Increase product tg The regional product mix used in the Mid-North Coast

poles

simulations is replaced by the product mix as
observed at the coupe level, which increases
proportion of pole manufacture over 6x.

the
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7.4. Results

7.4.1. Indicative comparison of the economic contsution of State Forest and National
Park

The economic contribution of State Forests anddWati Parks were separately derived for
the NSW Far South Coast and for the NSW North Coegions. Results have been
presented in NPV$s per hectare rather than regimtals to accommodate differences in
geographic boundaries and estate sizes (Figureend.Z.5).

Figure 7.4— Economic Impact of native forests managed a® $arest and National Park on
the NSW Far South Coast
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Figure 7.5— Economic Impact of native forests managed a® $arest and National Park on
the NSW North Coast
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7.4.2. Quantifying the costs and benefits of trangoning State Forests to National Parks

The cost (economic impact) of converting one hectafr State Forest to National Park is
shown at Figure 7.6 for Eden and at Figure 7.7tlier North Coast. These figures exclude
consideration of any carbon abatement benefit.

Figure 7.6 — Economic effect of converting Eden State Foréstblational Parks — before
during and after conversion
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Figure 7.7 — Economic effect of converting North Coast Stateests to National Parks —
before during and after conversion
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Extrapolating the values in Figure 7.6 to the ERegion (164,000 hectares of State Forest)
the cost of transition is $64M (NPV over 65 yrs @% DR) and the loss to the regional
economy is $308M (NPV over 65 yrs @ 7.5% DR).

Extrapolating the values in Figure 7.7 to the NdZibast Region (792,361 hectares of State
Forest) the cost of transition is $540M (NPV ovérygs @ 7.5% DR) and the loss to the
regional economy is $3.36B (NPV over 65 yrs @ 7BR).

The effect of transitioning State Forests to NatloRarks on regional employment is
illustrated in Figure 7.8. It shows the loss of 36bs in Eden and 2824 jobs on the north
coast. Quantifying the impact on city based timhdustry jobs was beyond the scope of this
study.

Figure 7.8 —Impact on regional employment from converting fied®d North Coast State
Forests to National Parks
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7.4.3. The effect of a carbon price on eleven alteative forest management scenarios

7.4.3.1. Carbon accounting

As explained in the methodology, carbon accountwas based on the True Fate carbon
accounts generated from CSIRO’s ForestHWP modeigusie field measurements taken at
Eden and Wauchope.

The amount of carbon abatement generated for e#&ctheo eleven alternative forest

management scenarios are detailed in Figure 7.Ef@n and Figure 7.10 for the North
Coast.
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Figure 7.9— Long term carbon abatement by management soesadi source - Eden
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Figure 7.10- Long term carbon abatement by management scematisairce — Wauchope
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7.4.3.2. Carbon pricing
The effect of placing a price on carbon for thevetealternative forest management scenarios

Is best demonstrated through graphical illustrattogures 7.11 to 7.13 respectively show the
effect of carbon priced at $10/tG®, $20/tC@-e and $30/tCQe.

Of the eight scenarios modelled at Eden five wenendl to have greater carbon revenue

benefits than the BAU, namel80% forest residue to bioenergy, EoL products aaste/to
bioenergy, maximise product recovery, maximisingdfél, and maximise bioenergy.he
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remaining three scenarios, nametgnservation50% pulp to bioenergyand100% pulp to
bioenergyall had lower NPVs than the BAU scenardn the North Coast increasing the
price of carbon had a positive effect on the NPWValloof the management scenarios relative
to BAU.

Pricing carbon had a greater effect on the NortasSEdPVs than it did on the Eden NPVs.
For example, pricing carbon at $30/t£€© increased the NPV of th80% residue to
pulpwoodscenario by $2,532 per hectare on the North Cérasbntrast, the highest NPV at
Eden was thenaximising landfillscenario. At a carbon price of $30/t&©the NPV of this
scenario increased by $866 per hectare.

Figure 7.11Value of carbon abatement for eleven alternativedomanagement scenarios
with carbon priced at $10/tGe

a) Eden
S400 -
M Eden - True Fate Carbon priced at $10
5289
$300 $253
S200
5115

w5100 $74
2 ]
v
5 S0 - : : : : : . .
% Con ion BAU 50% forest S to Eol products  Maximise  Maximising  Maximise
(W] (Busimess a5 residusto i and waste to product lzndfill hioenerzy
° {5100} b usual] bioenergy ioenergy FECOVETY
w -$105.78
=
L (%200
=
g
o
2 (5300
2

($400)

(8500) Saas

($600)

b) North Coast (Wauchope)

c)
5900
5844 - T . -
m North Coasl - True Falz Carbon priced al 510

SE00

S7C0
—_ 5583
-:[,Ci 5600 5563 sE51
v 8531
c
_g 3500
[
o
oS40
[
=] 5322
Ky
Z  dac0
g
& 5214
&  $200 $181.35
T
=

100

$0
50 T T T T T T T T T
Conssrvstion BAL (Businesszs  S0% forest S0%forest  Ecl aroducts and Maximize Maximising Maxinise Ircrease prodact
usual) residue to reslduz to pulp waseto produd recovery landfill biozrergy to poles

kicena-gv hioenargy

171



Figure 7.12Value of carbon abatement for eleven alternativesomanagement scenarios
with carbon priced at $20/tCe
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Figure 7.13Value of carbon abatement for eleven alternativedbomanagement scenarios
with carbon priced at $30/tGe

a) Eden
51,000 ; 5566
¥ Eden - True Fate Carbon priced at $30
. 5464
$500 8346
8935 l

. N
ﬁ SO N T T T T T
== \Carm ion DAL J0% ﬂ:rtst 5 pto Lol procucts Maximize  Meximising Maximise
_'g (Business as residue to gv endwase to  produc landfill Jinenergy
= usual) bicenergy hioene gy recovery
U _ -5317
w5 [$500)
u
-]
T
= 4721
5 ($1,000)
o
T
=

(51,500) 51,451

($2,000)

b) North Coast (Wauchope)

® North Coast - True Fate Carbon priced at $30

$2,532

£1,500

E

Met Present Value of Carbon (5/ha)

8

51,750
$1,689 $1,654
51,594
5967
5641
5544
] s0
SO T T T T T
Conservation BAU (Businessas  50% forest 50% forest EDL products and I Maximi: Increase product

usual) residue to residue to pulp waste to product recovery Iandflll bioenergy to poles

bioenergy bioenergy

173



For the conservation scenario, no financial bewedis generated from pricing carbon at Eden
(as it was less than BAU). On the north coast theservation scenario required a carbon
price of $233/tCQ@-e for it to break even with BAU (Figure 7.14)

Figure 7.14— Economic Impact of converting North Coast Stabeests to National Parks —
with carbon priced at $233/tGe@
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7.4.3.5.Comparison of results — Perkins and Macintosh (3013

Only one other study has attempted to compare #heevof State Forests with and without
timber harvesting. This study was published in 20¢3The Australia Institute (Perkins and
Macintosh 2013).

The report by Perkins and Macintosh was basedrobeti harvesting in the Southern Forest
Region (SFR) of New South Wales which encompadgse&tien Region (and the Eden study
site). It quantified the changes in forest carbesociated with the conservation of SFR State
Forests and estimated the amount of carbon abatetim&nmay be recognised under the
Commonwealth’s CFI (now known as the ERF) and vithatight be worth. It then compared
this value with the estimated worth of the timbeatustry that was reliant on the SFR’s State
Forest wood resources.

Perkins and Macintosh (2013) found that stoppinyédesting and using the native forests of
the SFR to generate carbon credits offered a vialidgnative to commercial forestry. This
conclusion is at odds with the findings of thisdstu

The two studies diverged in their approach to ttmoanting and valuation of carbon. In the
Australia Institute paper Perkins and Macintostugsz on in-forest carbon abatement (e.g. as
shown in figures 7.9 and 7.10). In contrast thipgsaook a holistic approach giving equal
weighting to in-forest and off-site carbon storagerces.
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The two studies also diverged in their approactheovaluation of the timber industry. The
valuation in Perkins and Macintosh’s paper was thaseforest harvesting and primary wood
processing. These components of the industry ootpunt for around one quarter of the
industry’s total value added (see ABARES AFWPS 301

Perkins and Macintosh’s report was also based predictive model that assumed that the
SFR timber industry was in a precarious financ@difpoon and at imminent risk of collapse.
At the time a high Australian dollar and weak gllobeamand (linked to the global financial
crisis) had caused a reduction in demand for Statests logs. Since then the Australian
dollar has fallen, the domestic market has improaed demand for log products has been
restored.

This study did not attempt to predict the futurefpability or viability of the timber industry.

It estimated the direct contribution that nativenlier harvesting makes to the economy
(industry value added) based on its actual econgrarormance over the last three years
(2011/12, 2012/13 and 2013/14).

Other differences between this study and PerkimsMacintosh’s included the examination
of socio-economic costs. This study took into actawansition costs and the cost of job
losses which impose significant direct costs onegoment - Perkins and Macintosh’s paper
did not do this.

7.5. Discussion & Conclusions

7.5.1. Indicative comparison of the economic contributionof State Forest and National
Parks & Reserves

Public native forests were found to generate pasitiegional economic impacts when

managed as either State Forest or National ParkBe&erves. For the sites studied, the
economic benefits of the timber industry were fotmdbe greater than the economic benefits
of visitation (recreation and tourism).

For State Forests over 80% of the value in timbelustry value added was found to be
generated during the manufacture of wood proddtis is also where most of the jobs were
concentrated.

For National Parks & Reserves high visitation levelere the primary driver of their
economic benefit. The study found that most of #aenomic benefit is generated from a
small number of high profile sites. Sites thataatt high visitation tend to be close to major
population centres, easy to access and or havéciattnibutes such as waterfalls, majestic
lookouts or adjoin the coast. On State Forest®taesr lesser number of these types of sites.

On State Forest recreation and tourism is not timegoy business, so it was not surprising to

find that the data on visitation was less compretven The State Forests data used for this
study was limited to recorded visitation at specicreation sites. This may have resulted in
an under-reporting of the economic impact of vigtaon State Forests relative to National

Parks.
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7.5.2. Quantifying the costs and benefits of trangoning State Forests to National Parks

For this study there was insufficient evidence wpport either a drop or rise in visitation

when State Forests were transferred to NationaksPaks a consequence the calculated
impact of visitation was left unchanged. State Btwreattract visitors who seek different

experiences to those that are available in Nati®aaks. State forest visitors include those
who enjoy car camping, car rallies, hunting, anaséhwho like to bring their pets and their
own recreational equipment (e.g. 4wd, mountain $ided motor bikes). When State Forests
are converted to National Parks, greater restristion forest use may result in a decline in
certain recreational activities. Depending on tbeedt these activities may or may not be
supplemented with forest users seeking alternatixperiences (e.g. bushwalkers). The
transfer of the Barmah State forest into the Muriational Park in 2010 is one example
where visitation levels were impacted. In this ctee Mathoura tourism information centre

recorded a 20% drop in visitation averaged ovegréod of three years.

A more definitive change arising from the transitiof State Forests to National Parks was
the loss of the regional timber industry and th@aeement of some of the native wood with
imported timber. It could be argued that some e&f itlhported wood products that replace
domestic production would be subject to domestidueradding. Analysis of the
characteristics of existing imports suggests howthat the bulk of the value-adding is likely
to occur within the country of origin. Where domestalue-adding of imported timber does
arise it is likely to be undertaken in the citydaas such does not generate a regional value-
added benefit.

The cost of transitioning (Figure 7.15) State Frde National Parks creates a financial
disincentive for those who incur the cost. Apaoinirthe obvious direct effect on individuals,
structural adjustment is a one-off cost that isnkdby the State. In contrast unemployment
benefits are incurred as an ongoing cost by the rGamvealth. This split in responsibility
means that when a decision to change forest taaurede by the State, the legacy of that
decision will be borne by both the individual ahé Commonwealth.

Figure 7.15— Cost of transitioning State Forests to Natidhalks at Eden and on the North
Coast
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The overall costs of transition were found to bpetwlent on the site. The following provides
some explanation of the differences:

« forests on the North Coast were found to be moodymtive, generating more logs of
a higher quality than at Eden;

* on the North Coast a greater proportion of logsewsuitable for and subject to
domestic value adding;

e at Eden the majority of the logs were exported apwwood. This prevented the
capture of domestic value-adding benefits.

7.5.3 The effect of a carbon price on eleven alteative forest management scenarios

By placing a price on carbon it was possible tessshe relative value of carbon abatement
under conservation and alternative production meamamt scenarios. The true fate
accounting method provided a holistic account binajor carbon pathways, reflecting the
emissions that the atmosphere actually sees.

Using the true fate method revealed that industigeld carbon abatement options are superior
to conservation options. More specifically, the hoet revealed that any management
scenario which improves utilisation, both in foréstrvesting and in wood processing, will
generate a positive GHG mitigation outcome. Maxingshe storage of carbon in harvested
wood products was also shown to be beneficial thgss of whether the products were in
service, buried in landfill or used for energyles £nd of their service life.

The use of the true fate accounting method gergrsdene interesting and in some cases
unexpected results. For example, the best perfgrmoenario was the utilisation 0%
forest residue to pulmn the north coastwhile the worst performing scenario was the
utilisation of 100% pulpwood as bioenerg Eden. The driver behind these results was the
very high substitution factor associated with tise of native forest pulp (Chapter 4), which
was considerably higher than the substitution impasociated with the use of biomass for
bioenergy.

The pulp substitution impact is calculated basedtlm assumption of substitution with
biomass from SE Asia, from deforestation activitbesrom plantations recently established
on previously virgin forests. If more of the demareh be met by using pulpwood from
sustainably managed forests, then the pulp sutistitimpact will be reduced. Over time it
may be assumed that the benefits of this substitwffect may dissipate. When the effect of
the substitution effect is reduced the case faraditive production management scenarios
such as the use of biomass for bioenergy is stnengd.
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7.5.4 Key messages

i.  Analysis of the economic value of native State Bos#tes at Eden and on the North
Coast revealed that the highest economic impaasaahieved under continuing
timber production.

ii.  Transitioning State Forests to National Parks weas justified on socio-economic
grounds nor on the basis of carbon abatement.

lii.  Recognising carbon abatement opportunities thrquglduction based management
scenarios was found to generate the greatest edtonmmcomes and the largest
amount of carbon abatement.
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8. General Discussion

This study focused on several key aspects of theyce in native forests managed for
production or conservation only. In the previouaptlers the discussion sections included key
points relevant to the interpretation of the result this section we expand the discussion to
include broader perspectives and to highlight wiatconsider to be key messages from the
study, including recommendations for future reseaFarstly we list the key aspects of the
work that made it novel in comparison to previoyslplished studies:

1) Over 500 mature native forests trees directly wetgh

Most studies rely on published allometric relatiips and biomass equations or non-
destructive data to determine biomass in maturigenfdrests.

2) Directly weighed commercial logs and a detailedaa@own of the biomass in harvest
residue types (stump, bark, crown, defective logs)
This level of detail is never found in forest Cdits.

3) Landscape-level approach in the assessment o flmcluding analysis of forests
under management for production that are not pathe net harvest area.

Many studies adopt a stand-level approach in thesgsent of long-term C flows,
and ignore areas zoned as production forest whiehat harvested.

4) Creation of a new dynamic landscape-level moddl¢hptures all key dynamics in
both the forest and wood products, using a lifdecgssessment approach

For Australia, typically FUllCAM, with its limitatins, is used in the estimation of C in
native forests.

5) Inclusion of fire effects and potential change§ri@ frequency over time

The impact of natural disturbance events is seldgpiicitly included in greenhouse
(GHG) balance studies of forests in Australia.

6) Inclusion of directly weighed coarse woody deb@$\D) and litter data.
Traditional CWD and litter and derived indirecthpiin transect methods.

7) Detailed analysis of the C dynamics in wood at wpaztessing facilities, in terms of
recoveries in sawn products and biomass in respphas

Most studies rely on other published data or asswmgpabout usage rather than
directly collecting it from sawmills.

8) Analysis of the C implications of the post-sernapéons for HWPs, including the
latest findings on the area of the decompositioH\WPs in landfills.

Most studies only consider C in HWPs in serviceety on outdated default landfill
decay factors.

9) Detailed market-based analysis of alternative syfggkenarios for native forest
HWPs, in the event they were no longer produced.
Typically similar analyses rely on generic markdbrmation.
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10)Calculation of market-based product substitutioctéas

Most studies only include non-wood products in¢hkulations of substitution
factors.

11)Calculation of substitution factors for paper pradsi produced from Australian native
forest biomass

C stored in paper products is often assumed to haveHG abatement value in
assessments of the GHG emissions from producti@sticy.

12)A more complete analysis of costs and benefitisntiietr harvesting in native forest.

The few studies of the costs and benefit of ndtivest management have been
limited in scope. The analysis also includes tHeutation of the C price required to
offset the economic benefits of managing for praiduc

8.1. Biomass and C in mature native forest stands

The vast majority of the literature concerning #stimation of biomass for mature forests
does not include biomass relationships based acttirweighed trees, and as a result they
carry a significant degree of uncertainty. Wherinesting biomass in mature forests, it is
critical to utilise allometric equations that indeithe range of DBHs of trees found in the
site, and that are species-specific. Biomass iruraatrees is typically more variable and
challenging to estimate than for younger standsthasstructure of crowns becomes more
complex with age. Another key factor is the impafctiecay, which is not uniform, increasing
as the trees grow older, resulting in loss of bissnahrough the formation of hollows and
eventual loss of limbs. Thus, it is important talude data derived from destructively
weighed biomass in the development of allometricagigns. This was illustrated here by the
comparisons between directly weighed biomass aedisie of allometric equations selected
from the literature as the best match for thosessiin the case of Eden for example, the
equations overestimated the biomass for the “coatien” site, with larger DBH trees. The
effect was not as pronounced for the productiassivhich contained a smaller proportion of
large DBH trees.

While the standing biomass for the mountain astsensation site was slightly higher than
for the production site, the difference was muds lthan for the other sites. This may be a
reflection of the higher growth rates of mountagh auring the first 50-60 years, reaching
maturity between 80-120 years (Mifsud 2003, Raisbml 2007). The Victoria production
site was approximately 75 years old at the timehafvest. Secondly the mountain ash
conservation site was comprised of two distinct elgsses - this is supported by the fact that
there was a large amount of CWD with a DBH >30 dreenved at the site and an absence of
any large dead standing trees, suggesting theiHdad of a significant past natural
disturbance event. Such event would have resultegbartial tree death and triggered
regeneration, thus producing a multi aged standraddcing the total amount of standing
biomass. Both the 1939 and 1926 fires burnt thrabghsite but at a low intensity. Adjacent
stumps have been dated through ring counts tonatigifrom both these fires.

It is difficult to determine though how much moriernass a site for which the age difference
in relation to the production site was significgrgreater than the 33-34 year gap in this study
would sustain, as decay would potentially beconrmaagor factor reducing tree biomass as
mountain ash trees mature. However this could adebted in this study as unfortunately we
did not have access to a site with trees as matsifer the NSW “conservation” sites. For

mountain ash, the forest at 250 years is dominbtegerhaps 20 trees/ha, and a relative
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decrease in biomass is expected, as the tall opeaiypt forest progresses from aggrading to
a steady-state (Attiwill 1994). Mountain ash isedatively fast growing species, with some
trees less than 70 years old being more than &l rSillett et al 2010). According to Sillett

et al (2015), such rapid growth likely occurs at the enge of fire and decay-resistance
(Loehle, 1988), thus reducing their maximum longeviThis, coupled with visual
observations of mountain ash old-growth standsgestg that the onset of decay in old-
growth sites is likely to occur relatively early ihe old-growth stage of those stands, with
significant biomass implications. The findings fr@illett et al (2015) suggest that decay is
indeed a major factor to consider in the estimatbrbiomass for very old mountain ash
stands. The authors identified limitations in thevelopment of biomass equations for
mountain ash 60— 100 m tall based on 27 treesilisdd over a wide area. Those were
associated with difficulties in the replication @drtain measurements from year to year, no
accounting for decay, and increased risk of biono&ssestimation especially for the irregular
crowns. Notwithstanding these limitations, the dmus were applied to a 0.73 ha plot in
Kinglake National Park to estimate the abovegrobimnass and C mass of this forest prior
to the 2009 fire. This plot was considered by théhars to represent the upper level of
density of large trees for mature mountain ashstsra Victoria. The maximum aboveground
C mass was 706 t /ha, which was considered maxicause as stated above it does not
account for mass loss due to decay in living tr@&é® authors noticed extensive decay and
numerous hollow trunks and limbs. If half of theumtain ash heartwood volume were lost to
decay, stand-level C mass is reduced to 438 {Tiia.value is similar to the estimated value
for our 1905/1906 mountain ash conservation sit® (4C/ha).

Key Message 1

Biomass estimates of mature native forest standsdhare not based on directly-weighed
biomass including trees with the largest DBH rangare generally not reliable.

8.2. Inclusion of CWD

The inclusion of C in CWD pools has important insptions for the estimation of total
above-ground C in native forests. Although theusmn of CWD and litter had immediately
opposite effects on the total above-ground foresorChe NSW and VIC sites following a
harvest event (increased totals for NSW productaests compared to conservation sites,
and reduced totals for VIC production forests coragao conservation sites), in the long-
term, when the long periods between harvest evamisrelatively shorter decay timeframe
for residues are considered, the relative diffegsrimetween production and conservation sites
are changed. For Victoria, the long-term C in CWi2rages for the conservation sites are
almost double those of equivalent production simdgereas for the NSW sites the differences
are much less, but with long-term C in CWD Iin tleaservation sites also higher than for the
equivalent production sites. Inclusion of CWD aiitet increased the overall differences in
the total above-ground forest C for NSW productiorests compared to conservation sites
slightly (by approximately 2%) and by 8% for mountash forests. However there is
considerable uncertainty around the decay dynaafi€@VD in native forests — this is an area
that requires further investigation.

8.3. Development of allometric equations
The development of allometric equations is keyhwdbility to extrapolate biomass estimates
from the plot level to a landscape level. AccordiogFedrigoet al (2014), of the limited

species-specific allometrics for Australian treescertainty stems from the applicability of
allometric equations across a range of diametespe(@ally for large trees), species
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composition, accounting of additive elements, amel iepresentativeness of locations from
which the trees were harvested. As stated eatherjnability to account for the impacts of
decay in mature trees is another major limitatiboammmonly used allometric equations.

The allometric equations presented here were basethta for hundreds of trees individually
weighed. In our study, inclusion of height as a borvad variable with DBH in the
development of the additive biomass equations didesult in higher R for the estimation

of whole tree biomass — these were already high th# inclusion of DBH only. Fedriget al
(2014) found that equations that use only DBH amput variable resulted in a wide range of
C estimates for trees of the same species and meelabeight — as a result of distortions
created by stem breakage at height, as observetiokbr Eucalyptus spp. and rainforest
species (Keitlet al, 2000, Woldendorp and Keenan 2005). Sillett ¢2@l5) report that in at
least two cases where sufficient effort has begrereded to develop equations suitable for
species in old-growth forests, measurements bediddd (e.g., crown volume) provide
stronger prediction of biomass and other abovegtaattributes. Further work is required
though to refine the model specifications and patamestimations from our study, and
refinements in the handling of data from plots #at spatially clustered — these may improve
the correlations further. The analysis also needde expanded further to include other
species present in the study sites.

8.4. HWP — Long-term C storage

Having discussed key aspects related to biomagsat&in in mature native forest stands, we
turn our attention to HWPs. The C dynamics in HWRse been ignored or treated in a
simplistic way in a range of earlier studies thié¢mapt to quantify the GHG implications of
forest management for wood production in Austrédiay. Mackeyet al 2009, Keithet al
2014). This omission resulted in an incomplete swmvent of the implications of native forest
management for wood production and the promotiora dbrest management policy that
favoured management of native forests for consenvainly. Examples of key parameters
often ignored or erroneously applied include thie mf C storage in HWPs in landfill, the
fossil-fuel displacement effect created by the oééiomass for energy and the product
substitution effect. Ximenest al (2012) demonstrated the impact of the inclusionCof
storage in HWPs and the product substitution eftecthe relative GHG balance of native
forest management, leading to vastly different amions from the studies mentioned above.
However, Ximenegt al (2012) also highlighted areas where improvemeoitsdcbe made to
refine the data underpinning those analyses further

The data used in this study for the determinatibthe physical C storage in HWPs was
based on information directly supplied by wood-gsging facilities and on the latest
research findings on the dynamics of the decomiposidf HWPs in landfills. Long-term C
storage for HWPs in Australia is primarily imparteylthe post-service stage of the HWP life
(i.e. storage in landfill). It is commonly assumiét wood in landfills decays, generating
large quantities of methane; however, research liaat specifically targeted the decay
dynamics of HWPs in landfills has demonstrated @at HWPs in landfills (other than paper
products) can be considered to be stored for thg-term, with a real mitigation benefit.
However, landfilling is not the only way to achietlds mitigation benefit. There will be
benefits also when the product is recycled intotlao long-lived application (e.g. old
floorboards used in recycled furniture), or bummtproduce energy. The emission abatement
created by diverting wood waste from landfill toeegy generation facilities (resulting in
fossil fuel displacement) may be higher than if pheduct is placed in landfill, depending on
whether/which fossil fuels are displaced. For paweducts, the dynamics of decay in landfill
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are significantly more complex than for non-pap&VvPk, and to a large extent driven by the
extent to which lignin is present in the paper piide.g. Wang et al 2015). Another factor to
consider includes the extent of methane recoveps{mmodern landfills recover methane and
flare and/or generate electricity from the methaseovered, displacing the use of fossil
fuels), which combined with a level of long-terms@rage, would likely result in a positive
outcome from a GHG perspective for paper produsteel. However this level of analysis
was outside the scope of this study.

Key Message 2

Considerations on disposal options for HWPs are dical for the analyses of the GHG
balance of native forest management. Long-term C stage in HWPs in Australia is
largely driven by the C storage that happens in ladfills. However, whether the HWP is
placed in landfills, recycled, or used to generatbioenergy, the GHG outcomes will be
positive.

8.5.  Substitution impacts - biomass for bioenergy

In addition to understanding the long-term implicas of the physical C storage in HWPs,
the use of biomass to generate bioenergy is anatiportant aspect of the quantification of
the GHG impacts of native forest management. UnGketorage in HWPs, the mitigation
benefit of the use of biomass for bioenergy is dépat primarily on whether/which fossil
fuel is displaced. Lippke et al (2011) report thditen wood is used to displace coal, which
would be the likely offset from using forest resdu in utility-power generation,
approximately 1.9 tons CQOis displaced for every ton of forest residues uged
approximately 1.0 t C / t C in harvest residued)jcl is similar to the figure used in our
study for use of harvest slash in electricity gatien with coal (0.8 t C / t C in forest
residues, derived in Ximenes et al 2012). The ¢yele information collected in wood-
processing mills by Lippket al (2011) suggests a reduction of approximately dn2 bf CQ

for every 1.0 ton of wood biofuel used in produobgessing mills (approximately 0.7t C / t
C in processing residues), which is in agreemetit faictors derived by Klein et al (2013) for
forests in Bavaria. These values are consistertt wélues we derived in our study for
commercial energy generation that displaces theofisetural gas or heating oil (between
0.5-0.7 t C / t C in processing residues), The ayersubstitution factors used by Oliver et al
(2014) for the calculation of the impact of usimgidues instead of natural gas or heating oil
were higher the factors we derived here. Thus tieggy emission factors used in our study
are either consistent with other published estisatdower.

8.6.  Substitution impacts — HWP other than paper

In addition to the fossil-fuel displacement bersebf using biomass for energy generation, it
is also important to consider the GHG mitigatiomdfgs associated with the use of HWPs in
lieu of more GHG-intensive alternatives. The substn impacts determined for HWPs

produced in each case study region varied condiber#/ithout considering biomass used

for pulp production, the substitution impacts omextare basis were driven largely by the
productivity of the site, the relative efficiencie$ biomass recovery in the forest, sawmill
recoveries, the types of HWPs produced and thdatisment options for each product.

Considerable efforts were made to derive region diuct-specific product substitution

factors for the key hardwood HWPs from each regitey replacement markets were often
comprised of wood or wood-derived materials, asnideve hardwood HWPs often occupy a
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niche; i.e. consumers who would most likely wariin@od” replacement if they no longer
had access to Australian native forest HWPs. Etiengh the native forest HWPs in most
cases had significantly lower displacement factoompared to the alternative products
identified, the fact that the alternative produstsre often also HWPs reduced the potential
impact of the product substitution (with the exd@ptof imported hardwoods from SE Asia
and some EWPSs). This approach contrasts to howupt@dibstitution is typically quantified,
where product substitution is calculated as théekihce in the GHG emission footprint of
HWPs versus the use of non-wood materials. (eathr& and O’Connor 2010; Lipplet al
2011; Oliver et al 2014). Using this approach,h&tand O’Connor's meta-analysis of
twenty-one international studies (Sathre and O’'@ori2010) concluded that displacement
factors range from a low of - 2.3 to a high of éérie C / tonne of C in HWP, with most lying
in the range of 1.0t0o 3.0t C /t C in HWP, with average of 2.1t C /t C in HWP. The
weighted substitution factors derived for each csisgly region in this report (excluding
paper products) ranged from 0.2 for mountain ashRdW 2.1 t C / C in HWP for silvertop
ash. The factors derived for this study are coraem, since as mentioned earlier they take
into account the relative emission footprint of adalistic alternative products. This is
exemplified in the calculation of the substitutionpacts of producing pallets made from
mountain ash; the most likely replacement produas wntreated pine, which has a very
similar emission footprint to the hardwood palletsd thus resulting in negligible substitution
impacts. Under the typical approach adopted in notisér studies, we would have used
plastic pallets as the most likely non-wood reptaeet, generating a large substitution
impact, as plastic is made from oil (a fossil fushd is much more emission-intensive in its
manufacture than wood pallets (e.g. Philip 2010).

There has been some debate about the use of prawlstitution factors and the validity of
some of the assumptions underlying the calculat{omsst notably Law and Harmon 2011).
Some of the key areas for discussion include havstibstitution factors are applied in the
context of the forest C dynamics, considerationgonig-term C storage in landfills, and the
application of additionality and leakage principl&sese points are discussed in detail below.

Law and Harmon (2011) put forward a number of argoi® cautioning against the use of
product substitution factors. They argue that sitiee forest has a maximum C carrying
capacity, eventually just the growth in C store$lWPs and fossil-fuel offsets would exceed
old forest C, although it could take centuries t@pjen, even using the most generous
substitution effects. The assertion that it wowlket centuries for the production scenario to
incur a more beneficial GHG outcome than in a cora®n-only scenario is certainly not
true for the systems included in Ximeret¢sal (2012) and not true for the systems considered
in this study. It is misleading to derive companisaising a “fixed” forest stand approach,
where the fate of C throughout the cycles of haraesl growth is tracked. In reality, native
forest management typically involves the manageroéfdrest stands at various age classes,
as harvest takes place each year in different pattse landscape. Therefore, it is preferable
to consider the long-term average C stocks fofdhest, which are reflective of the long-term
impact of management. It is important to remembst tin most developed countries,
including Australia, native forests have been madagr wood production for many decades.
Another reality that is often ignored when we cdesia “fixed stand” approach is that a
substantial proportion of the total forest estanaged for production often includes areas
that are not accessed for harvest, due to factmts &s proximity to riparian zones, steepness
of the terrain, high-value conservation areas, ighwl heritage and due to biodiversity
considerations. For our case studies, accountinthése resulted in typically 50% of the area
of the forests managed for production all the cstsely areas deemed not accessible for
harvest.
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Another argument raised by Law and Harmon (2011)thiat, in substitution impact
calculations, it is often tacitly assumed that wdbdt is removed from forests and used in
long-term HWPs, specifically buildings, continuesaccumulate infinitely over time. This
statement refers to the saturation or steady shateeventually takes place when HWPs in
service are considered. Although this is the casdHiVPs in service, it is certainly not true
when the fate of HWPs post-service is considemaglied by Law and Harmon (2011) is the
assumption that the C in the HWP will at some pbiatreturned to the atmosphere. Whilst
that is true if the HWP decays in service or isnbuthe reality is that disposal in landfills as
discussed earlier will result in long-term C st@maghat does accumulate over time.
Furthermore, use of the redundant HWP to produgenargy has immediate and irreversible
GHG benefits by typically displacing the use ofdibfuels.

Law and Harmon contend that while building C stdrage increased in many areas (e.g., the
USA), this is largely because more forest areaiadharvested, and not because the harvest
related stores per harvest area are increasinguBgtitution impacts have traditionally been
evaluated on a fixed area basis and under the a¢sumof sustainable forest management,
the origin of the timber does not influence thecakdtions. They also argue that in most
studies, the substitution offset is calculated dasethe assumption that each time a house is
to be built, the preference is for nonwood matsridlhis results in an estimate of the
maximum substitution effect possible, but doesawabunt for actual preferences for building
materials. The assumption that substituting for-womod products will always lead to a
maximum substitution effect is not true, as evidehm our study by the very high emission
factors associated with the use of unsustainablyelsteed HWPs from tropical forests.
Notwithstanding this fact, once again this argumentot relevant to our study, since we
considered market-based alternatives to the HWRisertase studies, regardless of whether
they were wood on non-wood based materials.

Finally, Law and Harmon state that current analyséssubstitution effects ignore the
principle of permanence and the effects of adddiiby (whether wooden buildings are
initially present). According to them, given thaany forests have already been harvested to
produce HWPs, replacing wooden buildings with mareoden buildings results in no
additional substitution effect. This line of thinki applies only in the situation where a
specific HWP has complete monopoly over a marketose- in reality this will never be the
case. As seen in the detailed market analyses &apt€h3, the reality for the case study areas
included here is typically the opposite, with natikardwood HWPs usually occupying a
comparatively small segment of the market. The gpie of permanence, by definition,
cannot apply to substitution factors, as it doed mwolve physical storage of C.
Quantification of the product substitution impdwatthappens at any given year is no different
from the displacement of fossil fuels by bioenerthe principle is the same. The C in the
bioenergy option is burnt and emitted immediatefgk into the atmosphere; however its
impact is permanent, as its use prevented the fuatteonative options with a much higher
GHG balance (i.e. fossil fuels). Substitution proel permanent offsets, by generating
reductions in the one-way flow of fossil emissicmisthe time of harvest and wood use,
independent of the products useful life, whilsaneihg the C in the HWP (Lippket al 2011,
Werneret al 2010). Each time there is a choice between a jptadlith a low GHG intensity
and a product with a high GHG intensity, by choggmoducts with lower GHG intensity the
consumer has a concrete impact on GHG emissionsgediycing the demand for GHG-
intensive products. As pointed out by Lipp&eal (2011), substitution for energy has been
more readily accepted since the biomass being nesedts in only a narrow range of impacts
across a few different fossil energy uses, redutimegrange of uncertainty. Ironically, by
contrast, the substitution of wood for fossil ike®@ products not only results in storage of C
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in the product for the life of the product, butilso displaces emissions from fossil intensive
products, with much higher leverage than using wioodbioenergy.

Key Message 3

The substitution impact, when based on market anakes of product usage in different
applications, represents a real mitigation benefitin the same way the use of sustainably
sourced biomass for bioenergy generation representgal mitigation when it displaces
the use of fossil fuels.

8.7. Substitution impacts — pulp and paper

Although many studies consider the product suligiitumpacts associated with the use of
sawn timber and engineered wood products, the ibaiitbn of paper products to the GHG
balance of production forest systems is often igdatue to their typically short service life.
However, the key factor to consider for the deteation of the GHG balance of paper
products is product substitution. In both the @antighlands of Victoria and in Eden, the
production of pulp logs is part of integrated hatveperations, in forests that are considered
to be sustainably harvested. In contrast, baseahoextensive analysis of current and future
markets, we concluded that the key alternative ptaftr paper production is based in SE
Asia, primarily in Indonesia. The emission footprassociated with the extraction of biomass
for pulp and paper production in SE Asia is vengéa due to high levels of deforestation of
primary forest, forest degradation and loss of lpeds. It is important to acknowledge that,
in a global economy, any changes to an importamke@han an individual country will have
flow-on effects in different countries. The markidrecasts are for increased paper
consumption globally, fuelled by the emerging meéldlass in large countries such as China,
India and Brazil. It is a reality that paper witirtinue to need to be produced somewhere into
the foreseeable future. If native forest biomagsetuly sourced from the Central Highlands
of Victoria and from Eden was no longer availalidgically this would add further pressure
to the degraded and depleted forest areas in ateas of the world with comparatively lower
standards of forest management.

There is considerable uncertainty though aboutniagnitude of the product substitution
factor for paper, as discussed in detail in Chagtein the calculation of the factor, every
effort was made to ensure that the underlying patara required were conservative. In order
to test the impact of the magnitude of this factorthe relative GHG balance of the mountain
ash and silvertop ash forests, we tested the usse @afbstitution factor that was half the
average factor used here. For mountain ash, theueldifferences between the GHG balance
of the production and conservation forests woulddukiced from 58.4% to 19.5%, whereas
for silvertop ash, halving the paper substitutiaotér would result in a switch from a benefit
of 4.8% for production forests, to a benefit in treler of 15.2% for conservation forests.
This demonstrates the significance of the pulp tsuiben factor in the overall GHG balance
assessment of those forests.
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Key Message 4

The inclusion of the product substitution impact fo pulp biomass has a very large
impact on the GHG balance of production forestry inthe regions where pulp logs are
extracted. Ignoring this impact would majorly underestimate the GHG benefits of native
forestry in those regions.

8.8. Forest HWP

The parameters described above were used in a roelelm “ForestHWP” - developed to
undertake the required integrative analyses fon eaady region. Prior to this study, the most
comprehensive assessment of the GHG implicatiomatfe forest management in Australia
was described in Ximenext al (2012). In that study, the assessment of C flosva eesult of
native forest management was derived from modalstinates of the GHG balance of two
key native forest areas in New South Wales for @ogeof 200 years. The above-ground
biomass C predictions of large forest areas wer&atke from an empirical model used to
calculate long-term wood supply volumes from natieeests. That approach differed
fundamentally from the one adopted in this studigeme we selected large enough plots to
account for the typical profile of the forest typgsected, individually weighed every tree in
the plot with DBH greater than 10 cm, and also cahensively accounted for the coarse
woody debris and fine litter in the sites. Pairédsswere selected based on their maturity;
sites managed for production, deemed to be of &gesrquality and “ready for harvest” were
selected for the “production” scenario; matchingsi(based on species type and location)
that were largely unmanaged, undisturbed by refieatevents and which contained a
significant cohort of trees that were substantialljer than the equivalent “production” site
were selected. These sites were then used as tlohrbark against which the long-term C
dynamics in the forest and HWPs were modelled u&iagestHWP, a model specifically
created for this project.

Additional key differences between the current gtadd that of Ximenest al (2012) include
the incorporation in this study of:

- Estimates for C in the coarse woody debris andliitex pools;

- Site-level determination of live forest biomass

- Long-term impact of fire events

- Temporary long-term C stocks in HWPs in service

- Product-specific substitution impacts, including faollp

- Cost-benefit analyses associated with native forestagement

The analyses conducted here were extrapolated fmommited number of sites to a
significantly larger area of forests, which werenhed to be a good match for the study sites.
The good agreement between standing volumes artligiion log recoveries for the study
sites and for the extrapolated areas (as obtair@d fhe relevant State Forest agencies)
provided the confidence required for the modeltm@pe extended to the larger relevant areas.

The C in the production management areas that@reubjected to harvest for a number of
reasons (e.g. harvest prescriptions, aboriginaltdgs, biodiversity considerations) was
modelled using the same assumptions as for theepaigon scenario, reaching similar C
stocks. The impact of including these areas imtbeelling for the production scenario is an
increase in the forest C for the production sce&sarcoupled with a reduction in the HWP
production on a hectare basis. In our study, tleaae long-term forest C for the NSW sites
was approximately 60% that of the conservation\ejent, whereas for mountain ash in the
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Central Highlands of Victoria the figure was approately 73%. In a study for North
American species where only the areas actuallylablai for harvest were modelled, there
was a reduction in the average C across the ratédidess than half that of an unharvested
forest depending upon region, forest type and mamagt treatment (Lippket al 2011). It is
important to account for the C in the areas that mwt available for harvest within the
production estate, as this area is significant f@amately 50% of the total for all study areas
here), with important non-production values tha¢ aupported by the commercial returns
from selling the production logs.

A number of scenarios were considered in the mimgelith ForestHWP in addition to the
BAU scenarios — these included changes in biomasgeufor bioenergy, the impact of
switching product types and disposal options. Hsellts indicated there is considerable room
to improve the C benefits associated with manadorgsts for production. There are a
number of management strategies at the forest,lavé¢he wood-processing facilities and at
the disposal stage that could make a consideratigahce to the net impact of production.
All scenarios that do not involve changing from pub biofuel (for silvertop ash and
mountain ash) result in net C benefits. In somegashanges to the way individual products
are treated can have a major impact on the ov€rdihlance. For example, favouring the
production of electricity poles over the extractiohsawlogs in the North Coast of NSW
results in a net C benefit over the long term egjeint to approximately 70% of the long-term
average above-ground C stocks for Buealyptus pilularigblackbutt) production forests.

Key Message 5

In general, strategies that involve increased utiation of biomass for bioenergy
production, extending the longevity of C in the HWR (by changing production from
short-lived products to medium to long-lived produd¢s and by storage in landfills) and
general minimisation of waste all contribute to a geater net C benefit for all systems
studied.

8.9. Findings from similar international studies

In addition to the key references for Australiaddésin Chapter 4, there have been a number of
studies, primarily in North America and in Europehich have attempted to quantify the
GHG implications of management of forests for pithn or conservation purposes only. In
two separate studies in Canada and in the US (Gmaen al (2012) and Krankinat al
(2012)), both the product substitution impact aoskil fuel displacement impacts due to the
use of residues or redundant HWP for energy praoatuetere ignored. Krankinat al (2012)
assessed changes in forest C stores in old-growésts, with the aim to provide an upper
limit for C storage. The main aim of the study wasanalyse the effect on forest sector C
stores of varying levels of timber harvest in fedigrmanaged forest lands within western
Oregon and western Washington. The conservatiomasiceresulted in an annual increase in
C of 2.49 Tg Clyear, whereas the production scemasgulted in an annual loss in the order of
2.17 Tg Clyear.

Colomboet al (2012) investigated the effects of managementeggres on trade-offs between
forest C stocks and ecological sustainability uradlaumber of management scenarios, for 3.4
Mha of forests in north-eastern Ontario, Canadathat interface between the temperate
hardwood and boreal forest zones. The analysis df@amics in HWPs was limited, as it
considered only long-term C storage in HWPs ini#lscand ignored the product substitution
and fossil fuel displacement impacts associatech wite HWPs. Thus the impact of
management for product was underestimated. Aftéryears of adding C in HWPs to that in
regenerating forests, total C storage was equivaegreater than the forest C in protected
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areas. The study also seemed to ignore C stock8ND. Klein et al (2014), on the other
hand, did not consider long-term C storage in léisdfs landfilling is not a common practice
in Germany. However they did consider both produttstitution and fossil fuel displacement
impacts in the assessment of the impacts of managenf key species in the Bavarian
region. Mitigation effects in unmanaged spruce bedch stands did not differ in the first
decades from their managed counterparts, but wel@vbthat from stands managed for
production in the long term (Kleiet al 2014).

8.10. Cascading approach

There are many studies, especially in Europe,dtabcate a ‘cascading” approach as a way
of deciding the most GHG-friendly uses for HWPs.isThpproach favours long-term C
storage in HWPs in service (preferably in strudtwwamponents), simultaneous product
substitution effects, and importantly, at the pooft disposal energy use with energy
substitution effects (e.g. Sathre and Gustavss@®,20/erneret al 2010, Kleinet al 2013).
This approach may not always result in the bestaue from a GHG perspective. If the
choice for the management of the HWP post-sensceetween a short-lived product (e.g.
mulch), bioenergy generation or landfill, it is @ehat the production of a short-lived product
which decays quickly in service is the least praiée option from a GHG perspective. The
choice between energy generation and landfilliniy dgpend primarily on the energy profile
of the region. For example, if the HWP was used lacation in Tasmania, where the energy
used was predominantly hydro—based (and thus witwaemission profile), landfilling is
likely preferable from a GHG perspective. In Victohowever, the predominance of brown
coal for energy generation would suggest potegt@linore beneficial outcome if the HWP
was used for energy generation instead of lanaifllit is important to note that landfilling
results in actual physical storage of C for thegloerm, guaranteeing that the C will not be
emitted. The net benefits of bioenergy generatonaied earlier will depend primarily on the
alternative energy sources for the particular negiBburthermore, the energy substitution
impact may change in a relatively quickly periodh& energy matrix for a specific region
changes, whereas physical long-term C storage i rmecure. Thus caution should be
exercised when adopting approaches like cascadimgdogmatic manner when deciding on
the best GHG outcomes for HWP management withoopepr consideration of the energy
mix and market situation of the region in questidiis may lead to sub-optimal GHG
mitigation outcomes.

8.11. Accounting issues — timing

The timing of the relative impacts of managememt ba greatly influenced by the selected
starting point for the simulations; for instance titreation of a C debt that occurs when stand-
level simulations start immediately after harvestl vake some time to be overcome and
potentially bias outcomes. That is why it is moppr@priate to use long-term average stocks
for the various pools in the assessment of theivelanpacts of management, as that reflects
reality more closely (i.e. most commercial forestnsls have been managed for production
forest for decades). Using a single stand or ptajecmodel a wood supply system can
severely distort system-wide outcomes (Lucier 20K)the scale of a wood supply area,
sustained-yield forestry and sustainable managemsystems keep growth and removals in
balance, and the loss of C from harvests in angrgitear is equal to gains in C elsewhere in
the area (Malmsheimeat al 2014). The benefits associated with using prodirots forest-
based systems, however, often continue to accuejudatdemonstrated in this study and in
previous studies (e.g. Schimadinger and Marlandb 12bpkeet al. 2010, 2011). Thus, the
simulation periods need to be long enough to pitgpespture this effect. Extending the
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period of analysis through multiple rotations candbitical to understanding the short-term
and long-term GHG implications of using forest-lthpeoducts (Malmsheimet al2014).

8.12. Socio-economic implications

In addition to understanding the GHG implicationfs mative forests management, it is

important to consider the socio-economic implicagioassociated with managing for

production or for conservation only. Too often Ire tdiscussion around the implications of
land management from a GHG perspective, the samaamic impacts are ignored. In the

case of the NSW native forests included in the-besiefit assessment, the beneficial socio-
economic impacts of management for production, utite assumptions used, far outweigh
the impacts associated with management for consemanly.

Whenever a new business proposition is made insacyor, a comprehensive cost-benefit
analysis is always required. Yet, in consideratioegarding the future of a whole industry
sector such as native forestry based on GHG isshissjs often overlooked. It has been
argued that managing forests for conservation enllyprovide C benefits, which may be
associated with a monetary value. It is importantmderstand how this hypothetical value
may be considered against the impacts of reduairsgopping production on the primary and
secondary market chains associated with the prmatuot HWPs from native forests.

For a scenario where there is a C credit associwitidthe additional growth assumed in the
case native forest harvest was stopped, it muanbdenprovement on BAU to be justified on
economic grounds. At Eden the “conservation” manegeé scenario was unable to
outperform the BAU regardless of the C price wifdlethe north coast site a C price of $233
per tCQ-e was required to outperform the BAU.

Key Message 6

When industry value-added benefits and C abatemerttenefits are added together, the
production management scenarios generate much highe@alue than the conservation
management scenarios, independent of the carbon pa (low, medium or high).

8.13. Potential climate change impacts

The impact of climate change on the future managérogthe forests included here was
outside the scope of the study. Climate changemasg especially significant impacts on the
frequency and severity of wildfires, with importantplications for the long-term average C
stocks in those forests. Anticipated increasesatunal disturbance resulting from global
warming may further reduce the climate change atiitigp potential of forest conservation in
disturbance-prone ecosystems (Shaetnal 2013). Sharmat al (2013) also observed that, on
the other hand, global warming may cause an inergaforest productivity in some areas, as
observed by Hembeat al. (2012) for Coastal Douglas fir and Western Hemlookcoastal
BC. This which would result in an increased uptakeCO, sequestration rates by these
forests. According to Fedrigot @l (2014), predicted changes towards more frequedt an
intense wildfires under climate change could featidi the death and collapse of large trees,
and limit recruitment of both eucalypt and rain&irspecies, leading to new stand structures
and potentially a new C dynamic in these foresti$gapes. The outcome of such changes
would likely result in reductions in the C-carryingppacity of the new forest stands,
especially due to the impact of more frequent andnise wildfires. The magnitude of such
changes in the temperate forests of south-eastestralia needs to be better understood.
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9. Conclusions

This study has contributed a number of novel aspecthe understanding of the C dynamics
of native forest management in Australia. Such astmgnsive assessment is required in order
to more fully understand the GHG implications ofiveforest management.

The forest biomass estimates were as much as f@dslsed on direct weighing of the
relevant C pools. This approach ensures a degreertdinty in the results that cannot be
associated with previous studies that relied onréstl measurements only, or with studies
that relied on existing allometric equations, whigpically do not include the range of sizes
that exist in mature native forests. This ensuhed the results from the different case study
areas could be compared on the same basis. We deated that existing allometric
equations for the relevant species in this stu@yganerally poor at estimating biomass for
mature trees. We demonstrated that inclusion ajtttén the biomass equations generally did
not result in substantially improved correlationsour site-specific allometric equations, as
the R obtained using DBH alone was already high for éicies.

We demonstrated that conservation forests holdfgigntly more C in the long-term than the
equivalent forests managed for production in NSW{ # a lesser extent in Victoria, when
forest C only was considered. There were considedifierences in the C stocks both in the
forests and offsite for all case studies. This destrated the importance of selecting case
study areas that covered species that were irtalhgidifferent in characteristics, in their
response to management and natural disturbance hiN¥ and fate of HWP post-service.
The mountain ash production forest was highly potiste compared to the NSW production
forests. The natural form of mountain ash treesv (loranching, low bark formation,
straightness) contributes substantially to a vegy mecovery after harvest. The silvertop ash
production forests to some extent had oppositeacheanistics to the production mountain ash
forest, with significant branching, very high bafrmation (approximately 3x that for
mountain ash) and with considerable decay. All éh&sctors resulted in lower biomass
estimates for the production silvertop ash sitel mruch lower recoveries than for mountain
ash. The log recovery for North coast blackbutt \eager than for the other regions due to a
lack of a pulp or biomass market for that regiartldsion of those markets in the future may
substantially change the overall net C benefitliose forests.

The recoveries for silvertop ash at the mill weye Iprimarily due to the fact that all green

rough sawn boards were dried and dressed (i.erauugpts were sold “green”). Silvertop ash

decking is high-valued for its bushfire resistané@r blackbutt forests, a change in

management to target extraction of poles for el@ttrtransmission rather than sawlogs had a
major impact for the C footprint of those forests.

We demonstrated that the use of product substitutiche context of the analysis of the C
footprint of forestry systems needs to be regicealj ensuring scenarios are realistic, based
on market research and inclusive of both wood ama-wood alternatives. We have also
demonstrated that accounting for the long-term @age in HWPs in landfills can have a
significant impact on the C footprint of productisystems.

Depending on the region, we demonstrated that ogitign physical C storage (long-lived
HWPs plus landfill) leads to a more positive outeotinan optimising diversion of biomass to
bioenergy generation. This suggests that a “casgadapproach as suggested by some
authors may not always lead to the most optimal Gi€@omes. Ultimately though, any of
the key post-service options will lead to a positbutcome from a GHG perspective.
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The inclusion of paper substitution impacts for ¢hse studies where pulplogs were extracted
was the most important factor driving the C foatprior those regions. Although there is
considerable uncertainty around the calculatiothefproduct substitution factors for paper,
they were typically consistent with those reportedhe literature for SE Asia. Thus it is
important to highlight the important GHG contrilartithat extraction of pulp logs from those
regions make, especially given that paper prodactstypically dismissed as short-lived
products that do not have a GHG mitigation role.

The impact of wildfires on long-term forest C esdtes was not as large as potentially
expected. However it is important to understand tha analysis was somewhat limited, as
factors such as potential changes in severity nialefor co-occurring effects of droughts and
pests and potential failure for systems to recavier repeated fires were not tested.

The overall conclusion of this study is that thiatiee differences in the GHG balance of the
case study regions do not warrant policies thattaifmlt native forest management for wood
production. In addition to timber production objees, management of production forests in
the study regions also takes into considerationproduction factors. These include retention
of ecological values, wildfire management, posits@cio-economic implications for the
regions, generation of revenue to support trainesgfighting crews and maintenance of
roading networks required for quicker access te fionts. There is considerable room
however for improvement in the GHG outcomes fortladl three case study regions included
in this study. These could be concretely achievgdabcombination of reduced wastage,
increased recoveries, increased physical C storagélWPs and increased fossil-fuel
displacement via the use of biomass to produceggner

9.1. Sources of uncertainty and recommendations fdurther research

There are a number of areas highlighted in thidysthat would benefit from further research.
The differences in many aspects of the C dynamatk Im the forests and in HWPs for the
key native forest production areas suggests thsagxation of the results into other regions
may not be warranted without similar analyses beaiogducted. There would be value in
conducting similar analyses for other native fotgpes in NSW (e.g. river red gum, cypress
pine, spotted gum), spotted gum forests in QuerdsldTasmanian oak” (alpine ash,

mountain ash and messmate) in Tasmania and jangrkarri in Western Australia. Such

studies would be useful in determining the curréG balance of production for those

areas, and highlighting opportunities to improvecarrent management practices.

As pointed out in Chapter 5, there is significantertainty around the dynamics of below-
ground C (soil and roots) and the impact of managgnover time. Inclusion of below-
ground C dynamics in the overall assessment of Ghémplications of native forest
management would make the analysis more completewauld also enable the development
of strategies that impact on below-ground C antlaptimise the overall GHG outcomes.

There is considerable uncertainty about the patefrdecay onset for different native forest
species, and importantly, its impact on biomass &ssthe trees grow older. This is one of the
key drivers for C estimations in older forestsréxognition of the difficulties in accessing a
large enough number of mature trees in varyingestagj decay for direct weighing, a new
approach is required that would result in greaterfidence in the application of allometric
relationships for those larger trees. Such an ambromay involve a combination of
innovative techniques (e.g. acoustic devices, nelimicro-drilling). This is potentially the
area of mature forest C research that would protrasiult in the biggest contribution towards
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reducing current uncertainties in forest C estimatbecay in mature forests may be
correlated to age, species, basal area and managémerventions (e.g. thinning) — these
relationships need to be examined further.

The dynamics of C in dead stags post fire is poarhderstood and has significant
implications for the C balance, especially in m@aimtash forests, which are subjected to
stand-replacing wildfires. Related to this, onetloé limitations of our study was in the
underlying assumption that the forest systems awagovered from natural disturbances. It
is clear from evidence in alpine ash forests fanegle (Bowmaret al 2014) that repeated
wildfires in quick succession may result in langseavide loss of mature forests. This will
have potentially significant impacts on long-terms@cks, especially in forests that are
subjected to stand-replacing fires and which apeddent on regeneration from seed.

The study highlighted opportunities associated it use of the large volumes of residues
produced both as a result of forest harvest omeratand sawmilling. Further research on
potential opportunities for conversion of residie higher value, long-lived products may

be warranted. Such projects may be eligible toxcidicredits under the Emissions Reduction
Fund, as currently the C storage value of the bgsntlaat is left to rot or burn in the forest, or

processed into a low-value, short-lived applicatbthe sawmill (e.g. mulch), is limited.

It is important to acknowledge that the productssiilstion factors for individual HWPs may
change significantly as a result of changes innfagket. Thus, it is important to revisit the
market conditions regularly by conducting marketdshresearch. A significant change in the
market share for different products would requéesiting the product substitution factors.

The product substitution calculations relied to secgmtent on published values that were the
best match for the respective products. Howeveretis considerable room for refining these
factors by identifying key products or productiorstems to focus on for emission footprint
studies. In particular there are considerable uatgies associated with the calculation of
emission footprint factors for pulp and paper pidn in SE Asia. A more comprehensive
assessment would require a more thorough analf/sie dinkages between deforestation and
different industry sectors. This is complicatedehby the fact that there are multiple drivers
for deforestation — sawlog extraction, pulp, adtime, establishment of timber plantations
and establishment of palm oil plantations to naméew. Considering that almost all
deforestation data is at a large scale (whole cm&)f and is largely now derived from
remote sensing (which should only improve over jJintiee estimates on total emissions due
to deforestation have a higher degree of confidexsseciated with them. To this end in the
future analyses should focus on a comprehensivel-uae change assessment, with
refinements of the amount of timber extracted leefoeing cleared or burnt. Ideally such
assessment would combine remote sensing data,tésmge information, timber volumes/
extraction rates, fire data and locations of millthough one would still need to take into
account the varying quality of country-specific al@nd remaining uncertainties regarding
drivers within the timber industry, such assessmamuld represent a significant
improvement on current knowledge.

In this study we have not considered the life cyafleC in paper products beyond product
substitution factors. Other factors to be considexred which were outside the scope of this
work include emissions due to the manufacturingcess of paper, service life of paper,
recycling levels for different types of paper, grethaps most importantly, the decomposition
dynamics in landfills (with consideration of thecowery of methane to produce electricity).

This would ensure a more complete comparison of3h& balance of paper production in

Australia compared to paper production in other fxayer producing regions.
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Glossary

Above Ground Biomass (AGB): Biomass is the biological material from living mcently
living organisms. Above ground biomass is that ipartwhich is above the soil layer
including the stem, stump, branches, bark, seedsf@mge. It can be expressed as green/
fresh or dried biomass and it may include dead n@tsuch as dead standing trees and
coarse woody debris.

Actual site production (SI): Used in Section 3, all sawlogs, pulp log and polgsifrom the
study sites were included, and the actual distiobutf logs from the sites was used.

Allometric/ Biomass Equation: Allometric relationships/ equations are used taneste
biomass from an easily measured attribute suchBs. D

Oven dry weight (kg)

Basic Density: The density of wood expressed as: >
Green Volume (m3)

Basal Area: The total cross-sectional area of all stems in adstaeasured at breast height,
and expressed per unit of land area (typically sgjogetres per hectare).

Below Ground Biomass: Live biological material in the soil layer normaliestricted to root
material and is generally limited by size (>2mm).

Bioenergy: Bioenergy is renewable energy made available froaterals derived from
biological sources.

Biomass: Biomass is the biological material from living @cently living organisms.
C Stock: The quantity of C in a “pool” which has the cappto accumulate or release C.
Commercial Logs. Logs that have a commercial value.

Concessions (Logging, Palm Qil etc): An area that is zoned for a particular activitg, ifor
the establishment of palm oil plantations or far éxtraction of timber.

Conservation Forest: An area of forest that is not subjected to anthgepec disturbance
activities (with the exception of fire hazard retlog activities.

Coarse Woody Debris: All debris on the forest floor >2.5 cm diameterc{irding dead stags),
stumps <1.3 m in height and bark.

Crown: For Section 1 of the report it is defined for treeith production logs, as the point
where the stem is too small to be of commerciau&alNote that this differs from the
definition for the biological crown.

Deforestation: The conversion of forest to another land use op#renanent reduction of the
tree canopy cover below a certain threshold.

Diameter at Breast Height (DBH): Diameter of the stem (over bark) measured at h&ight
above the ground.
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Forest Conversion: The conversion of virgin forest areas to non-foorglantations.

Forest Cover: As per the FAO definition “Land with tree crown @\ or equivalent stocking
level) of more than 10 percent and area of mora thé hectares (ha). The trees should be
able to reach a minimum height of 5 meters (m) atumty in situ.” It includes both open and
closed forest types and young natural stands dsawgllantations. Please note that variations
of this definition are often used.

Forest Degradation: A reduction in the ecological functioning of thedet. Or in our case
perhaps “harvest activity that results in the réiduncof forest biomass in the long-term”.

Fossil fud displacement Factor: The emission savings incurred by using renewabéggn
instead of fossil fuels. The factor value will dapgeon the relative efficiencies associated with
the use of the renewable energy source and thesiemi®otprint of the fossil fuel displaced.

Greenhouse Gases (GHG): Any of the atmospheric gasesthat contribute to
the greenhouse effect by absorbing infrared ramhatiincluding C dioxide (C¢), methane
(CHy) and nitrous oxide (pOD).

Harvest Prescription: A set of guidelines to be followed when undertakingrvesting
activities, including retention of a number of gder habitat or as a seed source.

Harvested Wood Product (HWP): Includes all wood material that is removed from a
harvested area.

High Intensity Harvest: Harvesting using poor harvest techniques and didradevels
greater than those deemed as best practice foe g

HQ (High Quality) Sawlog: The gradingspecifications vary across regions, but generally i
a log that is large enough to be sawn into boartls minimal defects, yielding a higher
proportion of higher quality HWPs than low qualksgwlogs”.

Industrial Sawlog (inc. Veneer Logs): As per the FAO definition “roundwood that will be
sawn (or chipped) lengthways for the manufactursastnwood or railway sleepers (ties) or
used for the production of veneer”.

Land Use Change: Generally refers to anthropogenic changes to thealaenvironment (i.e.
the conversion of natural forest to agriculturalda

Long Term C Storage: In this study this is defined as the C that isexfidan HWPs (other than
paper products) in landfills

Low Intensity Harvest: Harvesting is done with minimal disturbance, wittiraction rates
and rotation length at a sustainable level.

LQ (Low Quality) Sawlog: Thegrading specifications vary across regions but gdlyet is a
log that is large enough to be sawn into boardk adime defects or imperfections, yielding a
higher proportion of lower quality HWPs.
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Multi-aged stand: A stand where two or more age or species groupsbeadistinguished
within the stand, although the boundaries may eatlbarly defined.

Natural/ Native Forest: A forest composed of indigenous trees and nosified as a forest
plantation.

Net Primary Productivity: The rate at which an ecosystem accumulates energijomass,
less the energy it uses for the process of regpirat

Peatland: Peatland is an area which contains a naturally roicgupeat layer at its surface.
Peat is a soil with a high organic C content andewholding capacity and a low mineral
content..

Peatland Burning: The surface of an intact peatland is usually t@b @ burn, however by
removing vegetation or through drainage the lossadf moisture increases its potential to
burn. The use of fire to clear peatland vegetatan also cause the organic peat soil to
combust. Peatlands are potentially a large souir€@ emissions due to the thickness of the
peat.

Peatland Drainage: Peatland drainage, usually through the construatfochannels, lowers
the water table exposing the organic soil to timecsphere resulting in C being emitted to the
atmosphere through oxidisation asLCO

Pole (Utility): Transmission poles used in the electricity networksupport overhead power
lines.

Primary Intact Forest: A mature native forest >5ha containing indigenaas species where
there are no clearly visible signs of human agésitand the ecological processes are
primarily intact.

Primary Degraded Forest: A primary forest that have been fragmented andubjested to
human disturbances that have altered the forespasition and structure.

Product Substitution (Factor): The emission savings incurred by using a HWP instea
alternative products. The factor value will depemdthe emission footprint associated with
the extraction, transport and manufacture of the FH#@hd the emission footprint of the
alternative product displaced.

Production Forest: A forest that is managed to produce timber for e@rcial purposes.
Production Logs: Logs that have a commercial value.

Regionally typical production (RG): Used in Section 3, the quantity of timber extracied
the product mix from each production site are aéji$o mirror typical harvest operations in
each region.

Residues (forest and mill): Forest residues include the bark , crown and stangpmay also
include non- commercial species, dead and smait tas well as parts of the stem that had no
commercial value due to damage during felling, gtearaa reflection of the current market for
that region. Mill residues are generated when tigs lare cut into rough green sawn boards
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(offcuts, sawdust, log hearts), and where appleatihen the boards are dried and dressed
(offcuts, shavings and sawdust).

Root Shoot Ratio: The ratio of below and above ground biomass itaatpThis value varies
according to species and age of the trees.

Salvage Logging: The removal of logs from trees that have been dacheby a natural
disturbance such as wildfire, severe wind etc.

Selective Harvesting: Harvesting that removes only a selected porticthefrees in a stand.
Southeast Asia (SEA): As per the FAO definition includes:

Brunei Darussalam
Myanmar
Indonesia
Cambodia
Lao People's
Democratic
Republic
Malaysia
Philippines
Thailand
Viet Nam

Stand Density: A measure of the stocking of a stand of treesdasethe number of trees per
unit area (ha).

Stand Height/ Stand Height of Dominate Species. The average height of all trees in the stand
(site)/ The average height of the dominate speoigse stand (site).
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