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7. LAND USE, LAND USE CHANGE AND FORESTRY

7.1 OVERVIEW b E
D
The net emissions from the land use, land use change and forestry sector were -0.2 Mt CO_-e in 2004 (Table 7.1). = %J
3
ui =
Table 7.1 Land use, land use change and forestry net CO,-e emissions, 2004 3 j
Qo
Greenhouse gas source and sink CO,-e emissions (Gg) <Z): <Zt
categories CH, N,O =S
5 Land use, land use change and forestry® -239
A.Forest lands ® -52,645 3,491 953 -48,202
B.Croplands®© @ -5,191 487 133 -4,571
C.Grassland©© 56,156 1,327 363 57,846
D.Wetlands NE NE NE NE
E. Settlements NE NE NE NE
F.Other Lands NE NE NE NE
G.Other® -5,313 NE -5,313

(a) A negative sign denotes a sink. (b) Includes emissions from prescribed burning and wildfires. (c) Includes emissions from biomass burning.
(d) The results for 2004 will be revised following the next update of the inventory . (e) Includes Harvested Wood Products

Forest lands (5A) comprises emissions and removals from managed native forests and plantations, emissions
from fuelwood consumption and non-CO, gas emissions from prescribed burning and wildfire in forests. These
subsectors are estimated to have constituted a net sink of 48.2 Mt CO,-e in 2004.

The preliminary estimate for Forest land converted to Cropland and Grassland in 2004 is 53.3 Mt. The estimates
for both 2003 and 2004 should be considered as being interim only, as they will be revised when areas of forest
conversion are confirmed in the next update of the inventory using the National Carbon Accounting System.

Harvested wood products are not reported in the Forest lands category and carbon stocks are transferred to
the 5G Other — Harvested wood product. As the reporting tables do not account for transfers of carbon stocks,
this leads to an apparent, but not real, emission from forest lands and a ‘sink’in harvest wood products.

NATIONAL INVENTORY REPORT 2004 (REVISED) VOL 2 | 1
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Figure 7.1 Total net CO,-e emissions from Land use, land use change and forestry, 1990-2004
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Note: The results for forest conversion for 2003 and 2004 will be revised following the next update of the
inventory.

Trends

Overall the total land use, land use change and forestry emissions declined from 81.6 Mt CO,-e in 1990 to a net
sink of 0.2 Mt CO_-e in 2004.

The preliminary estimate of total emissions from forest land converted to cropland and grasslands was 58.7%
(75.6 Mt) lower than in 1990 and 7.4% (3.7 Mt) higher than in 2003 (see Figure 7.1). Since 1990 the annual rates
of forest conversion have decreased substantially reflecting both the effects of changing market and climatic
conditions and of regulatory impacts with consequent reductions in estimated emissions from burning and
decay of above-ground biomass and below-ground carbon. There is also a diminishing effect of extensive past
land use change on decay of above-ground biomass and below-ground carbon.

Within forest lands (5A), net removals from forest land remaining forest land declined by 34.5% (14.1 Mt) to

-26.7 Mt CO,-e from 1990 to 2004, while the removals from lands converted to forest land increased from -2.0 Mt
to -21.5 Mt CO,-e. The combined effect of these changes is an increase in the forest lands net sink of 12.6 % (5.4
Mt) between 1990 and 2004.

7.2 OVERVIEW OF SOURCE CATEGORY DESCRIPTION AND METHODOLOGY -
LAND USE, LAND USE CHANGE AND FORESTRY

Land use and management activities influence a variety of ecosystem processes that affect greenhouse gas
fluxes. The focus of this sector is the estimation of emissions and removals of carbon dioxide (CO,) from these

2 | NATIONAL INVENTORY REPORT 2004 (REVISED) VOL 2
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activities. CO, fluxes between the atmosphere and managed land systems are primarily controlled by uptake
from plant photosynthesis and releases from respiration, decomposition and oxidation of organic material.
Nitrous oxide (N,O) may be emitted from the ecosystem as a by-product of nitrification and denitrification and
the burning of organic matter. Other gases released during biomass burning include methane (CH,), carbon
monoxide (CO), other oxides of nitrogen (NO,) and non-methane volatile organic compounds (NMVOC).

7.2.1 LAND USE IN AUSTRALIA

Australia has a land mass of 760 million hectares containing unique land, water, vegetation and biodiversity
resources. The distribution and land areas of the continent under different land uses are shown in Figure 7.2
and Table 7.2.
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The most significant agricultural activities include wool, beef, wheat, cotton and sugar. Australia is also a
significant exporter of dairy produce, fruit, rice and flowers.

Table 7.2 Areas under different Land Uses in Australia

Conservation 466,685
Conservation indigenous 1,004,773
Minimal use 1,179,040
Grazing 4,301,008
Forestry 151,870
Grazing modified pastures 190,870
Cropping 211,428
Horticulture 873
Irrigated cropping 19,349
Irrigated horticulture 2,354
Intensive uses 132,687

Source: BRS Land Use Map of Australia vers 2.0

Australia’s forests comprise 164.4 million hectares, covering about 21 per cent of the continent, with native
forests of 162.7 million hectares and commercial plantations of 1.7 million hectares (Australia’s National Forest
Inventory). Native forests range from savanna and sparse woodland systems to closed forests. Of the 50 million
hectares of native forest available for harvesting, significantly less than 1 per cent are harvested annually. Seven
per cent of Australia’s forests are publicly owned forests managed for timber production and other uses. Some
leasehold and private forests are potentially available for timber production. Australia’s 1.7 million hectares of
plantation forests consist of 59 per cent softwood species (mostly Pinus spp) and 41 per cent hardwood (mostly
Eucalyptus spp).

NATIONAL INVENTORY REPORT 2004 (REVISED) VOL 2 | 3
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Figure 7.2 Land Use in Australia
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7.2.2 CLIMATE

Australia is a dry continent where rainfall is unreliable and both recurring floods and droughts are a natural
feature.

There are a number of distinct climatic zones with summer dominant rainfall in the tropics and subtropics in
the north, Mediterranean climates in the south, the arid and semi-arid regions in the centre, and areas of high
rainfall on the coastal fringes and in the ranges of the east.

The tropical north is suited to grazing (predominately cattle) as well as the production of fruit and sugar cane.
Land use in the subtropical and Mediterranean climates is cereal cropping and sheep and cattle grazing.

7.2.3SOILS

Australia has a range of soil types, ranging from old deeply weathered and infertile to younger, more fertile
soils derived from volcanic rocks and alluvium. Approximately 50 per cent are sandy, 37 per cent are earths and
loams, and 13 per cent are clay textured.

Many soils have low levels of phosphorus and other nutrients. Soils are managed by maintaining ground cover,
avoiding disturbance on sleep slopes and use of fertilizer (mainly phosphorus and nitrogen).
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Figure 7.3 Forest Extent in Australia

Figure 7.4 Average Annual Rainfall
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Figure 7.5 Average Annual Temperature
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Figure 7.6 Soils Map of Australia

Sands Source: Bureau of Rural Scences
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7.2.4 GENERAL APPROACH

The Australian LULUCF methodology contains predominantly country specific methodologies and Tier 3
models (Table 7.3). The method of representing land is through a time-series national remote sensing program.
This consistent representation of land is a fully spatial and time-series application of Approach 3 as described
in the IPCC Good Practice Guidance (IPCC 2003), but in some instances, interim data is drawn from Australia’s
National Forest Inventory.

The methods used in the reporting of this inventory are described in detail in Appendices 7.Ato 7.D.
Appendix 7.A — Managed Native Forests for Forest land remaining Forest land;

Appendix 7.B — Forest Plantations for Forest land remaining Forest land and Grassland converted to Forest land;
Appendix 7.C — Forest land converted to Grassland and Cropland,;
Appendix 7.D — Harvested Wood Products.

The National Carbon Accounting System (NCAS) development is staged over a ten year period, 1998 to
2008, with progressive implementation of a complete national (all lands, land use activities, pools and gases)
reporting capability for agriculture, forestry and land use activities. To date the full NCAS capabilities (fully
spatially explicit process-based ecosystems modelling) has only been completed for the conversion of
forests to other land uses (e.g., cropping and grazing). For Australia, this represents the majority of emissions
associated with Land Use, Land Use Change and Forestry activities. The methods applied to the estimation of
emissions from the conversion of forest land to other land uses is described in Appendix 7.C. Appendix 7.E
gives an outline of the current and planned NCAS capabilities.

The methods used to estimate emissions from other activities (not associated with forest conversion) that use
interim approaches are described in Appendices 7.A,7.B and 7.D.

Table 7.3 Summary of methodologies and emission factors — Land use, land use change and forestry sector

NO,,CO and
co N,0 NMVOC

Method Method EF Method
applied applied applied

2

Greenhouse Gas Source And Sink

EF

5.Land Use, Land Use Change and
Forestry

A.Forest Lands
1.Forest Land Remaining Forest Land

Managed Native Forests CS, T2 CS
Plantations T3 M
Fuelwood consumed T1 CS
5(V) Biomass Burning - 5.A.1. CS CS CS CS CS CS
2.Land Converted to Forest Land T3 M
B.Cropland
1.Cropland remaining Cropland Tl CS
2.Land Converted to Cropland T3 M
5(V) Biomass Burning - 5.B.2 T3 M CS CS CS CS CS CS
5(1ll) Disturbance associated with IE IE

land conversion
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NO,,CO and
NMVOC
Method Method EF Method EF Method
applied applied applied applied

co CH N,O

2 4

Greenhouse Gas Source And Sink

EF

5.Land Use, Land Use Change and

Forestry
C.Grassland
1. Grassland remaining Grassland T1 CS
2.Land Converted to Grassland T3 M
5 (V) Biomass Burning - 5.C.2 T3 M CS CS CS CS CS CS
D.Wetlands
1. Wetlands remaining Wetlands NE NE
2.Land Converted to Wetlands IE IE
E. Settlements
1. Settlements remaining Settlements NE NE
2.Land Converted to Settlements IE IE
F.Other Lands
1 Olf:rfésLands remaining Other NA NA
2.Land Converted to Other Lands NO NO
F.Other
Harvested Wood Products T3 M
5(1) N fertilisation IE IE
5(1l) Drainage of Soils NE NE
5(IV) Agricultural lime application NE NE

EF = emission factor, CS = country specific, M = Model, NA = not applicable, NE= not estimated, NO = not occurring, [E=included elsewhere, T1 =
Tier 1, T2 =Tier 2and T3 = Tier 3,

7.2.5 AUSTRALIA'S NATIONAL CARBON ACCOUNTING SYSTEM

Australia has embarked on a 10 year development program for a National Carbon Accounting System
(NCAS) to provide a complete accounting capability by 2008 (AGO 2005). With a current annual investment
of approximately AUD $4 million per year, the NCAS will be progressively developed to provide a complete
(all carbon pools, gases, lands and land use activities) greenhouse gas accounting capability for agriculture,
forestry and land use. The eventual capacity will be a full spatial enumeration with emissions and removals
calculated using a process-based, mass balance, carbon and nitrogen cycling, ecosystem model.

The full spatial enumeration is achieved through an extensive remote sensing program that uses medium
resolution (50m and 25m) Landsat satellite data in a time-series since 1972 (Furby 2002; Caccetta et. al., 2003).
There are currently fourteen national coverages in the time-series. The medium resolution data is used to
determine change in forest and sparse woody vegetation, and to determine plantation area, age and type.
Land use is being mapped using a coarse 1km resolution (NOAA) satellite, with a higher temporal resolution
time-series (16 day) and constrained to agricultural survey statistics.

8 | NATIONAL INVENTORY REPORT 2004 (REVISED) VOL 2
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Monthly climate maps at 1km resolution since 1968 have been derived to provide the annual variability due

to climatic process drivers (Kesteven et. al., 2004). Coupled with management practices, the vegetation cover
change and climate variability are together the principal causes of emissions, and source of annual variability
in emissions.

The progressive development of the NCAS is set around priorities according to the scale of emissions from
either the land use activity or carbon pool. For Australia, by far the largest component of emissions is the
conversion of forests to cropland and grassland. In the 2004 national inventory, only the forest to cropland and
forest to grassland conversions are reported using the full Tier 3, Approach 3 capability of the NCAS.

The other principal reporting elements, forests remaining forests and land converted to forest are reported
using interim methods that, as yet, have not been fully spatially developed within the NCAS framework. This is
also the case for harvested wood products.

As the NCAS operates under a tightly integrated singular framework, and generates the bulk of its required
input data, specifications can be applied that ensure that the collection of data and analysis meet both
technical and policy specifications. This has led to the development of detailed methods and protocols to
ensure that all data meets quality and consistency standards. These specifications and protocols have been
published and are publicly available through the internet, library deposits and circulation on compact disk as
part of the free-of-charge distribution of the National Carbon Accounting Toolbox (NCAT).

7.2.6 CROSS-CUTTING ISSUES

Australia’s National Carbon Accounting System (NCAS) uses Tier 3 methods (ecosystem model) of emissions
estimation and an Approach 3 (full spatial enumeration) method of representing land (IPCC 2003). Unlike the
Tier 1 and Tier 2 methods, Tier 3 uses complex modelling to estimate emissions in a way that fully represents
both annual and spatial variability. Tier 3 methods do not use the emissions factors approaches of Tier 1 and
Tier 2 inventory methods.

Tier 1 and Tier 2 methods do not represent annual variability in emissions (except in activity data) with the
same emissions factor being used over time, and encompass limited spatial variability.

Tier 3 and Approach 3 methods were chosen because the causes of most emissions in Australia (forest
conversion) are from rare events (a small fraction of the forest estate). A simple and generalised emissions
factor approach cannot, with confidence, reliably estimate emissions from rare events in a spatially and
temporally variable overall ‘population’

Tier 3 methods are more complex, and therefore require different, yet more intensive, attention to quality
control, quality assurance, sensitivity and uncertainty analysis, and verification. The checking of emissions
estimates can still be facilitated by transparency and peer review.

Flowing from the change in approach from ‘activity’ data (typically either areas of land use or land use change)
multiplied by ‘emissions factors’as used for Tier 1 and Tier 2 is a need to reconsider how the cross-cutting
issues are treated in Tier 3 inventories. Simply, as the methods no longer rely on emissions factors, basing an
approach to the cross-cutting issues as if from an emissions factor method is not appropriate.

The following describes the way in which the cross-cutting issues are addressed in the NCAS around:
> Quality Assurance and Quality Control
> Verification
> Sensitivity and Uncertainty Testing
> Transparency and Peer Review.

Each of these is discussed in relation to the various processes used in inventory preparation.

NATIONAL INVENTORY REPORT 2004 (REVISED) VOL 2 | 9
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7.2.6.1 Quality Assurance and Quality Control
Managed Native Forests

The growth rates used in the managed native forests model are drawn from Australia’s National Forest
Inventory and are ‘benchmarked’ against independent estimates. The area estimates are also benchmarked
against independent data, but these estimates are highly variable. Data on stem to whole tree conversions,
carbon contents and wood densities are all cross-checked against independent estimates. Data on harvest
volumes are drawn from national statistics on forest products production consumption. Decomposition
estimates, such as for harvested wood products and forest slash are within ranges developed/used in
independent studies.

Plantations

Data on the area of plantations is drawn from the published data of Australia’s National Forest Inventory.
Growth rate estimates of the various plantation types are also extracted from the National Forest Inventory
published report on national wood flow estimates. Appendix 7.B of this report describes the approach taken.

Model parameters have been drawn from various studies, both specifically for,and prior to the development of
the NCAS. The values used represent the estimates judged as most probable.

The model, model parameterisation and results were submitted for external independent quality assurance.
The quality assurance report is at Attachment 7.B2 of Appendix 7.B.The models used are also the ‘benchmark’
systems for the NCAT, and are publicly available and widely used by the forest industry in estimating carbon
budgets.

Forest Converted to Other Land Uses

The methods described in Appendix C include a summary of the quality assurance activities undertaken in this
full application of NCAS spatially explicit ecosystem model based approach. Being a part of the complete and
systematic NCAS approach the estimation is subject to the quality assurance processes embedded within each
program area of the NCAS. Also, quality assurance benefits from the ability to benchmark activities against

the detailed specifications, protocols, testing and verification procedures. Periodic external review of program
application is also carried out to ensure that the quality assurance programs meet current best practice in
method and application.

Harvested Wood Products

The data for the harvested wood products model described in Appendix 7.D has been drawn from a variety of
sources. As described in the Appendix, wherever possible data has been cross-checked against independent
sources. The model has also been subjected to independent quality assurance and the report of this is at
Attachment 7.D2.

7.2.6.2. Verification

The verification processes of the NCAS focus on the detailed checking of land areas and modelled emissions
estimates. That is, the testing of the NCAS results is typically against actual measures that have a‘certain’
outcome.

Extensive application of this approach provides benefits that cannot be derived from other approaches
such as model inter-comparison. This is made possible by the quantum of resources available for NCAS
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development. Had fewer resources been available to the NCAS, an approach such as model inter-comparison
would likely have been pursued.

The benefits of verification by direct measurement are, first, the detailed data derived can be used to
determine the model and land area estimation performances in general (e.g., by region, soil type, vegetation
type) and in detail, for example, by carbon pool (e.g., litter, fast turnover soil organic matter). Second, having
actual measures allows for continuous improvement whereby the verification data can subsequently be used
to enhance calibration, which is then tested again in subsequent verification. This ensures a growing base of
data for model calibration while also ensuring that calibration and verification data remain independent. A
snapshot of each of the NCAS verification program areas is described below.

Land Cover Change and Plantation Classification

Extensive independent verification programs of the land cover change and plantation mapping via remote
sensing techniques have been continuously applied throughout the time-series updates. The methods applied
to verification of the land cover change results are published in the NCAS Technical Reports (Lowell et. al.,

2003 and Jones et. al., 2004) and in peer review literature (Lowell et. al., 2005). This program initially relied

on verification against historic air photographs, and more recently, by using very high resolution satellite

data (1m).The verification of the plantations mapping (MBAC Consulting in prep.) was based on on-site field
inspection. This alternative approach was used because it was able to provide a definite date of planting (from
signage or company records) and could accurately provide parameters such as species, stocking rate, condition
etc. that could not be derived with certainty from remote techniques. This program was based on several
hundred sites throughout Australia, selected to be representative of geographic regions, plantation types and
plantation ages.

Forest Growth

The direct measurement of forest biomass is rare, and as destructive sampling is required, no time-series
growth data based on whole mass measurement is available. However, through the use of allometric equations
from measurable forest stand parameters of basal area, height etc. it is possible to model total stand biomass.
As these measures are widely used in forest inventory, there is a wealth of industry data available as both
single point in time and time-series (permanent plot) measurements against which growth and biomass
estimates have been verified. In addition, research site data comparisons and select whole-stand mass
measurements have been applied. The benefits of comparisons with research data has been that additional

to commonly available stand biomass estimates are data on site conditions and management. Because of the
cost and logistical difficulty in actually measuring total stand biomass, the approach taken was to destructively
sample and weigh forest plots of a single species across a productivity gradient (Ximines et. al., 2005). This
approach could then test both the biomass predictions and replication of the gradient in forest productivity
and carrying capacity by model estimates.

Soil Carbon

Much like the verification activities for forest biomass, a tiered approach was applied to the verification of
modelled soil carbon change estimates. Most geographically widespread and representative data were
taken from paired site samples, before and after land use change. The change in total soil organic carbon was
compared to modelled estimates. Soil fractionations were also completed to test the model performance

in predicting turnover in various soil carbon pools. Wherever possible, models were also compared to
research site data (Skjemstad and Spouncer 2002). This again had the benefit of multiple pool, time-series
measurements for comparison, along with the recorded impacts of detailed site condition and management.
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7.2.6.3 Sensitivity and Uncertainty Testing

The methods of uncertainty analysis described by the IPCC Good Practice Guidance 2003 are typically
designed for Tier 1 and Tier 2 emissions factor based approaches. More complex methods for dealing with
potential error propagation and inter-correlation of parameter uncertainties needs to be applied to the
process model forms of inventory used in Tier 3. However, the fundamental approach of using Monte Carlo
forms of analysis for both sensitivity and uncertainty analysis remains relevant and are applied.

The sensitivity and uncertainty analysis of the NCAS are used to determine;

> that the best estimate (most likely outcome) is not subject to bias;

> the parameter sensitivity, in order to understand the drivers of uncertainty and guide improvement
programs and verification priorities; and,

> to determine the probability distribution of possible outcomes.

The sensitivity and uncertainty analyses undertaken are described in detail in each of the methods
Appendices. To enable these analyses a Monte Carlo analysis capability has been integrated into the modelling
framework and is routinely applied.

Uncertainty analyses using Monte Carlo techniques are also supplemented by the determination of accuracies
of spatial data through verification programs. Verification can also be used to identify if there is any potential
bias in the spatial inputs to the emissions modelling.

7.2.6.4 Transparency and Peer Review

As with the methods for uncertainty and sensitivity analysis, the approach to transparency and peer review
will differ for a Tier 3 (spatially explicit) approach from those used in a Tier 1 or Tier 2 (area by emissions
factor) approach. For Tier 1 and Tier 2 the focus is on the determination of area estimates and the selection
of appropriate emissions factors. For the complex methods, models and large datasets used in Tier 3 systems,
different approaches to transparency and peer review are required. The basis of transparency and peer review
for the NCAS are founded on:

> published specifications, protocols and methods;

> published verification results;

> public release of models, tools and data; and,

> publication in peer reviewed literature.

These aspects of transparency are discussed further in the methods Appendices (7.A-7.E).

7.3 SOURCE CATEGORY 5A FOREST LANDS

7.3.1 METHODOLOGY
7.3.1.1 Forest Land Remaining Forest Land

There are two broad components to Forest land remaining Forest land — Managed Native Forests and
Plantations. These are treated as independent strata and emissions estimates are modelled independently.

The methods for estimating emissions from controlled burning and wildfires in Forest land remaining Forest
land are described in section 7.10.

Forests are defined as having vegetation (trees) with a height of at least 2m and a minimum crown canopy
cover of 20%. These parameters are the same as used in Australia’s National Forest Inventory. A minimum area
of 0.2ha is additionally used for identifying areas of forest for greenhouse gas reporting purposes. The National
Forest Inventory does not apply a specified minimum area.
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Managed Native Forests

Managed native forests are taken to be those comprised of endemic species arising from natural regrowth,
although various silvicultural techniques may be applied to initiate and promote particular growth
characteristics. The areas considered are those subject to harvest and regrowth from prior harvest. Areas of
deforestation that change to a non-forest land use or to plantation (native and exotic) are excluded from this
account and are reported elsewhere.

The method used for the estimation of emissions and removals is Tier 2, using country specific growth and
decomposition rates. The reporting of managed native forests includes both above and belowground biomass
and harvest slash generated from forest harvest. Emissions and removals from soil carbon are not considered
to be significant with the losses during forest harvest presumed to be in balance with re-accumulation in areas
of regrowth for any inventory period. The detailed methods used are described in Appendix 7.A.

The current methods do not support emissions estimation from other activities in managed forest lands, but
these activities e.g., grazing, beekeeping etc. do not have a significant effect on carbon stocks.

Harvested wood products are not reported in this category and carbon stocks are transferred to the harvest
wood products reporting (G Other). In the structure of the reporting tables that do not account for transfers
of carbon stocks, this leads to an apparent, but not real, emission from managed native forests and a‘sink’in
harvested wood products.

Plantations (Native Forests converted to Plantations and Plantations remaining Plantations)

The plantation forests include those forests that (a) meet the definition of forest, (b) are not managed native
forests, (c) are not areas of deforestation, and (d) for reporting of Forest land remaining Forest land, are not
other land uses that are converted to Forest land. Areas included are typically either managed native forest
converted to plantation, or long term (second or third rotation) plantation systems. Prior to 1990 it was
relatively common practice to convert native forest to plantation. After 1990, this practice largely ceased, and
now only occurs in limited areas.

The Tier 3 NCAS CAMFor model is used to estimation emissions and removals from plantations (although not
yet fully spatially explicit) employing growth increment tables and wood flow estimates. The carbon pools
considered for plantations include above and belowground biomass and litter. Soil carbon under long term
forest use is considered to be in equilibrium. This is consistent with national reviews of forest soil carbon
data (Polglase et. al., 2004; Paul et. al., 2002b; Paul et. al., 2003b). The detailed methods used are described in
Appendix 7.B.

The areas of plantation have been drawn from Australia’s National Forest Inventory. However, the National
Forest inventory makes no distinction between native forest conversions to plantations and second rotation
plantations (Forest land remaining Forest land) and other non-forest land uses converted to forests (land
converted to forest). To separately identify non-forest land uses that were converted to forest after 1990 the
archive of NCAS remotely sensed satellite data was analysed from 1990 onwards. This time-series data was
able to separate forests that remained forests from other land uses that were converted to forest, while also
keeping these spatially unique from forest regrowth cycles in areas of deforestation that are reported under
the forest land converted to other land use categories. The emissions from other land uses converted to forest
were simply deducted from the estimates for the total plantation estate leaving an estimate for only those
plantations that were Forest land remaining Forest land.

Harvested wood products are not reported in this category and carbon stocks are transferred to the harvest
wood products reporting (G Other). In the structure of the reporting tables that do not account for transfers of
carbon stocks, this leads to an apparent, but not real, emission from plantation forests and a‘sink’in harvested
wood products. This leads to these plantations appearing as a source of emissions when coupled with the
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reporting of plantations in Grassland converted to Forest land also removes the expansion of the plantation area
(young forests) that act as a sink.

Fuelwood Consumed

For transparency the CO, emissions associated the consumption of fuelwood are reported separately. The
amount of fuelwood collected from managed forests is based on the estimates of fuelwood consumption (t
dry matter) reported by ABARE. Dry matter is converted to carbon content (0.5) and multiplied by 44/12 to give
CO, emissions.

7.3.1.2 Land Converted to Forest Land

In Australia, lands converted to forest land are almost always formerly grassland, and even if they have been
previously cropped at some time, they will have had a period as grassland prior to conversion of forest land. All
emissions are therefore reported as Grassland converted to Forest land. High land values and high soil nutrient
status both limit the access to, and suitability of, former croplands for plantation establishment.

The definition of forest is the same as reported for all other land categories. The areas of Grassland converted to
Forest land are drawn from remotely sensed data as per the methods described in Appendix 7.B.The multiple
national time-series of Landsat satellite data (25m) is analysed to provide the previous vegetation cover, area,
time of establishment and type of plantation (Caccetta and Chia 2004).

The modelling method used to estimate emissions is described in Appendix 7.B and is the same as the
method used for plantations under Forest land remaining Forest land. Again, the soil carbon pool has not

been estimated. Polglase et. al. (2004), Paul et. al. (2002b) and Paul et. al. (2003b) have shown that with the
establishment of plantations on pasture land that an initial loss of soil carbon will be recovered over time.
Given the mix of ages of the plantations reported under this category, it is expected that initial losses in young
forests would be counterbalanced by the accumulation in older forests. As with Forest land remaining Forest
land, a calibrated and verified soil carbon model will be used to estimate soil carbon emissions in future when
the full NCAS spatially explicit modelling (Tier 3, Approach 3) is applied.

When a fully spatially explicit approach is taken in parallel to that used for Forest land converted to Grassland, it
will be possible to remove any potential overlap in land areas between these two categories. This could occur
where plantations are established after 1990 on land that was cleared after 1970.

7.3.2 UNCERTAINTIES AND TIME SERIES CONSISTENCY

Uncertainties for Forest lands were estimated to be +30% for CO,. Further details are provided in Annex 7.
Time series consistency is ensured by the use of consistent methods and full recalculations in the event of any
refinement to methodology.

7.3.3 SOURCE SPECIFIC QA/QC

Specific QA/QC and verification activities undertaken for this source category are described in detail in section
7.26.1.

7.3.4 RECALCULATIONS SINCE THE 2004 INVENTORY

Revisions and corrections to activity data have led to recalculations for forest lands remaining forests.
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7.3.5 SOURCE SPECIFIC PLANNED IMPROVEMENTS

The method used is yet to reflect the fully spatially explicit (Approach 3), Tier 3 process-based modelling
methods of Australia’s NCAS. The methods being developed as described in Appendix 7.E will provide a
comprehensive estimation capability for future reporting when the national implementation has been fully
calibrated, verified, quality assured and peer reviewed. This is consistent with the approach to inclusion of
NCAS results in the national inventory only after all appropriate cross-cutting processes have been completed.

In addition with the calibration of a forest soil carbon model within the NCAS soil carbon pools will also be
estimated and reported for these forests when the fully spatial area data is available.

7.4 SOURCE CATEGORY 5B CROPLAND

7.4.1 METHODOLOGY
7.4.1.1 Cropland Remaining Cropland

Forest land converted to Cropland is taken to be all of the current croplands that were deforested since 1972
(commencement of the NCAS national remote sensing of land cover change as described in Appendix C).
Cropland remaining Cropland is therefore a land use that has persisted for a period of over 30 years. The results
of field trials and paired site sampling analyses carried out for Australia’s NCAS (Skjemstad and Spouncer 2002)
show that soil carbon is in equilibrium at this stage. Also, the biomass of annual crops is generally consistent
year to year, particularly with variability across regions tending to an average over the entire country.The
carbon stock change and CO, emissions for Cropland remaining Cropland are therefore reported as ‘0.

Non-CO, greenhouse gas emissions from Cropland remaining Cropland are reported under the Agriculture
sector of the inventory.

7.4.1.2 Land Converted To Cropland

In many Australian agricultural land systems there is an ongoing practice of rotations between crops and
grasslands. These are considered as ongoing use as cropland because this part of the rotational system has the
greatest influence on carbon stocks and greenhouse gas emissions. Because of this, whenever land is cropped
it is considered cropland and reported under a Cropland category (although the emissions are estimated
taking account that land use may have transferred to and fro between a grassland and crop use).

Forest Land Converted to Croplands

The definition for a forest used by Australia (2m height, 20% crown canopy cover and minimum area of
0.2ha) is also used to define areas of forest conversion. That is, the conversion of greater than 0.2ha of forest
to another (non-forest) land use is taken as a forest conversion.When the land use subsequent to a forest
conversion contains a cropping activity, associated emissions are reported under Forest land converted to
Cropland.

The reporting of Forest land converted to Cropland includes all on-site carbon pools. The areas are identified by
the NCAS remote sensing program as described in Appendix C. As all national land areas are covered by this
program in time-series since 1972, all Forest land converted to Cropland has been identified

Emissions and removals are estimated using the Tier 3, Approach 3 NCAS mass balance, process-based
ecosystem model FullCAM, as described in Appendix C. The calibration and verification of this model, along
with the associated quality assurance and quality control program are described in Appendix C.
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7.4.1.3 N,O Emissions From Disturbance Associated With Land-Conversion To Cropland -5(111)

Emissions of N,O from conversions to Cropland and other emissions including due to the application of
nitrogen fertiliser are reported under the Agriculture sector.

7.4.2 UNCERTAINTIES AND TIME SERIES CONSISTENCY

Uncertainties for Cropland conversion were estimated to £10% for CO,. Further details are provided in Annex 7.
Time series consistency is ensured by the use of consistent methods and full recalculations in the event of any
refinement to methodology.

7.4.3 SOURCE SPECIFIC QA/QC

Specific QA/QC and verification activities undertaken for this source category are described in detail in section
7.26.1.

7.4.4 RECALCULATIONS SINCE THE 2004 INVENTORY

There have been no recalculations for this sector.

7.4.5 SOURCE SPECIFIC PLANNED IMPROVEMENTS

In taking a land systems based approach with its Tier 3 fully spatially explicit methods Australia is in the
process of implementing fully integrated emissions estimates. To achieve this Australia will develop capabilities
for the comprehensive reporting of all forms of emissions for all activities on the land from which they occur.
Australia will therefore be in a future position to report all emissions, CO, and non-CO,, for each of the land
categories.

7.5 SOURCE CATEGORY 5C GRASSLAND

7.5.1 METHODOLOGY
7.5.1.1 Grassland Remaining Grassland

The Grassland remaining Grassland category includes all areas of Grassland that are not reported under Forest
land converted to Grassland. Areas that are in rotational use between Grassland and Cropland are reported
under either Forest land converted to Cropland or Cropland remaining Cropland.

Zero emissions are reported from Grassland remaining Grassland on the basis that annual cycles for plants and
litter do not vary year to year. Also, these lands are considered to have been under a Grassland use for 30 years
(they would otherwise be identified as a Cropland or Forest land converted to Grassland). After this period of
time itis presumed that carbon stocks will have reached an equilibrium (Skjemstad and Spouncer (2002). Non-
CO, emissions are reported in the Agriculture sector.

7.5.1.2 Land Converted To Grassland
Forest Land Converted to Grassland

The definition for a forest used by Australia (2m height, 20% crown canopy cover and minimum area of
0.2ha) is also used to define areas of forest conversion. That is, the conversion of greater than 0.2ha of forest
to another (non-forest) land use is taken as a forest conversion.When the land use subsequent to a forest
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conversion is as a grassland, associated emissions are reported under Forest land converted to Grassland.

The reporting of Forest land converted to Grassland includes all carbon pools. The areas are identified by the
NCAS remote sensing program as described in Appendix C. As all national land areas are covered by this
program in time-series since 1972, all Forest land converted to Grassland has been identified. All lands converted
from forest to continuous grassland use are included. Cyclic forest regrowth in grasslands is also reported
under Forest land converted to Grassland. Where a cropping activity takes place on these lands they are
removed from this account and are reported under Forest land converted to Cropland.

Emissions and removals from this category are estimated using the Tier 3, Approach 3 NCAS mass balance,
process-based ecosystem model FullCAM, as described in Appendix C. The calibration and verification of
this model, along with the associated quality assurance and quality control programs are also described in
Appendix C.
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7.5.2 UNCERTAINTIES AND TIME SERIES CONSISTENCY

Uncertainties for Grassland conversion were estimated to be +10% for CO,. Further details are provided in
Annex 7.Time series consistency is ensured by the use of consistent methods and full recalculations in the
event of any refinement to methodology.

7.5.3 SOURCE SPECIFIC QA/QC

Specific QA/QC and verification activities undertaken for this source category are described in detail in section
7.26.1.

7.5.4 RECALCULATIONS SINCE THE 2004 INVENTORY

There have been no recalculations for this sector.

7.5.5 SOURCE SPECIFIC PLANNED IMPROVEMENTS

In taking a land systems based approach with its Tier 3 fully spatially explicit methods Australia is in the
process of implementing fully integrated emissions estimates. To achieve this Australia will develop capabilities
for the comprehensive reporting of all forms of emissions for all activities on the land from which they occur.
Australia will therefore be in a future position to report all emissions, CO, and non-CO,, for each of the land
categories.

7.6 SOURCE CATEGORY 5D WETLAND

7.6.1 METHODOLOGY
7.6.1.1 Wetland Remaining Wetland

Australia does not estimate emission and removals from this voluntary reporting category.

7.6.1.2 Land Converted To Wetland

Australia has no peat extraction and any removals of forest biomass for the purposes of water storage
infrastructure are reported under Forest land converted to Grassland.
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7.7 SOURCE CATEGORY 5E SETTLEMENTS

7.7.1 METHODOLOGY
7.7.1.1 Settlements Remaining Settlements

Australia does not estimate emission and removals from this voluntary reporting category.

7.7.1.2 Land Converted To Settlements

The conversion of forest prior to infrastructure development is captured and reported under Forest land
converted to Grassland. Therefore emissions and removals from this category are included elsewhere.

7.8 SOURCE CATEGORY 5F OTHER LANDS

7.8.1 METHODOLOGY
7.8.1.1 Other Lands Remaining Other Lands

All Other lands are considered unmanaged, and as such Australia does not report emission and removals from
this voluntary reporting category.

7.8.1.2 Land Converted To Other Land

It is assumed that no Lands are converted to Other Lands

7.9 SOURCE CATEGORY 5G OTHER

7.9.1 METHODOLOGY
7.9.1.1 Harvested Wood Products

Australia reports the carbon stock changes and associated emissions and removals of CO, from the harvested
wood products pool. The carbon pool considered is defined as the wood products in service life within
Australia. This includes the national production (including transfers from Forest land after harvest that are
recorded as a carbon stock reduction in Forest land remaining Forest land and Grassland converted to Forest land)
plus the imported material, minus exported material and losses to landfill and the atmosphere. The methods
used are described in detail at Appendix 7.D.

7.9.1.2 N,O Emissions From N Fertilisation 5(1)

Nitrous oxide emissions associated with nitrogen fertilisers are reported under the Agriculture sector (4D).

7.9.1.3 N,O Emissions From Drainage of Soils 5(II)

Australia does not estimate emission and removals from this voluntary reporting category.

7.9.1.4 CO, Emissions From Agricultural Lime Application 5(1V)

Australia does not currently report emissions from this category although limestone and dolomite are used
in Australia to ameliorate soil acidity. Data of sufficient quality is not available for the time-series to enable
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estimation of these emissions. The limited data available indicate that this is likely to be minor source of
emissions. Further work in this area has been identified for inventory improvement, but is currently a low
priority.

7.9.2 UNCERTAINTIES AND TIME SERIES CONSISTENCY

A qualitative assessment of uncertainty was undertaken and uncertainties for harvested wood products
were estimated to be medium. Time series consistency is ensured by the use of consistent methods and full
recalculations in the event of any refinement to methodology.
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7.9.3 SOURCE SPECIFIC QA/QC

Specific QA/QC and verification activities undertaken for this source category are described in detail in section
7.26.1.

7.9.4 RECALCULATIONS SINCE THE 2004 INVENTORY

There were minor revisions and corrections to activity data used for the estimation of net emissions from
harvested wood products pool in 5G.

7.9.5 SOURCE SPECIFIC PLANNED IMPROVEMENTS

All data and methodologies are kept under review and development. Appendix 7.E specifies the detailed
development plans for the National Carbon Accounting System.

7.10 SOURCE CATEGORY 5(V) BIOMASS BURNING

7.10.1 METHODOLOGY
7.10.1.1 Forest Lands (5A.1) - Prescribed Burning and Wildfires

In Forest lands, burning is carried out in Australia either anthropogenically or as a result of wildfires. The
anthropogenic burning occurs for a variety of reasons including fuel reduction, prevention of uncontrollable
wildfires, and traditional Aboriginal burning. These anthropogenic fires replace wildfires that would occur
naturally otherwise, albeit at other times of the year.

The release of CO, in fire is not synchronous with the rate of uptake by regrowing forest and may take

many years to sequester the quantity of carbon released in a wildfire of prescribed burn. As the Australian
method does not capture removals by regrowth after these fires Australia also does not report CO, emissions
associated with the fires, in accordance with IPCC (2003) guidelines.

Climatic variability contributes large year-to-year variations in biomass burning in Australia. Consequently,
to obtain a representative value, emissions are represented as a 3—year moving average of individual annual
estimates.

For prescribed burning and wildfires, the total mass of fuel burnt is calculated as:
M, =A, *FL, *Z, *10° (Gg) (5V_1)
Where: A =area of category burnt annually (ha),

M, = mass of fuel burnt annually (Gg),
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FL.= fuel loading (dry weight) (Mg ha) (Table 7.4 and 7.5),
Z,= burning efficiency (Table 7.6).
then for CH,, CO and NMVOCs calculate total annual emissions:
Ei,, =M, *CC, *EFi *C (Gg)

(BvV_2)
Where:  E, = annual emission of gas i from biomass burning (Gg),
M,, = mass of fuel burnt annually (Gg yr?).
cC, = carbon mass fraction in vegetation (Table 7.7),
EF, = emission factor for gas i from vegetation (Table 7.8),
C, = factor to convert from elemental mass of gas species i to molecular mass (Table 7.9),
and total annual emissions for NO_and N,O are:
Bi,,=M,,*CC, *NC, *EFi, *C, (Gg) (5v_3)

Where: = annual emission of gas i from biomass burning (Gg),
M,, = mass of fuel burnt annually (Gg),
cC, = carbon mass fraction in vegetation (Table 7.7)
NC, = nitrogen to carbon ratio in biomass (Table 7.7)
EF,, = emission factor for gas i from vegetation (Table 7.7)

C, = factor to convert from elemental mass of gas species i to molecular mass (Table 7.9)

Table 7.4 Fuel loads for Prescribed Burning of Forest in Australia

ACT®  NSW®@ NT® Qld@ SA® Tas® Vic®

FL,, (Mg/ha)
Load 17.6 18.2 4.1 9.7 9.6 20.0 17.9 12.0
(a) State agencies, (b) Tolhurst (1994)

Table 7.5 Fuel loads for Wildfires in Australia

ACT®  NSW@ NT® Qld® SA®) Tas® Vic®
FL, (Mg/ha)
Load 356 36.4 72 19.4 19.2 40.0 358 334

(a) State agencies, (b) Tolhurst (1994)

Table 7.6 Burning efficiencies for Prescribed Burning and Wildfires in Australia

Prescribed burning 0.42
Wildfires 0.72
Tolhurst (1994)
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Table 7.7 Forest vegetation composition

Carbon mass fraction in Nitrogen to carbon mass

SR dry residue CC, fraction NC, w E

Forest 0.46 0.011 o0

N o@

Hurst etal. (1994a,b) _ ) _ <Z( Q

Table 7.8 Mean emission factors for carbon and nitrogen trace gases from forest biomass burning : 2)

— n <

Gas species Emission factor g W

i . . EFy . Zz=Z

(Gg element in species/Gg element in fuel burnt) S

1. CH, 0.0054 O
2. NO 0.0077

3. NO, 0.15

4. Cco 0.091
5. NMVOC 0.022

Hurst et al. (1996)

Table 7.9 Elemental to molecular mass conversion factor(C)

CH, N,O NO, CO NMVOC
133 157 3.29 2.33 117

7.10.1.2 Forest Lands Converted to Croplands and Grasslands (5B.2 AND 5C.2)

Carbon dioxide emissions from on-site burning associated with land conversion is estimated by the National
Carbon Accounting System (Appendix C). The mass of fuel carbon burnt annually (FCjkI) is taken directly from
the National Carbon Accounting System and is used to estimate the non-CO, gases associated with burning.

There are no direct measurements of trace gas emissions from the burning of cleared vegetation in Australia,
however, it is considered that these fires will have similar characteristics to hot prescribed fires and wildfires
(Hurst et al. 1996).

The algorithms for total annual emissions of CH,, CO and NMVOCs are:

Ei,, = FC,, *EF, *C,(Gg) (5V_4)
and for total annual emissions for NO, and N,O are:
Ei,, = FC,, *NC, *EFi, *C,(Gg) (5V_5)

Where: FC\ = annual fuel carbon burnt in land conversion (Gg),
EF, = emission coefficient for gas i from vegetation (Table 7.8),
NC, = nitrogen to carbon ratio in biomass (Table 7.7)

C, = factor to convert from elemental mass of gas species i to molecular mass (Table 7.9).

7.10.2 UNCERTAINTIES AND TIME SERIES CONSISTENCY

Uncertainties for biomass burning CH, and N,O were estimated to be in the order of -45 to +93% for Forest
Lands and £20% for forest conversion categories. Further details are provided in Annex 7.Time series
consistency is ensured by the use of consistent methods and full recalculations in the event of any refinement
to methodology.
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7.10.3 SOURCE SPECIFIC QA/QC

Specific QA/QC and verification activities undertaken for this source category are described in detail in section
7.2.6.1. Data quality used in the inventory is kept under review by the AGO. This source category is also covered
by the general QA/QC procedures detailed in Section 1.6.

7.10.4 RECALCULATIONS SINCE THE 2004 INVENTORY

Emissions for the most recent year in the Forest lands biomass burning category are recalculated each year
due to the recalculation of the three-year average of emissions once the third year of data becomes available.
Some minor, missing data has been obtained. Biomass burning associated with land conversion has also been
recalculated due to the revision to conversion estimates as discussed above.

7.10.5 SOURCE SPECIFIC PLANNED IMPROVEMENTS

All data and methodologies are kept under review and development.
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APPENDIX 7.A: MANAGED NATIVE FORESTS

Background

The model used for the reporting of carbon stock changes and CO, emissions from managed native forests
currently only considers the above and belowground biomass and harvest slash. The areas and activities
considered in the model are those associated with forest harvesting of Australia’s managed native forests.
Changes in dead organic matter, other than that generated as harvest slash, and soil carbon are not considered.
The areas of harvest and regrowth, and growth rate data are drawn from Australia’s National Forest Inventory.

Australia’s National Carbon Accounting System (NCAS) is developing the capacity to comprehensively report
on Forest land remaining Forest land, the inventory category that incorporates both managed native forests,
and plantations (that are not otherwise reported in the land converted to Forest land categories). NCAS
reporting currently includes fully developed reporting for lands converted to Forest land, but the development
of aTier 3 fully spatially explicit estimation method for managed native forests is yet to be completed.

The spatially explicit methods when applied by the NCAS will ensure that there are no gaps or overlaps in
reporting of either lands or emissions. It is anticipated that this reporting capability will be introduced in the
2004 inventory for Forest land remaining Forest land. For now, the following methods describe the managed
native forests reporting, while Appendix 7.B describes the methods used for reporting plantations. Together
the managed native forest and plantations represent the entirety of reporting of Australia’s managed Forest
land remaining Forest land and Land converted to Forest land.

An overview of the methods that will be applied to future reporting for managed native forests can be found
in Appendix 7.E.

Growth Modelling

Growth rates (in tC yr?) are modelled by broad forest types and age classes (Table 7.A1). The total area of each
forest type is divided into a series of age classes, each with different growth rates (Table 7.A2). A weighted
average growth rate based on the area of forest in each age class is calculated to give an average per hectare
growth rate for each forest type [1]. Total annual growth for each forest type is then calculated by multiplying
the weighted average by the total forest type area [2], with all forest types summed to provide a total managed
native forest growth value [3]. Growth is then converted to CO, removals using a standard conversion rate
based on the relative mass of C and CO, [4].

The total area of each forest type is that outside of nature conservation reserves. Only areas within the
commercially managed estate (i.e., those outside conservation reserves) are included in the emissions
reporting. The forest areas within each forest type are assumed to not change with time and there is no
movement between conservation and production areas. The model is constant for both area and growth rates
for each forest type and forest age class. Hence the calculated CO, removals associated with forest growth
remain constant through time.

Weighted average growth rate for forest type = S (Area in age class * age class growth) / Total forest type area  [1]
Forest type growth per year (tC yr'!) = total area of forest type * weighted average of age class growth rates ~ [2]

Total growth per year (tC yr') = sum of annual growth for all forest types [3]
CO, removed by forest growth = total growth (tC yr!) * Fraction of carbon dioxide that is carbon (12/44) [4]
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Sources of Data, QA, QC and Verification

All data for the current model was derived from Australia’s National Forest Inventory, and has been published
as part of Australia’s National Greenhouse Gas Inventory for several years. As such the growth and area data
has been publicly available, and subject to domestic review through national review processes, and through
international ‘desk’ and ‘in-depth’ review processes.

The estimates of both growth rates and areas extracted from Australia’s National Forest Inventory can be
verified against independent data published by the Resource Assessment Commission Forest and Timber
Inquiry findings (Resource Assessment Commission 1991, Resource Assessment Commission 1992a, Resource
Assessment Commission 1992b) and the growth rates reported by West and Mattay (1993), based on the data
available to the Research Working Group of the Standing Committee on Fisheries and Forestry to Australian
Government. Comparisons show that the estimates used are within the range of those described by the
Resource Assessment Commissions (lower estimate) and West and Mattay (higher estimate).

Emission due to harvest slash

Harvested roundwood data is used to model the emissions from harvest slash. Total roundwood removals
were summed from 8 sub-categories from 1971-94 (saw and veneer, sleepers, wood-based panels, paper and
paperboard, fencing, mining, poles and piles, other). From 1995 on the fencing, mining, pole and piles and other
categories were no longer reported separately but included in the remaining categories (ABARE 2000, ABARE
2006b). Hardwood slash is calculated as a direct proportion of roundwood removals [5] to account for the non-
merchantable components of trees felled and left to decay in-forest once merchantable products are removed.

Hardwood slash (m?) = Roundwood removals (m?) * Hardwood Slash Ratio (0.9) [5]

24 | NATIONAL INVENTORY REPORT 2004 (REVISED) VOL 2



AUSTRALIA'S NATIONAL GREENHOUSE ACCOUNTS

AY1S3404 ANV IONVHI

3SN ANVT3SN ANV

Tv.'G88'YT 20¢€',26'8 8YT'2S8'e 000'9T9 000'992'T L09'7YT'C 9¢6'GY9 7¥9'50€ 8/6'96 6EV'856'S s[elol
18/'882'T veT'Vee veT'Vee €G9'790'T S1sal04 J8yl0
5159104 BI0RIY

TE6'V6C £80'8¢¢ £80'8¢¢ 878'99 S1sal04 suM|[ed

29|e|\ 1dAeong

5153104 1dAjean3 asreds mo

252'620°C €8€'G6G'T €8€'6Y0'T 000'9¥S 698'cey $158104 1dAjeon3 esreds wnpsiy
S1sa.104 1dAjeon3 asreds |reL

5158104 1dAjean3 asuag Mo

06T'G0L'9 081'6.0'% €26'9T9'T 000°€Ey 000'992 OvS'TIE'T ove'vie 6T9VST 8G0'€e 0T.'G29'C S152104 1dAjeon3 ssuaq wnIpain

869'v7EC'E v19'6T2'C 110'7T9 000'€8T 000'79¢ 190'29% 98G'T.E GZ0'TST 616'€L ¥20'ST0'T s1sa104 1dAjean3 asuaq |reL

788'2ee'T 875085 8YS'6TT 00006 000'T.E v€E'2GL s1salojurey
ey ey ey ey ey ey ey ey ey ey

umouun
S1S8104 soby paby alo SIA s1A 00z SIK 00T SIKOE-TT SIAQT-T SIsse|D
IV 10} 2101 11V Jo} [erop 10 931y JU2S8UaS  -Q0T 24n1ei ainyewiw| ajlusANng juswysi|qe1s3 aby asoy

adA] 158104

$158104 91215
S9AJI3SaJ UOIIBAISSUOI 3inYeu Bulpn|oxe s1sa104

(-4A 72y 21) sesse|d abe pue adA 15810} AQ Sealy :gV /. d|qel

GEC0 ¥Z0 €20 $158104 18410
5159104 BI0BIY
¥5¢°0 S20 G20 $1S8104 SUN|[eD

29|[e|\ 1dAfeang

5153104 1dAjean3 asreds mo

9.T0 174\ ¥2'0 s159104 1dA[eon3 asreds wnipa|y
S15a.104 1dAjeon3 asreds |reL

5158104 1dAjean3 asuag Mo

876°0 €e0 6TT 870 660 08¢ ey 291 $152104 1dAjeon3 ssua@ wnipain

0} 79'¢ 66'C 7.0 €2¢ vy 77’9 vZ'e s1sa104 1dAjeon3 asusq |leL

9/5°0 S20 980 950 s1salojurey
Ay 03

ealy
paby umouxun
A 9] A A - A - A og- A0T-
apawBieM o (e sIK00Z ~ SIA00Z-00T  SIKOOT-TE  SIAOE-TT SIKOT-T 155819 0By 350U odAL 150104
‘asealou < JUdJsauss alnje alnjeww| allusAng juswysiigelsy
994yl OM| S]1S8.104 ajels

|enuuy abetany

umouy si ssej) aby asoyp (San1asal UoITeAIaSUO0I aanyeu Buipn|oxa) Sainuay ||V Ul S1S8104 ||V

(44 ;Y O1) sasse|) aby pue adA] 158104 AQ S81ey YIMOol9 TV . 9|qel

NATIONAL INVENTORY REPORT 2004 (REVISED) VOL 2 | 25



AUSTRALIA'S NATIONAL GREENHOUSE ACCOUNTS

Emissions from the decay of forest slash from managed native forests is presumed as linear, with carbon moving
to the atmosphere within a pre-defined number of years (Table 7.A4).

Table 7.A3: Annual Roundwood Removals from Managed Native Forests

Year Roundwood Removal 1,000 m?3

1990 10,535
1991 10,037
1992 9,512
1993 9,801
1994 9,793
1995 10,857
1996 9,920
1997 9,442
1998 9,793
1999 9,504
2000 11,774
2001 11,510
2002 10,557
2003 11,713
2004 10,983

Model Parameterisation

Key parameters and the ‘constraints’ used in the model are shown in Table 7.A4.The parameters fall into
grouping of similar types:

> carbon fraction of biomass;

> carbon to CO, conversion;

> partitioning of tree biomass to various components;

> carbon density of wood; and,

> decay times of various products.

As with the growth rates and harvest areas, the data presented here has been contained in and reviewed

during several national inventory submissions. Also, there is independent data for comparison with the data
used in this model.

Table 7.A4: Parameters and Default Values Used in the Model

Description Value Units
Fraction of aboveground forest dry matter that is carbon, by weight 0.50

Fraction of belowground forest dry matter that is carbon, by weight 0.45

Fraction of carbon dioxide that is carbon, by weight 0.27

Ratio of belowground weight to aboveground weight for forest 0.25

Ratio of hardwood slash to hardwood roundwood removal, by volume 0.90

Density of carbon in hardwood 0.325 tC/m?
Time to total decay of hardwood slash (equal amount decays each year) 7 year
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Carbon Fraction of Biomass

The carbon fraction of aboveground biomass is assumed to be 0.5 of dry matter. This is consistent with the

work of Gifford (2000b). Gifford found that, on average the carbon contents of tree component for Australian wl E
native trees (Table 4 p6) are shown in Table 7.A5. S50
3
< Lo
Table 7.A5: Carbon Content Estimates from Gifford 2000a : %
D <
Mean Carbon Content Coefficient of Variation g =
Bark 0.490 75 <Z( <Zt
Sapwood 0.487 5.6 =S
Deepwood 0.507 2.8
Green Leaf 0.528 2.8
Twigs 0.498 29
Branch 0.47 31

The fraction of carbon belowground used is 0.45, whereas Gifford (2002) found that for ‘coarse’ woody
root material for native temperate species (the majority of the harvested types) was around 0.48-0.49.

Table 7.A6: Carbon Content of Root Material from Gifford 2000b

Mean Standard Variation

Bark 477 11
Stele 49.3 0.6

The values of Gifford (2000b) confirm the validity of the use of a value of 0.5 for the average carbon content of
aboveground biomass dry matter. The value of Gifford (2000a) for belowground biomass is slightly higher than
the 0.45 used in this model, however, Gifford (2000a) measured coarse root material. It is likely that the carbon
content for fine roots will be substantially lower, so an overall value of 0.45 is appropriate. Select measures by
Gifford (2000a) found values for fine roots of 0.435,0.483,0.390 and 0.410 for samples of fine root material.

Carbon to CO, Conversion
The conversion factor used is 44/12 (3.666) which is the IPCC recommended default.

Partitioning of Tree Biomass

The three conversion factors used in the model are:
> ratio of belowground weight to aboveground weight for forest — 0.25
> ratio of softwood slash to softwood roundwood removal — 0.9
> ratio of hardwood slash to hardwood roundwood removal — 0.9

These values can be compared to those found by Snowden et. al. (2000). For commercial tree types of
harvestable age these values fall within the ranges reported by Snowden et. al.

Density of Carbon (t C/m?) for Hardwood

The value for the density of carbon (t C/m?3) used in this model for hardwood is 0.325. Independent studies

by Jaako Poyry (1999 and 2000) derived a basic density value of 630kg/m? for hardwood. Converted to an
equivalent t C/m?® using the carbon content of dry matter as 0.5, the Jaako Poyry results were equivalent to
0.315 t C/mé® for hardwood. These independent values are similar,and confirm the appropriateness of the value
used in the model.
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APPENDIX 7.B: PLANTATIONS

Introduction

The Australian Government’s capacity for carbon accounting in plantations has been developed through
Australia’s National Carbon Accounting System (NCAS). The development of the NCAS includes four

principal program areas, remote sensing of land cover change; biomass estimation; soil carbon estimation;
and information system development. The capability developed for these programs is being progressively
implemented for national reporting. The results reported in this paper do not as yet reflect an implementation
of the full form of Tier 3 emissions estimation and Approach 3 land representation that will be used eventually.

Model Development

Model development for the NCAS started with the point-based and spatial ‘estate’ Excel versions of the CAMFor
model (Richards and Evans 2000a). CAMFor (Figure 7.B1) was then integrated with the Roth-C soil carbon model
(Jenkinson et.al., 1987, Jenkinson et. al.,1991), the 3-PG forest growth model (Landsberg and Waring 1997) and
the GENDEC litter decomposition model (Moorhead and Reynolds 1991; Moorhead et. al., 1999). The individual
models can be applied independently or in various combinations within the model framework. For example,
CAMFor can take data inputs from user entered data tables, from 3-PG or from a generalised, productivity
driven growth formula.

Figure 7.B1: The CAMFor Model Pool Structure

Products

SiteAdistStem

BoFud FusiMp DemprracFuel

bfranhAncThi{ ot Age) Turmnover FueM, CFrachain
teAdiust Bran

Pulp and Paper Fap
Faprtd, CFrachsn

x Dom pFracFspr

Packing Wood FackM « DompFracPack
PackM, CFrachan

Furniture Furmib]« Do pFrachum
Fumh, CFracan

Fibirkd e DompFracFibr

Fibweboard
Fibrid, CFrackan

Construction ConzW x DompFractons
Cons, CFrachkian

FTIRCETRN,

Diyh Lith| Ceromposoor
¥ Hum Fraccy| % Hum fFracL | DM« DemoFracCwe B Resibi CarmpFrecfesi

¥ WferFracboyHum| % XferFraclitHur ReaM, F‘FW[ afies

W eyl e

L ithd x DemoFraclit

ICESU RN
Hurird

x EncpFracHum
w XIErFracHUmInr|

Once the testing of the forest model was complete the development of an agricultural equivalent model was
undertaken, around a new model, CAMAg (Richards and Evans 2000b), to replicate the role of CAMFor.The
forest and agricultural applications were then integrated into the FUllCAM model (Richards 2001b; Richards
and Evans 2004), providing the capacity for spatial (GIS) application, with transitions between agricultural and
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forest systems, or mixed systems such as agroforestry and grazed woodlands. The ability to change agricultural
and forest species over time was also introduced into FUllCAM (Figure 7.B2). The FullCAM model provides

the framework for the integration of the model program calibration and verification activities, land use and
management systems, remotely sensed land cover change information and collated (tabular) data such as crop
yield and wood density.

Figure B2: The FullCAM model pool structure

Forest Agricultural System

Crops

Diebris

L Pooks
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I

The Current Approach Plantations Carbon Accounting

The approach to estimating emissions from plantations will evolve and be refined as the NCAS develops.
Initially, as reported here, it employs growth increment tables based on the work of Turner and James (2001),
as developed from the National Forest Inventory (National Forest Inventory 1997a and 1997b) wood flow
estimates (National Forest Inventory 2000). Areas of relevant plantation types have been derived from
Australia’s National Plantation Inventory establishment estimates. Overall plantation establishment area
estimates were discounted by the estimated areas of 2" rotation plantations (Spencer et. al., 2001).

While it has been shown that in the medium to long term, soil carbon contents do not change for most
plantations (Polglase et. al.,2000), it has also been identified that there are frequently short term losses (later
recovered in most situations) and some instances of long term losses or gains (Paul et. al., 2002b). Work is
currently underway to develop the capacity for soil carbon accounting for the range of plantation situations.
Initial work (Paul et. al., 2002b, 2003a and 2003b) shows the potential for the development of this capacity.
However, as the ages of the plantations in this account are over an extended range, the initial losses will be
counterbalanced by accumulation in older plantations in any one reporting year.

The model capability for the NCAS is also being extended to consider the non-CO, gases which may arise from
activities such as fertiliser application, burning and decomposition giving rise to nitrous oxide and methane
production. These gases and their potential impact have not been considered in the current analyses, but are
not expected to be significant.
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Model Implementation

The plantation area data provided by Spencer (2001) is reported on the basis of the 14 National Plantation
Inventory regions (Figure 7.B3). Three broad classes of forest are defined as Short Rotation Hardwood (SRH),
Long Rotation Hardwood (LRH) and Softwood (SW).

This data is subsequently annualised (cumulative area divided by number of years) from within the blocks of
years reported by Spencer et al., (2001).

Figure 7.B3: The National Plantation Inventory Regions
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Allocations of the Short Rotation Hardwood (SRH), Long Rotation Hardwood (LRH) and Softwood (SW) classes
are made to the region and species specific Plantation Types described by Turner and James (2001). Table 7.B2
shows the Plantation Types for which growth increment (yield) tables are available. The yields, in terms of bole
volume, are shown in Attachment 7.B1.

Table 7.B2: Plantation Types and Management Regimes

Species Region Regime

Pinus pinaster Western Australia Average sites — 65% thin @ 18yrs, 37% @ 25yrs and clearfall @
40yrs

Pinus radiata Western Australia Average sites — 51% thin @ 12yrs, 39% @ 18yrs, 32% @ 24yrs,
clearfall @ 35yrs

Pinus radiata Victoria, NSW Poor sites — clearfall @ 30yrs

Eucalyptus globulus  Western Australia Clearfall @ 10yrs

Pinus radiata Victoria, NSW Average sites — 65% thin @ 16yrs,m 57% @ 24yrs,27% @
30yrs, clearfall @ 35yrs

Pinus radiata Victoria, NSW Poor sites — 26% thin @ 18yrs, 32% @ 24yrs, clearfall @ 30yrs

Pinus radiata Victoria, NSW Average sites — 65% thin @ 16yrs, clearfall @ 30yrs

Pinus radiata Victoria, NSW Average sites — 65% thin @ 16yrs,57% @ 24yrs, clearfall @ 30
years

Pinus radiata Murray Valley Very Good sites — 44% thin @ 14yrs, 31% @ 18yrs,27% @
23yrs, clearfall @ 30yrs

Pinus radiata Victoria, NSW Average sites — clearfall @ 30yrs

Pinus radiata Murray Valley Average sites — 47% thin @ 14yrs, 35% @ 22yrs, 29% @ 29yrs,
clearfall @ 30yrs

Pinus radiata Murray Valley Average sites — 47% thin @ 14yrs, 35% @ 22yrs, clearfall @
30yrs

Eucalyptus spp Vic(Central Gippsland)  All sites — clearfall @ 35yrs

Pinus radiata Vic(Central Gippsland)  Average sites — 33% thin @ 15yrs, 37% @ 20 yrs, clearfall @
30yrs

Eucalyptus spp Vic(Central Gippsland)  All sites — clearfall @ 20 yrs

Eucalyptus spp Vic(Central Gippsland)  All sites — clearfall @ 30yrs

Pinus radiata Victoria (Central) Average sites — clearfall @ 30yrs

Eucalyptus spp Victoria (Central) All sites — clearfall @ 25yrs

Pinus spp (not Tasmania All sites — clearfall @ 35yrs

radiata)

Pinus radiata Victoria (Central) Average sites — 34% thin @ 15yrs, 18% @ 22yrs, 24% @ 28yrs,
clearfall @ 35yrs

Eucalyptus nitens Tasmania All sites — clearfall @ 25yrs

Pinus radiata Tasmania Average sites — clearfall @ 35yrs

Eucalyptus nitens Tasmania All sites- clearfall @ 30yrs

Eucalyptus nitens Tasmania All sites — clearfall @ 15yrs

Eucalyptus spp South Australia All sites — clearfall @ 25yrs

Pinus spp (not South Australia Average sites — 54% thin @ 13yrs, 25% @ 18yrs, 28% @ 23yrs,

radiata) clearfall @ 30yrs

Eucalypt spp South Australia All sites — clearfall @ 25yrs

Pinus spp (not South Australia Average sites — 54% thin @ 13yrs, 25% @ 18yrs, 28% @ 23yrs,

radiata) clearfall @ 30yrs

Eucalypt spp South Australia All sites — clearfall @ 20yrs

Eucalypt spp South Australia All sites — clearfall @ 15yrs

Eucalypt spp Queensland All sites — clearfall @ 20yrs
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Species Region Regime

Southern Pines Queensland All sites — 35% thin @ 18yrs, clearfall @ 35yrs

Eucalypt spp NSW All sites — clearfall @ 20yrs

Eucalypt spp Queensland All sites — 67% thin @ 20yrs, 47% @ 35yrs, clearfall @ 45yrs

Southern Pine NSW Northern Tableland Average sites — 27% thin @ 14yrs, 47% @ 20yrs, clearfall @
30yrs

Eucalypt spp NSW All sites — 67% thin @ 20yrs, 47% @ 35yrs, clearfall @ 45yrs

Pinus radiata Green Triangle Average sites — 54% thin @ 13yrs, 25% @ 18yrs, 28% @ 23yrs,
clearfall @ 30yrs

Pinus spp (not Green Triangle Average sites — 54% thin @ 13yrs, 25% @ 18yrs, 28% @ 23yrs,

radiata) clearfall @ 30yrs

Within the FullCAM model, as implemented for the national plantation estate, CAMFor equivalent models for
each of the Plantation Types were developed. Additional information, beyond the growth tables and thinning
regimes of Turner and James (2001) shown in Table 7.B6 and Attachment 7.B1, for each Plantation Type
included:

>wood density;

> stem to whole tree mass conversion;
> carbon contents;

> wood product destinations; and,

> leaf and root turnover estimates.

Table 7.B6 and Attachment 7.B1 provide snapshots of the relevant inputs, and the resultant carbon balances on
a per hectare basis from each of the Plantation Types. These snapshots are incorporations of the information
collated by the NCAS as individual model implementations for each Plantation Type.

The ‘Estate’ module of CAMFor as contained within the FullCAM is then used to calculate the results of the
implementation of the individual Plantation Type models on the basis of the new areas of each Plantation
Type established over time. To do this the model interrogates the carbon balance for each Plantation Type

at the relevant point in time to derive the overall account. The per hectare outcome, by the relevant age

(as determined by the year of planting for each Plantation Type), is multiplied by the number of hectares
planted in the corresponding year to calculate the change for the whole of the estate in any one year. A fuller
explanation of the operation of the ‘Estate’ module of CAMFor can be found in Richards and Evans (2000a).

Identifying Lands Converted to Forest Land

Lands converted to Forest land can be identified and classified to Plantation Type since 1990.This is because the
remotely sensed (Landsat satellite) data has only been analysed over this period. Further analysis is planned

to identify lands converted to plantation since the commencement of the Landsat archive in 1972.The time-
series data is able to identify areas where plantations have been established on land with a prior non-forest
land use.The areas are shown in Table 7.B3.
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Table 7.B3. Areas of Land Converted to Forest

Year Area (ha)

1990 81,435
1991 82,224
1992 74,002
1993 70,151
1994 69,255
1995 48,653
1996 48,653
1997 48,653
1998 63,064
1999 63,065
2000 78,588
2001 78,588
2002 119,858
2003 83,051
2004 71,460

Growth Tables and Thinning Regimes

Turner and James (2001) reinterpreted their previous work for the National Forest Inventory wood flow
estimates (National Forest Inventory 1997b) to provide current annual increments (CAI) of stem volume for
each Plantation Type represented. To determine the CAl, the estimates of total volume produced (from a per
cent thin or clearfall) by age, by region, by species and by Plantation Type were fitted with growth curves that
met the annual growth needed to meet the volume harvested (yield). The method of fitting growth curves to
the known points of wood yield for each Plantation Type is described in Turner and James (2001).

The empiricism of the estimates masks the influences of climate variability giving average performance over
the time of measurement. It has been shown (Brack unpub.) that a variable climate will affect a variability in
growth over time. While it is unlikely that the volume at maturity (reflecting the longer term climate average)
would be much affected, performance over a shorter period, such as a single inventory year, may yield above
or below the expected growth due to the prevailing climate conditions. The potential impact of prevailing
climate conditions during the time of reporting is described in Brack and Richards (2002).

Wood Density Estimates

Wood density estimates were extracted from the compendium prepared by llic et. al. (2000) for the NCAS.
While many native forest species have few, and in some instances no, reported wood density estimates,
plantation species are relatively well studied and reported. However, wood density is most commonly
measured at the time of harvest, reflecting a mature state.

As it is commonly accepted that wood density increases with tree age, there is a potential that the adopted
wood densities are over-estimates for the early stages of plantation growth. However, the overall effect is
unlikely to be significant as lower densities occur when mass is least, that is, during early growth stages. Also, as
plantations are generally harvested well before individual tree maturity (generally as total growth increment
begins to taper) it is unlikely that the maximum potential density will be achieved at the time of harvest. Table
B6 and Attachment 7.B1 show the wood density values used for the major plantation species in the Plantation
Types.
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Stem to Whole Tree Mass Conversions

Studies completed for the NCAS on the above and below ground partitioning of biomass (Keith et. al., 2000,
Eamus et. al., 2000, Snowdon et. al., 2000) have shown that both above and below ground variability reduces,
as do non-stem allocations, as site biomass increases. Greatest uniformity, and therefore least variability, tends
to occur in even-aged and productive stands. Attachment 7.B1 provides a synopsis of the non-stem allocations
used in each Plantation Type model.

The ratio of stem (merchantable) quantities to non-merchantable components is particularly important for
the calculation of the amounts of forest slash generated by thinning and harvesting activity. The potential
accumulation of slash can make a considerable contribution to increased carbon stock, particularly on former
pasture sites.

Carbon Contents

The carbon contents of various tree components below and above ground were examined in Gifford (2000a)
and Gifford (2000b) respectively in studies for the NCAS. Carbon contents were tested for various species

and growing conditions, with recommended estimates given within the range of values yielded in test
results. There was little variability in the results and more importantly no cause to suspect bias in any set of
environmental conditions or plant groups. These results could be considered as robust and reliable estimates,
providing little source of uncertainty in the carbon models.

Leaf and Root Turnover

The turnover rate of leaves affects both the amount of fine litter on the forest floor and subsequently most
of the aboveground contribution to soil carbon. The turnover rate of roots (largely fine roots) is taken to be a
direct input to soil carbon.

As this implementation of the model has not considered soil carbon, the rates of turnover of both leaves and
fine roots are relatively unimportant. The key attributes of the assigned rates are that they are realistic and do
not operate at rates high or low enough to either reduce below reasonable expectation, the mass of attached
leaves and live roots, or create unrealistically high or low levels of litter.

A simple reality check can be performed directly from observations of model results. While leaf turnover rates
have been the subject of measurement and can be compared to observations, the difficulty in measuring root
turnover means that there are very few reported measures against which to compare. However, as the stock
of ‘dead’ fine root material is accounted for as soil organic matter, this becomes irrelevant until soil carbon
accounting is implemented.

Table 7.B4: Tree Component Annual Turnover Rates

Tree Component Turnover yr+

Branches 0.03
Bark 0.1
Leaves and Twigs 05
Coarse Roots 0.05
Fine Roots 0.1
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Slash Decomposition

Subsequent to harvest there is often large quantities of slash (stumpage, branches etc.) left on the forest floor

to decompose. The rates of decomposition applied in the model have been guided by the work of Mackensen ul E
and Bauhus (1999) for the NCAS. Table 7.B5 shows the decomposition rates applied. 59
25
< Lo
. -
Table 7.B5: Slash Decomposition Rates W Z
-]
Litter Component Breakdown Rate yr! o) §
Deadwood 0.1 % <
Bark Litter 0.5 (&)
Leaf Litter 1.0
Coarse Dead Roots 0.5
Fine Dead Roots 10
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Uncertainty Analysis

Brack and Richards (2002) have provided the basis for uncertainty analysis using the @Risk Monte Carlo
capabilities attached to the FullCAM model. The analysis undertaken took advantage of the progression from
treating all parameters as ‘uncertain’ with ranges of potential values, to described the potential ‘variance’ within
many parameters in terms of a probability distribution.

Dealing with quantified variance rather than constrained uncertainty within Monte Carlo analyses in FullCAM
makes it possible to consider the correlation between variables and parameters and the likelihood of any
single or interacting circumstance occurring. When the Monte Carlo analysis runs all statistical variants of
possible inputs in combination, unrealistic biophysical scenarios may be induced. For example, under a

high rainfall both growth rate and decomposition rates will likely increase. If the Monte Carlo analysis is not
informed that these parameters are positively correlated, then the random selection of high growth values
may be associated with decreased decomposition rates.

If correlations are not prescribed combinations such as increased growth and decreased decomposition rates
(a negative correlation) are as likely to be selected as a positive correlation, yet they are not likely in reality.
This inclusion of unrealistic scenarios will considerably increase perceived uncertainty in model outcomes.The
result is that a simple multiplicative array of potential (yet unrealistic) extreme results increases uncertainty
ranges, as the generally ameliorating impacts of correlated inputs are not acknowledged.

Brack and Richards (2002) modelled the performance an individual stand using growth rates determined
according to the observed growth variance around rainfall variability, error in allocating a growth index for
the relevant growth model, and known variance or uncertainty in other key parameters. The key output for
consideration is shown in Figure 7.B4.

The ‘tornado’ graph shows the sources of uncertainty of model parameters and variables in order of their
importance to uncertainty in the model outcome. It is clear from the analysis that, on an individual stand basis
and in this instance, predictions are more prone to climate based variation than any other influence.

Figure B5 provides the mean and standard deviations for projected performance, providing the logical
conclusion that stands aged around their maximum potential growth rate would be most affected (largest
standard deviation) by variability largely driven by climate.

To take such individual stand-based uncertainty analyses to a national scale by simplistically extrapolating
high and low outcomes would yield unrealistic results. The use of say a ‘low’ based and the lower standard
deviation is founded on the unlikely potential for below average rainfall for all plantation areas across the
whole continent. Given the vast areas covered by plantations, it is a reasonable expectation that across the
continent,‘near average’ conditions will be achieved.
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Figure 7.B4: Tornado diagram derived from @ Risk simulations of the correlation between uncertainty of the
inputs and distribution of sequestration estimates between 2008 and 2012 for a plantation established in 1990.
Weather/xxxx denotes the variation in weather during 5-year period commencing xxxx. Model/xxxx denotes
the variation in the modelled site index during the 5-year period commencing xxxx. Expansion/xxxx denotes
the variation in the expansion factors (caused as a result of the variation in increment of bark, branches, twigs
and leaves) during the 5-year period commencing xxxx. Roots/xxxx denotes the variation in root increment
and decay during the 5-year period commencing Xxxx.
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Wea