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ABSTRACT The Ecological Footprint has been identified as a useful concept and effective
tool to communicate key messages in the State of the Environment (SoE) Report in Victoria.
By presenting the concept and results in a visually engaging way, the Ecological Footprint has
the potential to illustrate, symbolically, the links between topical environmental issues such as
climate change, and every day individual or local life styles. This contribution presents
preliminary findings of an ongoing project undertaken by the Stockholm Environment Institute
in collaboration with the ISA team at the University of Sydney on behalf of EPA Victoria and
the Commissioner for Environmental Sustainability. The aim is to produce a detailed account
of environmental headline indicators (energy, water, land disturbance / biodiversity impacts,
bioproductivity impacts, GHG emissions) that together provide an expanded and multi-
facetted picture of the Footprint of consumption in all Local Areas of Victoria. It will illustrate
the contribution of Melbourne’s Footprint and show, in a metaphorical sense, the ‘metabolism’
of the capital. We will also demonstrate, with the help of environmental input-output and life
cycle analysis, how some of the most commonly consumed products vary in terms of their
Ecological Footprint. The results will be published in the State of the Environment Report of
Victoria.

Conference Theme: Applications and Case Studies
Keywords: Ecological Footprint, land disturbance, biodiversity, regional input-output analysis,

household consumption, Victoria, Australia
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1. Introduction

The Commissioner for Environmental SustainabilBES) is required to report on the state
of Victoria’'s environment at least once every fiwgars (Commissioner for Environmental
Sustainability, 2005). Victoria’'s first State ofethiEnvironment (SoE) Report is due for
publication in late 2008 and the Ecological Foatpis going to be one of the key indicators
for environmental impacts of consumption. The psgof these reports is to advise the
Government of current conditions and trends to kenaiformed decision-making, and to
raise awareness of those involved in environmemahagement and the community. In
addition, actors such as environmental non-goveminm@rganizations, educators and
community groups may use the information presemtéie report to inform other projects.

Part 3 (“Production, Consumption and Waste”) of 8§tk Report will represent Victoria as
an integrated system having inputs of energy, watelr materials and outputs of goods and
services, pollution and waste. The processes ofaetitg, processing and consuming
resources will be examined through a range of gietsvand sectors. Environmental pressures
which result from these processes and activitiisoeiidentified (see Figure 1).

*‘Metabolism’ of Victoria:

Part 3: Production, consumption and waste
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Figure 1: Contents of Part 3 of the Victorian Stateof the Environment Report
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The specific focus of Part 3 will be in identifyitigose pressures that result from production
and consumption of energy, water and material messy and the waste that is generated
from using those resources. This resource consamnalysis will identify the natural
resource stocks available in Victoria and desdpitm&ad consumption patterns. An Ecological
Footprint analysis will be presented to illustrate impact of consumption on the natural
environment.

The Ecological Footprint has been identified assaful concept and effective tool to

communicate key messages in the SoE report, inr aodprovide the reader with a broad

overview of the present environmental situatiorVintoria. By presenting the concept and
results in a visually engaging way, this project Hae potential to illustrate, symbolically, the
links between topical environmental issues sucbliagate change, and every day individual
or local life styles. For instance, the total Egpdal Footprint area of Melbourne might

exceed the productive land surface area of Victemaeaning that current consumption levels
in Melbourne require a land surface area far beybhactity’s own, and its state’s, limits and

capacity to meet this demand.

EPA Victoria as a partner to the Commissioner hasefore commissioned a study aimed at
determining the Ecological Footprint and other emvinental headline indicators (such as
energy, water, land disturbance / biodiversity ioipaGHG emissions) of Victoria and to
present the findings in a clear and concise forswath that they can be directly incorporated
into the upcoming SoE Report.

The Stockholm Environment Institute (SEI) at theivgrsity of York, in collaboration with
the Centre for Integrated Sustainability Analy$&A( at the University of Sydney, employed
and further developed environmentally extended thmpiput analysis to perform the
calculations, building on the very positive expede from previous projects in Australia,
Victoria, the UK, Wales and Scotland (Lenzen, Md @durray 2001; Barrett et al. 2005;
GFN and ISA 2005; Collins et al. 2006; DSE 20068HED2006b; Wiedmann et al. 2006;
Barrett et al. 2007)

The aim of this paper is to present ongoing workcétculate the Ecological Footprint
consumption in the state of Victoria and its logadas in high level of spatial and commodity
detail.

2. Methodology

2.1. Background to Ecological Footprints

The Ecological Footprint was originally conceived a simple and elegant method for
comparing the sustainability of resource use andiffgrent populations (Rees 1992). The
consumption of these populations is converted ansingle index: the land area that would be
needed to sustain that population indefinitely.sTdmea is then compared to the actual area of
productive land that the given population inhabagsd the degree of unsustainability is
calculated as the difference between availableragdired land. Unsustainable populations
are simply populations with a higher Ecological fomt than available land. Ecological
Footprints calculated according to this originaltinegl became important educational tools in
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highlighting the unsustainability of global consuiop (Costanza 2000). It was also proposed
that Ecological Footprints could be used for poli®sign and planning (Wackernagel et al.
1997), (Wackernagel and Silverstein 2000).

Since the formulation of the Ecological Footpringwever, a number of researchers have
criticised the method as originally proposed (LeV£98); (van den Bergh and Verbruggen
1999); (Ayres 2000); (Moffatt 2000); (Opschoor 2)0Rapport 2000); (van Kooten and
Bulte 2000). The criticisms largely refer to theemsimplification in Ecological Footprints of
the complex task of measuring sustainability ofstomption, leading to comparisons among
populations becoming meaningl&ssr the result for a single population being digantly
underestimated. In addition, the aggregated forrtheffinal Ecological Footprint makes it
difficult to understand the specific reasons fae tinsustainability of the consumption of a
given population (Rapport 2000), and to formulapgrapriate policy responses (Ayres
2000); (Moffatt 2000); (Opschoor 2000); (van Koot@md Bulte 2000). In response to the
problems highlighted, the concept has undergona@fsignt modification and improvement
(Bicknell et al. 1998), (Simpson et al. 2000), (ken and Murray 2001).

2.2. Original concept

The original Ecological Footprint is defined as taed area that would be needed to meet the
consumption of a population and to absorb all theaste (Wackernagel and Rees 1995).
Consumption is divided into 5 categories: food,diog, transportation, consumer goods, and
services. Land is divided into 8 categories: endmgy, degraded or built land, gardens, crop
land, pastures and managed forests, and 'landmitedl availability' and 'non-productive
areas', which the authors defined as deserts @adajgs. The 'non-productive’ areas are not
included further in the analysis. Data are collédtem disparate sources such as production
and trade accounts, state of the environment rgpand agricultural, fuel use and emissions
statistics. The Ecological Footprint is calculabsdcompiling a matrix in which a land area is
allocated to each consumption category. In ordecatzulate the per-capita Ecological
Footprint, all land areas are added up, and theideti by the population, giving a result in
hectares per capita. For example, the land thatneaded in 1991 to support the lifestyle of
an average Canadian was calculated by (WackermageRees 1995), p. 83) to be 2.34 ha
energy land, 0.2 ha degraded land, 0.02 ha gafé6,ha crop land, 0.46 ha pasture, and
0.59 ha forest, giving a total Ecological Footpoh#.27 ha per capita.

The total Ecological Footprint for a population caso be subtracted from the ‘productive’
area that a population inhabits. If this gives a&ifde number, it is taken to indicate an
ecological ‘remainder’, or remaining ecological aejy for that population. A negative
figure indicates that the population has an ecohiddeficit’. According to (Wackernagel and
Rees 1995), p. 97), Canadians in 1991 had an ecalagmainder of 10.94 ha per capita.

! For example, as a result of calculations by (Watkgel 1997), some countries with extremely high
land clearing rates (Australia, Brazil, Indonedifalaysia) exhibit a positive balance between
available and required land, thus suggesting these populations are using their land at least
sustainably.
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2.3. Including all areas of land

In the original Ecological Footprint, areas whiclere 'unproductive for human purposes’,
such as deserts and icecaps, are excluded fronatbglation (Wackernagel and Rees 1995).
A problem with this approach is that deciding whilgmd is ‘unproductive for human
purposes' is subjective. There are many examplasdiaenous peoples who have lived in
deserts, in some cases, for thousands of yeats asuthe Walpiri people of Central Australia.
In addition, large tracts of arid and semi-ariddan Australia support cattle grazing and
mining. The ecosystems present in these areas e and continue to be, disturbed by
these activities. Finally, many ecosystems thanhataised directly may have indirect benefits
for humans through providing biodiversity or otherosystem functions. Therefore, in a
recent calculation of the Ecological Footprint afisiralia (Simpson et al. 2000) all areas of
land were included, irrespective of their produgyivSimilarly, (Venetoulis and Talberth
2007) include the entire surface of the Earth ieirttmodified biocapacity and Footprint
calculations of nations and allocate space forratpecies.

2.4. Including indirect requirements by using input-output
analysis

In the calculation of Ecological Footprints of ptgtions by (Wackernagel and Rees 1995)
and (Simpson et al. 2000), the land areas inclwdee mainly those directly required by

households, and those required by the producersonfumer items. These producers,
however, draw on numerous input items themselvad,tlhe producers of these inputs also
require land. Generally speaking, in modern ecorerall industry sectors are dependent on
all other sectors, and this process of industmérdependence proceeds infinitely in an
upstream direction, through the whole life cycle adif products, like the branches of an

infinite tree.

Production layer

FIRclels] [FRlc[els| [FRS[e]s] [FiR|s|els| [FRcE]s 2
Food | Resources | Goods | Energy | Services 1
Population 0

Figure 2:  Industrial interdependence in a modern eonomy: a “tree” of upstream
production layers.
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Such a production “tree” is shown schematicallyFig. 1: the population to be examined
represents the lowest level, or production layan.z&he land required directly by the
population (for example land occupied by the holsse] required to absorb emissions caused
in the household, or by driving a private car) afled the direct land requirement. All other,
indirect land requirements originate from this lay€he providers of goods and services
purchased by the population form the productionedapumber one, and their land
requirements are called first-order requirementbe Tuppliers of these providers are
production layer number two, and so on. The surdigct and all indirect requirements, is
called total requirements.

Land for
*ironore mining ’

& Iron ore for steel 3

Steel for train

FRIclels| [FRIc[els] [FIRlc|els| [FRRlslEls| [FRiglE]s 2

Train for train journey

Food | Resources | Goods | Energy | Services 1
‘/Trainjou-r:ey for family
Family 0

Figure 3:  Production layers and input paths in theEcological Footprint of a
household.

A specific example for direct and indirect requiemts in the Ecological Footprint of a
household is shown in Fig. 2. Direct requirementprioduction layer zero are represented by
the land required for the household’s home andaftsorbing the emissions caused by the
burning of petrol, natural gas and other fuels he tousehold and the car. One item
contributing to the household’s Ecological Footpdauld be a train journey. The household
does not directly require land by using this tratowever, the train uses diesel fuel, which
causes the emission of greenhouse gases. Thearapbrt operator providing this service is
part of production layer 1, and the land requiealisorb these emissions is an example of a
first-order indirect requirement. Furthermore, tragn itself needed to be built, and the land
occupied by the train manufacturer (part of layeis2a second-order requirement. Land and
emissions associated with the steel plant produitingsteel sheet (layer 3) for the train are
third-order requirements, the land mined to extthetiron ore (layer 4) for making the steel
sheet is a fourth-order requirement, and so onhEBdage in this infinite supply process
involves land use and emissions. Figs. 1 and 2 dstrade that calculations that consider
only layers zero and one underestimate the truéBical Footprint.

Even though indirect requirements, production layand structural paths can be very
complex, there exists a method for their calcufatilnput-output analysis. This is a
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macroeconomic technique that relies on data omrr-intustrial monetary transactions, as
documented for example in the Australian input-aut{ables compiled by the (Australian
Bureau of Statistics 2001). It was first applied @Bicknell et al. 1998) to calculate an
Ecological Footprint for New Zealand. Since theme users of input-output analysis for
Ecological Footprint analysis has grown continupugb include research organisations all
over the world (Lenzen, Manfred and Murray 2003gWhann et al. 2006). Recently, a pilot
study has been completed for Victoria, comparireydhiginal method with an input-output-
based method hftp://www.epa.vic.gov.au/eco-footprint/docs/vicomtprint_demand.pgif
(GFN and ISA 2005).

In addition, input-output analysis draws on dethiiata sets which are regularly collected by
government statistical agencies, such as the iopydt tables (Australian Bureau of

Statistics 2001) and the household expenditureeguf&ustralian Bureau of Statistics 2000).

Using Australian data, input-output-based Ecoldgka@otprints can be calculated for more
than 300 industry sectors and product groups, fates, local areas and cities, and for
companies and households.

Input-output-based Ecological Footprints have madyantages: they are complete without
artificial boundaries, they draw on detailed datdsswhich are regularly collected by

government statistical agencies, and they can loeilaged for industry sectors and product
groups, for states, local areas and cities, anddanpanies and households. Finally, input-
output-based Ecological Footprints allow valid gaaffs with other sustainability indicators,

thus placing the Ecological Footprint within th@ader context of the Triple Bottom Line.

2.5. Method employed in this study

The Integrated Sustainability Analysis (ISA) gratghe University of Sydney has assembled
a framework for calculating Ecological Footprintsldred to Australian conditions. This
framework employs the most detailed and comprekiensiformation on land disturbance
and greenhouse gas emissions available in Austiadiay, using the Australian Bureau of
Statistics’ (ABS) comprehensive input-output tabdesl the CSIRO’s satellite-image-based
assessment of land disturbance over the Austrabatinent. The assessment offered by the
University of Sydney guarantees 100% coverage bfupstream impacts on land and
emissions, and is therefore the only complete HEpcéd Footprint assessment to date.
Significant truncation errors (often 25-50%) of tipam requirements that are common in
conventional Ecological Footprints do not occuthiis methodology.

Using the ISA framework, the Ecological Footprimtr fAustralia can be calculated from
household expenditure data. This approach has beehed in dozens of applications
throughout the past 30 ye3rand is therefore the most robust approach ofsassp
environmental impacts of populations. In this wanrk, additionally use multiple regression in
order to estimate Ecological Footprints for locadas, based on both Household Expenditure
and Census data.

Final Ecological Footprints were based on a statimle-region, open, basic-price, industry-
by-industry input-output model of the domestic AaBan economy as of 1998-99, coupled
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with an extensive database on environmental inolis&t The methodology has been
successfully piloted in a range of Australian compand government applications (see
http://www.isa.org.usyd.edu.gu a pilot program on TBL reporting
(http://www.isa.org.usyd.edu.au/research/TBLEPA.$htnand in the widely publicised
nation-wide whole-economy TBL study Balancing Act
(http://www.isa.org.usyd.edu.au/publications/balasicen).

Results can then be interpretedpost, that is as answers to the questions: “What Edcdbg
Footprint would have been assigned to the usertdyemiven base year economic and
resource use structure, and assuming proportigriaditween monetary and resource flows?”
Results can however not readily be interpretechiexaante, predictive way, such as: “How
would the Ecological Footprint change as a consegr®f changes in the user’s financial
and resource flows?”

3. Data preparation

The source of the household expenditure data wealddbisehold Expenditure Survey (HES)
published by the Australian Bureau of Statisticatalbgue No. 6540.0. Data was available at
the Statistical Sub-Division (SSD) level for 1998-%n updated data set was made available
in 2006 for the 2003-04 year, however, the ABS wonibt release data at the SSD level.
Hence household expenditure data at the SSD lewel2003-04 has necessarily been
estimated. This has been performed by creatingitialiestimate from the 1998-99 data and
then subsequently constraining the estimate by 20@3-04 state data, with a further
constraint utilising a breakdown between capit&y eind rest of state. Hence the implicit
assumption is that there has not been a changdative expenditure levels between SSDs
since 1998-99, apart from the explicit changes reddor states, capital cities and non-
capital regions.

The baseline year of data for the Footprint mosldl998-99, hence all prices were deflated to
1999 levels. To do this, the ABS published Consufece Index (Australian Bureau of
Statistics 2006) was supplemented with ProducesPidices (Australian Bureau of Statistics
2006) where necessary, and subsequently correfatadthe HES data. Price indices were
created at a state level, with the assumptiontti@published price indices in capital cities
were similar across each respective state, dueata dvailability from the ABS. The
importance of state based price indices was p#atiguevident for such consumer items as
automotive fuel, which not only forms a significamamponent of the population’s Ecological
Footprint, but is also quite volatile over time awtoss locations.

3.1. Correlation to input-output categories

In order to explicitly model the Ecological Footmrifrom a consumer induced perspective
and in order to be comprehensive in capturing rapacts, input-output analysis has been

2 Foran et al. (2005), see also United Nations Biepent for Economic and Social Affairs (1999) and
Lenzen (2001).

% For interpretation of static input-output modede §Miller and Blair 1985).
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utilised in this study. The ISA team at the UniWgr®f Sydney has a breakdown of 344
input-output sectors, and the HES data needed torebmapped to these categories.
Furthermore, the HES data published by the ABS dussmatch the level and type of
household expenditure published in the nationabawcts (and hence in the input-output
tables). Thus a mapping process was carried ouhthianly re-categorised the HES data, but
also readjusted absolute levels so as to be conhpatithin the input-output framework. The
level of readjustment was firstly performed for 8389 Australian HES data, as there are
currently no input-output tables available for 2@@B The readjustment was then performed
identically across all HES data. The consequendhisfis that the explicit detail of the HES
between regions is maintained, whilst results als® aonsistent with modelling the
Ecological Footprint at the national level.

3.2. Calculation of intensities

For the most part, Ecological Footprint intensitiespact per $ spent) were calculated at the
national level. This is a consequence of a) laclatéiled and robust data at the regional level
and b) the fluidity of trade between states of comsr items (regional based intensities are
only of value if the consumption and productiongobds are explicitly known and linked).
There are, however, some particular commoditiestihge significantly different impacts in
different states, and where consumption is generhfined to the production in its own
state. These commodities have been explicitly medgas set out below.

Impacts from electricity production vary from statestate, primarily because of the fuel or
technology used (e.g. black coal versus brown c&&dite figures can thus be adjusted by the
state-based full fuel-cycle emission factors awdddrom the (Australian Greenhouse Office
2004).

Within the land disturbance methodology, the chaggimount of land clearing and land for
grazing is highly different for each state, and hs® changed considerably over time. The
ABS publish data on agricultural operations onadestevel (Australian Bureau of Statistics
2005) and earlier), with grazing area able to lberind from total farm area minus cropping
area. State based intensities were only used fdelimog the first two production layers, with
national intensities used for the third and higherduction layer where the source of impact
is less clear. The changing rates of greenhousgsems from land clearing for cattle farming
were obtained from time series data of the Nati@haenhouse Gas Inventory (Australian
Greenhouse Office 2006). These adjustments werng reftvant to the disturbance based
approach, as the bio-productivity approach uselsafjlaverage bio-productivity hectares. The
significant change in area used in farming overetiwas, however, included in order to
update the 1998-99 intensities to 2003-04 intewsiti

There is no information on margins and other mak-uo convert basic prices into
purchasers’ prices on a state basis. Nationalwiasehence used.
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4. Methodology - mathematical exposition

Some of the more popular studies dealing with tigtasnability of cities are Ecological
Footprinté. This concept adopts the idea of carrying capaaityl by inverting the standard
carrying capacity ratio, seeks to characteriseraa af land that is needed to sustain a given
population indefinitely, wherever on earth thisdais located. The obvious result of most
Ecological Footprint calculations is that citiepegpriate an area of productive land that by
far exceeds their physical size, and that thereffoeg cannot be sustainable (Rees, W. and
Wackernagel 1996). While Ecological Footprints areinstructive educational resource for
raising awareness about global unsustainabilitgy thave been criticised, for example,
because the aggregated form of the final value mékdifficult to understand the specific
reasons for the unsustainability of the consumptiba given population (Rapport 2000), and
to formulate appropriate policy responses (Ayre8020(Moffatt 2000); (Opschoor 2000);
(van Kooten and Bulte 2000). Furthermore, Ecoldglaotprints on sub-national scales
underestimate indirect requirements (Bicknell et1898; Lenzen, M. and Murray 2001). In
this work, we therefore focused on providing a gigagated description of the
environmental impact of city dwellers, both in terwf impact types (fuel use, greenhouse
gas emissions, land use, etc.) and consumption (ypeds, services, energy, water etc.).
Furthermore, we take into account indirect requaets from all upstream production layers
by using input-output analysis.

4.1. Input-output analysis

Input-output analysis is a macroeconomic technidgjugt uses data on inter-industrial
monetary transactions to account for the compléxrdependencies of industries in modern
economies. Since its introduction by (Leontief 19B6ontief 1941), it has been applied to
numerous economic and environmental issues, and-ogput tables are now compiled on a
regular basis for most industrialised, and alsoyntiveloping countries.

The first input-output tables to be compiled farity are those constructed by (Hirsch 1959),
who surveyed large- and medium-sized companiesatipgrin the St. Louis area, USA, and
presents sectoral income, employment, fiscal and taultipliers (Hirsch 1963). (Smith and
Morrison 1974), and (Morrison and Smith 1974) rewvimethods to compile input-output
tables for cities, based on survey and non-surgelgrtiques. They conclude that non-survey
techniques are the most attractive, because dfatiegs of time and resources they provide
to the urban planner, and because they produ@blelresults. Based on a comparison of a
survey-based input-output table for the city ofdPlebrough, UK with semi- and non-survey
versions, they conclude that the RAS method “proteedbe far superior to all the other
techniques which were tested” with regard to thmilarity of the simulated input-output
coefficients to the “true” survey-based ones. (®arand Ledent 1980) suggest using such

* See, for example, studies of Vancouver (Rees, anti Wackernagel 1996), various cities

surrounding the Baltic Sea (Folke et al. 1997) andhe UK (Simmons and Chambers 1998),
Santiago de Chile (Wackernagel 1998), CanberrasgCémd Foran 1998), Malmé (Wackernagel et
al. 1999), Liverpool (Barrett and Scott 2001), Gisety (Barrett 2001), and the Isle of Wight (Best
Foot Forward and Imperial College 2001).
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local input-output coefficients for the multi-regim modelling of a system of metropolitan
areas.

In this work we use a different approach for regiwation: we combine the national
Australian input-output tables and national dataresource use and pollution (modified by
regionalising some important effects) with regiortabusehold expenditure data. The
assumption inherent in this approach is that prtsdparchased by regional households are
produced regionally and nationally using a simitaoduction recip€.The technique of
combining input-output and household expendituréa d@as been used previously by a
number of authoPswith only one study (Moll and Norman 2002) applyithis approach to
cities.

The Ecological Footprint of households in the Slaxed SSDs examined in this work is
determined via

F:(Qemb+th)x e (1)
The variables in Equation 1 are:

F Matrix of household factor requirements. Its eIements{Fij}i:1 -

. describe the
total amount of factor required by household groypThe termfactor represents resource
and Ecological Footprint components (land distudearfuel consumption; greenhouse gas
emissions)F comprises (1) factor®"'xY used directly by the household (in the house or by
using private vehicles), and (2) fact@8"Y used by Australian and foreign industries, that
are required indirectly to provide goods and se&wipurchased by the household. The latter
are also calleémbodied factor requirements. F has dimensiongxg, wheref is the number of
factors { = 47), anch is the number of household groups. For the citgyafney for example,
the Australian Household Expenditure Survey coretlicby the Australian Bureau of
Statistics (ABS) distinguishel = 240 household groups, categorised according to 18
household characteristics (mainly family type) émel 14 SSDs.

Q"™  Matrix of household factor multipliers. Its element‘J{Qiz‘h}i:l _describe the

..... f;j=1,...,
usage by private households of fadtqrer A$ value of final consumption of commodjty
Q" has dimensionfxs, wheres is the number of classified commodities. This nanib also
equal to the number of classified industry sectbhe version of the Australianput-output
tables compiled by the ABS used in this work distinguistse= 344 commoditiesand
industry sectors. These range from primary indestsuch as agriculture and mining, via

® Note that this study is not an analysis of regidna of national impacts. As such, the limitatidns
the use of national input-output tables for regicstadies (Czamanski and Malizia 1969) do not
apply here. In contrast, the analysis of local iotpar interregional flows requires the estimation
of a set of regional input-output tables (Tiebo®6Q).

® See (Herendeen, R. and Tanaka 1976; Herendeel978; Herendeen, R. et al. 1981; Peet et al.
1985; Aoyagi et al. 1992; Breuil 1992; Weber antilH®93; Aoyagi et al. 1995; Vringer and Blok
1995; Weber et al. 1995; Kondo et al. 1996; LenZdn,1998; Biesiot and Noorman 1999;
Munksgaard et al. 2000; Weber and Perrels 2000;kisyaard et al. 2001; Wier et al. 2001,
Carlsson-Kanyama et al. 2002; Cohen et al. 200bz¢®, M. et al. 2006).

! The so-called ISAPC sector classification is an-+amnfidential subset of the Australian

Bureau of Statistics’ 8-digit Input-Output ProduClassification (IOPCS8; (Australian Bureau of
Statistics 2001).
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secondary industries such as manufacturing andrieleg gas and water utilities, to tertiary
industries such as commercial services, health,cadun, defence and government
administration.

?mb}i=1 ..... f;j=1,...s
usage of factoi per A$ value of final consumption of commodijty(1) by the industry
sectors producing commodity (2) by all upstream industry sectors supplyingustry
sectors producing commodity (3) by all upstream industry sectors supplyinguistry
sectors that supply industry sectors producing codity j, and (4) so on, infinitelyQ®™
thus captures thietal factor requirements of industries in the entire economy that are néede

to produce commodities consumed by househ@&¥® has dimensiongxs.

Q°*™  Matrix of embodied factor multipliers. Its eIementiQi describe the

Y Matrix of household expenditure. Its eIementiYij }izl . describe the amount of

...........

A$ spent on commodityby household group during the reference yea¥. has dimensions
sxh.

Q°®™can be calculated according to thasic input-output relationship
Qemb - Qind (I _A)_l ) (2)
The variables in equation 2 are:

Q™  Matrix of industrial factor multipliers. Its element‘J{Qiij”O'}i:l (1., describe the

...........

usage of factor by industry sectoj per A$ value of total output by industry secjoin
contrast toQ®™, Q™ represents only factors used directly in each strgiu but not in
upstream supplying industri€™ has dimensionxs.

I The unity matrix. Its eIements{Iij }izl [arely=1 if i=}, and ;=0 if i#]. | has

dimensionsxs.

A Matrix of direct requirements. Its eIementiAj} . describe the amount of

i=1,...s;j=1,..,
input in Australian Dollars (A$) of industry sectointo industry sectoj, per A$ value of
total output of industry sectgr A has dimensionsxs. It comprises imports from foreign
industries and transactions for capital replacemeamd growth. A captures the
interdependence of industries in the Australianneany and their dependence on foreign
industries, and — assuming that imports are pratlusing Australian technolofjy- thus
enables the translation of industrial factor miikis Q™ into embodied factor multipliers

Qemb

For an introduction into input-output theory, sestickes by (Leontief and Ford 1970),
(Duchin 1992), and (Dixon 1996). For a history lo¢ development of input-output analysis,
see (Carter and Petri 1989), and (Forssell andnBlde1998). For examples and reviews of
input-output studies applied to environmental issigee (Leontief and Ford 1971), (Isard et
al. 1972), (Herendeen, R. A. 1978), (Miller and iBI&985), (Proops 1988), (Miller et al.

8 For example, in this study, Australian energy risiges were also applied to imported items (about
10% of total Australian output), which equivalemt assuming that they are produced using
Australian technology. This assumption carries acedtainty into energy multipliers (see Section
2.3).
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1989), (Hawdon and Pearson 1995), and (Forsse8)18®@r a description of the assembly of
an Australian input-output framework, see (Len24n2001).

4.2. Data sources

The main difficulties encountered during the datdlection and preparation were due to
differences in industry sector classification ariflecences in data reference year. It was
necessary to confront and reconcile data sets demi@t according to the Australian and
New Zealand Standard Industrial Classification (ANKZ), the Input-Output Product

Classification (IOPC), the Australian land use (AMQ) classification, the Household

Expenditure Survey commodity classification, and teporting format prescribed by the
Intergovernmental Panel on Climate Change (IPCC).

Surveys of industries, households and farms areoducted in identical intervals. Hence,
the input-output, household expenditure, resouse and pollution data refer to different
years between 1998 and 2003. In order to minimiser@pancies, input-output and factor
data was assembled for years closely around 199848&e data availability was best. Data
were reconciled using RAS matrix balancihgand optimisation techniqués. As a
consequence, small flows (monetary and physicallaasociated with large uncertainties, as
indicated in some of the results sheets.

The household expenditure matrix Y was derived ftbe 1998-99 Household Expenditure
Survey (Australian Bureau of Statistics 2000), whihe direct requirements matrix A was
constructed from the Australian input-output tab{@sistralian Bureau of Statistics 1999;
Australian Bureau of Statistics 1999); see alsamgea, M. 2001).

ind
ef

The industrial Ecological Footprint multiplief3 . as well as household Ecological Footprint

multipliers Q'e‘P were obtained by consulting a range of sourced g fuel statistics

(Australian Bureau of Agricultural and Resource famics 1999), (Australian Bureau of
Agricultural and Resource Economics 2000), the ralisin National Greenhouse Gas
Inventory (Australian Greenhouse Office 1999), (BeoWilkenfeld & Associates Pty Ltd
and Energy Strategies 2002), the ABS’ Integratedidtal Database (Australian Bureau of
Statistics 2001), and a CSIRO report on landcoigtuibance across the Australian continent
(Graetz et al. 1995); (Lenzen, M. and Murray 2001).

4.3. Uncertainties

Input-output analysis suffers from uncertaintiessing from the following sources: (1)
uncertainties of basic source data due to samgimd) reporting errors, and uncertainties
resulting from (2) the assumption made in singlgiere input-output models, that foreign
industries producing competing imports exhibit theme factor multipliers as domestic
industries, (3) the assumption that foreign indestrare perfectly homogeneous, (4) the
assumption of proportionality between monetary phgsical flow, (5) the aggregation of
input-output data over different producers, (6) Hggregation of input-output data over

° (Gretton and Cotterell 1979); (Junius and Oosiezh2003).
1% (Tarancon and Del Rio 2005).
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different products supplied by one industry, anjl tte truncation of the “gate-to-grave”
component of the full life cycle (see (Bullard ét 2978) and (Lenzen, M. 2001). Standard

errorsAQﬁemb of elements in the embodied factor multiplier ma®®™ due to the above

sources defy analytical treatment, and can thezetmly be determined using stochastic

analysis. TheAQijemb as used in this article were calculated by Moragl€Csimulations of the

propagation of normally distributed perturbatiomeni Q™ and A through toQ®™ (see
(Lenzen, M. 2001). Given the standard errA(Qemb+th)ik of Q°™+Q"™, andAY, of Y,

the total standard errakF; of an element; in the household factor requiremetin
Equation 1 is

AF” - \/i A(Qemb +th)i2k ijz +i(Qemb +th)i2k Aijz . 3)
k=1 k=1

The uncertainty ranges dD*™+Q™ given in ISA’s software output cover raw data

uncertainty and allocation uncertainty only, ascdésd in (Lenzen, M. 2001).

4.4. Multiple regression

Multiple regression seeks to establish the relatigmbetween an explained variagleand a
number of explanatory variablgs The explained variable is of course householeedjiure
(on 344 commodities). The explanatory variablesraippd in this work are household
characteristics:

inc annual per-capita before-tax household income,
size number of household members,

edu index of highest qualification of household mensbeiged 15 and over with a
gualification (1 basic vocational; 2 skilled voaatal; 3 Associate Diploma; 4
Undergraduate Diploma; 5 Bachelor degree; 6 Podtgite Diploma; 7 Higher than
1-6),

htype index of house type (1 caravan, cabin, househloather; 2 flat, unit or apartment; 3
semi-detached, row or terrace house; 4 separatejhou

urb population density in people per km

age  average age,

kid percentage of household members aged 18 and below,

empl  percentage of household members aged 18-64 working

prov  provenance: percentage of people in region borrseeas,

ten tenure type (1 rent-free, 2 renting, 3 purchasiit mortgage, 4 owning),
car car ownership (cars per person),

wktrv  percentage of people travelling to work by car,

Sate dummy variable indicating location of SLA by St&8edummies).

We have omitted one of pair-wise correlated vaealsuch as house type and population
density, or number of children and age) in our ipldtregression, because the respective
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variables are mutually surrogate drivers of thelarpd variable. The decision of which
variable to exclude can be based on an exogenstahd, sequential causal structure (see for
example (Poulsen and Forrest 1988), or based @amies0f regression models in order to
establish the combination of variables with theorsgest explanatory power. The latter
approach was taken in this work.

A particular feature of the ABS Household Expendit$urvey is that the observations of
expenditure apply to groups of households rathen tsingle households. Expenditure and
socio-demographic-economic characteristics of aseotationh are therefore really group

— Nh
meansX' , derived from sumx =Zx§ taken overn, single-household observatiog).

j=1
Unfortunately, in general, the number of observetig is not the same in each grolupThis
fact has to be taken into account in the multiggression as follows: Assume that the

observations x{ and y; satisfy the regression equatioy! =S, +> Bx +&]
i

Oh,j=1,...n,, with 5? being the error term with zero mean and constaatiamce

var(s?): o’ (homoskedasticity). Summation ovieshows in a straightforward manner that

the same regression equatigfi = B, +> B x"+&" also holds for the group means
i

y" :iz y?, x" =iz xi? ,ande” =iz¢9? . The disturbance" has zero mean,
Ny 5 My 5 My 5

but its variance is not constant anymore over grobpervationsh, because each group

contains a different numban, of single-household observations: the regressiecoimes

heteroskedastic. This means that the estimation of the regressiafficientsf requires the

group means to beeighted inversely proportional to the disturbance variancgince the

2
(* g . , .
latter areva 5“)=—, all group means must be weighted with the numddesingle-
nh

household observatiomg in each group (Cramer 1969), p. 144).

Using multiple regression, and taking into accdtetvarying sample sizes of the Household
Expenditure Survey sample groups (and resultingrbskedasticity), the expenditure on the
344 ISAPC expenditure items was estimated fromaeqgibry variables sourced from the
census data pertaining to the SLAs examined. Angsgpmultiple regression was followed,

consisting of

» establishing correlation coefficients between thgeaditure of samples on each of the
344 commodities, and all explanatory variablestisgwith commodity 1;

» selecting the variable with the highest correlatiopfficient as the first regression
variable;

» selecting the variable with the next highest catieh coefficient as the second
regression variable, and so on;

« calculating an adjuste@ value for each subsequent regression, and cheakirther
the adjustecR2 increases more than 0.1%;

 if not, terminating the addition of further explamiy variables to the regression model,
and moving on to the next commodity.
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This stepwise regression procedure is data-drivem, opposed to the theory-driven
hierarchical multiple regression, where a modekpecified based on purely theoretical
considerations. The stepwise procedure was chosesube it is preferred if the purpose of
regression is simple prediction of expenditure (@n1969), and because a sound theoretical
reason for a dependence of the consumption of dicplar commodity on socio-
demographic-economic variables can in general e@stablished priori.

5. Results

Note: The project is still in progress and therefap headline results can be presented yet.
The Victorian Commissioner for Environmental Susahility will publish the headline
results in the SoE Report and EPA Victoria will regke detailed results publicly available
through a technical report.

For this reason we present selected preliminagirigs in a qualitative format that does not
allow a deduction of final headline results. We aamtrate on the comparison of urban and
rural consumption patterns in Victoria and thetreéaimpact of various commodities.

5.1. Differences between urban and rural consumption
impacts in Victoria

The breakdown of Ecological Footprint results bgaloarea allows a detailed spatial analysis
of consumption related environmental impacts. Weehealculated absolute and per capita
Ecological Footprints by SLA (Statistical Local A for Melbourne and the whole of
Victoria and will present the results in colouredps in the final report.

A similar analysis on SSD (statistical sub-divigidevel was undertaken before by the
University of Sydney (DSE 2006a). The results af #tudy are shown in the following map.
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Figure 4:  Per capita Ecological Footprint of statstical sub-divisions in Melbourne
(taken from the Melbourne Atlas, DSE 2006a)

Central areas of Melbourne show higher per capiks, Esuggesting higher levels of
consumption and related impacts. We expect siméaults in the current study and will
analyse the pattern of consumption of over 300 codities in order to gain an

understanding of underlying causes for differences.
When grouping together all local areas belonginijledbourne on the one hand and all areas

outside of Melbourne on the other we are able topare the Ecological Footprint of urban
and rural areas in Victoria. The relative contribatof main consumption categories in these

two areas are shown in Figure 5.
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Figure 5:  Comparison of the relative contributiors of main consumption categories in
Melbourne and rural areas of Victoria

Differences are in the areas of food, shelter amdices (where Melbourne has a higher EF)
as well as energy use (where rural areas havehemhigf).When looking at the impacts of
single commodities it is possible to pinpoint a tnderlying causes for differences. We have
performed detailed analyses of Footprint pattenndifferent local areas in Victoria that will
provide further insights into consumption relatedpacts. The Commissioner and EPA
Victoria will publish the detailed findings in 1ag908.

5.2. Ecological Footprint analysis of commodities

The methodology applied in this project allows thi life-cycle analysis of EFs of over 300

commodities consumed by residents in differentspaftVictoria. Detailed results cannot be
revealed at this stage of the project but Figugivés a glimpse at the relative contributions
of individual commodities. Each ‘bubble’ in the diam represents one commodity (e.g.
petrol). The size is proportional to the per-cagiitaological Footprint. The location of the

bubble is determined by the level of consumptiotpéaditure on the commodity in $) and
the relative intensity of the impact (EF per $ gpen
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EF intensitiy Ecological Footprint of commodities (gha/cap)
(gha/$)

2,400

Annual expenditure per person ($/cap)

Figure 6: Ecological Footprints of some commoditieby expenditure (x axis), intensity
(y axis) and absolute EF (size of circleg)dentities and values not revealed for
confidentiality reasons)

This method of looking at detailed Footprint resutian provide information on whether

impacts are mainly due to the production processoane from high levels of consumption.

Commodities located in the top left part of Figéreave high intensities per $ which means
that a relatively high ‘load’ of EF related impadtsembodied per value of product, most
likely because of Footprint intensive productiorogasses. If, on the other hand, the
commodity is located towards the right part of tha@gram, impacts are increasingly due to
the level of consumption as expenditure increadssan be seen from Figure 6, we did not
find commaodities that had both, high intensity dngh expenditure values and thus the top
right part of the diagram is empty.

A previous commodity Footprint analysis, undertak®n the University of Sydney and

published by the Department of Sustainability amvibnment (DSE 2006b) yields the

results presented in Table 1. Note that aboutdfdtie total Ecological Footprint is caused by
the consumption of the top five products and sestzic
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Table 1:  Ecological Footprint of 15 top-ranking conmodities consumed in
Melbourne, 1998-99 (taken from the Melbourne AtlasPSE 2006b)

2 Commodity breakdown for Melbourne

Melbourne Statistical Division, 1998-99

Per cent

, Impact ot total
Rank Cormmaodity [hectare Eca

per capita) footprint
1 Clothing (.48 14.41
2 Retail trade 0.55 11.66
3 Accommodation, cafes and restaurants 0.54 11.40
4 Beef products 0.44 9.73
5 Electricity supply 0.20 4.20
& Raw sugar, animal feeds, processed seafoods & other food products 019 3.96
7 Ownership of dwellings 0.14 2.97
8 Dairy products 0.13 2.84
9 Carpets, curtains, tarpaulins, sails, tampons and other textile 13 Z2.1

products

10 Bread, cakes, biscuits and other bakery products 0.10 2.19
11 Petrol 0.10 2.09
12 Footwear 0.08 1.60
13 Wholesale trade 0.07 1.58
14 Mator vehicles and parts, other transport equipment 0.07 1.44
15 Banking 0.06 1.35

6. Preliminary Conclusion

Work in this project is still in progress and reésutannot be revealed at this stage. Once
finished, the method presented here will providietailed picture of Ecological Footprints by
local areas in Victoria, allowing a distinction ween rural and urban areas, as well as a
detailed breakdown by commodity and thus fine constion patterns. We have shown with
qualitative results and findings from previous @tsdthe potential for policy-relevant
conclusions across the whole area of sustainallsucaption.
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