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Abstract

Andreas Geisler participated in 1IASA’s 1999 Young Scientists Summer Program
(YSSP) and this paper summarizes his research. He was supervisedthjaMabnas,
research scholar in IASA’s Forestry (FOR) Project. Geisler's YSSP rdsdask
contributes to [IASA’s research on Full Carbon Accounting and toDRaeabase for
Assessment of Carbon Balance Modeling in Ausstiady work that commenced in
June 1999.

The boundary conditions in setting up the Austrian carbon databaseaait th

* is carbon consistent;
» satisfies the needs of Austria’s carbon modeling community; and
* is consistent with FOR'’s existing database on Russia.

The objectives of the three-month YSSP task were to:

» create a database framework,

« fill the database with some national data sets;

» track down carbon inconsistencies; and

» discuss options on how these can be overcome.

However, the first objective had to be slightly changed during the canfriee work,
since available data sources posed some problems in creating the databage se
Therefore, after discussions with the research institutions emplayiédbuilding the
Austrian Carbon Balance Moddivhich are: Austrian Research Centers Seibersdorf;
Institute for Industrial Ecology, St. Pdlten; and Joanneum Research, Gmamnell as
with other Austrian research institutions and experts (see Acknowledsn the
objective was changed towards trying to obtain consistency of the relesgbon flows
on a national level. Therefore, as a first step, a carbon balaaceetvork on three
different levels was established. In view of the limited time availabtame Austrian
wood related carbon flows were quantified with regard to consssteninciples and the
underlying options to overcome inconsistencies are very well reportbeé. crbon
consistent database will be completed by mid 2001 and will put Austsie@ forward

in Full Carbon Accounting.
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Introduction

The world is facing the serious problem that the main greenhouseagegntrations in
the atmosphere (e.g., GOCHs, N2O, HCFC-22, Ck, SF) continue to increase (IPCC,
1995; 1996b). Only the increasing CFC-11 concentration could soefatdpped Table
1). Direct radiative forcing is due primarily to increases in theantrations of C@and
CH, (64% and 0.19% in 1992, respectively) (IPCC, 1996a). Hence, the main interes
given to understanding the global carbon cydlgure 1 indicates the increase in
atmospheric C@concentration at Mauna Loa, Hawaii between 1958 and 1996. The CO
concentration is expected to reach 382 ppmv in 2010 and will, depggon reduction

measures and

model

projections,

increase further

approximately 500 and 1000 ppmv at the end of thé@ntury Table .

to concengatlmtween

Table 1 Development of greenhouse gas concentrations and their preszpf dhange.
Sources: IPCC (1996a; 2001), Bolin (1998).

CO; CH,4 N-O CFC-11 | HCFC-22 CH
Pre-industrial approx. approx. approx.
concentration | 280 ppmv | 700 ppbv | 275 ppbv zero zero 2€ro
Concentration
in 1994 358 ppmv | 1720 ppbv 312 ppbv | 268 pptv | 110 pptv 72 pptv
in 2000 1760 ppbv| 316 ppbv
Rate of
concentration (1.5 ppmv/yr| 10 ppbv/y 0.8 ppbv/yr 0 pptv/yr 5 pptv/yr| 1.2 ppty
change
Expected
concentration | 382 ppmv
in 2010
Expected [500, 1000]
concentration |[540,970] |[1570,3730] [354, 460]
in 2100 [490, 1260] ppbv ppbv
ppmv
Percentage rate qgf
concentration | 0.4%/yr 0.6%/yr 0.25%lyr 0%lyr 5%l/yr 2%lyr
change
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Figure I Increasing atmospheric G@oncentrations at Mauna Loa, Hawai.
Source: http://ingrid.1dgo.columbia.edu/SOURCES/. KEELINGAUNA-
LOA.cdfl.co2/html+viewer?

Given this outlook, the Austrian Federal Government ratified thatddnNations
Framework Convention on Climate Change (UNFCCC) on 28 February 189dh has
the objective to achieve stabilization of greenhouse gas condensah the atmosphere
that would prevent dangerous anthropogenic interference with theatelirmystem
(FMEYF, 1997). In addition, Austria committed itself to the Torofarget, which calls
for a national target of a 20% reduction of carbon dioxide emissions by 2G3®&d on
the emissions of 1988. In this context, the Ministries of Sciencd Environment
commissioned the studies ‘System Analytical Assessment of theoGaBalance in
Austria — Carbon Balance for 1990 (Part I)’ and ‘Dynamical Modelingr{PI)’, which
were published by the Austrian Research Centers Seibersdorf (Qrti®@7; Jonas,
1997) in 1997. Although research-oriented, this study aims at providiteyvamet
scientific knowledge allowing Austria to cope with the UNFCCC ancted matters in
an adequate fashion. Whereas Part | provides a detailed (sub-ngiisight into the
carbon flows for 1990, Part Il deals with the crucial question of whay happen to the
Austrian carbon balance in the future (1990-2050). As a result and in twrdisvelop
strategies for climate protection, the study stressed the need twniptconsider
emissions from fossil fuels, but also carbon flows into the aphese originating from
the lithosphere (e.g., in the form of cement), from soils (lokfianus) and from the



production chain (including foreign trade, consumption, disposal),edlsas the removal
of atmospheric carbon by Austria’s terrestrial biosphere.

In the meantime, the Kyoto Protocol to the UNFCCC was adopted byTthed
Conference of Parties in December 1997 (UNFCCC, 1998). The Kyoto Ptetoonly
contains legally binding commitments to limit or reduce greenhouse gasiems (CQ,
CHa, N0, HFCs, PFCs, S§* but also allows Annex | countries to account for net
emissions from some terrestrial ecosystefuos, also IGBP, 1998). However, accounting
for net emissions from terrestrial ecosystems causes many prebainmay run counter
to the aspired goals of the climate convention. If we considergf@ample, the case of
afforestation and reforestation being larger than deforestatimasured in terms of
carbon stocks, then we may have a terrestrial carbon sink. Thistrégatecarbon sink,
however, is an important if onliemporarysink and therefore not a permanent offset to
fossil fuel emissions. Besides this general problem, we face thggunoof not yet being
able to assess the carbon reservoirs and flows of the terrestriphlei@s(including soils)
very well, resulting in non-negligible uncertainties (see, irtipafar, Jona®t al., 1999b).
Other problems resulting from the Protocol are, for example, thatktyoto-compliant
terrestrial sources and sinks of carbon are only a small subset ¢éittestrial carbon
budget and that a so-called “gross-net dispafitgay decrease the need for reductions in
fossil fuel emissions. Because the Protocol is not based on Fubo@aAccounting
(FCA), IGBP (1998) conclude further that this could actually lead to rammease of
cumulative emissions.

Having to cope with the challenge of integrating Kyoto-compliantetgtrial ecosystems
in accounting for carbon emissions, which appears to be more d oéqdlitical rather
than scientific deliberations (Bolin, 1998), the aforementioned studthefAustrian
carbon balance (Jonas, 1997; Orthofer, 1997) receives broad attention.

There are, however, severe concerns whether the reduction of ainted that is
required to accomplish Full Carbon Accounting for Austria camabhieved. Based on
the first carbon balance results for Austria, Jor@sal. (1998) conclude that the

! Together the OECD and Countries in Transition agreed on a decreagearthouse gas emissions of
~5% below 1990 levels until 2010 (Bolin, 1998). The observed trendghe period 1990-1995 are:
Austria: -3%; the EU: -1%; OECD excluding the EU: +8%; Countrie3iiansition: -29%; and Non-Annex
| parties: +25%.
2 Article 3 (Nos. 3 and 4) states that (UNFCCC, 1998):
3. The net changes in greenhouse gas emissions from sources analgelmosink from direct human-
induced land use change and forestry activities, limited to afforestatiarestation, and deforestation
since 1990, measured as verifiable changes in stocks... shall be usseetdhe commitments under
this Article of each Party included in Annex 1.
4. ...each Party included in Annex | shall provide data... to estaliéslevel of carbon stocks in 1990
and to enable an estimate to be made of its changes in carbon stockssacgient years.
% The term “gross-net disparity” refers to the problem that 19@iletes of carbon emissions, which form
the baseline for all emission reduction targets of the Kyotodeat exclude sinks related to terrestrial
ecosystems. In contrast, sources and sinks from the Kyoto faeste be counted as part of a country’s
efforts to reduce emissions within the specified commitmeniga (2008 to 2012) (IGBP, 1998).
* According to Jonagt al (1999a), FCA follows, in a consistent fashion, the full carbgstem concept
and is a full carbon budget that encompasses and integratesrbbifeaelated) components of all terrestrial
ecosystems and is applied continuously in time (past, presehfugure).

3



incomplete knowledge about biospheric processes and data may matgogsible to

carry out calculations of net emissions. Therefore, these umuggtacan only be reduced
if an attempt is made to generate, improve and/or complement basic Hata possible.

This is why, among other reasons, IIASA research focuses on hewybto Protocol

can be improved in this respect and is convinced that understaritiem nature of

terrestrial carbon sinks requires a Full System Carbon Budget.

Jonaset al. (1999a) provide a detailed insight into the issues of Full Carbon étibag
and the Kyoto Protocol, addressing the unresolved issue of titeded’s legal basis of
compliance, the scientific challenge of FCA, as well as the scientihallenge of
establishing 1990 baselines and post-1990 baseline scenaridbeaswentific challenge
of accounting for uncertainty. In this respect, the authors esipédhat the question of
whether the uncertainties in estimating carbon flows associatbédamd-use change and
forestry are so large as to threaten the compliance process, cantat gaswered with
sufficient rigor.

In January 1999, the proposal ‘Austrian Carbon Balance Model (ACBM)'mented,
supported by the Austrian Research Centers Seibersdorf (AR(S),Institute of
Industrial Ecology (lIE) in St. Pdlten, and the Joanneum Resdaocschungsgesellschaft
(JRG) in Graz (Orthofeet al., 2001). The aim of the study was to grasp and quantify the
dynamics of Austria’s Full Carbon System including the product ¢hamd to link
carbon flows with political scenarios. The ACBM study goes a dtether than the
carbon balance model and the dynamical model of 1997, in terms ofra detailed
modeling approach as well as assessing uncertainties, and beyondaithat,for
application by having an instrument for policy implementation. bidison, more
regional aspects will also be considered. A central goal of the ACBM study teva
provide political decision-makers with the possibility of eyating the effects of
alternative policy options within a framework that reflects Awstifull carbon system.
The study also aimed at providing an overall evaluation of thetrdars carbon flows,
which can be seen as a prerequisite for drafting the third Nationala@iiReport. Due to
the large amount of expertise gained during the work on the carbon ka@ant990 and
the dynamical model, the ACBM builds upon this knowledge. As thiggtwas recently
completed, we will come back to some of the results in the follovéections.

IIASA investigates the possibility of carrying out researchupsort of Austria’s carbon
balance modeling activities in general, and as part of the ACBM grajeparticular. In
the carbon balance for 1990, Orthofer (1997) employs a conceptual Viranketo
estimate Austria’s 1990 carbon flows [where relevant flows reladedustria’s terrestrial
biosphere are taken from Jonas (1997)]. In contrast, Jonas (1997)ysnaptmnsistent,
physically based model to calculate Austria’s 1990-2050 carbon flowsedan the
results of the conceptual framework, Orthofer (1997) statesoimatshould be aware that
his carbon flow calculations imply a substantial degree of infitevacertainties, which
are a direct result of missing knowledge about the functioning hef $ystem and
insufficient quantitative data about material and carbon flows, eis@dy. Furthermore,
some basic data sets could not be directly used for analysis asougtihconsistent
themselves — they at times contradicted other data sets. Newsshdloth verification
and crosschecks of the carbon balance for 1990 and the dynamical weecarried



out, in a conceptual fashion by Orthofer (1997) and in a physical, quahtiéishion
Jonas (1997). For the ‘conceptual framework’ of the ACBM | Orthofer {d9$bints out,
that “..it is useful for an overall assessment of the carbon system, but isdinmtés
ability to reflect the situation in a detailed level

Thus, building on the outcomes of Joretsal. (1998), the main challenge to improve the
existing carbon balance, is a carbon consistent database that allows the salbstanti
lowering of the degree of uncertainties of Austrian carbon flows el &s integrating
these into the carbon accounting approaches that are necessary to ithpthev
requirements of the Kyoto Protocol. In conclusion, it is IIASA’s viewatttreducing
uncertainties should go hand in hand with model refinement.

2 Objectives

The objectives of this study are to:

» improve the foundations for the Austrian carbon balance framewagkneral;
» reach consistency for some relevant carbon flows on a nationaj level

» track down carbon (C) inconsistencies; and

» discuss options on how these can be overcome.

Moreover, the range of uncertainties for several carbon flows$ el calculated and
reasoned in a first-order approach. The reference year for the std@@0, which is the
base year for energy-related emission reduction commitmenterlyimy the Kyoto
Protocol.

These tasks are part of a Carbon Consistent Database (CDB) foriawehich will be
completed in 2001 and will put Austria a step forward in Full and Ba@arbon
Accounting (FCA and PCA) as envisaged by IIASA’s Forestry Project.

The objectives of the CDB are to:
1. Provide a consistent database to complement the ACBM.

2. Place Austria’s carbon balance modeling work into an intewnati science and
policy context with a focus on the UNFCCC.

3. Support Austria in fulfilling its carbon crediting obligations by:
» providing an “Austrian consistency standard” that will allowgirian institutions
to check their highly detailed but regionally and/or sectorally confinddlmeses
against a less detailed but Austrian consistent database;

e assigning uncertainties to Austria’s carbon budget; and

e assisting Austria’s Federal Environment Agency to update and coenje
emissions inventory, particularly with regard to Agriculture, darse Change
and Forestry, and Waste (biogenic and non-biogenic, but carbon r8levan



3 The Austrian Carbon Balance Framework

3.1 Defining the System

In general, the term “system” is applied to classify parts in bBstio context. In material
flow accounting studies, a system is defined by processes (theadepti term in the
Austrian carbon balance framework is modules), flows of goods, riaatdows and
spatial as well as temporal limits (Baccini and Brunner, 1991; Baccini aat&B 1996;
Brunneret al., 1994). The spatial limits of the Austrian carbon framework, sieem
IIASA’s viewpoint, are represented horizontally by the Austrianders and vertically by
the top of the atmosphere (stratopause) as well as the upperpligies Narrow time
limits are assigned to the year 1990, broader time limits are fixechéyBtyear period
from 1989 to 1991. In the latter case, mean values are calculated $opehod. Where
necessary, additional data referring to neighboring years maybelssed but are then
mentioned explicitly. The concept of the Austrian carbon balance myafeplied here
builds upon that of Orthofer (1997). The kind and number of carbondloansidered in
view of achieving a manageable level of complexity is mentioned in ftllewing
sections.

3.2 Top-down versus Bottom-up Approach

In order to find the best way for creating a basic structure for tdan consistent
database, several initial meetings were held with the builditise ACBM. In particular,
close cooperation evolved with IIE in St. P6lten, since IIASAially concentrated work
on the PRODUCT and WASTE modules. It turned out that there was a needefating
a common framework for integrating the different levels of handéagbon flows by the
different research groups. For example, at the time of startingg wo this study, IIE was
working on a very detailed level running beyond the extent of IIASA’s itibenof a
carbon consistent database. In the first run, IIASA created flowmslhar different levels
of complexity, aiming at reducing complexity towards a level tlcauld be made
consistent with given limits of resourc3he reason for not talking about the “common”
ACBM structure is because that structure was not explicitly uised when [IASA
joined the ACBM core group in June 1999. Hence, for building thealokse, 11ASA built
a carbon balance framework following an integrated top-down ambréo various levels
of detail.

As an exampleFigure Al in the Appendix illustrates the most complex level of the
product module handled by the IIE. For convenience, we call this detgiled level of
complexity Level 3. The same level of complexity is also drawrFigure A2 in the
Appendix for the waste module. Starting from this very detailpgraach, complexity
was reduced by integrating sub-modules depending upon their nreleeen carbon flows.

® For comparison, the structure of the carbon balance for 1990hendynamical model was built on a
trade-off between the level of detail, consistency, data mandggabystem clearness and questions of
interpretation (Jonas, 1997; Orthofer, 1997).



Consequently, this level of complexity is called Level Rgures A3and A4 in the
Appendix give a clear picture of the reduced extent of compléxity.

A further reduction of complexity leads to the so-called Level hjok is the level on
which all modules (ATMOSPHERE, AGRICULTURE, FORESTRY, ENERGY,
PRODUCTION, WASTE, IMPORT/EXPORT, HYDROSPHERE and LITHOSPHERE)
are directly linked together via relevant carbon flowsgure 2 illustrates this Austrian
carbon balance framework, emphasizing the PRODUCT and WAS®Hules. The
framework reflects IIASA’s viewpoint but is agreed upon by membéts@IIE.

3.3 Adding Top-down Knowledge

In order to obtain a synopsis of relevant carbon flows on a national, lamdlfrom that to
deduce the priority fields for work on consistency, it was decided to exidting
guantitative data on carbon flows to IIASA’s Austrian carbon balancendraork.
Therefore, values of carbon flows derived from the 1990 carbombalstudy, which are
taken from Orthofer (1997) but are partly grounded on the dynamical mgdejidonas
(1997), have been used as a starting point. As an exarmplgde 2 shows the carbon
flows in the PRODUCT module by demonstrating the order of magnitidbles ATA4
in the Appendix completes this list for the other modules, also takem fOrthofer
(1997). Internal carbon flows of individual modules are not considetatiis level of
complexity and are only quoted for completeness. As can be semrilables 2and Al-
A4 in the Appendix, inputs and outputs of individual modules are not balancedatimdic
potential inconsistencies or carbon storage, respectively.

The whole picture (from the perspective of the PRODUCT and WASTE mejlide
drawn inFigure 3for all relevant carbon flows in the Austrian carbon balance fraorew

on Level 1. The carbon flows into and from the ENERGY, AGRO and FORESTRY
modules are dominating the Austrian carbon balance. The import gratteof carbon

via capital and consumer goods are also very important and dominatarthen flows in

the PRODUCT module eminently. The residual carbon flows are compelgasinall.

To focus on the balance of the AGRO and the FORESTRY modules is essant@the
Kyoto Protocol allows for the accounting of net emissions from somet&gompliant
terrestrial ecosystems. As discussed previously, the partial ioolusf terrestrial
ecosystems may result in an increase of net carbon emissions. dieerafglance at
present knowledge of the total emitted and sequestered carborrestted ecosystems
highlights the underlying scientific challenge.

® At the time of writing, two different flow charts for the product moduleviek 2 were still under
discussion. Differences rest on the number of sub-modules, the numbemsfdls well as on criteria to
aggregate carbon flows.
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Figure 2 Flow chart of Level 1. Sources: IIASA, IIE.



Table 2 Carbon flows into and out of the PRODUCT module.
Source: Orthofer (1997).

PRODUCT MODULE

COMPOSITE CARBON FLOWS 2

IN:
AP_fruits, cereals, animals

FP_roundwood

XP_product imports

EP_raw ail, gas, bitumen, coal

LP_minerals

WP _recycled products

OUT:
PA_feed, chemicals, lime compounds

PX_product exports

PT_C0O2,CH4 emissions

PW_wastes

Sum input
Sum output
Balance

INDIVIDUAL CARBON FLOWS IN THE  1990CARBON

BALANCE FRAMEWORK

From Food to Products
From Food to Raw materials
From Raw materials to Raw materials

From Roundwood to Products
From Roundwood to Raw materials

From Fertilizer to Fertilizer
From Food products to Food products
From Products to Products
From Raw materials to Raw materials

From Non-energetic use to Products
From Non-energetic use to Raw materials

From Minerals to Products
From Minerals to Raw materials

From Recycling to Raw materials

From Fertilizer to Litter-hnumus-soil/fields

From Fertilizer to Fertilizer
From Food products to Food products
From Products to Products
From Raw materials to Raw materials

From Human nutrition
From Production
From Short-lived products

From Food products to Waste active
From Human nutrition to Waste active
From Long-lived products to Waste inert
From Long-lived products to Waste active
From Production to Waste active

From Raw materials to Waste active
From Short-lived products to Waste active

(mio. t C/a)
18
0.6
0.7
0.5
21
0.0
2.1
4.8
0.0
0.2
0.5
41
1.0
0.2
0.8
0.7
0.0
0.7
0.0
0.0
0.0
0.0
47
0.0
0.1
0.2
4.4
1.8
0.3
0.8
0.7
3.3
0.2
0.3
0.5
1.1
0.3
0.0
0.9
10.4
9.8
0.6

@ The notation of individual carbon flows is to some extent differenhtse employed by Orthofer (1997).
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Figure 3 Relevant carbon flows in the ACBM Il framework, indicated byctmess of arrows and figures. Accounting unit
Is mio. t C/a. Sources: IIASA, IIE, Orthofer (1997).
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The input of carbon from the ATMOSPHERE to the AGRO module [22.9 mio. t C/a
(Jonas, 1997; Orthofer, 1997)] and the output of carbon from the AGRO module to th
ATMOSPHERE [21.5 mio. t C/a (Jonas, 1997), 20.8 mio. t C/a (Orthofer, 199&phse

to be quite balanced. From these figures, one could be tempted to conclude that
Austria’s agriculture, on the whole, is acting as a carbon sinkflos from the
atmosphere are greater than inflows). However, according to Jonas (1997%yotiidcs

be a misinterpretation because considerable carbon flows also take plaedatethl
direction, that is, to and from the PRODUCT and WASTE modules, at the expense of
Austria’s soil carbon pools. For example, Dersch and Bohm (1997) reportgatéom
mean loss rate of -0.24 t C/ha/a for arable land, which, in consegueesulted in
329*10° t C/a losses from soil humus in Austria in 1990 (Jonas, 1997). Therefore
Austria’s soil carbon pools do not receive the amount of carbon they actuallydshou
with the consequence that their mineralization flows are adversely balanced.

In the case of the FORESTRY module, an input of 24.6 mio. t C/a is cot&dowith an
output of 14.1 mio. t C/a. One explanation for this is the enormousuataf carbon
sequestered by the increase of the growing stock in Austrian woods. Or{i&fr)
reports the amount of annual carbon storage to be approximately 5.4 mio. t C/a. In
contrast, a C@sink strength of 3.6 mio. t C/a has been assessed in Austria’s Second
National Climate Report (FMEYF, 1997), and a revised sink strength of 4.5 (£1.448)
mio. t C/a was published by Jonas (199 Differences between the figures rest on the
consideration of Austria’s total forest (Orthofer, 1997) or exploitable fofeMEYF,

1997; Jonas, 1997), respectively. Also, Orthofer (1997) had to change itiaabr
carbon flows taken from Jonas (1997) adapting it to other requirements of vayeesh
statistics. The second explanation for the unbalanced carbon flows between the
FORESTRY and the ATMOSPHERE module is the amount of harvested carbon. The
differing numbers stress the need for reducing uncertainty of carbon accounting.

In comparison, carbon emissions from the energy system in 1990 were about 80t5 mi
Cla, according to Jonas (1997).

In conclusion Figure 3together withTables 2andA1-A4 in the Appendix, serve as the
starting point to determine where main endeavors should be undertaken in reducing the
uncertainty of Austria’s relevant carbon flows. The selection criteiciude the size of
carbon flows as well as present knowledge on data quality.

The relevant carbon flows, in addition to Austria’s carbon emissions ftemenergy

system, are:

e Carbon flows into and from the FORESTRY module;

» Carbon flows into and from the AGRO module;

» Carbon flows referring to the imports and exports of investment and cogrsu
goods;

» Carbon flows from the PRODUCT to the WASTE module; and

» Carbon emissions of the PRODUCT and WASTE modules.

" The difference between the values reported by FMEYF (1997) and J&887) is mainly due to the use
of different conversion factors applied for converting 1 arb. usable stem wood into 0.28 t C (FMEYF,
1997) and 0.36 t C (Jonas, 1997) total tree biomass, respectively.
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4 General Approach in Building a
Carbon Consistent Database

The general procedure in building a carbon consistent database, resting hgon t
principles “logic build”, “complete” and “without contradiction”, is described in this
section. In order to achieve a consistent carbon balance framework, s&lensix

items to be essential:

e Combined top-down and bottom-up approach;
» Determination of material flow range;

» Determination of conversion factor range;

» Application of (improved) emission factors;

» Calculation of uncertainties; and

+ Balancing the modulé’.

In the time between beginning this study (May 1999) and its final completioa, t
Intergovernmental Panel on Climate Change (IPCC) published the repatdd‘G
Practice Guidance and Uncertainty Management in National Greenhouse Gas
Inventories” (IPCC, 2000), which also addresses some of these issuesirdgtail, but

is nevertheless limited on the anthropogenic side of the carbon cyclbdkne).

The following paragraphs therefore mainly reflect the status of dssensat 1IASA
before the publication of the IPCC good practice guide and als@ e introduce the
authors’ concept of the consistency of carbon flows. To be comprehensiveetind s
reflecting, some essential remarks are included from the IPCC report.

4.1  Simultaneous Top-down and Bottom-up Approach

Based on the results of the 1990 carbon balance (Orthofer, 1997), taenabat model
study (Jonas, 1997), and on discussions with IIE, IIASA pursues a top-coowl
bottom-up approach in parallel. The reasoning behind this is because proceedihg mere
from bottom-up (irrespective of whether or not in a detailed or less lddtantra-
module fashion) may/will not be consistent with an inter-modaf@down carbon flow
approach. It must be expected that any intra-module bottom-up flow concept will
require flow corrections in order to match an inter-module top-dowawv ffoncept. Only

the parallel consideration and realization of the two approachesreslilt in a C
consistent inter/intra-module flow concept. By proceeding in this waig, gertain that

the boundary condition of “C consistency”, step-by-step from a vanyresolved level
(national level or Level 1) to a highly detailed level (Level 3), wi# preserved. This
approach will result in statements on the minimum and maximum values bbérar
flows and will, therefore, provide grounds for consistent balancinthefframework.
Proceeding in this way offers the opportunity of crosschecking aggregated céotysn f

as well as single modules of ACBM II.

8 Other authors, e.g., Baccini and Bader (1996) or Bruetat (1994) use the equivalent term “process”,
which is defined by the transformation, transport or storage ofdgcend materials. Examples for
processes are: incineration plants, cars, cities, households, aimédsufnes. IIASA applies the term
“modules” in accordance with the builders of the ACBM.
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We find our simultaneous top-down and bottom-up approach confirmed by the IPCC
(2000) who, in the context of quality assurance and quality control afrgreuse gas
emission inventories, recommends order-of-magnitude checks by usingdawopor a
bottom-up approach. For the example gfINemissions, the IPCC illustrates that @
estimates for nitric acid production were determined using a bottom-up approach (i.
emission estimates were determined for each individual productiort psed on
plant-specific data), the emission check would consist of comparing theo$uhe
individual plant-level emissions to a top-down emission estimate basedational
nitric acid production figures and IPCC default Tier 1 factors.

4.2 Determination of Material Flow Range

Due to its comprehensive character FCA consistency requires, to a cextain,e
material flow consistency as a prerequisite. Therefore, satisfhmgmnderlying material
flow consistency is considered crucial in carrying out an FCA approacAdstria or
any other country or entity. For example, an assessment of carbon flowkstics
requires knowledge on the amount of plastic flows. Another exangpWeoiod related
carbon flows, which can only be assessed by knowing the supplglamand of wood.
Creating a framework of consistent material flows on a regional or matievel is a
challenge in itself (cf., e.g., Baccini and Bader, 1996; Bruratexl., 1994; Dorflingeret
al., 1995; Haberl, 1995; Huttlest al., 1996; Kaast al., 1994; Kdrneret al., 1993; Punz
et al, 1996; Schulz, 1999; Steurer, 1994) and is therefore a bottleneck for the FCA
approach.

4.3 Determination of Conversion Factor Range

Several conversion factors are usually required to assess the carbon caticoe rtf
different materials taken into account by FCA. It should be noted, hewéhat based
on existing knowledge, conversion factors may vary widely and areraydfaavailable
for all materials. Reducing uncertainty in this regard means detergnthin consistent
carbon conversion factors. Additionally, a combination of severalewsion factors is
needed in many cases to calculate the carbon contents of different atsatéor
example, if we consider the carbon contents of wood we have to deal wiimeadata
(with/without bark), moisture content, dry and wet density, and odfirse, carbon
contents. Thus, the application of plausible conversion factorsofisparticular
importance for the carbon consistent database.

4.4  Application of (Improved) Emission Factors

In addition to the assessment of material based carbon flows, the appliché&arssion
factors is the most usual procedure in PCA (cf., e.g., IPCC, 1995; 1996a,b; 1997a,b,c)
and is therefore also of particular importance for FCA. The reduodf uncertainties
underlying emission factors is an indispensable goal but of course hel@gpgndent on
specific research work conducted in this area.
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4.5 Calculation of Uncertainties

Whenever statements on the amount of carbon (or material) flows are ntade, i
essential to also add information on the underlying uncertainties. 3 hisually done by
certain statistical measures. However, it is clear that this is not alwayshjeodse to
the lack of appropriate data. To our knowledge, at the time of starting work en th
Austrian carbon consistent database, no definition of the tercertaintyexisted within

the carbon community that could be applied doantify the lack of knowledgen
general, there are two types of knowledge, sometimes referredsteftdtacit) andhard
(explicit) knowledge. Soft knowledge is gained through experience and ajticait
context and resides within an individual or organization. Polanyi (1966) defiotd s
knowledge as “knowing more than we can tell”, and viewed this knowledgkargely
inarticulable. In order to be complete, we include soft knowledge within our
consideration of uncertainty.

On the other hand, hard knowledge can be expressed formally and atistdin It is
knowledge that can be expressed in words, numbers, formulas, procedures, and
universal principles and, at the same time, can be easily communicated. inédga
through codifying previously experienced and applied informatiao umderstandable
symbolizations of tacit knowledge. Most importantly, hard knowledg&ck of it can

be quantified.

The uncertainty range (determined either by soft or hard knowledge) adrcdidws is
crucial for meeting consistency requirements. Let us, for example,dmmsvo or more
given data sources, which all provide figures to a certain material or cdiion but
refer either to the origin of the flow (supply side) or the destinatibthe flow (demand
side). The production and consumption of goods or wood could be examples, thie
guestion to answer is under which conditions (at least minimum) stamgy
requirements are meEigures 4and5 demonstrate two cases, which could occur in
dealing with different uncertainty intervals of the origin and destimatibcarbon flows,
respectively.

In Figure 4 neither average carbon flows fall into the uncertainty interval hef t
opposite carbon flow, nor do the uncertainty intervals overlap with edbbr. This
indicates a clear case of inconsistent data sources. In order to overcomeléhnlying
problems, further assumptions must be madeFigure 5 at least the uncertainty
intervals overlap, which leads to the conclusion that carbon flows can paterie
made consistent. Hence, for IIASA’s consistency concept, the sizheofimcertainty
band is essential for meeting consistency.
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4.5.1 Statistical treatment of uncertainties (hard knowledge)

Until now, only a minority of material and (full) carbon accounting sésdseek to
guantify uncertainty byhard knowledge, that is, statistics in particular. Hence, in the
following paragraphs, only very basic statistical methods are sksm) which are
considered to quantify uncertainty intervals in this study.

The simplest and easiest way to statistically describe dispersion véa data set is the
use of the statistical measurange The range of a statistical distribution or random
variable X is b — a, where [a, b] is the support of X. The range of an etset of data

IS X1) * X2 * ... * X(n) IS W = Xn — X1 (Kotz and Johnson, 1986). The range gives
depletive information on the sample, if only two values exist. Howevereasing the
sample size leads to increasing knowledge about dispersion andotigerahge, as a
measure of dispersion, becomes increasingly inapplicable. This is bemalysextreme
values are considered and nothing can be said about the site of mediumtslennes,
range is preferably used for small samples with n < 13 (Sachs, 199&réenethods
exist to assess standard deviation on the basis of a given range (SachsDif&@nt
ranges can only be compared if they are based on the same number ot sampl
characteristics (Schulze, 1990).

In the case of a sufficient sample size, the statistical meagtggsency distribution,
standard error, and standard deviation together withconfidence intervalmay be
considered. As IPCC (2000) points out, the two statistical concepts of timlpitity
density function and confidence limits, derived from measurememd expert
knowledge, are the main instruments to obtain the best available éssinma a
pragmatic approach to producing quantitative uncertainty estimates. Therefore,
describing and defining the best available probability density fundboreach of the
individual carbon flows is of prime importance.

Nevertheless, considering our knowledge on available data on material and carbo
flows as well as conversion factors, it is essential to emphabkatelarge sample sizes
are at one’s disposal only in minor cases. Since we do not have salaglesthan n >

13, we only apply the statistical measure range as a first-order approach in this study

A common way to overcome the obstacle of a missing probability densittiumis to
assume a normal distribution (see also, IPCC, 2000). For the finalovernf the
Austrian carbon consistent database, this approach is applied and discussed bydeta
Jonas (2001). Although the uncertainty band may be belittled by assuspiecjfic
probability functions, they still rest on so-called tacit knowledge.

4.5.2 Error propagation

Calculating the carbon contents on the basis of wood flows, for examgdjuires the
manifold multiplication of material flows and conversion factors, ecthwracterized by
a significant uncertainty interval. This necessitates applying the dwerror
propagation. The simplest way to calculate the new uncertainty altess by
multiplying maximum as well as minimum values and then calculating éselting
average (Sachs, 1999). This approach is applied in this study.
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If the average values and the standard errors are known and we evdmiotwv the
resulting standard error by multiplying conversion factors, more cexpéalculations
must be applied (Sachs, 1999). As an example, in the case of Full Nitrogeniouyp
Kaaset al. (1994) apply calculations of this kind to grasp the uncertainty iatleod
regional nitrogen flows. The authors thereby assume a normal distribofi density
and nitrogen contents. As another example, Baccini and Bader (1996) akalibe
problem of error propagation in material flow analysis not only for éigtary but also
for a dynamic case. The IPCC (2000) lists two convenient rules for congini
uncorrelated uncertainties and discusses the application of theeNBamlo analysis for
correlated uncertainties in detail.

In general, methods to communicate uncertainty must be practicantsically
defensible and robust enough to be applicable to a range of source categetiesds,
and national circumstances (IPCC, 2000).

The IPCC therefore considers the ideal information for estirgatincertainties in
greenhouse gas inventories to include:

* The arithmetic mean of the data set;

» The standard deviation of the data set (the square root of the variance);

* The standard deviation of the mean (the standard error of the mean);

» The probability distribution of the data; and

» Covariances of the input quantity with other input quantities used inrthentory
calculations.

In summary, we must deal with soft as well as hard knowledge to get a fdelirige
uncertainties underlying the Austrian carbon flows. In this studyxpess uncertainty
by hard knowledge, we favor the simplest statistical measure rangedbhe lack of
sufficient data required for applying more declarative measures. Soft kdgel
uncertainty will be described verbally. As a consequence, uncertaintieskulated by
combining uncertainties of different data with each other, whigs$ults in an overall
uncertainty of distinct carbon flows. As already mentioned, a more congppsoach is
applied by Jonas (2001) for the final version of the Austrian carbon batatedase.

4.6 Balancing the Modules

Balancing the modules follows thentinuity equationwhich arises from the basic law

of conservation of mass and states, matter that can be neither created nor destroyed. The
equation also states that the net carbon flow from a reservoir must be balaiticedev
temporal change in the reservoir’s carbon content (Jehak, 1999a)’

One of the main advantages of FCA is the possibility of balancing modulesnodz|
context. This provides the option of accounting for even unknown carlmwnsfior,
equally important, accounting for the net change of carbon stocks. Batpntay also
be helpful in supplying the database with explanations on the ozmce of
inconsistencies and how they can be overcome.

° See, Jonast al. (1999a) for further information on the physical basis of FCA.
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According to the aforementioned sections, we first intended to tgnoédg modules on
Level 1 of the Austrian carbon balance, and meeting consistency foleggsdetailed
level of complexity. Proceeding this way is seen to be a prerequisiteneeting

consistency on more detailed levels (Levels 2 and 3), where the sameeragnts have
then to be met again.

5 Carbon Flows on Level 1

Building upon the general procedure to create a carbon consistent databasextthe ne
step is to apply this procedure to establish consistent carbon flows on Leveice Si
Jonas (1997) points at considerable inconsistencies regarding fuelwood sugply i
energy statistical data of the Austrian Institute of Economic ResearcAIER —
(AIER, 1996) and the wood balance statistical data of the Austriamtr@l Statistical
Office (ACSO)® (Bittermann and Gerhold, 1995), and because carbon flows in the
forestry sector are of major importance to the Austrian carbon bajansistent wood
related carbon flows are aimed at first. This task requires a great deal df a&ffib thus
represents the limits of the work during the YSSP stay. The experience gaiagd
serve as a guideline for the whole carbon consistent database.

5.1 Consistency of Wood Related Carbon Flows

In our carbon balance framework, the FORESTRY module is balanced by thenca
flows TF_net primary production, FT_emissions, FE_fuelwood, FXlwood,
FP_roundwood, PF_chemicals, FL_lithosphere, and LF_uptakeure 6 indicates
these flows in the ACBM framework. The flows of carbon between the FORESTRY
and the LITHOSPHERE modules have been reported to be zero (Orthofer, 1997), and
are therefore neglected in the first run. To obtain consistencyHercarbon flows
FP_roundwood, FE_fuelwood and FX_fuelwood, it is crucial to also congiidewood

flows of XE_fuelwood, XP_wood imports and PX_wood exports. Accaydmour six-

step approach in building a carbon consistent database only the simultaneous
consideration of all relevant wood flows allows for crosscheckimgindividual flows

and for balancing the underlying carbon flows.

Present knowledge on the amount of wood related carbon flows taken from the 1990
carbon balance and the dynamical model (Orthofer, 1997; Jonas, 1997) is depicted
Tables 2and A1-A4 in the Appendix as well as iRkigure 6, where the size of carbon
flows is indicated by the thickness of the arrows.

19 Now called Statistics Austria.

" The nomenclature indicates module of origin (first capital lett@ddule of destination (second capital
letter) and the kind of carbon flow whereby, for convenience, a veryldiegpand short description is

used for the latter. The nomenclature is essentially identical with the sectloy the ACBM core group,

but may be slightly different due to the provisional character efACBM Il core group’s nomenclature

at the time of writing.
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Figure 6 Carbon flows balancing thedREsTRYmodule and the import/export of wood
products, indicated by the thickness of arrows and figures. The accounting
unit is mio. t C/a. Sources: IIASA, Orthofer (1997).

5.1.1 Determination of wood flow range

As can be seen froigure 6 the uptake of carbon by net primary production and the
release of carbon from respiration processes are by far domindiéngvood related
carbon flows. Carbon sequestration and carbon export by wood havewgtlete the
balance of the module. (All other flows are negligible in the first run.)ws know
about inconsistencies of wood harvest and fuelwood flows fronagd@1997), we start
dealing with carbon flows originating in the forests and enteririg the PRODUCT,
ENERGY and IMP/EXP modules.

5.1.2 Uncertainty of the Austrian wood harvest:
Wood flows FP_roundwood, FE_fuelwood, FX_fuelwood

5.1.2.1 Harvesting Statistics (Holzeinschlagsnachweis)

In Austria, wood harvest is reported by different official statstidata sources. The
first is the so-called Harvesting Statisticlqlzeinschlagsnachweis— HEN), an
annually updated survey conducted by the Austrian Federal Ministry of Agrieuand
Forestry (cf., e.g., FMAF, 1991 for the base year 1990). The HEN only repbaist the
supply ofDerbholz(diameter > 7 cm) from forest soils, leaving wood with a diameter
below 7 cm unconsidered. Wood from non-forest soils is also not inclueediell as
there is some underestimation of harvest in small-sized forestafp owners)
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(Kleinwald)*? in which wood harvest is reported by sampling techniques (see also
Table 3. In general, the HEN records only actual sold wood at the end of ¢le §s
well as wood going into self-consumption. Uncertainties are not coveyedebHEN.
Although the formal reporting unit dDerbholz per seas m3 o.b. (over bark) (FMAF,
1995), the HEN is generally reported in m3 u.b. (under bark) units.

5.1.2.2 Austrian forest (wood)™ inventory

The Austrian forest inventory (AFI) aims at assessing the quantity guality of
Austrian forests. The main quantified parameters are standing stockment, and
exploitation. The AFI is based on a two-step sampling technique, with ametint of
5,582 sampling sites at a distance of 3.89 km spread all over Austriegbthe
considering trees beyond a DBH (diameter at breast height, i.e., 1®we ground) of

5 cm (Schieleret al., 1996). Results represent estimated values, characterized with
sampling error. Per hectare (ha) values are gained by using projectiorsfaghich are
derived from the relation of actually sampled areas to the & of Austria (or to
Austrian provinces, respectively). The mass of so-called “samplmgstis assessed

by using form functionsKormzahlfunktionei} and results are used to calculate per ha-
based and total values. Due to methodological changes, the comparison of 1986/90
values with previous ones is problematic. On the one hand, the suresyahof forest
inventories was shortened from 10 to 5 years in 1970/71, and on the othstrja?s
forest inventories refer to time-independent survey grids onlgesithe last two
inventory periods. Therefore, a comparison with earlier data is not alyagsible
without difficulties.

In the AFI, the termNutzung (exploitation) is employed, which refers to all non-
standing stems irrespective of whether or not they are removedtfre forest (Schieler
et al, 1996). Therefore, forest inventory also considers felled wodtichvis not
exported from the forest, as well as harvest losses. Scleeldr (1996) emphasize that
it is inherent to the forest inventory that exploitation has to be larigen the fellings
reported by other statistics.

5.1.2.3 Austrian wood balance

The most comprehensive data collection and assessment approach with regard to woo
harvest is the wood balancéldlzbilan of Austria, which has been conducted for
specific years since 1955. The penultimate revision includes data hetygar 1978
(Osterreichisches Holzforschungsinstitut, 1981), whereas a nevageged approach,
using additional data sources like the micro census of fuel consompis well as
improved and extended conversion factors, is annually updated by Mag. Wakolbinger
from the Austrian Federal Forest Agency and ACSO (Bittermann andd&krh995).
Although comprehensive and consistent, the current Austrian wood bkalanoot
faultless and will be subject to future amendments and improvementteriBann,

12 Kleinwald is a classification term concerning property rights of forest eniseg, applied by forest
inventory Waldinventur)cf. e.g., Schieleet al, 1996) and refers to all enterprises with a size below 200
hectares (ha). Bittermann and Gerhold (1995) assess the underestimatioh toilben festmeter (m3
u.b.) annually (for a total area of 2.1 million ha). This equals an texienation of 0.48 m3 u.b./ha.

3 The term “forest inventory” has been used for all former megies including the 1986/1990
inventory. As of the 1991/96 inventory, the term “wood inventory” iediso emphasize the increased
accentuation of ecological aspects (Schielsal., 1996).
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1999)** The supply side of the wood balance is basically built upon the HENatbets
substantially more possible and suspected domestic wood sources into dcodllint.
wood flows are counted in or converted to’ mb., respectively, thereby constantly
using revised and upgraded conversion factors (Bittermann and Gerhold, 1995).

5.1.2.4 'Wood harvest in comparison

Table 3illustrates wood harvest reported by forest inventory, the HEN awood
balance in comparison. The®ra.b. values have been converted td arb. values and
vice versa by applying a first-order approach the conversion factor of 1.25 or 0.8
respectively, which has been used for the dynamical model by Jonas (1997).

Table 3 Officially reported wood harvest in Austria for the base year 1990 acoptdin
different data sources.

Source Characteristics/ Unit Size LiJrﬁ)t((je?\?QIg Mode of
deficits ) investigation

HEN? Diameter of wood above 1990 1 Declaration by
7 cm; underestimation omio. nt u.b. 15.711 wood owners.
harvest in small-sized Mean 1989-91
forest (private owners) | mio. n* u.b. 13.675
(approximately 1 mio.
m°u.b.)’no
consideration of wood
from non-forest sails.

AFI Exclusive consideratiorn Mean 198690 5 Two step

(1986/90j of exploitable forests; | mio. n 0.b. 19.846 sampling
inclusion of all non- Mean 1986-90 technique.
standing stems and | mio. n? u.b® 15.877
natural losses.

Wood balanct | Total wood from forest 1990 1 Calculations
areas, also including | mio. n° u.b. 22.212 based on HEN
wood from non-forest Mean 1989-91 and AFI.
areas,bark. mio. nt u.b. 20.088

AFMAF (1991).

® According to Bittermann and Gerhold (1995).

“Schieleret al. (1996).

4 Applying a conversion factor of 0.8, according to Jonas and Sch(iti896) and Jonas (1997).

® Bittermann and Gerhold (1995). The term “wood of non-forest areas” is in rither @f 5-35% of the
HEN and is not correlated with it.

" For example, wood from parks, fruit trees and agricultural landtéBitann and Gerhold 1995).
According to the Forestry Act of 1975 (81, Abs. 5), non-wood areas anedss cultures for energy use
(594 ha), forestry gardens (714 ha), forestry seed plantations (87 higjnas tree cultures (930 ha) and
cultivation of walnut and sweet chestnut (4 ha). Therefore, the amdunbrowood areas is by far
smaller than the amount of non-forest areas!

¥ In the meantime, framework conditions have changed so that a comptete balance will very
probably no longer be available in the future (Wegtsl., 2000).
1> These are partially deduced from knowledge on the demand side of wood.
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Comparing the three different data sources shows the amount of textvesod
increasing from HEN to wood inventory to wood balandalfle 3. For 1990, HEN
reports wood harvest to be 15.711 mio. m3 u.b., whereas the mean woesthfnmnthe
period 1989-1991 equals the substantial lower value of 13.675 mio. m3 u.b. A large
amount of storm damage occurred in 1990 and, as a consequence, led to an
exceptionally high level of harvest. However, the five-year mean vafuexploitation
(Nutzung)in the Austrian wood inventory is 19.846 + 0.707 mio® mb., constituting
almost two-thirds of the 1986/90 total annual increment of the Austeigploitable
forests (31.416 + 0.552 mio. ho.b.). Applying the above-mentioned conversion factor
of 0.8 results in 15.877 mio. m3 u.b. wood harvest. Finally, the Aaistwood balance
estimates the harvest to be 20.721 mio. m3 u.b. in 1990 or 18.635 mio. m3 uthefo
period 1989-91, respectively. The differences are shoviAiguare 7.

Wood Harvest
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Figure 7 Varieties in wood harvest according to different reporting systems.rithe
u.b. values of the AFI are deduced by applying a factor of 0°8ur./n?
0.b., according to Jonas (1997). Sources: FMAF (1991), Bittermann and
Gerhold (1995), Schielest al. (1996).

One additional source for the differing numbers of wood harvesthes drea of
exploitable forests, which was 3.331 mio. ha or 86% of the total forest ar&89a
(3.878 mio. ha) (Schielezt al., 1996). The HEN and forest inventory refer to this area,
whereas the wood balance also considers non-forest areas.
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5.1.2.5 A possible way towards consistency of the three reporting systems

The previous section emphasized the possible range of wood harvest, whiedtie
discusses one of probably several ways to achieve consistentlijyefdhree reporting
systems. As the HEN is part of the wood balance, consistency is souglibrést
inventory and wood balance in particular.

The total harvested wood in the Austrian wood balance (18.635 miau.m for the
period 1989-1991§is substantially higher than that of the AFI (15.877 mid.ub. for

the period 1986-1990), when we assume the conversion factor is 0.8 according to
Jonas (1997). In order to link the two reporting systems togethdmoitld be discussed
how these inconsistencies can be overcome.

First, wood harvest (894 * £am3 u.b. for the period 1989-1991) from non-forest areas
must be subtracted from the total wood harvest of the wood balance becaustit is
included in the forest inventory. This leaves 17.741 midurh. with which to compare.
The Austrian wood balance does not report uncertainties, whereasrds inventory
specifies an uncertainty interval (+3.56%). If we take the converfactor of 0.8, we
end up with an uncertainty band of the forest inventory that ranges 1#5.312-16.442
mio. nT u.b. It is clear, however, that this interval cannot explain the difiee up to
17.741 mio. m3 u.b. of the wood balance.

Another possible source of inconsistency emerges from the unusually shaym
damages in 1990, which seems to increase the mean value for 1989 to 1991. However,
this effect is, on the one hand, lowered by a decrease of harvest in 1991 andhs, on
other, also too small to serve as an explanation. We also do not know to extieht

the figures for 1990 influence the two statistical sources differentlyis effect is
therefore not considered any further.

Yet another source for inconsistency are conversion factors.ntih@ers reported by
the HEN, which represents the major part of wood harvest of the wood lealare
obtained by factors that are either officially recommended (seg, the following
section andTables A7and A8 in the Appendix), or are individually deduced from
experience by each of the forest enterprises and farmers. Therefore, untEtai
underlying the conversion factors can hardly be quantified and thus tavee
addressed by so-called tacit knowledge.

Therefore, we focused our interest on the conversion of wood inventorytdatee
basic unit of the wood balance, which is m3 u.b. As previously mentiorike
conversion factor used so far to convertanb. into nf u.b. is 0.8, meaning that 20% of
the wood harvest is dedicated to bark, harvest lossesSandundthat is the decrease
of volume as a result of decreasing moisture content). According tav&@ds(1996),
Lohmannet al. (1986) Schwaiger (1999), Jonas (2001) and Weitsal. (2000), this
factor must be even lower (0.7-0.75). Although the application of this morestieal

16 As Bittermann and Gerhold (1995) include bark in the item “other domestic supglyk Has to be
subtracted from the total domestic supply.

7 values of the AFI have been converted tdurb., aiming at providing a common basis for comparison.
Applying a smaller conversion factor than 0.8, for example, 0.7 aswmemnded by some forestry experts
(e.g., Hannes Schwaiger of JRG) would even lead to a larger discrepancy
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conversion factor may be right from the view of a practitioner, it ggosdditional
problems since the gap between the forest inventory and the wood balance is in
consequence even larger. In addition, the application of this lower factordolaabn

leads to a large amount of bark, for which the destination has to be ieag)aas
Bittermann and Gerhold (1995) come up with a consistent supply and denfand o
domestic wood, including bark. If the amount of bark is therefeubstantially larger, a
complete revision of the wood balance must be postulated.

Given the two reporting systems and trying to link them consistenttigouit changing
their inner structure, led us to favor two alternatives:

1. To calculate the conversion factor, which transforms tReurn. value of the
total harvest of the Austrian wood balance into theoab. value of the AFI, and
then to check if this conversion factor is plausible from an expert’s view.

2. To determine the hypothetical uncertainty band of the Austriandwmsdance
that is necessary to at least border the uncertainty of the forest inventemybth
accounting for the uncertainty of the conversion facto? tnb. to nf u.b.”.

First alternative: Calculation of a virtual conversion factor

Bittermann and Gerhold (1995) illustrate that bark is not considemethe former
versions of the wood balance. This was because the felled wood had been ibahed
wood and the bark had also been left there. Today, in contrast, decortigatnot
undertaken until the processing in industry and bark is then ulilizea major degree.

To account for the share of bark from the timber used in production processes,
Bittermann and Gerhold (1995) assume 10% bark to accrue for 95% of the total timber
production, and 11% bark for 100% of wood demand in the board industry
(Plattenindustrie) This leads to a fraction of bark that is approximately 11% of the total
roundwood harvest By applying these factors, Bittermann and Gerhold (1995) come
up with an average domestic production of 1.453 mio. m3 of bark for 1989-1991. If we,
for example, apply a factor of 0.75 for converting the mé o.b. values of dhest
inventory into m3 u.b. values of the wood balance, as is being donermsJ2001), we
would come up with a calculatory (theoretical) maximum production of 4.961 mfo.

of bark: 19.845 mio rho.b. * 0.75 = 14.883 mio thu.b. (see alsoTable 4for applying

the conversion factor 0.894, which results in a hypothetical production of 2.104 thio m
of bark). This is by far too much (>3 times) to be explained by the densie of the
Austrian wood balance. Our first-order solution is thus to apply a famit6.894, which

is used by Bittermann and Gerhold (1995) to get a consistent, but stiflties) link
between forest inventory and the wood balance.

In a study recently published by the Austrian Federal Environment Agéieysset al.
(2000) also address this resulting virtual conversion factor, which repeegeiie a
large underestimation of the real world. Weestsal. (2000) come up with additional
assumptions for this obvious discrepancy.

18 This value is gained by dividing bark harvest with the harvest of dewood. According to the Austrian
Timber Trade Usance (Wiener Borsenkammer, 1985) the amount of ésuking from spruce and fir is
12% of the volume, and for pine and larch wood 13% of the volume.
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Taking all the various factors for inconsistencies into account,ctiesen procedure
seems to be one of many plausible ways of bringing the two statigtigether.
Nevertheless, it is important to emphasize that our conversion facéovirtual’ one to
adjust different statistics and does not reflect a real physical relatpnshi

Table 4illustrates this conversion. However, the factor for calculating thetion of

bark requires further proof in the future. Moreover, because the supplyosidee
Austrian wood balance is mainly derived from the demand side (Bittemmand
Gerhold, 1995}° meaning that all items except the HEN are based on assumptions,
further deliberations will have to focus on that issue in particidad will also have to
include imports and exports of wood to reduce uncertainties. In the finabwveo$ the
Austrian carbon consistent database a different approach is applied to makeothe t
reporting systems consistent (Jonas, 2001). The main focus thepejned at the
uncertainty issue and a factor of 0.75 is applied to convert m3 u.b. frombm?3 o

Second alternative: Assessing the uncertainty band of the wood balance

Taking into account the extreme values of the uncertainty band obtiestfinventory
and the uncertainty band of the conversion factot tnb. to n? u.b.”, we do not get up
far enough with the resulting fu.b. values to overlap with the wood balance which,
according to section 4.5, is our minimum consistency requirement.

Since no uncertainty band is reported for the wood balance, we thus askigdhe
uncertainty band of the fu.b. values of the wood balance must at least be to border the
uncertainty of the forest inventory, thereby accounting for the uncgytaof the
conversion factor fho.b. to nf u.b and whether this uncertainty band is plausible from
an expert’s view.

Our procedure can be best explained by first having a lodkgire 5. There, the left

side of the figure can be visualized to represent the uncertainty of the tA&ileby
accounting for the uncertainty of the*rm.b/n? u.b. conversion factor. This uncertainty
band is quantified iMTable 5 Thus, the lower uncertainty limit of the forest inventory,
which is 19.138 mio. rho.b., times the lower limit of the fo.b/n? u.b. conversion
factor, which is 0.7, results in 13.397 mio®mnb. Applying the same procedure for the
upper limits of the forest inventory and theé’ mb/n? u.b. conversion factor leads to an
upper uncertainty limit of 16.442 mio. hu.b. FromTable 5it is now evident, that the
gap between the mean value of the wood balance for the years 1989-1991 and the upper
limit of the forest inventory times, the upper limit of the*ra.b/n? u.b. conversion
factor is 1.299 mio. rhu.b. We therefore take this value as the theoretical necessary
uncertainty band of the wood balance, which is at least requiredfith dwir minimum
consistency requirement. Figure 5 this would mean that the lower limit of this newly
calculated uncertainty band of the wood balance just equals the upper fiithé trest
inventory, considering the uncertainty of thé mb/n? u.b. conversion factor. As we do

not know of any symmetrical or asymmetrical distribution of theoddalance, we
assume a symmetrical uncertainty band that therefore equals 17.741 huidh. m7.3%

¥ The starting point of the methodological approach of Bittermann and Gkthep5) for building the
Austrian wood balance is the demand side of wood as it is statistibethgr reported. Therefore, the
underestimation of the supply side is assessed based on this dats l@it as possible, bearing
plausibility in mind (Bittermann and Gerhold, 1995).
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(Table 5. Building upon our knowledge, we are of the opinion that this uncestaint

band is plausible.

Therefore, to calculate carbon flows on the basis of tHeurb. values of the wood
balance, which is described in detail in section 5, we start by takingxtreme values
of each of its items, which result from the reported values of the wood &BENE8%

(Table 5.

Table 4 Consistency of wood harvest (annual fellings) of the AFI and the dtenes
wood production according to the Austrian wood balance by applying the
conversion factor 0.894 fu.b./n? 0.b. Sources: Bittermann and Gerhold
(1995); Schieleet al. (1996); IIASA,; cf., also FMAF (1990; 1991, 1992).

Uncertainty
interval
*10°m*u.b.)
Annual increment (hypothetical in the case of
m?u.b. values)

Coniferous wood 458
Deciduous wood 168
Total 493
Annual fellings (hypothetical in the case of

m?u.b. values)

Coniferous wood 575
Deciduous wood 217
Total 632

Conversion to mu.b. Original data
<
-
Mean value| Uncertainty Mean value
Upper value Lowervalue 1986-1990 interval Upper value Lower value 1986-1990
(10°m*u.b)  (10m’u.b) @0m’ub) | (x10°m’ob) (10°m’o.b.) (16 m*o.h.) (10m’o.b.)
23412 22497 229%4 512 26188 25164 28676
5300 4963 5137 188 5928 5552 5740
28579 27592 2808 552 31968 30864 3141
14936 13786 14361 643 16707 15421 16064
3597 3163 338( 243 4024 3538 3781
18373 17109 17741 707 20552 19138 19844
2104

Resulting anount of bark (hypothetical)

Original data
Mean value
1989 1990 1991 1989-1991
@o’m*ub) (@Gm’ub) (@Fm’ub) (@Om’ub.)
Domestic wood production
Fellings HEN) 13822 15711 11492 13675
Deciduous wood 2381 2265 2023 2223
Coniferous wood 11441 13446 9469 11452
Roundwood 11146 12939 9055 11047
Deciduous wood 1019 1012 835 955
Coniferous wood 10127 11927 8220 10091
Ratio deciduous wod/coniferous wood (%) 9.1 7.8 9.2 8.6
Fuelwood 2676 2772 2437 2628
Deciduous wood 1362 1253 1188 1268
Coniferous wood 1314 1519 1249 1361
Ratio deciduous/coniferous wood (%) 51 45 49 48
Other wood from forest soils 3809 3735 3479 3674
Roundwood 2259 2046 1868 2058
Fuelwood 1550 1689 1611 1617
9
Other domestic wood supply (without recycled
re-used wood) 1225 1275 1358 1286
Wood from non-forest areas 875 875 933 894
Chips from forest residued\(aldhack 350 400 425 392
35
1
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Table 5 Calculating the hypothetical minimum uncertainty band of the Aastwood
balance. Sources: Bittermann and Gerhold (1995), Scheekr (1996), IIASA.

Upper and lower
Measured and/or et a1 Reported

calculated  conversion factor ~ and/or

m? 0.b. m*o0.b. to m*u.b. calculated
values and vice versa m?u.b. values
(mio. m? 0.b.) (mio. n? u.b.)
Forest inventory

19845 0.7 13892

19138 0.7 13397

20552 0.7 14386

19845 0.8 15876

19138 0.8 15310

20552 0.8 16442

Wood balance

25344 1.43 17741
22176 1.25 17741
27199 1.43 19040

23489 1.43 16442

23800 1.25 19040

20552 1.25 16442

Resulting theoretical uncertainty band of the
wood balance (£ mio. m* u.b.)
1299
(= %)
7.32

5.1.2.6 From wood harvest to energy balances

Further important data sources for obtaining consistency with woodestare the
energy balances of AIER (1996) for 1986-1 d ACSO (1992a; 1993a; 1994) for
1989, 1990 and 1991, because fuelwood balances are included.

AIER compiled national energy balances from 1955 to 1994, whereas ACSO psblishe
national energy balances since 1969. The initially reported differences wmiestal
completely removed (AIER, 1996). One main difference still remainiagthe
composition of consumption domains. The procedure of compiliegetiergy balances
was adjusted as follows: AIER established a preliminary energy balamxcmonths
after the year under review and replaced it by the final energy balateetaé ACSO

final balance became available.

2 AIER no longer publishes the energy balance (Bittermann, 1999).
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It is important to emphasize that from 1989 onwards the ACSO energgdealeas been
changed twice compared to previous ones. Firstly, the classificationesfg sources
(renewables, in particular) has been readjusted to new requirementid§edbe
results of the wood balance analysis carried out at the Departmdfmvafonment at
ACSO showed that fuelwood data, as well as sawn wood residues, productthars o
had to be reviewed. As a consequence, a compilation of a detaddhddad balance
under close cooperation with the Austrian Federal Forest Adémms developed for
the years since 1988, which afterwards became part of the previouslyssiést
Austrian wood balance. Finally, the updated calculation of fuelwood and hiD@gels
resulted in a significant increase of renewable shares from 1987 to 1988 (ACSO,
1992a).

5.1.2.7 Consistency of fuelwood flows

Fuelwood flows represent the major share of wood harvest for energe#ic us
(approximately 60% according to the Austrian wood balance). Theretfoeenext step

in our study was to look for consistency of fuelwood flows with total wood/bst. As
mentioned earlier, we were aware of the so far unresolved discrepancy beiveeen
fuelwood production reported by the Austrian wood balance (Bittermann andol,
1995) and the fuelwood demand, reported by AIER (1996).

In this respect, Jonas (1997) states that inconsistencies conceraim@da supply in
the energy statistical data of AIER and the wood balance statistitaladdadACSO are
considerable and require a compensatory correction of the carbon flawckain the
wood industry. For example, AIER (1996) statistics give a mean value of 8,0%@r
1989-1991, which equals 2.634 mio. t C, after multiplication with the IPCC
recommended carbon conversion factor for wood (29.9 t C/TJ). ACSO, oothes
hand, give a mean value of fuelwood use of 5.354 mio. m3 u.b. for 1989-1991, which
converts to 6.693 mio. m3 0.b. (applying a factor of ©fér converting m? u.b. into m3
0.b.) and finally to 1.378 mio. t C (following the conversion instructionsJohas,
1997). Hence, fuelwood related carbon values of the two statistical souffsrshy a
factor of about 1.9.

The procedure of Jonas (1997) pursues to link different statistical data aratben
level. However, in this study we are initially attempting to check ¢gieacy on the
level of material flows, that is wood flows in particular, accordingthe procedure
outlined in section 4.

Therefore, in the following paragraphs, the aim is to achieve consistércyhe
energetic use of fuelwood of the Austrian wood balance (Bittermann and @erhol
1995), the Austrian Final Energy Balance (ACSO, 1992a; 1993a; 1994), and the
Austrian fuelwood balance (AIER, 1996).

Bittermann and Gerhold (1995) split the energetic use of wood into fualywsawn
wood residues/chips from forest residues, as well as recycled re-used woadihesin
common unit of m u.b. and also considering imports and exports of fuelwood. By
contrast, AIER (1996) produced its own fuelwood balance, leaving other biogenic

2L |n particular, Mrs. Wakolbinger’s expertise.
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energy sources combined to the total energy balafi@blé §. Besides domestic
fuelwood production, fuelwood imports and exports are also included. limasirio the
wood balance, the reporting unit here is metric tons. It is importannéntion, that
there is no further specification on this unit (e.g., fresh weight, air deygtt, dry
matter). ACSO (1992a, 1993a, 1994) reports energetic end use of fuelwood and
biogenic fuels in metric tons as well as their share of domestidymtion. Additionally,
ACSO (1992a; 1993a; 1994) further divides domestic fuelwood and other biogehic fue
production into supply domains of agriculture, forestry and civilieegring. The latter
should therefore coincide with the share of recycled re-used wood of the valaiick
(Table 7.

Table 6 Classification ofOther energy carrierén the AIER energy balance.
Source: AIER (1996).

Raw energy carriers

Fuelwood
Biogenic fuels
Chips, bark, saw residuals, chips from forest residugsstraw, biogas,
sewer gas, landfill gas, RME (rape methyl ester)
Environmental heat, sun energy, wind energy:
Energy from heat pumps, geothermal energy, solar current, solar heat
Combustible wastes
Waste, other wastes, spent liquor, sludge of the paper industry

Starting with the Austrian wood balance, the total energetic use of agwn the
broader sense, that is fuelwood, sawn wood residues, chips from feeduies and
recycled re-used wood, is 8.471 mio. m3 u.b. in 1989, 8.556 mio. m3 u.b. in 1990, and
8.690 mio. m3 u.b. in 1991. Of that, the largest fraction is fuelwood in dr@omver
sense (5.313 mio. m3 u.b. in 1989, 5.469 mio. m3 u.b. in 1990, and 5.280 mio. m3 u.b. in
1991) followed by sawn wood residues/chips from forest residues and eecyeslused
wood (Table 7. The energetic use equals domestic production plus imports minus
exports plus/minus changes of stocks, whereas imports, exports, and chastesksf

are very small compared to the domestic production of fuelwood. Comrdegtron the
domestic production of fuelwood in the narrower sense results in 5.101nmia.b. in
1989, 5.336 mio. mé u.b. in 1990, and 4.981 mio. m2 u.b. in 19%ble 7.

Including the share of recycled re-used wood into the domesticugtah of fuelwood

results in 6.284 mio. m3 u.b. in 1989, 6.447 mio. m3 u.b. in 1990, and 6.311 mio. m3 u.b
in 1991 (Table 7.
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Table 7 Fuelwood flows in the Austrian wood balance.
Sources: Bittermann and Gerhold (1995), IIASA.

Austrian Wood Balance

Original data
Mean value
1989 1990 1989-1991
[10°m*u.b] [10°m’u.b] [10m’ub] [10m’u.b]
Energetic use 8471 8556 8690 857
Fuelwood 5313 5469 5280 534
Saw residual wood/Chips from forest residues 1975 1976 2080
Recycled re-used wood 1183 1111 1330 12Q
Energetic use of fuelwood 6496 6580 6610 656
Change of stocks
Fuelwood -1 42 -61 -1
Import
Fuelwood 212 177 245 21
Export
Fuelwood 1 2 7 3
Production
Fuelwood 2676 2772 2437 2672
Deciduous wood 1362 1253 1188 124
Coniferous wood 1314 1519 1249 134
Other wood from forest soils
Fuelwood 1550 1689 1611 161
Other domestic wood supply (without recycled re-used wood) 2662 2766 2789 273
Wood from non-forest soils 875 875 933 89
Bark 1437 1491 1431 145
Chips from forest residues 350 400 425 39
Recycled re-used wood 1183 1111 1330 12Q
Fuelwood supply 5313 5513 5226 535
Domestic production of fuelwood (including wood from
non-forest soils) 5101 5336 4981 513
Total domestic production of fuelwood (including
recycled re-used wood) 6284 6447 6311 634

On the other hand, if we consider the figures given by the Austughwiood balance
(AIER, 1996), we are confronted with the mass unit (t freshweight)usTlproduction

= 00

= oo ™~YMw® o

of fuelwood equals 5.631 mio. t fw in 1989, 5.774 mio. t fw in 1990, and 5.093 mio. t
fw in 1991 (Table §. In order to bridge the gap between the two reporting systems, we

convert the figures by multiplying them with the conversion factor (0.80@r3 u.b.)*,
which has been used until recently by AIER and ACSO. The conversisults in the

domestic production of 6.312 mio. m3 u.b. in 1991, which equals (though there s som

rounding error) the domestic production of fuelwaadluding the share of recycled re-

used wood, according to the Austrian wood balance (Bittermann and Gerhold, 1995). |

is therefore crucial to emphasize the different definitions of fuelw@odduction

underlying the two reporting systems.
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Table 8 Fuelwood flows in the AIER fuelwood balance.
Sources: AIER (1996), IIASA.

Austrian Fuelwood Balance

AIER (1996)
Conversion  Conversion factor  Conversion
factor0.896 0.896 factor0.807
Mean value
1989 1990 1991 1989-1991
[1000 ] [10001t] [1000 t] [1000 {]
Production of fuelwood 5631 5774 5093 5499
Import of fuelwood 191 159 197 183
Change of stocks (- = increase) 1 -38 49 4
Export of fuelwood 1 2 6 8
Consumption of fuelwood 5822 5894 5334 5683
Conversion to m* u.b. using ACSO old conversion
factors, and including the correction for the years
1989 and 1990 (which were 0.896) [10°m*u.b.] [10°m°u.b] e m’ub]  [10Cm’u.b]
Production of fuelwood 6285 6444 6312 6347
Import of fuelwood 213 178 245 212
Change of stocks (- = increase) 1 -42 61 7
Export of fuelwood 1 2 7 3
Consumption of fuelwood 6497 6578 6610 6562

However, the 1989 and 1990 figures did not fit together, for which the reasemuata
clear in the first run. Further investigations revealed that before 199 ifferesht

conversion factor of 0.896 t fw/m? u.b. had been applied by AIER (1996).ngail

these differences into account results in coincident statisTieblés 7and 8). Some
small differences are due to rounding errors.

A listing of the energetic end use and domestic production of the imsiinal Energy
Balance (ACSO, 1992a; 1993a; 1994) completes the picture of consistent fuelwood
statistics Table 9. The same conversion factors as previously described have also been
applied here. Besides some rounding errors, an explanation for tferedide in
domestic fuelwood production in 1989 (and possibly in 1990) between the Awstri
Final Energy Balance and the Austrian wood balance remains open.

In conclusion, the putative carbon inconsistency raised by Jonas (1997) is due to
inexplicitly defined items and conversion factors by the AIER (1996)dy
Furthermore, this illustrates how important a consistent material filtamework is for

FCA.
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Table 9 Fuelwood flows in the Austrian final energy balance.
Sources: ACSO (1992a; 1993a; 1994), lIIASA.

Austrian Final Energy Balance (ACSO, 1992a, 1993a, 1994)

Mean value
1989 1990 1991 1989-1991
[1000 ] [1000 {] [1000 1] [1000 1]
Energetic end use
Fuelwood 5822 5894 5335 5683
Biogenic fuels 1690 1847 1962 1833
Domestic production
Agriculture and Forestry
Fuelwood 4951 4803 4020 4591
Biogenic fuels 567 1123 1145 945
Civil engineering
Fuelwood 1040 971 1073 1028
Others
Biogenic fuels 1550 963 1180 1231
Conversion to mu.b.
Mean value
Applying 0.896 factor for 1989 and 1990 1989 1990 1991 1989-1991

[1000nfub]  [L000nfub]  [1000nfub] [1000nfu.b,]
Energetic end use

Fuelwood 6497 6578 6610 6562

Biogenic fuels 1886 2061 2431 2126
Domestic production
Agriculture and Forestry

Fuelwood 5526 5360 4982 5289

Biogenic fuels 633 1253 1419 1102
Civil engineering
Fuelwood 1161 1084 1330 1191
Others

Biogenic fuels 1730 1075 1462 1422

5.1.3 Austrian wood flows reported by other studies

The comprehensive approach of the Austrian wood balance covers hibstAustrian
domestic wood flows by balancing the supply and demand sides.diicad imports

and exports of roundwood and fuelwood are also considered. However, the large share
of imports and exports of refined wood products like, for example, furnitue nat

taken into account. To ensure consistent carbon flows according to our genecd@ppr
described in section 4, additional studies have to be considered besidsg1887) and
Orthofer (1997.

Some of these studies are either conducted once like, for exarhpke of theCenter

for Environmental Protection and Nature Conservation at the University of Soll
Sciences in VienngWimmer and Halbwachs, 1992), or more or less periodically
updated like those of thimstitute for Interdisciplinary Studies of Austrian Universities
(Steurer, 1992; 1994; Huttlezt al., 1996), or are annually published like the annual
report of the associatioforum for Forest, Board and Papée.g., Herzog, 1998).

For example, Wimmer and Halbwachs (1992), who mainly concentrate on istdtist

data from the period 1980-1990, also consider the total amount of imported and
exported wood products. The difficulty in explaining the differencesuostudy is that
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Wimmer and Halbwachs (1992) do not report in detail on underlying data or about
conversion factors.

The 1990 material flow analysis of Austria (Huttlet al, 1996) is built upon the
Austrian wood balance and therefore can, in principle, be linkedsistently.
Nevertheless, due to its rather rough approach, conversion factors musvieeed
critically. For example, since the common unit of material flowshe material flow
analysis (MFA) is (t fw), the authors use a common conversion faiftér86 (t/nt u.b.)
for calculating aggregated wood mass flows. It is not clear, however, if theeutefer
to freshweight, air dry weight, or dry matter. As we point out in the nextien, this
conversion factor is somewhat too high to be taken as an aggregated convacswn f
for all wood flows. In general, the material flow analysis is strongggommended to
serve as the basis for calculating future full carbon budgets of Auptoajded that it is
periodically updated.

The association Forum for Forest, Board and Paper (e.g., Herzog, 198&e<r
annually updated sector statistics of wood imports and exports for Aubaged on

data from ACSO. Therefore, consistently linked, we consider this data a&sayesty

suited to serving as an extension to the Austrian wood balance.

The 1990 data of wood flows are also reported by international orgamsatio
particular the United Nations Economic Commission for Europe (UNECH)e
UNECE/FAO report “The Forest Resources of the Temperate Zondsdsed on the

AFI 1986/90 (UNECE/FAO, 1992), thereby using preliminary results and is thus rather
pointless to be further considered for the database.

The Forest Product Statisticsalso assembled by the UNECE (UNECE/FAO, 1994)
serves as another important data source, particularly for importegmorts of wood
flows. The figures appearing in the statistical tables of the report asenalot from the
statistical returns supplied by the governments to the secretariat and m@seti
supplemented by data from semi-official or non-governmental sources QENEAO,
1994). The main differences to the Austrian wood balance are, on the one hand
differences in reported removals of wood, which are significantijhér than the HEN

and do not show the 1990 peak due to storm damage. On the other hand, the Forest
Product Statistics include the total import and export of refined wooduymts. Due to
their comprehensive approach, the Forest Products Statistics may servadditanal

data source for the carbon consistent database.

5.1.4 Concluding remarks to the consistency
of wood related carbon flows

According to our general approach in building a carbon consistent databater(sB
we are now in the position to speak of consistently adjusted wood relatedrciows

on the basis of the AFI, the Austrian wood balance, the HEN of the Federasti of
Agriculture and Forestry, and of the energy and fuelwood balancesER Aind ACSO.
Due to time constraints of the IIASA stay, it was not possible to go beyoesktivood
flows. Thus, the imports and exports of wood and wood products, whictepceted by
the foreign trade statistics in general, and for example, the assockdimm for Forest,
Board and Paper in particular, are not considered any further. Instead, vierfurt
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proceed with an exemplary discussion on the impact of conversion factors amncarb
flows.

These additional wood flows are illustrated in a consistent fashidme final version of
the Austrian carbon consistent database (Jonas, 2001).

As Orthoferet al. (2001) also built a consistent framework of wood flows to set up a
basis to feed their Austrian Carbon Balance Model, they show anolieenative of
balancing the wood flows.

5.1.5 Carbon flows: The role of conversion factors

The previous secions mainly implicitly indicated the importance ofveosion factors,
whereas this section explicitly focuses on the role of conversion factonsiridg
consistency of wood flows must bridge the gap between different measuteaunits of
wood flows. For example, as already intensively discussed, forest inyeatoounts

for m® 0.b., whereas all other surveys account foturb. Hence, a set of conversion
factors is needed, allowing the conversion of the forest inventory dataatooththe
HEN, the wood balance, and to all of the other surveys on wood flows. These
conversion factors are crucial and must therefore be chosen very carefully.

In reviewing studies on Austrian wood flows, it became evident that tisemet only a
lack of using common conversion factors for the conversion dé . into nf u.b., but
there is also a lack of commonly applied conversion factors to convevimgme,

weight, energy, and carbon contents into each other. In order to bhdiggap in the
Austrian carbon balance framework, it was decided to undertakieoe selephone
survey” with experts to identify the officially and scientifically used a@nsion factors
in Austria. The following institutions were contacted upon the recommeotdati Dr.

Knieling from the Federal Ministry of Agriculture and Forestry:

« Austrian Standards Institu{@®sterreichisches Normungsinstitut)

» Forum for Forest, Board and Paper;

* Institute of Wood Science and Technology (University of Soil Scis)ice

* Wood Science Austria/Arsenal;

* Federal Testing Institute for the Timber Industry, Higher TechniCallege,
Modling; and

* Proholz Austria.

The survey revealed that:

* none of the institutions are actually dealing with the quantificatbcarbon flows;

» the most usable data sources for conversion factors in the wood industtiieare
Austrian Timber Trade Usance (Wiener Bérsenkammer, 1985) and the ONORM
7132 (Osterreichisches Normungsinstitut, 1998), supplemented by specifisatat
on wood physics (cf., e.g., Sell, 1997); and

?2 The survey was restricted by the time available.
% ONORM is Austrian Standard.
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» the Forum for Forest, Board and Paper association had recently changed the
conversion factors that they applied for calculating their annual vzdahce of the
wood industry sector (Anonymous, 1998).

A summary of commonly applied conversion factors is givefafles A5o A16in the
Appendix, based on the results of this survey and supplemented by convexsiorsf
already used in (the aforementioned) carbon studies. Thessstabive more to show
the large number of different conversion factors used by the wood inydihstn to give

a complete picture on existing conversion factors. Therefore, thedae incomplete
and built upon marginal utilityFigure 8illustrates the kind of conversion steps towards
carbon content are reported in the literature.
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Note:

m® o.b. (Vorratsfestmeter)1 m® o.b. equals 1 fhof standing wood including bark, measured and
calculated by the AFI.

m® u.b. (Erntefestmeter)l m® u.b. equals 1 fho.b. less harvest losses and bark volume (tradable mass).
m® loose volume (e.g., fuelwoodRaummeter)1 m*loose volume equals 1 hof piled wood including
air spacing.

m® loose volume (e.g., chipgSchiitraummeter)l m® loose volume (e.g., chips) equals 1 lnose
volume (e.g., fuelwood) of poured wood fragments.

Weight of m3 o.(Vorratsfestmeter, Gewichtsmafjeight of 1 n? o.b. in tons.

Source: Schwaiger (1999).

Figure 8 Conversion steps in use for wood and carbon flows in Austria.
Source: [IASA.
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5.1.6 Uncertainty of conversion factors

As already discussed in section 4.5, uncertainty of conversion factors rdgnbe
calculated if there are at least two different reported values for eackersion factor.
But this is not even the case for all of the conversion factors used in this study.

To assess the uncertainty of conversion factors in a simplified fashion, egedeto
take the maximum and minimum reported values, then calculate ¢idkum value and
determine the uncertainty band by subtracting the average fromagper value and
transform it into percentage values. We are certainly aware of other approachds, but
not consider them here. A more complex approach, applying protyafuinction,
standard deviation, and error propagation is being elaborated by Jonas. (2001)

5.1.6.1 Conversion factors for aggregated wood flows

A basic challenge in assessing the uncertainty of wood related carbes fothe
handling of aggregated wood flows. We usually find these when balancing wood flows
on our so-called Level 1 or national level. For instance, the position for timber
(Nutzholz of the Austrian wood balance consists of coniferous and deciduous wood.
These two items are again aggregated levels of different coniferous amtlidesitree
species like spruce, fir and pine, and beech, oak and maple, respectiaowr, all
kinds of wood are characterized by different values of density and umeigtf. Table

All in the Appendix). Thus, for taking different shares of wood into accdant
aggregated conversion factors, limits are set by available data andathegeable level

of complexity.

The problem of aggregated conversion factors may be illustrated by #mepd of the
Austrian material flow accounting. Huttlet al. (1996) use a general conversion factor

of 0.86 to transform 1 rhu.b. of wood into tons of mass weight for the aggregated
wood harvest. The authors do not make clear, which degree of moisture underlies this
conversion factor. This is a very common problem in wood flow accounting, andtis
trivial by any means. MoreoveiTable Allin the Appendix makes clear, that this
conversion factor may be valid for beech, but is too high to be used asua vadue for

all aggregated wood flows: beech wood accounts for only 8.1% of total fellings in
Austria (Schieleet al., 1996,Table A17in the Appendix).

Also other reporting systems appear to use aggregated conversion factoasett@o
high, for example, the UNECE/FAO (1994) factors for saw logs. Otherygonversion
factors for fuelwood are more significantly in the range being repobw official
Austrian institutions and comparative data sets (e.g., Sell, 1997).

In the case of the Austrian wood balance, Bittermann and Gerhold (1995) do not
separate the supply and demand of wood into shares of coniferous and deciduous wood.
Since the share of the tree species is only reported for the annual increment and annual
fellings of the AFI in detail Table A17in the Appendix), we take these numbers to
deduce an aggregated conversion factor, which we then also apply to the Austrian wood
balance. The calculation of a weighted average of fuelwood and roundwood fellings of
the forest inventory is done by summation of the products of the share of a particular
tree species and the mean density value reported for this particular éeiespy Sell
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(1997). We take Sell’'s numbers since they are built on a large sample. It is obvious,
however, that they are not based on Austrian measurements.

Thus, the calculated aggregated conversion factor for coniferous vedow$ is 0.47 t

air dry matter/mi u.b., whereas the calculated conversion factor for deciduous wood
fellings is 0.7 t air dry matter/fhu.b. Aggregating conversion factors of coniferous and
deciduous wood fellings results in an average density conversion factor fortdie to
fellings of 0.51 t air dry matter/fru.b. This is, for example, only 59% of the conversion
factor used by Huttleet al. (1996) or even only 59% used by Steurer (1994) and also
significantly below UNECE/FAO (1994).

The only differentiation of survey categories in the HEN below lthes| of coniferous
and deciduous wood is the separation of spruce/fir and beech $hatesice, the
calculation of an aggregated conversion factor is not appropriate. Theigustood
balance itself, which is built upon the HEN, only differentiatesAmsn coniferous and
deciduous wood, which also makes it impossible to calculate an aggregated comversi
factor.

In conclusion, conversion factors derived from species sharesohlh are also used
for calculating the density of coniferous and deciduous wood supply inwied
balance. Building upon that, conversion factors are derived for roundwomber),
fuelwood, and saw residuals.

Moisture contents of wood

The next step is the conversion of moist wood into dry woddritrockenes Holg
According toTable Allin the Appendix, the average moisture content of air dry wood
is 13.5%, the bandwidth ranging from 12-15% (Sell, 1997). However, ACSO (1998;
1999) recently adapted the moisture content of air dry fuelwood to account for 20%
(formerly 15%), a value also used by the IPCC (1995; 1996a,b). Also, the newlgappl
factors for the moisture contents of chips from forest residues (25%yn wood
residues and chips (10-45%) are substantially higher than the old ones (15%lIAs
(1997) offers a consistent and comparable data basis for all wood spep@sed by

the AFI, we apply the referring values for the moisture contents ohdawod and
fuelwood.

As mentioned above, we are aware of the general uncertainty of theungo@intents

of wood. Whereas standing or recently cut wood is considered to contain up tof30% o
water, and felled wood is even able to store up to 50% of water when storeduren

“air dry wood” is given by the time the water content is below 20% ofttital mass. To

reach air dryness, at least one year of storage is required; in the case of beech and oak

4 The share of spruce/fir and beech fellings reported by the HEN attou87% of coniferous timber
and 67% of deciduous timber in 1990. For 1991, the share of sprucef/fir is also 87%aaltiee share of
beech is 66%. In contrast, the figures of the Austrian wood inventor@2¥e spruce/fir and 42% beech
for the total amount of the coniferous and deciduous fellings. Hence, further mfoobnsistency does
not seem possible.
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this period is at least two yeafsln addition, because the moisture content of wood is
roughly in balance with humidity the water content is constantly cimang

The Austrian wood balance, for example, covers all types of wood, freshly cut
wood to wood processed in industry, and so forth. It is therefore naifjeso handle
this issue in more detalil.

Carbon contents of dry wood

Carbon contents of wood ranges from 0.45 t C/t dm to 0.508 t C/t dm, rggpuitt an
average factor of 0.479 t C/t dm. However, the sample is very small and mairgist®n
of already aggregated valueBaple Al4in the Appendix).

5.2  Size and Uncertainty of Some Wood Related Carbon Flows

5.2.1 Carbon flows of the forest inventory fellings

Tables 10and 11 show the calculation of carbon contents of annual increments and
annual fellings based on the forest inventory data for two cases. In thectsti(ation
method 1), we multiply the upper and lower limits of mb. values with the upper and
lower limits of the i u.b./n? 0.b. conversion factor, then the upper and lower limits of
air dry density are applied. From the upper and lower limts of air dry mateeproceed
with subtracting the water content of the upper and lower limits and finallitiphy

with the upper and lower limits of carbon content. In the second (calcualatethod 2),

the conversion steps begin with®no.b. values of the forest inventory by using
conversion factors of Kdrnest al. (1993), which allows a direct conversion into t dm
(Table 10Q. For the following conversion steps, the same uncertainty bands of the
conversion factors as for calculation method 1 are applied.

In the first case, the mean carbon fixation of the annual increment of thasA-0D6
mio. t C/a. The share of coniferous wood is 3.79 mio. t C/a, whereas therceolmbent
of deciduous wood amounts to 1.27 mio. t C/a. The lower limit of carlworient of the
annual increment is 3.97 mio. t C/a, and the upper limit is 6.151 mio. t C/asumnaing
a symmetrical uncertainty band, this is £22%.

The carbon content of annual fellings of the AFI amounts to 3.22 mio. t C/a enage.
The lower limit is 2.46 mio. t C/a, and the upper limit is 3.99 mio. t O7he resulting
uncertainty band is therefore £24%.

Calculation method 2 results in 6.32 mio. t C/a that are fixed on averageebgrual
increment. This is substantially more than in calculation metho@he lower limit is
5.11 mio. t C/a and the upper limit is 7.53 mio. t C/a. The resulting uncertaany s
20%, which is slightly smaller than calculation method 1.

% gee for example, http://www.carnica-holz.at/wwgl_navigation. Huttp://www.schlagenhauf.ch/d_
fachinfo03.html.
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Table 10 Carbon contents of the annual increment and the annual fellindgme &Fl, calculation method 1.

Schieleret al (1996)

Annual increment
Coniferous wood

Deciduous wood

Total

Annual fellings
Coniferous wood
Deciduous wood
Total

Austrian Forest Inventory

Uncertainty
interval
[£10°m®0.b]]

512
188
552

643
243
707

Original data

Upper value
[10° m*0.b]

26188
5928
31968

16707
4024
20552

Lower value
[10m’0.b)]

25164
5552
30864

15421
3538
19138

Mean value
1986-1990

[10 m®0.b]

256
574
31414

160
374

Carbon Flows

19844

Table 11 Carbon contents of the annual increment and the annual fellindgme &Fl, calculation method 2.
Sources: Schielest al. (1996), IIASA.

Schieleret al. (1996)

Annual increment
Coniferous wood

Deciduous wood

Total

Annual fellings
Coniferous wood

Deciduous wood
Total

Austrian Wood Inventory

Uncertainty
interval

[+10°mPo.b.]

512
188
552

643
243
707

Original data

Upper value
[10°m®o0.b]

26188
5928
31968

16707
4024
20552

Lower value
[10°m® 0.b.]

25164
5552
30864

15421
3538
19138

39

Mean value
1986-1990

[10° m® 0.b.]

25671
574
31416

1606
378

Lower limit of Upper limitof ~ Average
carbon flow carbon flow carbon flow
[101] [10°1] [10°1]
[6 3004 4579 3791
0 970 1572 1271
3974 6151 5062
b4 1841 2921 2381
1 618 1067 843
2459 3988 3224
Carbon Flows
Lower limit of  Upper limit of Average
carbon flow  carbonflow  carbon flow
[10° {] [10%{] [10%]
6 3930 5759 4845
0 1178 1772 1475
5109 7531 6320
4 2409 3674 3041
1 751 1203 977
3160 4877 4018

19845

Uncertainty
band

[+ %]

21
24
22

23
27
24

Uncertainty
band

[+ %]

20

22
20

22
25
23



The average carbon content of the fellings using calculation method.@2swio. t C/a.
The uncertainty band lies between 3.16 mio. t C/a and 4.88 mio. t C/a, which equals
+23%.

It is obvious, that the uncertainty bands of both calculation methods are Himsame
size. This was to be expected, since the uncertainty intervals ofintheidual
conversion factors from (fo.b.) to (nf u.b.) to (t air dry matter) to (t dry matter) of
calculation method 1 are already considered in tHeorh. to t dry matter conversion
factors of Korneret al. (1993) in calculation method 2.

Quite contrary to that, the upper and lower limits and consequently tidtingsmean
values of the two calculation methods differ substantially. Thiggdraces back to the
different density values applied in the two approaches.

In conclusion, the results clearly confirm, that due to the large influence of the
conversion factors, the chosen conversion steps dramatically influeacedulting size
of carbon flows.

5.2.2 Carbon flows according to the wood balance

In section 5.1.2 we showed that the uncertainty of the Austrian wo@shbalmust be at
least +7.3% to be consistently linked with the AFI. Therefore, we start caiogléhe
uncertainty band of carbon flows by using the resulting upper and lowgts lof the
wood balanceTable 13.

To check for the carbon contents of individual wood flows of the Austmaod
balance, we apply the same conversion steps as we did for the forest iryv@ntor
calculation method 1. Since the wood balance splits domestic waodest into
roundwood and fuelwood from forest areas and from non-forest areas, and dgathdro

HEN (FMAF, 1991; 1992; 1993) further allows splitting these numbers into shdres o
coniferous and deciduous wood, we take the average aggregated density factors
calculated for the shares of coniferous and deciduous wood of the foxesttory and

also apply them to the individual items of the wood balance.

For example, in line 2 offable 12 the chosen value for the aggregated conversion
factor for the lower limit of density of deciduous wood is 0.65 t air dry matturb.

For coniferous wood the value is 0.45 t air dry matténnb. Based on these factors the
air dry matter values are individually calculated, added up and the irgsslim is then
divided by the aggregated®mu.b. mean value (line 1 iable 13. This gives an
aggregated lower limit of density of 0.48 t air dry mattet/mb. for the fellings
according to the HEN. The same principle is deployed for the sub-iteoumtiwood”,
“fuelwood” and “other wood from forest areas”, whereby for the sub-iténelvood”

of the item “other wood from forest areas” the aggregated value of the sub-item
“fuelwood” of the item “fellings” is used, as well as for the upper limits oé tthensity
factors Table 13.

As a result, we obtain newly weighted density factors for each of the ittt avood

balance. Due to a relatively high share of deciduous wood (48% against only 8r6% f
the item roundwood), this results in a substantially higher dewsityersion factor for
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the aggregated item “fuelwood” (e.g., 0.55 t air dry matténnb. for the lower limit).
The following steps are equal to the procedure described for the forest inventory

In the case of the item “other wood from forest areas”, the assumption lieat t
aforementioned conversion factors for aggregated wood flows also migoeldtion of
species shares of wood from forest areas is considered to be plausible.

This is not the case for “wood from non-forest areas”. Here, a larger amoiunt
deciduous wood from, for example, hedgerows, as a typical element ofitigral land,
or park and alley trees as well as fruit trees, has to be accounted for (seramin and
Gerhold, 1995). Therefore, we also use the conversion factor 0.55 t air dryrimétte
u.b for the lower limit and 0.61 air dry matterfm.b for the upper limit.

The size of the carbon flows related to wood harvest on our so-dadleel 1 are shown
in Table 12

5.2.2.1 Size of carbon flows

The mean carbon flow according to our calculations based on the Austierd w
balance is 3.81 mio. t C/a, the upper limit is 4.56 mio. t C/a and the lower lin3itOi6

mio. t C/a. The uncertainty band is thus approximately +20%. If we compare these
numbers with those of section 5.2, we can see that the average carbon flow is
remarkably higher than the first calculation method of the foregtniory, and only
slightly smaller than the second. [For additional comparisonasdq1997) reported 4.1
mio. t C/a, while Orthofer (1997) reported 5.2 mio. t C/a including 0.4 mio. taitier
biofuels (bark and branches used for energy production).]

The average values of all three calculation methods lie in each other'staintgiband
and the uncertainty bands clearly overlap. By combining all of the appesaeve end
up with an average carbon flow of 3.67 mio. t C/a and an already large umtgrtdi
+33%.

In combining the two calculation methods, which are built upon the sasmegersion
factors, we obtain 3.51 mio. t C/a as the average and an uncertainty of +30%

5.2.3 The quality of the first-order approach

Weiss et al. (2000) calculated an uncertainty band of approximately +18% for
exploitation of the Austrian woods, thereby thoroughly building uposuased
probability density functions as far as possible. Therefore, their ogapr is more
precise, if we compare it with our first-order approach that leads to uncertantstof
+20-24% for the separate calculations based on the AFI and the Austriahhadance.

The combined uncertainty of our approaches is even higher. Since the linkage of
different statistics only allows for the limited application of pability density
functions and heavily depends on a set of assumptions, a further ticedusf
uncertainty without any adaptation of the underlying statistics isagdy hard to
achieve. Nevertheless, another step in this direction is done by Jonas (2001).
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Table 12 Calculation of carbon contents of harvest of the Austrian wood balance
Sources: Bittermann and Gerhold (1995), IIASA.

Bittermann and Gerhold (1995)

Domestic wood production
fellings (HEN)

Deciduous wood

Coniferous wood
Roundwood

Deciduous wood

Coniferous wood

Share of deciduous wood [%]
Fuelwood

Deciduous wood

Coniferous wood

Share of deciduous wood [%]

Other wood from forest areas
Roundwood
Fuelwood

Total wood from forest areas

Other domestic wood supply (without
recycled re-used wood)
Wood from non-forest areas

Chips from forest residues

Total Harvest (without recycled re-used wood)

Harvest without bark and wood from
non-forest soils

Austrian Wood Balance
Original data
Lower Upper
Mean value uncertainty uncertainty  Lower limit of  Lower limit of air ~ Upper limit of ~ Upper limit of air
1989 1990 1991 1989-1991 limit limit density dry matter density dry matter
1o°miub] [10°miub] [1miPub] [OPmiub]| [10Pmiub] [LEMiub] [tadm/m’u.b] [10°t adm] [t adm/m® u.b.] [10°t adm]

13822 15711 11492 1367p 12674 14676 0.48 6115 0.53 7788
2381 2265 2023 222. 2060 2386 0.65 1339 0.74 1765
11441 13446 9469 1145p 10614 12290 0.45 4776 0.49 6022
11146 12939 9055 11047 10238 11855 0.47 4784 0.51 6065
1019 1012 835 954 885 1025 0.65 576 0.74 759
10127 11927 8220 10091L 9353 10830 0.45 4209 0.49 5307

9.1 7.8 9.2 8.6
2676 2772 2437 2628 2436 2821 0.55 1331 0.61 1722
1362 1253 1188 1268 1175 1360 0.65 764 0.74 1007
1314 1519 1249 1361 1261 1460 0.45 567 0.49 716
51 45 49 48
3809 3735 3479 3674 3405 3943 0.50 1701 0.55 2185
2259 2046 1868 205 1907 2208 0.46 877 0.51 1126
1550 1689 1611 1617 1498 1735 0.55 824 0.61 1058
17631 19446 14971 17349 16079 18619 0.49 7817 0.54 9972
1225 1275 1358 1286 1192 1380 0.53 630 0.59 812
875 875 933 894 829 960 0.55 456 0.61 585
350 400 425 392 363 420 0.48 174 0.54 227
18856 20721 16329 18635 17271 19999 0.49 8447 0.54 10785
17981 19846 15396 17741 16442 19040 0.49 7991 0.54 10199

42



Table 12 Continued.

Bittermann and Gerhold (1995) Austrian Wood Balance
Original data
Mean value |Lower limit of Upper limit of Lower limit of Upper limit of  Average
1989 1990 1991 1989-1991| dry matter  dry matter carbon flow carbon flow carbon flow
[10mPub] [ACm’ub] [GmPub] [ACm’ub]| [1C0tdm] [10°tdm] [10°] [10%1] [10%1]

Domestic wood production
fellings (HEN) 13822 15711 11492 13675 5198 6853 2339 3481 2910
Deciduous wood 2381 2265 2023 2223 1138 1554 512 789 651
Coniferous wood 11441 13446 9469 114%2 4060 5300 1827 2692 2260
Roundwood 11146 12939 9055 11047 4067 5338 1830 2711 2271
Deciduous wood 1019 1012 835 955 489 668 220 339 280
Coniferous wood 1.127 11927 8220 10091 3577 4670 1610 2372 1991
Share of deciduous wood [%] 9.1 7.8 9.2 8.4
Fuelwood 2676 2772 2437 2628 1131 1516 509 770 640
Deciduous wood 1362 1253 1188 1268 649 886 292 450 371
Coniferous wood 1314 1519 1249 1341 482 630 217 320 268
Share of deciduous wood [%] 51 45 49 48
Other wood from forest areas 3809 3735 3479 3674 1446 1922 651 977 814
Roundwood 2259 2046 1868 2058 746 991 336 503 420
Fuelwood 1550 1689 1611 1617 700 931 315 473 394
Total wood from forest areas 17631 19446 14971 17349 6644 8776 2990 4458 3724
Other domestic wood supply (without
recycled re-used wood) 1225 1275 1358 12B6 536 715 241 363 302
Wood from non-forest areas 875 875 933 894 387 515 174 262 218
Chips from forest residues 350 400 425 392 148 200 67 101 84
Total Harvest (without recycled re-used wood) 18856 20721 16329 18635 7180 9491 3231 4821 4026
Harvest without bark and wood from
non-forest soils 17981 19846 15396 17741 6792 8975 3057 4559 3808
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Carbon flows of the Austrian wood harvest
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Figure 9 Carbon flows of the Austrian wood harvest. Source: IIASA.

5.3 Additional Remarks on Consistency of Carbon Flows
To and From the PRODUCT and WASTE Modules

5.3.1 Material flow consistency

The previous sections emphasized the meaning of consistent wood flows as
prerequiste for consistent carbon flows. Accordingly, consistent rahfénws are seen
as equally important for balancing other carbon flows, particularly iInRRODUCT
and WASTE modules. Although Orthofet al. (2001) set up a very detailed framework
on the distinct carbon flows in this field, one should not neglect theiesudn the
material flow accounting of Austria, which have been conducted for maaysyby the
Institute for Interdisciplinary Research and Education at the Uniyersit Vienna
(Steurer, 1992; 1994; Hiittlest al., 1996; Schandl and Zangerl-Weisz, 1997; Pagter
al., 1998). These studies on the MFA of Austria address basic problems ofiahater
accounting based on Austrian statistical data, which is why the mainlgpnsbare
repeated here for a better understanding in the context of carbon accourtiob, is/
dealt with in detail by Jonas (2001) in particular.

5.3.2 Material flow analysis (MFA) of Austria

The aim of the MFA of Austria has been and is to check the feasimlitperiodic
national material flow accounting as well as its implementatidon wificial statistics
(Huttler et al., 1996). Besides this main goal of reflecting material flows on a sedall
macro (national) level, the consideration of a sectoral MFA on a mess (evanch
oriented) was another goal. Meso level considerations can be donengydierent
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approaches; the institutional and activity based criteria are discussed inoyethittler
et al. (1996).

Based on institutional criteria, material flow accounting anftonted with a lot of
problems, among which are:

* One potential source of error is the cumulation of single enterprigerrabflows to
aggregates in the industry-based statistics, leading to an overesbimataterial
flows in a distinct sector of the economy. This is because intrasectoral supply
networks are not obvious in industry statistics. Sector-related produdata is
therefore characterized by double countings, which cannot be settled bagexho
industry statistics, but by a large amount of additional information

» The statistics on industry and tradedustrie- und Gewerbestatistikg.g., ACSO,
1991b,c; 1992b,c; 1993b,c) reports only material flows that are opposea bgym
flows. Therefore, material flows are not reported if they areautnected to money
flows.

* If less than four enterprises are affected, information is not deliveheel to
confidentiality. The number of suppressed items has increased duringsthéew
years.

e Declarations in value units must be transformed to mass units, whichhaésts to
be done for quantity units.

 Commodities that are bought and delivered unchanged are not grasped by the raw
and auxiliary material statisticRoh- und Hilfsstoffstatist)k

* The raw and auxiliary material statistics do not report changes dfstoc

* The statistics being used for production purposes apply to commdatyg that are
running through the economy. Investment goods like machines, vehicles, and
buildings are therefore not considered.

* The production statistics do not report about residuals.

* Incompatibilities between input and output data (e.g., ACSO 1990; 1991a; 1992d)
due to trade codes and survey units remain until the adaptation of therydnsl
production statistics to PRODCOM-cod&sand the ONACE’ classification have
been done.

* The problems mentioned differ markedly between branches.

* The main problems in providing consistent branch balances are thsupglfy as
well as the double countings related to the industry and productiast&tsit

% PRODCOM is an abbreviation for Production Communautaire (Community prodiictibis the name
of a Eurostat project, the corresponding survey and a product ligt. s@itvey looks at the production of
approximately 5,700 products, which figure in what is known as the P&OM list. This list is
compatible with the nomenclature of products used for foreign tradetitatisalled the Combined
Nomenclature. The list of products covers most industrial goods witlexbeption of energy products
and the output of the construction industry.

27 ONACE is the Austrian version of the Statistical Systematics of Eleenomic Actiities of the
European Union (Nomenclature générale des Activités économiques darsriesu@autés Européennes
—NACE).

45



The industry and trade statistics only cover the real asset productibereas
material flows of civil engineering, supply of electricity, trade,\sees, and private
households are not taken into account.

Although there are some accounts of business line material flows, which are
oriented to institutional criteria (association statistics), nafethese studies
represents a consistent input-output balance of the total materied tidwa distinct
business line. These studies are called sector concepts.

For all these reasons it is clear that, instead of reinventing the wheel of iahater
accounting but rather to focus on carbon accounting, IIASA decided to usedtiti

fur Interdisciplinare Forschung und Fortbilding (IFF Institute for Interdisciplinary
Studies of Austrian Universities) material analysis for Austria asbé&s for the top-
down approach in meeting consistency for national material flows.

6

Conclusions

In general, one of the main outcomes of the underlying study is the fatattempting
to establish a full carbon budget with reduced uncertainties will induce newngest¢o
official reported statistical data. None of the existing data sets was iatended to
serve as a basis for calculating carbon flows, nor was there a need to eodifbénent
reporting sets in a consistent fashion. Establishing a consistdntdtbon budget
requires a system based view that inherently carries the demand of degtitoy walls
between different reporting systems. Conversion factors should negdakincidentally,
but must be chosen and reasoned very carefully by the indication of uintgrta
intervals.

In analyzing the consistency of material flows on a national level sirould be aware
of the possible inconsistencies underlying sub-national reporting sysiiat is, for
example, the use of conversion factors, which do not show up in aggregated values).

6.1

Methodological Approach

1. FCA requires much greater expenditure compared to usually appédabrc

accounting methodologies so far, for example, the IPCC guidelines, butyclea
offers a lot of additional possibilities in achieving a consistent carbon budget.

FCA requires consistent material flows, at least on a so-called maanational
level. Exceptions exist for the application of emission factors, fanaple, for soils
or production processes. The two main parameters for building the cmnisist
material flow framework are the aspired level of detail and the rieigravailability

of statistical data.

Data for national material flows is mainly based on statisticalesgs\provided by
ACSO to which a lot of methodological problems are inherent.

Thereforeassumptionsnust be made on how to overcome the underlying problems
and how to process this data. To assure verifiability, these assumptions must be
clearly reported. To save work force, it is recommended to use the expertise of
existing material flow approaches.
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5. A consistent and balanced material flow framework is a prerequisiteafoulating
consistent carbon flows. Therefore, (if possible) a quantitativecrjaion of
uncertainties underlying the material flow framework is of great importance for
calculating the resulting uncertainties of carbon flows.

6. The Austrian case study shows that the increase of uncertainty fodldes-down
approach, meaning that consistency of material flows can be achieved most easily
on a national or so-called macro level. Establishing consistenoyatérial flows on
a more detailed or so-called meso level leads to a number of additiondepreb
such as double counting errors or unreported data due to confidentiality

7. Conversion factors are crucial for calculating a consistent carbon bueaeing to
the conclusion that the selection procedure as well as the rantfee @onversion
factors should be documented precisely. Moreover, building consisteversion
factors is a science in itself, but is usually restricted to availableuress.

8. The number of required conversion steps to carbon flows is dependent @pkindh
of material flow and the usually applied measurement units, andazagerfrom one
to up to five or even more, which is the case for wood flows for exampéehE
conversion step results in an increasing range of uncertainty, thereforegatggte
conversion steps must be treated and documented very carefully.

9. Itis very important to differentiate between original anceatty derived statistical
data sources, and to check them on the not obviously perceivable integodtion
conversion factors.

10. Standardized conversion factors are a challenge to the future for FCA.
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Appendix

Table Al Carbon flows into and out of the WASTE module (mio. t C/a).
Source: Orthofer (1997).

WASTE MODULE

Internal flows

AW_compost residuals

WA_sewage sludge, biowaste, compost

EW _incineration residuals

WE_waste for burning

IEW_waste imports

WIE_waste exports

WH_waste water

WL_landfill storage

WT_CO,,CH, emissions

WP_recycled products

PW_wastes

Sum input
Sum output

Balance

Sewage sludge, Landfill
Waste active, Compost
Waste active, Landfill

Waste active, Recycling
Waste active, Waste water
Waste water, Sewage sludge

Animal food, Waste active
Plant food, Waste active

Compost, Litter-humus-soil/fields

Sewage sludge, Litter-humus-soil/fields

District heating, Waste inert
Electricity production, Waste inert
Industry, Waste inert

Residential, Waste inert

Self use, Waste inert

Sewage sludge, Pool 1
Waste active, Pool 1

Surface water, Waste water
Waste, Waste active

Waste active, Waste
Waste active, Surface water

Waste active, Waste water

Landfill
Waste inert

Compost
Landfill
Waste water

Recycling raw materials

Food products, Waste active
Human nutrition, Waste active
Long-lived products, Waste inert
Long-lived products, Waste active
Production, Waste active

Raw materials, Waste active
Short-lived products, Waste active
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0.4

0.2

0.2

0.9

0.0

0.0

0.5

1.0

1.7

0.0

3.3

0.1
0.8
1.0
0.0
0.5
0.1

0.1
0.3

0.2
0.0

0.0
0.1
0.1
0.0
0.0

0.0
0.9

0.0
0.0

0.0
0.0

0.5

0.3
0.7

0.6
0.7
0.4

0.0

0.2
0.3
0.5
11
0.3
0.0
0.9
819
4.3

0.4



Table A2 Carbon flows into and out of the AGRO module (mio. t C/a).
Source: Orthofer (1997).

AGRO

Internal flows

Animal food, Food 0.1
Animal pastures, Animal pool 0.0
Animal pastures, Manure pastures 0.1
Animal pool, Animal food 0.2
Animal pool, Animals 0.0
Animal stable, Animals pool 0.2
Animal stable, Manure stable 24
Feed, Animal pastures 0.4
Feed, Animal stable 4.8
Harvest, Biofuels 0.2
Harvest, Feed 4.9
Harvest, Plant food 1.6
Harvest, Raw materials 0.5
Manure pastures, Litter-humus-soil pastures 0.1
Manure stable, Litter-humus-soil fields 1.3
Manure stable, Litter-humus-soil meadows 1.1
Plant food, Food 1.3
Plant fields, harvest 45
Plant fields, Litter-humus-soil fields 2.2
Plant meadows, Harvest 2.3
Plant meadows, Litter-humus-soil meadows 4.7
Plant pastures, Harvest 0.4
Plant pastures, Litter-humus-soil pastures 8.8
AW_compost residuals 0.4
AW _animal food waste active 0.1
AW_plant food waste active 0.3
WA_sewage sludge, biowaste, compost 0.2
WA_compost litter-humus-soil fields 0.2
WA_sewage sludge litter-humus-soil fields 0.0
AT_emissions 20.8
AT_Animal pastures 0.3
AT_Animal stable 2.2
AT_Litter-humus-soil fields 35
AT_Litter-humus-soil meadows 5.8
AT_Litter-humus-soil pastures 9.0
AT_Manure pastures 0.0
AT_Manure stable 0.0
TA_net primary production 22.9
TA_plant fields 6.7
TA_plant meadows 7.0
TA_plant pastures 9.2
AX_export 0.8
AX_Animal pool, Animals 0.0
AX_Feed, Feed 0.3
AX_Food, Food 0.5
XA_import 0.7
XA_Animals, Animal pool 0.0
XA_Feed, Feed 0.3
XA_Food, Food 0.4
AE_biomass 0.2
AE_Biofuels, Pool 1 0.2
EA_biogenic waste 0.0
EA_Residential Litter-humus-soil pastures 0.0
EA_Traffic Litter-humus-soil pastures 0.0
AP_products 1.8
AP_Food, Products 0.6
AP_Food, Raw materials 0.7
AP_Raw materials, Raw materials 0.5
PA_fertilizer 0.0
PA_Fertilizer Litter-humus-soil fields 0.0
AL_lithosphere 0.0
AL_Litter-humus-soil fields 0.0
AL_Litter-humus-soil meadows 0.0
AL_Litter-humus-soil pastures 0.0
Sum input 23.8
Sum output 24.0

Balance -02
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Table A3 Carbon flows into and out of the FORESTRY module (mio. t C/a).

Source: Orthofer (1997).

FORESTRY MODULE

Internal flows

TF_net primary production

FT_emissions

FE_fuelwood

FX_fuelwood
XF_fuelwood

FL_lithosphere

LF_uptake

FP_roundwood

Sum input
Sum output

Balance

Harvest, Roundwood
Harvest, Fuelwood
Harvest, Other biofuels

Litter managed, Humus soils managed
Litter unmanaged, Humus soils unmanaged

Trees managed, Harvest

Trees managed, Litter managed
Trees unmanaged, Litter unmanaged

TF_Trees managed
TF_Trees unmanaged

FT_Humus soils managed
FT_Humus soils unmanaged
FT_Litter managed

FT_Litter uynmanaged

FE_Fuelwood, Pool 1
FE_Other biofuels, Pool 1

FX_Fuelwood, Fuelwood
XF_Fuelwood, Fuelwood

FL_Humus soils managed
FL_Humus soils unmanaged

LF_Humus soils managed
LF_Humus soils unmanaged

Roundwood, Products
Roundwood, Raw materials
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21
2.7
0.4
6.9
1.2
5.2
15.6
25
24.6
22.0
2.6
14.1
4.8
11
6.9
13
3.1
2.7
0.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
2.1

24.6
19.3

5.3



Table A4 Carbon flows into and out of the ENERGY module (mio. t C/a).

Source: Orthofer (1997).

ENERGY MODULE

Internal flows

AE_biomass

EA_biogenic waste

ET_emissions

EW_incineration residuals

EP_raw oil, gas, bitumen, coal

FE_wood

XE_fossil fuels
LE_fossil fuels
WE_waste for burning

Sum input
Sum output

Balance

Coke production, Pool 2
Gas production, Pool 2
Pool 1, Coke production
Pool 1, Gas production
Pool 1, Pool 2

Pool 1, Refinery

Pool 1, Stock

Pool 1, Fossil fuels

Pool 1, District heating
Pool 2, Electricity production
Pool 2, Grid losses

Pool 2,Non-energetic use
Pool 2, Pool 3

Pool 2, Self use

Pool 3, Industry

Pool 3, Residential

Pool 3, Traffic

Refinery, Pool 2

Stock, Pool 1

AE_Biofuels, Pool 1

EA_Residential, Litter-humus-soil pastures
EA_Traffic, Litter-humus-soil pastures

ET_Coke production
ET_District heating
ET_Electricity production
ET_Gas production
ET_Grid losses
ET_Industry atmo
ET_Non-energetic use
ET_Refinery
ET_Residential
ET_Self use
ET_Traffic

EW_District heating, Waste inert
EW_Electricity production, Waste inert
EW_Industry, Waste inert
EW_Residential, Waste inert

EW_Self use, Waste inert

Non-energetic use, Products
Non-energetic use, Raw materials

FE_Fuelwood, Pool 1
FE_Other biofuels, Pool 1

XE_Fossil fuels, Pool 1
LE_Fossil fuels, Pool 1

WE_Sewage sludge, Pool 1
WE_Waste active, Pool 1
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14
0.5
1.8
0.5
11.2
7.5
0.8
0.4
0.8
3.3
0.0
14
14.2
0.6
3.8
6.4
4.0
7.2
0.5
0.2
0.2
0.0
0.0
0.0
19.8
0.4
0.8
3.2
0.0
0.0
3.7
0.4
0.3
6.4
0.6
4.0
0.2
0.0
0.1
0.1
0.0
0.0
1.0
0.2
0.8
31
2.7
0.4
15.0
15.0
25
25
0.9
0.0

21.7
21.0

0.7



Table A5 Conversion of mo.b. into n¥ u.b.

Conversion factor

Author Object me ub./mo.b.
Bittermann and Gerhold (1995) Timber approximately 0.89
Jonas (1997) Coniferous timber 0.8
Jonas (1997) Deciduous timber 0.8
Schwaiger (1999) Timber 0.7
Mean 0.795
Uncertainty interval (%) 11.95

@This factor is derived from expert’'s knowledge, i.e., Dr. KnielingdEral Ministry of Agriculture and
Forestry; Jonas and Schidler (1996); and Dr. Wakolbinger, Bédeistrian Forests Inc.

Table A6 Conversion of mo.b. gross volume into ru.b.

Conversion factor

Author Object 3 3
m® pure wood/m’ loose
volume (fuelwood)

ACSO (1998; 1999) Fuelwood (old valies 0.694
FMAF (1996 Fuelwood 0.64
ACSO (1998; 1999) Chips, Sawn wood residues, 0.35

Chips from forest residues

(old value$)
ACSO (1998; 1999) Bark (old valuds 0.33
FMAF (1996 Coniferous wood 0.68
FMAF (1996 Deciduous wood 0.63
Mean fuelwood 0.667
Uncertainty interval (£ %) 4.0

4The term “old values” indicates that these values have been used fgyerporting by ACSO until the
end of 1998.
®Recommended by the HEN questionnaire.

Table A7 Conversion of Mu.b. gross volume into Pru.b., into nf 0.b. respectively.

Conversion factor

Author Object m? pure wood/n? loose volume
(fuelwood) without bark
FMAF (1991) Pulpwood 0%

Conversion factor
m? pure wood/n? loose volume
(fuelwood) with bark

FMAF (1991) Fuelwood 0.7
2The value was 0.8 until 1987.
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Table A8 Conversion of 1 t of wood with bark into hu.b.

Conversion factor

Author Object m° u.b./t 0.b.
FMAF (1996} Spruce 211
FMAF (1996} Fir 1.75
FMAF (1996} Pine 1.75
FMAF (1996} Beech 1.42

#Recommended by the HEN questionnaire.

Table A9 Conversion of mo.b. into t dry matter.

Author

Object

Conversion factor
t dm/m?® o.b.

Korneret al. (1993)
Korneret al. (1993)
Korneret al. (1993)
Korneret al. (1993)
Korneret al. (1993)
Korneret al. (1993)
Korneret al. (1993)
Korneret al. (1993)
Korneret al. (1993)
Korneret al. (1993)
Korneret al. (1993)
Korneret al. (1993)
Korneret al. (1993)
Jonas (1997)

Jonas (1997)

Mean for coniferous wodd

Mean for deciduous wobd

Spruce

Fir

Pine

Larch

Beech

Oak

Ash

Maple

Elm

Birch

Alder
Coniferous forest
Deciduous forest

0.41
0.52
0.39
0.37
0.42
0.47
0.56
0.57
0.57
0.54
0.46
0.51
0.43
0.42
0.58

@Equal parts of spruce, fir, pine, and larch.

Equal parts of beech, oak, ash, maple, elm, birch, and alder.

61



Table A10 Conversion of m loose volume (fuelwood) into t air dry matter (wood
density).

Conversion factor

Author Object t air dry matter/
m? loose volume
(fuelwood)
Herzog (1998) Fuelwood 0.63
Herzog (1998) Wood chips 0.30
Herzog (1998) Sawdust 0.26
ACSO (1998;1999)  Fuelwood (old valfes 0.555

ACSO (1998; 1999) Chips, Sawn wood residues, Chips from 0.80
forest residues (old values)

ACSO (1998; 1999) Bark (old values) 0.841
ACSO (1998; 1999) Wood briquettes (old values)
ACSO (1998; 1999)  Sawn chips (new valtfes) 0.27

ACSO (1998; 1999) Byproduct sawn wood residues (offcut), 0.48
Sawn wood residues (new valugs)

ACSO (1998; 1999) Byproduct sawdust (new valGies) 0.23

ACSO (1998; 1999)  Byproduct planing shavings (new 0.098
valuesy

ACSO (1998;1999)  Bark (new valués) 0.32

ACSO (1998; 1999)  Chips from forest residues (new vafues)  0.22

Mean Fuelwood 0.593

Uncertainty interval Fuelwood 6.3

4The term “old values” indicates that these values have been used fgyerporting by ACSO until the
end of 1998.

®|n this case it is mloose volume (chips).

°*ONORM M9466 has been taken into account by the authors.
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Table A1l Conversion of M u.b. (nf pure wood) into t air dry matter and total dry

matter respectively.

Conversion C ion fact
Author Object factor otn X;Ef'%ﬂ %C or
t dm¥m? u.b. m-u.b.
Osterreichisches Normungsinstitut (1998) Spruce 0.41
Wiener Bérsenkammer (1985) Spruce 0.427
Sell (1997) Spruce 0.40-0.43 0.43-0.47
Osterreichisches Normungsinstitut (1998) Fir 0.41
Wiener Borsenkammer (1985) Fir 0.427
Sell (1997) Fir 0.40-0.45 0.43-0.48
Osterreichisches Normungsinstitut (1998) Pine 0656
Wiener Borsenkammer (1985) Pine 0.51
Sell (1997) Pine 0.46-0.51 0.51-0.55
Osterreichisches Normungsinstitut (1998) Larch 0.55
Wiener Borsenkammer (1985) Larch 0.545
Sell (1997) Larch 0.50-0.58 0.54-0.62
Osterreichisches Normungsinstitut (1998) Beech 0.68
Wiener Borsenkammer (1985) Beech 0.65
Sell (1997) Beech 0.64-0.72 0.70-0.79
Osterreichisches Normungsinstitut (1998) Hornbeam 0.75
Wiener Bérsenkammer (1985) Hornbeam 0.68
Sell (1997) Hornbeam 0.70-0.79 0.75-0.86
Osterreichisches Normungsinstitut (1998) Oak 0.67
Wiener Borsenkammer (1985) Oak 0.63
Sell (1997) Oak 0.60-0.70 0.65-0.76
Osterreichisches Normungsinstitut (1998) Ash 0.67
Wiener Borsenkammer (1985) Ash 0.65
Sell (1997) Ash 0.64-0.70 0.68-0.76
Osterreichisches Normungsinstitut (1998) Maple 0.59
Sell (1997) Maple 0.57-0.62 0.61-0.66
Osterreichisches Normungsinstitut (1998) Elm 0.64
Sell (1997) Elm 0.54-0.64 0.59-0.68
Osterreichisches Normungsinstitut (1998) Birch 0.64
Wiener Borsenkammer (1985) Birch 0.585
Sell (1997) Birch 0.61-0.68 0.65-0.73
Osterreichisches Normungsinstitut (1998) Alder 0.49
Wiener Borsenkammer (1985) Alder 0.48
Sell (1997) Alder 0.46-0.53 0.49-0.57
Steurer (1994) Harvested wood 0.86
Huttler et al. (1996) Harvested wood 0.75
UNECE/FAO (1994) Coniferous sawlogs 0.7
UNECE/FAO (1994) Non-coniferous sawlogs 0.8
UNECE/FAO (1994) Coniferous fuelwood 0.625
UNECE/FAO (1994) Non-coniferous fuelwood 0.697
ACSO (1998, 1999) Fuelwood (old valies 0.807
ACSO (1998, 1999) Fuelwood (new values) 0.6575
ACSO (1998, 1999) Sawn chips (new vall)es 0.770
ACSO (1998, 1999) Byproduct sawn wood residues 0.800
(officut), Sawn wood residues
(new values)
ACSO (1998, 1999) Byproduct sawdust 0.750
(new values)
ACSO (1998, 1999) Byproduct planing shavings 0.480
(new values)
ACSO (1998, 1999) Bark (new values) 0.960
ACSO (1998, 1999) Chips from forest residues 0.600

#Moisture content equals zefiVioisture content equals 12—15%Vhite pine.® Black pine.fDerived, 0.7 mu.b. equals
0.4375 t." Derived, 0.65 mu.b. equals 0.4875 £.The term “old values” indicates that these values have been used for
energy reporting by ACSO until the end of 19980ONORM M9466 has been taken into account by the authors.
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Table A12 Calculation of mean and uncertainty of reported density values.

Conversion factor  Conversion factor

Object

t dm¥m? u.b. t adm’m? u.b.

Mean Spruce 0.415 0.45
Uncertainty interval (%) Spruce 3.6 4.4
Mean Fir 0.425 0.455
Uncertainty interval (%) Fir 5.9 5.5
Mean Pine 0.51 0.53
Uncertainty interval (%) Pine 9.8 3.8
Mean Larch 0.54 0.58
Uncertainty interval (%) Larch 7.4 6.9
Mean Beech 0.68 0.745
Uncertainty interval (%) Beech 5.9 6.0
Mean Hornbeam 0.735 0.805
Uncertainty interval (%) Hornbeam 7.5 6.8
Mean Oak 0.65 0.705
Uncertainty interval (%) Oak 7.7 7.8
Mean Ash 0.67 0.72
Uncertainty interval (%) Ash 4.5 5.6
Mean Maple 0.595 0.635
Uncertainty interval (%) Maple 4.2 3.9
Mean Elm 0.59 0.635
Uncertainty interval (%) Elm 8.5 7.1
Mean Birch 0.633 0.69
Uncertainty interval (%) Birch 7.5 5.8
Mean Alder 0.495 0.53
Uncertainty interval (%) Alder 7.1 7.5
Mean UNECE/FAO (1994) Sawlogs 0.75
Uncertainty interval (%) Sawlogs 6.7
Mean Fuelwood 0.716
Uncertainty interval (%) Fuelwood 12.7

0.091

&Moisture content equals zero.
® Moisture content equals 12—15%, if there is no value in the column theeméhisture content of wood is

reported.
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Table A13 Moisture contents of wood.

Author

Object

Moisture content
of wood (%)

IPCC (1995; 1996a,b)
IPCC (1995; 19964a,b)
IPCC (1995; 19964a,b)
IPCC (1995; 1996a,b)
ACSO (1998; 1999)
ACSO (1998; 1999)
ACSO (1998; 1999)

ACSO (1998; 1999)
ACSO (1998; 1999)
ACSO (1998; 1999)
ACSO (1998; 1999)

ACSO (1998; 1999)
ACSO (1998: 1999)

ACSO (1998; 1999)
ACSO (1998; 1999)
Mean value fuelwood
Uncertainty interval (%)
Uncertainty interval (%)

Fuelwood (air dry)

Wet wood, freshly cut

Air-dry wood, humid zone

Oven dry wood

Fuelwood (old valfs

Fuelwood (new values)

Chips, Sawn wood residues, Chips
from forest residues (old values)

Bark (old values)

Wood briquettes (old values)

Sawn chips (new values)

Byproduct sawn wood residues
(offcut), Sawn wood residues (new
values)

Byproduct sawdust (new values)

Byproduct planing shavings
(new values)

Bark (new values)

Chips from forest residues

%20
440
420
20
15
20
15

50
9
45
37.5

45
10

50
25
17.5
2.5
14.3

@Moisture content weight basis.

®The term “old values” indicates that these values have beenfasedergy reporting by ACSO until the

end of 1998.
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Table A14 Carbon contents of total dry wood.

Conversion
Author Object factor
tC/tdm
Jonas (1997) Coniferous forest 0.45
Jonas (1997) Deciduous forest 0.45
Korneret al. (1993) Mean for coniferous wo8d  0.45
Korneret al. (1993) Mean for deciduous wobd  0.45
Osterreichisches Normungsinstitut (1998) Coniferous wood
Osterreichisches Normungsinstitut (1998) Deciduous wood
Wimmer and Halbwachs (1992) Wood 0.47
Woodwell and Whittaker in Kérnegt al. (1993) 0.47
Mean 0.479
Uncertainty interval 6.1

#Equal parts of spruce, fir, pine, and larch.

PEqual parts of beech, oak, ash, maple, elm, birch, and alder.
“Strictly speaking applies only for beech and oak.

Table A15 Conversion of t C stemwood into’m.b.

Author Object

Conversion factor

t C stemwood/nt 0.b.

Coniferous forest
Deciduous forest

Jonas (1997)

Jonas (1997)

Jonas (1997)

This study, based on
Jonas (1997)
Korneret al. (1993)
Korneret al. (1993)

Austria
Mean for coniferous wobd
Mean for deciduous wobd

Korneret al. (1993) Spruce
Korneret al. (1993) Fir
Korneret al. (1993) Pine
Korneret al. (1993) Larch
Korneret al. (1993) Beech
Korneret al. (1993) Oak
Korneret al. (1993) Ash
Korneret al. (1993) Maple
Korneret al. (1993) Elm
Korneret al. (1993) Birch
Korneret al. (1993) Alder

Area weighted mean for Austria
Growing stock weighted mean for

019
26
0.206
0.202

0.185
0.234
0.176
0.167
0.189
0.212
0.252
0.257
0.257
0.243
0.207
0.230
0.194

aStrictly speaking applies only for spruce and pine.

®Strictly speaking applies only for beech and oak.

“Equal parts of spruce, fir, pine, and larch.

dEqual parts of beech, oak, ash, maple, elm, birch, and alder.
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Table A16 Net calorific values of wood.

Typical net
calorific value
Author Object (rough
approximations)
MJ/kg, GJ/t
IPCC (1995; 1996a,b) Fuelwood (air dry) 15
IPCC (1995; 1996a,b) Wet wood, freshly cut 10.9
IPCC (1995; 1996a,b) Air dry wood, humid zone 15.5
IPCC (1995; 1996a,b) Oven dry wood 20
Osterreichisches Coniferous wood 19.620.4
Normungsinstitut (1998)
Osterreichisches Deciduous wood 18.819.3
Normungsinstitut (1998)
AIER (1996) Fuelwood 15.5
ACSO (1998; 1999) Fuelwood (old valfes 15.5
ACSO (1998; 1999) Fuelwood (new values) 14.35
ACSO (1998; 1999) Chips, Sawn wood residues, Chips from 155
forest residues (old values)
ACSO (1998; 1999) Bark (old values) 8.5
ACSO (1998; 1999) Wood briquettes (old values) 16.6
ACSO (1998; 1999) Sawn chips (new values) 9.4
ACSO (1998; 1999) Byproduct sawn wood residues (offcut), 10.7
sawn wood residues (new values)
ACSO (1998; 1999) Byproduct sawdust (new values) 9.3
ACSO (1998; 1999) Byproduct planing shavings (new values) 16.8
ACSO (1998; 1999) Bark (new values) 8.3
ACSO (1998; 1999) Chips from forest residues 13.5
Mean Fuelwood 14.9
Uncertainty interval 3.9

@Calorific value.

®Gross calorific value.

“The term “old values” indicates that these values have been useddaryereporting by ACSO until the
end of 1998.
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Table A17 Annual fellings by share of tree species reported by the AFI (Schetlelr,

1996).
Species Share of total fellings (%)
CONIFEROUS
Spruce 60.8
Fir 5.4
Larch 5.1
White pine 9
Black pine 0.5
Pinus mugo 0.1
Total coniferous wood 80.9
DECIDUOUS
Beech 8.1
Oak 2.3
Hornbeam 1
Ash 1.1
Maple 0.7
Elm 0.4
Chestnut 0
Robinie 0.3
Sorbus and Prunus 0.3
Birch 1.2
Black alder 0.8
White alder 1
Lime 0.2
Rest 1.8
Total deciduous wood 19.1
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