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1. Introduction

The latest cycle of State of the Environment (Sadporting in Western Australia (WA) commenced in
2003. The Environmental Protection Authority (EP&), behalf of the State Government, is responsible
for overseeing production of the SoE Report, whldue for release in early 2007. The EPA is an
independent environmental advisory body and hasomedd the responsibility of coordinating the 2007
State of the Environment Report. Over the pastyears, the EPA has sought to engage the community
to provide input on various aspects of this repbd.this end, the SoE reporting series of techracal
discussion papers has been produced for commumdtgimkeholder input to influence the next report.

State of the Environment reports are designed nanoanicate credible, timely and accessible inforomati
about the condition of the environment to decisiwekers and the community. The EPA has identified
that the scope of the 2007 State of the EnvironrRaport should address population and consumption
patterns as these are fundamental pressures thsg baman impacts on the environment.

This technical paper provides information on a lkegicator of demand on the environment from
consumption, the ecological footprint. Ecologicabtprint accounts document the area of land andrwat
ecosystems required to produce the resources ceashyna given population and assimilate the wastes
that the population produces (Rees, 2000). Theodithis paper is to outline a methodology for ajmdy

the ecological footprint to WA and establishing ddase measures against which to compare future
analyses.

The ecological footprint was identified as an irdor in the 1998 SoE report; however, at that titoe
analysis had been undertaken for WA. Subsequeh#yState Government has established a targegin th
State sustainability stratedgovernment of Western Australia, 2003) to hahe écological footprint of
the WA economy by 2020.

There is currently no ecological footprint accofmt WA. The need to establish a methodology and
regular accounting has been identified by the Staeernment. This will provide a measure of progres
against goals in th8tate sustainability strategyhe results of this analysis will be reportedha 2007
SoE Report and it is intended that regular repgrtihthe WA ecological footprint will occur throughe
State of the Environment reporting process.

This report has been prepared in collaboration WitfPeter Johnson of Prime Research Pty Ltd.

2. Overview of the ecological footprint and input-o utput analysis

2.1 Ecological footprint accounting

The ecological footprint is a form of natural resmiaccounting, which measures the ecological ddman
of human populations. It accounts for the direntlleequired by households for housing, roads e&dsb
accounts for the indirect land embodied in the iapga goods and services that people consume,asich
agricultural land, land for manufacturing, land feaste disposal etc. It can be seen as an indicétor
sustainability because it measures the total emabgost (in area of biologically productive land)
required to supply all the goods and servicestoraan population (McDonald & Patterson, 2003).

The ecological footprint is closely related to twncept of carrying capacity which, in ecologiaaints,

is the maximum number of a given species that easupported indefinitely in a defined habitat witho
permanently damaging the ecosystem on which itrEpéBicknell et al., 1998). While carrying capgcit
is generally expressed as number of individualshsetare, the ecological footprint is essentiafig t
inverse of this and is expressed as number of tescizer person. In this sense it is also considared
sustainability indicator as it relates to an ungad principle for sustainability - the requiremefolr
maintenance of natural capital on which humanitpemhels. From this perspective, if the ecological



footprint of a defined population exceeds the hiaal carrying capacity of the population, then the
population is considered to be in ecological defmi a net debtor of ecological capacity.

Unlike carrying capacity, ecological footprint acots include the land embodied in trade and thezefo
measure the ecological demand of a population déggs of where the resources originated. Ecological
footprint accounts enable distinction between thtign supplied domestically and the portion embddi

in imports. They also provide a framework to conepagsources embodied in trade flows, i.e., the
resource demand to supply economic production gethat required to supply final consumption
(Wackernagel et al., 2004).

It is important to note that ecological footprirdcaunts do not capture of the environmental impatts
human consumption. For example, they do not incledessions to land, water or air (other then
greenhouse gases). Also, using area of land uaenzetric for measuring sustainability has limitato
Firstly, because not all types of consumption cedily be converted to land area, such as water use
and secondly because ecological footprints are#@jlyi presented as an aggregate value. This agproac
has been criticised (see for example Van den BanghVerbruggen, 1999 and Lenzen and Murray, 2001)
as the intensity of land use and the impact okdifit human activities on land varies considerdfdy.
example, a hectare of land covered by buildingsested as equivalent in terms of ‘impact’ to athex

of land used for extensive livestock grazing inlegmal footprint accounts. In reality, land useat f
buildings is considerably more impacted (alteremifrits natural state) than land used for extensive
grazing. Ecological footprints therefore do notleef the relative level of environmental impact of
different land uses.

2.2 The evolution of ecological footprint accountin g

The ecological footprint methodology has been stibje continual review and refinement since its
inception. There is currently no general consemsua standard methodology for calculating ecoldgica
footprints and to date, a number of approaches haen developed and applied at the national and
regional (e.g. state) scale. In some instances,hhs led to large variances in results betweelysesa
and confusion in the interpretation of results. lexample, past analyses of Australia’s ecological
footprint have ranged from 6 ha per person to ha.§Simpson et al, 2000; Lenzen & Murray, 2001).
Determining and documenting an appropriate metlmmgolfor Western Australia is an important
component of this report so that the results cands®l in the 2007 SoE report and future comparisons
can be clearly made.

Probably the most widely used method to date isnfmmund’ footprinting. This approach is based on
national economic and biophysical data on prodaogcti@de and consumption. In this approach, regiona
analyses are derivddom national accounts.

To address the inconsistency in footprinting methogies, the Global Footprint Network has initiated
committee-based process for the development otlatds governing footprint applications, and for an
ongoing scientific review of the methodology basmu the compound approach (Global Footprint
Network, 2006). However, criticisms have been iiséthe applicability and policy relevance of this
approach for regional EF accounting.

For example, the results are expressed in starsgardunits (global hectares) of world-average
productivity. Incorporating global productivity mtthe calculation provides a common standard for
comparison of national footprints and highlighte tjlobal sustainability issue of the inequity ire th
distribution and consumption of resources. It fedevance to th&tate sustainability strategwhich, in

its principles, recognises the responsibility oé tBtate to contribute to global sustainability éssu
(Government of Western Australia, 2003). However Lanzen & Murray (2001) note, much regional
detail is lost in this approach, as the resulttonger reflect actual areas of land used. LenzenMurray
argue that methods that focus on regional probknasnore useful for policy application as most @es

are developed and implemented at a regional level.



To overcome some of the drawbacks associated pjtlication of the compound method at a regional
level, this method has been modified by a numb@rattitioners using input-output analysis.

2.3 Input-output analysis

At the heart of input-output analysis is the inputput table, which provides a summary, or a “shafis

of the transactions occurring within a defined ewop over a selected period of time. The Australian
Bureau of Statistics (ABS) produces input-outpigi¢a at the national level. These tables show, in a
tabular or matrix format, the consumption and spkeserns of over 100 industries. In simple terhesy/t
show, for a given industry, which other industiitegurchases from and to which other industrieseits.

The national (Australian) input-output tables adww the use of industry production in private and
government consumption, the use in public and piimvestment and export sales.

While the ABS produces national input-output tapleey do not produce state or regional tables. An
input-output table for Western Australia for theay@001-02 was made available by Prime Research Pty
Ltd for the purpose of this study. The table wasvee by the following process.

1. Aninput-output table for Australia for 1996-97 wasdated to 2001-02 using a procedure known
as RAS (or biproportional matrix adjustment). (TH#96-97 Australian input-output table was

used as the basis for this approach rather than388-99 table so as to make use of the 1996
census data.)

2. An input-output table for Western Australia was @eed using a modified cross-industry
quotient method (Johnson, 2003).

The Western Australian input-output table contalives74 industries shown in Table 1.

Table 1: Western Australian input-output industries

Industry Industry
1 Sheep 38 Other chemical products
2 Grains 39 Rubber products
3 Beefcattle 40 Plastic products
4 Dairy cattle 41 Glass, glass products and ceramic products
5 Pigs 42  Other non-metallic mineral products
6 Poultry 43  Iron and steel
7 Hay 44  Basic non-ferrous metal and products
8 Other agriculture 45  Structural, sheet and fabricated metal products
9 Services to agriculture; hunting and trapping 46  Transport equipment and machinery
10 Forestry and logging 47  Electronic, household and electrical equipment
11 Commercial fishing 48  Prefabricated buildings
12 Coal 49  Furniture
13 Oil&gas 50 Other manufacturing
14 Iron ores 51 Electricity supply
15 Non-ferrous metal ores 52 Gas supply
16  Other mining 53 Water supply; sewerage and drainage services
17  Services to mining 54  Construction
18 Meat and meat products 55 Trade and repairs
19 Dairy products 56 Accommodation, cafes and restaurants
20 Fruit and vegetable products 57 Road transport
21 Oils and fats 58 Rail, pipeline and other transport
22 Flour mill prods, cereal foods and bakery prods 59 Water transport
23 Confectionery, other food prods and soft drinks etc 60 Air and space transport
24  Beer and malt 61 Services to transport; storage
25 Wine and spirits 62 Communication services



26  Tobacco products 63 Finance and insurance

27 Textiles 64  Ownership of dwellings

28  Knitting mill products 65 Other property services

29 Clothing, footwear and leather 66 Business services

30 Sawmill products 67 Government administration
31 Other wood products 68 Defence

32 Pulp, paper and paperboard 69 Education

33 Paper containers and products 70 Health services

34 Printing and publishing 71 Community services

35 Petroleum and coal products 72  Entertainment and the arts
36 Basic chemicals and paints 73  Sport, gambling and recreational services
37 Medicinal, pharmaceutical, pesticides, soap, cosmetics 74  Personal and other services

2.4 Input-output multipliers

Input-output tables provide a snapshot of the eagnof a given region. They are therefore very usefu

a descriptive sense, and they allow for a detaidledlysis of a regional economy to be performed.
However, input-output tables are most frequentlgduto generate input-output multipliers, which are
used to conduct economic impact analysis.

Input-output multipliers capture the direct andiiadt effects of an economic stimulus on a regiéor.
example, if demand for transport services from \WestAustralia were to increase, input-output
multipliers can be used to estimate the total irhgzcthis increased demand on various economic
attributes of Western Australia, such as outpuipmne, employment, and value-added.

The total economic impact identified by use of mputput multipliers includes the direct effecttbe
initial increase in demand and the indirect (oo¥fton”) effects. The flow-on effects result frometh
linkages between industries in the economy. Formmgk@, transport service providers in Western
Australia purchase inputs from other local indestriwhen demand for their output increases, the
transport companies will increase their purchases fother local businesses, who themselves must
increase their consumption, some of which will kmarf other local firms, and so on.

2.5 Input-output and ecological footprints

Incorporating input-output analysis into the cadtidn of ecological footprints was first undertakan
Bicknell et al (1998). The technique has since been refinedeogd=(2001), Lenzen and Murray (2001),
McDonald and Patterson (2003) and others.

Input-output tables represent the payments, inadglimade for purchases of goods and services by
different sectors of an economy in a reference.y&ssociated with this financial flow is the actdialw

of goods and services in the economy. If the poiceach purchase is known, the input-output tabte c
be adjusted to represent the physical flow of gamus services between sectors. However, the pfice o
each transaction represented in any input-outfle tes rarely known. By assuming a constant price
across purchasers for each good and service, plog-daitput table can be taken to represent thévela
share of sales of all goods and services betweerhg@sing industries and final consumers. With this
constant price assumption, the input-output tahtelme used to trace physical flows in the economy.

One of the physical inputs to all of the industiiesn input-output table is land. Land is an obginput
into certain industries, such as agricultural iridas. Land is a less obvious, and less importgmiti into
other industries, particularly service industrigslsas insurance and banking. Some sectors, suobds
processing, do not have a large direct usage af; lanwever, since they depend upon agricultural
products as their main process input, they havargelindirect dependence upon land. Input-output
tables, which cover all of the economic activitiesa given economy, provide a rigorous framewornk fo
capturing all of the land usages, direct and irodjri@ an economy.



2.6 Advantages and disadvantages of the input-outpu t approach

McDonald and Patterson (2003) list four main adages of using input-output tables for determining
ecological footprints:

1) Comprehensiveness: previous methods for determittiegecological footprint lacked a
consistent framework. These approaches typicalijeceed service sectors, a major part of
all modern economies, although not large directauséland. Input-output analysis, by being
a comprehensive representation of the economy,remsw industries are left out of the
ecological footprint calculations.

2) Systematic approach: input-output tables are bathiso that inputs equal outputs ensuring
that all aspects of the economy are covered. Tdwinplete listing of economic activities
provides a convenient checklist when determinimgl lase by industry.

3) Avoids double-counting: input-output accountingrehates the problem of double-counting
encountered in some methods.

4) Mathematically rigorous: input-output matrices bedanced and complete representations of
a given economy. Manipulation of these matriceagisnatrix algebra is a well-established
and well-documented procedure.

McDonald and Patterson (2003) also list disadvatagf the use of input-output tables in ecological
footprint analysis:

1) Industry definition: input-output industries areduently broadly defined, leading to loss of
detail and, potentially, to inaccuracies in thelygsia.

2) Accuracy and currency: accurate and up-to-datetiaptput tables are not always available
for the region to be analysed. In periods of ragichnological change, using dated input-
output tables can distort inter-industry relatiapshand introduce inaccuracies into the
analysis.

3) Physical versus financial flows: input-output tabbre presented in monetary terms, which
represent the price and quantity of goods and @es\transferred in an economy. If prices are
constant for each product sold, then this doesreptesent a problem, as physical flows
move proportionally to financial flows. If, howeverices differ across users, then physical
relationships in the table are distorted with aesponding loss of accuracy in the analysis.

3. Methodology

3.1 Deriving a multi-regional input-output table

In the analysis of Western Australia's ecologicaltprint, it is necessary to estimate the componétiie
footprint that is due to the consumption of goodd services from beyond the state's borders. Mcldona
and Patterson (2003), in their analysis of regidoalincils) ecological footprints in New Zealandada
use of multiregional input-output tables for Newalad to determine the full New Zealand component
of each region's footprint. Multiregional tablexlude trade between each region by supplying and
consuming industry and by final demand sector. fifoeess of developing the Western Australian input-
output table included the development of an inpuipot table for the rest of Australia (ROA) and
included the estimation of detailed trade data betwthese two regions. In effect, a bi-regionalinp
output table (a special case of a multiregionaletatthere there are only two regions) was developed.
From this bi-regional Australian table it is podsibo derive estimates for the full Australian campnt

of the Western Australian ecological footprint.



The ecological footprint of Western Australian camption also includes a value for the use of goods
and services supplied from outside of AustraliaDdicald and Patterson (2003) estimate land embodied
in foreign imports by assuming similar productie@thnologies overseas as apply in New Zealand.
Therefore, the land embodied in imports is caladaby multiplying final demand for imports by the
appropriate domestic land use multiplier.

In this work we use similar assumptions to McDonafdl Patterson, but apply a more comprehensive
analytical approach by deriving an input-outputi@gbr the suppliers of these imports. By assuntivag
Western Australia’s industries and consumers pwsehmported goods and services at the same rate as
the national average, the Western Australian ipdiput table includes detailed data on imports ftben

rest of the world. Similarly, foreign imports toetiROA are also included in the ROA input-outputdab

The rest of the world is a very large economy tarahterise in an input-output table, and no attemgs
made to do so. Instead, an abstract region, refeweas the import producing world (IPW), was
developed. The IPW is defined as a region of thdduiat produces all of Australia’s foreign impert
while taking none of Australia’s exports. Whileidt clearly the case that some Australian exports do
return to the state as components of imported gothils simplifying assumption is not expected to
significantly alter the results of the analysis.

An input-output table for the IPW was developedeobispon the Australian input-output table. The IPW
table retains the same input cost structure as slimthe Australian table for 2001-02. This is ffeet

the same assumption made by McDonald and Pattetisansimilar production technologies apply in
domestic and foreign production. Each industryhia IPW table is required to produce, at a minimum,
sufficient production to meet the import demandsWidstern Australia and the ROA, and sufficient
production to meet the needs of the "local" IPWneeoy. To derive an input-output table for the IPW
that meets the needs of local industry, private gmeéernment consumers and the needs of the Western
Australian and ROA economies is an iterative precéBe details of which are not provided here.
However, the key criteria upon which to judge thecess of the process are that:

1. abalanced input-output table is produced: indystogluction equals industry sales;

2. the technical coefficientslerived from the table (which are a representatifoie cost structure
of each industry) are identical to the technicadfficients for the Australian input-output table;
and

3. sufficient exports are produced to meet the neéd# Australian consumers.

The final IPW input-output table met each of theseeria.
With the estimation of the IPW's input-output takitewas then possible to develop a multi-regional

input-output table covering Western Australia, tROA and the IPW. Figure 1 is a schematic
representation of this table.

! Technical coefficients are calculated as the cost of each input used by an industry divided by total costs (where total
costs include labour payments and payments to the owners of capital).



Figure 1: Schematic representation of multi-regional input-output table for Western Australia,

the ROA and the IPW

Use
Total
Intermediate usage Final demand sales
Region WA ROA IPW WA ROA IPW
>| WA Q1 Q2 Q3 Q4 Q5 Q6
Q.
Ug)— ROA Q7 Q8 Q9 Q10 Q11 Q12
IPW Q13 Q14 Q15 Q16 Q17 Q18
Primary factors Q19 Q20 Q21 Q22 Q23 Q24
Total costs

Figure 1 shows 24 separate quadrants (Q1 to Q2heimultiregional table. Consider quadrant 1 (Q1).
Q1 contains 74 rows and 74 columns correspondinige@4 industries in the Western Australian input-
output table - these are not shown so as to sinpii figure. The rows in Q1 show the sales of the
output of Western Australian industries to otherst®en Australian industries. An alternative, and
equally valid interpretation is that the columngf show the purchases of Western Australian imsst
from other local industries. Similarly Q8 showsesand purchases of ROA industries while Q21 shows
the sales and purchases of IPW industries. Sommesuy, Q1, Q8 and Q15 show the domestic inter-
industry transactions in each region.

Quadrant 2 (Q2) shows sales of Western Australigpud to industries in the ROA, while Q3 shows
sales of Western Australian output to IPW (whidr, dimplicity, we have assumed are zero). Q2 and Q3
also have alternative representations. From thet pbiview of industries in the ROA, Q2 represeiis
consumption of Western Australian production by Riddustries. From the point of view of IPW, Q3
represents consumption of Western Australian pribcludy IPW industries.

Quadrants 19, 20 and 21 represent the payments togaténary factors by industries in, respectively,
Western Australia, the ROA and the IPW. Where prymfactors represent labour, land, capital and
natural resources.

With purchases from all three regions and payméatdactors of production represented in the
multiregional table, the shaded areas at the bottbRigure 1 contain the Western Australian, ROA an
IPW total costs for Western Australian, ROA and Iidustries.

While we have described total costs, we are yeddscribe all sales from the industries in the
multiregional table. Tracing across the rows thapresents the Western Australian input-output
relationships, quadrant 4 (Q4) in Figure 1 showe fihal demand purchases (private consumption,
government consumption and investment) of Westeustralian consumers of Western Australian
production. Q5 shows the final demand purchasdé¥h consumers of Western Australian production;
while Q6 shows the final demand purchases of IPWsomers of Western Australian production.
Summing across the each of the 74 rows of Westestralia production gives total sales from Western
Australian industries, which since industry defoits in rows and columns are the same, equalothk t
costs of Western Australian industries.

3.2 Creating land use multipliers

Figure 1 represents the multi-regional input-outfalile used in the analysis of Western Australia's
ecological footprint. If the elements of each catuof the input-output table are divided by the cwotu
sum (the shaded area at the bottom of each colanfitigure 1) then the input-output coefficients are
determined. These coefficients, which sum to aevaliuone, show the inputs, by source, used to pedu
$1 worth of output from each industry.



The elements of the coefficients table that cowage of inputs from all industries in all locatiaa be
placed into a square matx FromA the Leontief inverse matrix-A)™ can be derived. It is from this
inverse matrix that all input-output multipliersearalculated.

The Leontief inverse matrix captures the linkagetnveen different sectors of an economy. From the
Leontief inverse the impact of an increase in dedrfan the output of one sector, on production fralin
sectors in the economy, can be determined.

To calculate the land required to increase outpunfan industry by one dollar it is first necesstry
calculate land coefficients. The land coefficienthe quantity of land used to produce $1 of outymrh

an industry. This is calculated as the area of laseld in production divided by the total value of
production. From this procedure a coefficient(lhere i represents industry) for each industny ba

determined. Forming the; toefficients into a diagonal matr&i , and using this matrix to pre-multiply

the Leontief inverse matrix calculat€s, the matrix of embodied land requirements for eaclustry.
The columns in this matrix represent the direct enatirect land needed to produce a dollars worth of
output from each industry. By summing down the ooiwa total land use multiplier, s derived. This
multiplier shows the land required from all soureedomestic and foreign - and from all industries t
produce one dollar of output from each industry. #mming over only those industries located in
Western Australia (Q1, Q2 and Q3 in Figure 1) tha Wultiplier, m"?, is calculated. This multiplier is
concerned with land that is located within Westaustralia, and does not include land located irepth
states or in other countries.

Actual land and total land (including energy lamdiltipliers were calculated for this analysis. The
difference between these two land types is destiibéater sections.

3.3 Data sources for area of land used by each indu  stry

The area of land used by each industry in WA arel ROA were obtained from several sources
(Appendix B). The area of land used for ROA indiestwas calculated as the balance between national
and WA statistics on each industry. However, lasd data for many industries were not availabléet t
national level and for these industries WA landfttoents were used for the ROA. A summary of land
area

Agricultural industries

The areas of land used by agricultural industriesewargely derived from the ABS 2001 agricultural
census (ABS, 2002; 2003). The agricultural censlkecats information on area of most agricultural
crops. This information was aggregated to deterrthieetotal area used for ‘grains’, ‘crops and pastu
for hay’, ‘other agriculture’ and ‘wine and spifits

Data were not available on the actual land grazetheep’ and ‘beef cattle’. However, the agicuddur
census collects information on the area of sowriupasnative pasture and other grazing land (e.qg.
saltbush and brigalow scrub), as well as the nurabench livestock type in each local governmeatar
(LGA). Since stocking rates and productivities afid used for grazing in Australia are highly vaeab
the amount of land included in the calculationstfase industries can substantially modify the Itesfu
the analysis. For example, Simpson et al. (1998nate that 7.58 ha/person is required to sustan t
consumption of meat and dairy products for a tylpdesstralian if all pastures are included, but ohl98
ha/person is required if sown pastures only weckided in the calculations.

In this analysis the ABS classification ‘all pagtsir(natural pastures plus sown pastures) wasasdue
basis of land grazed by beef cattle and sheep saftgracting the area used for dairy cattle. Thdueles
‘other grazing’ land, such as saltbush and brigasowib, which in WA amounts to an additional 21.8
million ha. It is arguable whether this land shoblg included in the calculations for beef and sheep
cattle. Using only pastures is consistent withapproach used by the Global Footprint Network (2006



which produces the national ecological footprint@ets. In addition, 'other grazing' land is tyflica
subject to very low grazing densities due to vewy productivities and if included, would considdyab
increase the WA ecological footprint. However, Lemand Murray (2001) argue that all land should be
included in ecological footprint assessments far direct and indirect value to humans. They employ
weightings to different land uses to reflect theyiray level of disturbance of different land useds,
which counteracts the effect of vast grazing arefad\ustralia’s ecological footprint. However, this
approach introduces another problem into the adsouthe no longer represent actual land areaateut
converted to arbitrary values based on the weightiactors applied. Incorporating disturbance
weightings into ecological footprint analysis irduwes additional assumptions and uncertaintiesanto
already uncertain model. Nevertheless, this comppaethe methodology should be subject to further
review for future analyses.

As data were not available on the area grazed b/ dadtle and sheep, an average grazing ratioghi ei
sheep to one beef cattle (Division of National Magp1982), was applied to the number of beef eattl
and sheep to determine relative areas grazed by &ads ratio is general as ratios can vary between
regions. For example, the Department of Agricultdfestern Australia uses the standard livestock rati
of one cattle unit to seven dry sheep equivalemtshie pastoral areas of WA. As grazing densit@y v
greatly within WA, the areas grazed by beef cattid sheep were calculated for each local LGA aed th
aggregated to determine totals for the State.

For the ROA, the grazing ratio (sheep to beef &ptilas applied directly to the total numbers offbee
cattle and sheep in the ROA as data on the nunfbeeed cattle and sheep at the LGA level were not
obtained for this analysis.

Additional sources of data for land use by animduistries were the Australian Dairy CorporationO@0
and the National Land and Water Resources Aud@iR0

Mining and forestry

The area of land used by mining industries in WAswased on data collected by the Department of
Industry and Resources (unpublished) on the atared by mining activity. The area of land use fo
each mining industry was calculated as the cunw@area of disturbance minus the area that has been
rehabilitated. As data for mining industries was amailable for the ROA, WA coefficients were used.

The area of land used for forestry for WA and RO&sveobtained from the Department of Conservation
and Land Management (2004), National Forest Inugn{@003) and Department of Agriculture,
Fisheries and Forestry (2002). Both plantation rmatil’e forest areas available for harvest wereuohedl.

Urban land uses

The area of land used by industries in urban anees determined through geo-spatial analysis using
detailed survey information on urban land use, tplamning scheme zoning data and ABS census data.
Comprehensive survey information on land use (fleaice and activity) in commercial, industrial and
recreational areas were obtained from the Depattrf@n Planning and Infrastructure (2003). The
surveyed areas included all commercial, indusémal recreational zoned areas in the Perth mettapoli
region and several regional and rural towns througkVA.

Each activity, which is based on the Western AliatmaStandard Land Use Classification Scheme,

(Western Australian Land Information System, 2008)s concorded to the input-output industries.

Within the surveyed areas of each settlement, ot tarea required to support each industry was
determined as a proportional scaling of known flepace to zoned area. This scaling accounted for
shared facilities (such as car park space) andleudt buildings. Average floorspace areas werdiegp

to the small number of responses where no flooespgare was returned.
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The information on surveyed areas was then usedttapolate out to the balance of urban areas in WA
To do this the results from the surveyed settlememere aggregated into ‘settlement profiles’
representing different types of settlements in Wi#etfopolitan, regional centre, urban centre, |ogali
The average per capita area of land required fcin @adustry within each settlement profile was dedi
from the known survey data, LGA boundaries (Departiof Land Information, 1998), town planning
schemes (Department for Planning and Infrastruc085) and census information (Australian Bureau
of Statistics, 2001).

The total area used by each industry in Westerrtraliess was calculated by scaling the known areas by
population. All unsurveyed local government auttiesi were characterised as ‘metropolitan’, ‘regiona

centre’, ‘urban centre’ or ‘locality’ and the poptibn of each LGA multiplied by the per capita

breakdown of the respective settlement profile.sThpproach accounts for the differing industry

structures in different settlements in WA. The knoand derived areas for each industry were then
aggregated to determine the total area of landarssach industry in WA.

The area of land used for residential purposesdeased from town planning scheme data (Department
Planning and Infrastructure, 2005) for each LGA.

The area for roads was determined by multiplying@dd lengths in WA by standard widths for each
road type using geo-spatial analysis. The roadrelamt dataset (Main Roads, 2005) was classified to
correspond with average widths for standard ropdsyThe area for rail was obtained by multiplytimg
total length of railways in WA (Auslig, 1995) byetaverage width for rail (including shoulders) whis
20m. The area for gas transmission pipelines waairgd from Alinta Gas and the WA Office of Gas
Access Regulation. Urban supply gas networks wectuded as these are all underground and covered
by other land uses that would be captured elsewhdhe analysis.

Fisheries

Consumption of seafood products is a controvecsiaiponent of ecological footprint accounts as &ea
not a very useful metric for estimating human desinan marine ecosystems. However, seafood forms a
significant part of the Australian diet and therefan attempt was made to capture the demand arenat
from seafood consumption in WA's ecological footpraccount. The ‘area’ for fisheries in this anays

is hypothetical. It is based on the area of larad thould be required to produce the equivalentginot
content in seafood products consumed by growirend-based alternative. Wheat was used as it is the
main crop grown in WA and data on the average protentent of wheat and yield were readily
available. A meat substitute, such as beef, wordthably be more suitable; however, information lom t
average protein yield from beef cattle was notitgadailable.

Land use in the import producing world

Land use, production and trade data for the IPWewastained from the United Nations Food and
Agriculture Organisation statistical databases &20Reliable data was only available for forestng a
some agricultural industries at the internatioeakel (Appendix B). For the remainder, national oAW
coefficients were applied to the IPW.

3.4 Calculations for ‘actual land’

‘Actual land’ is that component of the ecologicabfprint that accounts for land used to producedgoo
and services consumed. It is based on all avaitddtie on area of land use by each industry anthtug-
output framework.

In calculating actual land multipliers the actuahd use data described above was divided by industr

production to determine actual land use coeffigemhese actual land use coefficients were thed use
the derivation of the actual land use multipliers.
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3.5 Methodology for ‘energy land’

The ‘energy land’ component of the ecological fomtipaccounts for the need to manage the greenhouse
gas emissions from the combustion of fossil fuetsehergy supply and other activities. Nearly allbon
dioxide (CQ) emissions in WA are from energy use and thesstitote nearly 65% of total greenhouse
gas emissions for the State (Australian Greenh@f$iee, 2005). The ‘energy land’ footprint is an
estimate of the area required to sequester atmospBi®, emissions through sequestration by forests.
Only CO, has been included in this analysis as it is thly gneenhouse gas removed from the
atmosphere through biosequestration. This is cmtisvith the approach used by the Global Footprint
Network and in McDonald and Patterson’s New Zeaktndy (McDonald and Patterson, 2003) on which
this analysis has been based. Other studies (ezeheand Murray, 2001) have included all greenhouse
gases (by converting to G@quivalent) on the basis that removal of ,Gfom the atmosphere could
compensate for emissions of other greenhouse gases.

The average sequestration rate of the WA foresksdd 5.5 tonnes Cghectare/year was determined
from average carbon uptake rate of all forest tfpased on data from the Australian Greenhouse®ffi
1998).

Data on carbon dioxide emissions for 2002 were inbthfrom the WA Greenhouse Gas Inventory
(Australian Greenhouse Office, 2005). Where avéglabmissions were identified for each industry.
Where data was not available at the industry leaghregated emissions data was allocated across
industries on the basis of fuel use.

In calculating total land multipliers the actuahdbuse data and the energy land use data desatioee
were summed and the total divided by industry pctida to determine the total land use coefficients.
These total land use coefficients were then usédeierivation of the total land use multipliers.

3.6 Assumptions and limitations

The input-output analysis technique is based otaicerestrictive assumptions, including:

e constant prices

» fixed technology

» fixed import shares

» unlimited supplies of all resources, including laband capital

» afixed relationship between income and privatesoarption.
As a result of these assumptions, there is no isubst between goods and services or betweenatapit
and labour in the production process and no sulistit between goods and services in consumption.
Also, there are no limitations on the supply ofdabor capital to industry, and so no supply-sidgéts
on growth.
Additional assumptions, specific to this analysis|ude:

* The cost structure of the import producing worldh d@e approximated by the cost structure
demonstrated in the Australian input-output table.

e As data on land used by many industries for ROAtaedPW were not readily available, it was
assumed that the land required to produce a gieduevof output for these industries in these
regions was equivalent to the land required to pcedthe same value of output by those
industries in WA (or ROA for the IPW where this datvas available). This implies that
productivity, level of technology and land managemeractices are uniform between the
regions, which is not always the case.
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The following limitations also apply to the anabysi

e The input-output table used in this analysis istlf@r financial year 2001-02, and can therefore be
considered to be somewhat dated.

* The 2001-02 input-output table for Australia, whistihe basis on which all of the derived input-
output tables — the Western Australian, rest oftilia and import producing world input-output
tables — is not an official Australian Bureau céti&ttics product, but has been estimated based on
the ABS 1996-97 input-output tables.

« The IPW was defined as an abstract region thatymexl all of Australia’s imports while not
taking any of the country's exports. In realitymsoof our exports return to our shores within
processed/manufactured goods supplied from theafette world. The assumptions used to
define the IPW therefore prevent potential “feed®aeffects from being captured by the input-
output analysis.

» The footprint excludes other wastes than wastartdfill and CQ, such as hazardous wastes and
other atmospheric pollutants as these are notyeastlounted for when using a land area metric.
For example, only COemissions are included in the ‘emissions’ comporedrthe footprint.
Other greenhouse gas emissions are excluded, whittA\, represents approximately 35% of all
emissions for the State.

« The inclusion of sea products does not easilyhfit land metric. It introduces hypothetical land
into the analysis while the remainder of the praiducland component is based on actual land
use.

4. Results and discussion

4.1 Western Australia’s ecological footprint

Western Australia's ecological footprint for 200-3 calculated to be 27.7 million hectares (mha),
including energy land. This equates to 14.5 hestélna) per person (the population of WA in 2002 was
1.91 million). This is the land required to prodube goods and services consumed by the Western
Australian population in a year, including bothdtlg produced and imported products. If energy land
excluded, the footprint of WA is calculated to k22 mha or 11.6 ha per person. Table 2 shows the
composition of the WA footprint divided into broadnsumption categories. These categories represent
groupings of industries from a consumer perspeciite results are presented with and without energy
land as this component of the ecological footgentery different to the actual land component.

Land embodied in food and beverages representatigedt portion of the ecological footprint for WA
(46%). This category includes land required fori@gdtural production, processing and manufacturing,
food and beverage products, as well as land fasthér inputs to food and beverage production. Mfst
the land in this consumption category is land u$ed agricultural production. The energy land
component of the food and beverages footprint ig 8%.

Trade, which includes the industries of ‘trade egyghirs’ and ‘accommodation, cafes and restaurasts’
the second largest component of the WA footprir®.82 ha/person (14%). This reflects, primarilyg th
very large share trade has in final consumption.

2 Feedback effects refer to the impact of increased Western Australian demand for imports causing an increase in
demand for the state’s exports.
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Table 2: Composition of the Western Australian ecological footprint (ha/person)

Consumption categories Including energy land Actual land only
Food and beverages 6.69 6.48
Clothing 0.50 0.47
F())rtcr:(;el:c:ngsanufactured 156 0.90
Housing 0.19 0.08
Energy supply 0.41 0.02
Trade 2.02 1.66
Other services 1.13 0.59
Degraded land 0.74 0.74
Other 1.25 0.65
TOTAL 14.50 11.60

Note: details of which industries are included acle consumption category are provided in Appendix C

Other manufactured products is the third largestigr with an ecological footprint of 1.56 ha/person
(11%). Other manufactured products includes 24 fiaatwring industries (see Appendix C). Three
industries: ‘textiles’ (with significant inputs fno the agricultural sector), ‘printing and publisfiinand
‘furniture’ (with large inputs from the forestryer) represent 42% of the other manufactured prsdu
category.

The degraded land component of the ecological fodtps a miscellaneous category for land that has
been severely disturbed by human activity but whighmost cases could not readily be allocatedhto a
single using industry. For example, it includesdldhat has become non-productive due to salinisatio
which is one of the most serious land degradassuods affecting Western Australia and is the result
past and present agricultural practices. It alstuges land consumed by the road network. The hgusi
category includes land used directly for residémiiaposes and the land embodied in the maintenance
and operation of residential properties.

Approximately 66% of the WA ecological footprint. 8 ha per person) is from direct and indirect land
within WA. The remainder is from land embodied inodgs and services imported from the rest of
Australia and from overseas. If energy land is edxetl then the ‘local’ component of the WA footpiist
69%. Table 2 shows the amount of land embodietboal’ production compared with land embodied in
imports for each consumption category of the WAIagical footprint. This gives an indication of the
relative dependence of WA on trade in supportinfedint types of consumption. For example, the
‘local’ component of the clothing category is 0dl§% (0.05 ha per person) of the total clothing poiot
reflecting the paucity of local production of clotg products and the State’'s dependence on imported
clothing products.

Table 3: WA land components of the WA ecological footprint (ha/person)

. . Land from within Land embodied in
Consumption categories

WA imports Total EF
Food and beverages 5.30 1.39 6.69
Clothing 0.05 0.45 0.50
Other manufactured
products 0.35 1.21 1.56
Housing 0.15 0.04 0.19
Energy supply 0.37 0.04 0.41
Trade 1.28 0.74 2.02
Other services 0.61 0.52 1.13
Degraded land 0.74 0 0.74
Other 0.70 0.55 1.25
TOTAL 9.56 4.94 14.50

Note: details of which industries are included atle consumption category are provided in Appendix C
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4.2 Land embodied in WA production and the ecologic al balance of trade

The ecological footprint for Western Australia audd above accounts for consumption (and waste
generation) by the Western Australian populatiohisTconventional scope of the ecological footprint
does not take into account the appropriation obueses within a region that are embodied in exports
Land embodied in trade is particularly importardnfir a WA perspective because the State is highly
dependent on exports of natural resources, paatigukom mining, petroleum and agriculture, totsirs

its economy. Consumption by the Western Austrghiapulation is inherently linked to exports of nafur
resources since earnings from these contributefis@ntly to the WA economy, income and therefore
expenditure.

The use of WA land for domestic production for 2@2Lby final usage category is shown in Table 4. In
2001-02, 58.7 mha of land was embodied in WA prtidaovhich equates to 31.03 ha per person. WA's
exports to the ROA and the IPW required 21.47 happeson, accounting for 69% of WA land used in
production. In the same period, WA imported 13.Grohembodied land for domestic use.

McDonald and Patterson (2003) refer to the net fddwmbodied land to/from a region as the ‘ecolabic
balance of trade’. From the figures above, WA carseen as a net provider of natural capital torothe
countries and the ROA with an ecological balanctaie of 27.2 mha. This reflects especially, thstv
areas of land used for agriculture in Western Alistrand is consistent with a national ecological
footprint study which found that almost half of Awadia’s production footprint is generated by gragi
sheep and beef cattle for exports (see Lenzen amchly] 2003).

Table 4: Western Australian land use in production by final usage category (ha/person)

Use categories Including energy land Actual land on ly
Private consumption 5.83 4.82
Government consumption 0.42 0.25
Investment 2.57 2.14
Exports 21.47 18.83
Degraded land 0.74 0.74
TOTAL 31.03 26.78

4.3 Comparison of the ecological footprint with WA’ S biocapacity

A common interpretation of the ecological footprist the comparison of a region’s consumption
footprint with the region’s available biocapacity determine if the population is in ecological difi
Further, the footprint of production can also benpared to biocapacity to determine if a regionnis i
ecological overshoot. Biocapacity is classified th®se areas that provide economically useful
concentrations of renewable resources (MonfredaRéraagel & Deumling, 2004).

McDonald and Patterson (2001) compare the New Bdataological footprint with ‘usable land’, rather
than total biocapacity. This approach accountgterland set aside for biodiversity conservatiod &sn
defined as the total area of New Zealand excludorgproductive land plus national parks and reserve

As part of this project, a spatial analysis waseantaken to determine the biocapacity of WA. The
calculation of bioproductive land areas was derifeain the Australian Greenhouse Office Forest
Productivity Index to determine areas of significiomass potential. For more information see the
metadata statement in Appendix D. As with McDoraid Patterson, areas in conservation reserves were
excluded in the biocapacity analysis as they wée @xcluded from the calculations for the ecolabic
footprint.

Using this approach, the biocapacity of WA was wlalied to be nearly 180 mha. Western Australia’s
consumption footprint by comparison was calculdtebe 27.7 mha which equates to approximately 15%
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of the estimated biocapacity. The footprint of proiibn equates to approximately 33% of WA's
estimated biocapacity. These results suggest Wiither in ecological deficit or ecological oversho

However, both comparisons appear unreasonably holnaee likely to be partly due to the approachrake
for determining grazing land. In the analysis of WAcological footprint, only land classified ashae
by the ABS was included in the land area for ‘sheayl ‘beef cattle’, which amounts to 38.3 mha for
these two industries. Land classified as ‘otherzigg by the ABS was excluded. This additional
agricultural land, amounts to a further 21.8 mhgraging land.

It should also be noted that the inclusion of fisg®in WA's ecological footprint account generaaes
artificial overshoot to the equivalent area caltadafor fisheries, as fisheries have not been cagtin
the estimation of WA'’s biocapacity. However, thisais negligible compared to WA'’s total estimated
footprint and biocapacity and therefore does nigicathe results significantly.

5. Further research requirements

The purpose of this analysis was to develop antineud methodology for calculating the ecological
footprint of Western Australia and establishingasddine ecological footprint value. The methodology
outlined in this report is by no means definitiveddimitations and assumptions made in the analysis
have been identified accordingly. It is anticipathdt this methodology should serve as a startogtp
for application of the ecological footprint in WA that it should be subject to review and refineine

This section highlights some recommendations fdinirey the methodology and extending the
application of the ecological footprint beyond #u®pe of the current project.

5.1 Methodology refinements and improvements

The use of an explicit input-output table for timeport producing world in calculating the ecological
footprint for Western Australia is one of the keyovations in this application of the ecologicabtfarint
technique. However, the use of an Australian imuuput table to estimate the relationships in #¢/1

input-output table is clearly not optimal. While vitas necessary for this analysis to make some
assumptions regarding cost structures in regiotsdmuof Australia, better data is available.

The Global Trade Analysis Project (GTAP) at Purduneversity in the United States produces a global
database which includes:

» 57 sectors/industries

e 87 regions of the world, including Australia

e input-output data for each region

e trade, by industry, between each region.
The data in the GTAP database could be used tdageirput-output tables for Western Australia, the
rest of Australia and the rest of the world, eliating the need to using Australian cost structtioes
estimate the cost structures of foreign industries.
Beyond the use of the GTAP database to facilitedectlculation of ecological footprints via inputtput

analysis lies the more exciting prospect of using tatabase in a Computable General Equilibrium
(CGE) model of the world economy to calculate egmial footprints in Australia over time.
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CGE models use the input-output tables in thealoige as a starting point to determine how an expno
will respond in various situations. Using variouargmeter/elasticities, CGE models estimate the
responses of various economic agents - industdessumers, government - to changing economic
conditions. CGE models are therefore well suitepraject, industry and policy analysis.

A CGE model of the world economy that incorporagedlogical footprints would allow for a variety of
issues to be analysed, such as:

e ecological footprints in Australia and its stategmotime;
« intergenerational equity in terms of land use;
e cross-country equity in land use/exploitation; and

e policy measures for reducing the ecological footpri

5.2 Comparability with other footprint accounts

One approach with the ecological footprint in commgating human burden on the environment is to
compare a region’s footprint with those of othagioas. The Global Footprint Network (GFN) produces
the national footprint accounts for most countriesncluding Australia (go to
www.globalfootprintnetwork.org).

In its current format, the results of this analys@not be compared directly with the GFN national
accounts due to methodological differences. INnGR& accounting approach, the results are presémted
units called global hectares, which account fodpmtivity differences between different regionshént
Australian analyses also differ in some methodalalgrespects, preventing direct comparison with the
results of the current study. For example, Lenzeaah ldurray (2001) apply a disturbance weighting to
different land use types based on their relativelkeof impact.

The GFN accounts are designed to answer a speesgarch question: whether humanity is living withi
the ecological constraints of nature, the biologoearying capacity of the earth. They include samee

of global available biocapacity against which egatal footprints are compared to determine if
populations are consuming within their ‘fair shaoé’resources. It is possible however, to extera th
current accounts for WA by converting to global taees to provide a comparison with global
biocapacity. Taking this approach would effectivedgult in two ecological footprint values for \Werst
Australia; one based on actual land area and trer based on global hectares. The results wouldhsti

be comparable with the GFN accounts however, asGtie base their accounts on consumption data
modified by yield factors rather than actual lanels.

It is worth noting that significant collaborativéfagts are occurring globally through the GFN togress
the development of standards for application anmdroonication of the ecological footprint as well as
establishing a scientific review process for thetpoint methodology. There are several Australian
partners to the network including EPA Victoria, tbmiversity of Sydney and the South Australian
Government Office of Sustainability.

5.3 Updating the ecological footprint

The ecological footprint will be reported as ani@ador of consumption in the 2007 State of the
Environment Report for Western Australia. Statéhef Environment Reporting is a cyclical procesiwit
reports released roughly every five years. It monemended that the ecological footprint for WA be
updated with each State of the Environment refdnis will enable trends in resource consumptiobdo
measured over time.
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Environmental indicators for State of the EnviromtnBeporting must be based on sound methodological
frameworks. Any subsequent refinements to the noetlogy should be accounted and adjusted for in
comparing the WA ecological footprint over time.

5.4 Policy relevance

The ecological footprint has been widely promotedaayuide for policy and planning for sustainayilit
The tool is gaining prominence in WA policy, mosityterms of overarching goals for sustainabileyg(
the State Sustainability Strategy and Network Citypwever, practical application of the ecological
footprint in this capacity has been limited to date

The analysis presented in this paper needs tovas dgurther consideration of its applicability toligy
and planning for sustainability.

The Department of Environment, through its rolé&tate of the Environment reporting, is a partnearto
Australian Research Council linkage project foraubing the application of the ecological footpriot
policy development. The project is due to commean&@007.

5.5 Regional application

This study can be seen as an application of théoBical footprint technique at a regional - subioaal

- level. It is therefore similar in depth to the lwaf McDonald and Patterson (2003) who lookedhat t
ecological footprints of regions of New Zealandthe Australian context, regional analysis is cdesd
a sub-state level issue, and it is in this contbat further consideration of the potential for iosgl
applications of ecological footprint analysis in $te&rn Australia are warranted.

The need for regional application of the ecologit@btprint has been identified iNetwork city:
community planning strategy for Perth and P@&lkestern Australian Planning Commission, 2004)sTh
document provides a framework for the future growftiPerth, Mandurah and Murray. The strategy calls
for the development of standardized processesltolate Perth’s ecological footprint and a suppmuarti
data collection system, as well as strategies dadation programs to reduce resource consumption.

As the hub of economic, social and political atyivh Western Australia, Perth would be an appiatpri
area to begin regional footprint analysis withime tstate. An ecological footprint analysis of thattPe
metropolitan area would reveal the extent to whichsumption in the region draws upon land resources
in the rest of the state, as well as upon landuregs in the rest of Australia and the rest ofwoed. It
would be expected that, given that Perth contdiasnajority of Western Australia's population, tte
region runs an ecological footprint deficit, relgion production from outside the region to meetyn#n

not most, of the needs of private and governmemswmption.

The remainder of Western Australia is separated mhe Regional Development Council regions:
Gascoyne, Goldfields-Esperance, Great Southernp&ilay, Mid West, Peel, Pilbara, South West and
Wheatbelt. For each of these regions - or for ahgroregion of WA that may be defined - it is pbfsi
to determine an ecological footprint. The benefitscalculating a footprint for any non-metropolitan
region would be to determine:

« the demands made by communities in each regioarahresources;

« the position of WA regions as net importers orawgiorters of land; and

e one element of sustainability in the region.
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Appendix A: Abbreviations, units and symbols

ABS

CGE model
CO,

EPA

GFEN

GTAP

ha

IPW

LGA

mha
ROA
SoE

Australian Bureau of Statistics
Computable general equilibrium model
Carbon dioxide

Environmental Protection Authority
Global footprint network

Global trade analysis project
hectares

Import producing world

Local government area

metres

million hectares

Rest of Australia

State of the Environment
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Appendix B: Area of land use by each industry for W
of the world.

A, rest of Australia and rest

WA RoA RoW
Input-output
industry Area (ha) Area (ha) Area (ha) Comments Data sources
Sheep all
1 | pastures 15,023,222 | 47,445,630 | n/a
Sheep sown
1 | pastures only 3,540,713 | 3,460,871 n/a
2 | Grains 9,104,410 | 11,702,590 | 909,789,590 Australian Bureau of
Beef cattle all Statlstlgs, 2003a;
3 | pastures 23,296,353 | 98,036,616 | n/a Australian Bureau of
Beef cattle sown Statlstllgs, 2093b;
3 | pastures only 1,191,484 | 12,407,661 | n/a é‘;fg;ﬁ%r'i azlrgm;
. Food and Agriculture
4 Dairy cattle 140,151 2,579,120 n/a Organisation, 2005.
. Data period - 2000-01
5 Pigs 1,856 14,664 n/a (WA & Aus), 2001
(World).
6 Poultry 1,331 22,013 n/a
8 | Other agriculture 12,776 1,170,768 254,804,588
Crops & pastures
7 | for hay 243,042 1,417,958
Department of
Conservation and
Land Management,
2004; National Forest
Figures relate to Inventory, 2003;
area of forest National Plantation
available for Inventory 2002; FAO,
Forestry and harvest (native 2005. Data period -
10 | logging 1,185,685 | 7,676,015 1,791,887,216 | plus plantation). as at 2001.
Based on land
area required to . .
grow equivalent Fisheries WA, pers.
protein in wheat comm. Data period -
crops. Fisheries 1999-2000.
Commercial production data
11 | fishing 42,031 n/a n/a for 1999-00.
12 | Coal 1,329 na na Reported area of Department of
14 | Iron ores 13,707 n/a n/a di§tgrbance frpm Industry and .
Non-ferrous metal mining operations | Resources, Mlndex_
in WA. Net database. Data period
15 | ores 75,255 n/a n/a distrubed area. - as at 2001.
16 | Other mining 41,300 n/a n/a
Internal analysis Department of
of disturbance Environment. Data
from land-based period - as at 2005.
oil and gas
operations
disturbance only.
Excludes offshore
13 | Oil and gas 495 n/a n/a operations.
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WA RoA RoW
Input-output
industry Area (ha) Area (ha) Area (ha) Comments Data sources
Services to
agriculture;hunting
9 | and trapping 606 n/a n/a
17 | Services to mining | 131 n/a n/a
Meat and meat
18 | products 464 n/a n/a
19 | Dairy products 116 n/a n/a
Fruit and
vegetable
20 | products 75 n/a n/a
21 | Oils and fats 110 n/a n/a
Flour mill
products, cereal
foods and bakery
22 | products 33 n/a n/a
Confectionery,
other food .
products and soft \(Vesdt?rrf] Austtr_allan
23 | drinks 231 n/a n/a and Information
. System, 2006;
Geo-spatial Department for
24 | Beer and malt 27 n/a n/a analysis of | par d
detailed survey IP?nnlng an 2004
25 | Wine and spirits | 10,441 122,931 information from SFIFS;B%CF”E' ’
26 | Tobacco products | n/a n/a n/a Department for Dep’artmeﬁt of Land
Textile fibres, rlfnn;ng ?nd Information, 1998;
yarns, woven _If‘o\r;r? ;:;nunrﬁ] ' Australian Bureau of
fabrics + textile Sch dat 9 d Statistics, 2003c. Data
27 | products 103 n/a n/a Agse?;e a a(;int period - land use
Knitting mill ensus data. survey data current to
28 | products n/a n/a n/a 2001, TPS data to
Clothing, footwear 2004.
29 | and leather 243 n/a n/a
30 | Sawmill products 856 n/a n/a
Other wood
31 | products 242 n/a n/a
Pulp, paper and
32 | paperboard 5 n/a n/a
Paper containers
33 | and products 53 n/a n/a
Printing and
34 | publishing 176 n/a n/a
Petroleum and
35 | coal products 97 n/a n/a
Basic chemicals
36 | and paints 1,648 n/a n/a
Medicinal,
pharmaceutical,
pesticides, soap,
37 | cosmetics 35 n/a n/a
Other chemical
38 | products 23 n/a n/a
39 | Rubber products 14 n/a n/a
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WA ROA Row
Input-output
industry Area (ha) Area (ha) Area (ha) Comments Data sources
40 | Plastic products 57 n/a n/a
Glass, glass
products and
41 | ceramic products 300 n/a n/a
Other non-metallic
42 | mineral products 1,573 n/a n/a
43 | Iron and steel 135 n/a n/a
Basic non-ferrous
metal and
44 | products 4,853 n/a n/a
Structural, sheet
and fabricated
45 | metal products 7,259 n/a n/a
Transport
equipment and
46 | machinery 1,107 n/a n/a
Electronic,
household and
electrical
47 | equipment 707 n/a n/a
Prefabricated
48 | buildings = n/a n/a Western Australian
49 | Furniture 30 n/a n/a Land Informat!on
. System, 2006;
Other Geo-spatial Department for
50 | manufacturing 112 n/a n/a analysis of Planning and
. pletaned.survey Infrastructure, 2004;
51 | Electricity supply 534 n/a n/a information from DPI 2001
Deparltment for Department of Land
52 | Gas supply 1,429 n/a nla Planning and Information. 1998
Water ?frastlr:)l:ctur_e ' Australian Bureau of
supply;sewerage own Flanning Statistics, 2003c. Data
and drainage SCheme data and eriod _ |and use
53 i 3.520 / / ABS Census data. | P
Services : n/a n/a " | survey data current to
Residential & 2001, TPS data to
other building 2004.
54 | construction 9,632 n/a n/a
55 | Trade and repairs | 10,782 n/a n/a
Accommodation,
cafes and
56 | restaurants 4,423 n/a n/a
57 | Road transport 291 n/a n/a
59 | Water transport 202 n/a n/a
Air and space
60 | transport 1,587 n/a n/a
Services to
61 | transport;storage 1,706 n/a n/a
Communication
62 | services 346 n/a n/a
Finance and
63 | insurance 751 n/a n/a
Ownership of
64 | dwellings 62,094 n/a n/a
Other property
65 | services 262 n/a n/a
66 | Business services | 443 n/a n/a
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WA ROA RoW
Input-output
industry Area (ha) Area (ha) Area (ha) Comments Data sources
Government
67 | administration 919 n/a n/a Western Australian
Land Information
68 | Defence 30 n/a n/a System, 2006;
. Department for
69 | Education 7,510 n/a n/a Geo-spatial Planning and
analysis of Infrastructure, 2004;
70 | Health services 624 n/a n/a detailed survey DPI, 2001;
Community information from Department of Land
71 | services 66 n/a n/a gg‘;}?}ritnme;r:éor Information, 1998;
Entertainment and Infrastrugcture Australian Bureau of
72 | the arts 2,213 n/a n/a o Statistics, 2003c. Data
- Town Planning iod - land
Sport, gambling period - land use
; Scheme data and dat tt
and recreational ABS Census data survey data current 1o
73 | services 32,461 n/a n/a " | 2001, TPS data to
Personal and 2004.
74 | other services 1,891 n/a n/a
Rail, pipeline and
58 | other transport 131,247 n/a n/a Auslig, 1995
Other land uses that can't be allocated to a part icular industry

Spatial analysis of
Main Roads WA's
road centreline

Roads 372,588 n/a n/a dataset. Main Roads, 2002
Waste disposal 11,354 n/a n/a WALIS, 2006; DPI,
2004; DPI, 2001; DLI,
Other -disturbed 6,880 n/a n/a 1998, ABS, 2001
Estimated area of
land affected in
2000. Data on
extent of land
affected by soil Land Monitor,
Degraded erosion and soil Department of Land
agricultural land - acidification not Information (version
affected by salinity | 1,027,581 n/a n/a available. 2005)
Unused/ largely unimpacted
Department of
Conservation and
Conservation Includes marine Land Management,
estate 17,916,372 | n/a n/a parks 2002
WALIS, 2006; DPI,
Other uncleared 2004; DPI, 2001; DLI,
land unused 20,033 n/a n/a 1998, ABS, 2003c
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Appendix C: Western Australian domestic consumption aggregate industries

Aggregate industry

Input-output industry

1 Food and drink

2 Clothing
3 Other manufactured products

4  Housing
5 Energy
6 Trade

7 Other services

0 o0k WN PR

11
18
19
20
21
22

23

24
25
29
26
27
28
30
31
32
33
34
36

37

38
39
40
41
42
43
44
45
46
47
48
49
50
64
12
13
35
51
52
55
56

24

Sheep

Grains

Beef cattle

Dairy cattle

Pigs

Poultry

Other agriculture
Commercial fishing
Meat and meat products
Dairy products

Fruit and vegetable products
Oils and fats

Flour mill prods, cereal foods and bakery prods

Confectionery, other food prods and soft drinks
etc

Beer and malt

Wine and spirits

Clothing, footwear and leather
Tobacco products

Textiles

Knitting mill products

Sawmill products

Other wood products

Pulp, paper and paperboard
Paper containers and products
Printing and publishing

Basic chemicals and paints

Medicinal, pharmaceutical, pesticides, soap,
cosmetics

Other chemical products

Rubber products

Plastic products

Glass, glass products and ceramic products
Other non-metallic mineral products

Iron and steel

Basic non-ferrous metal and products
Structural, sheet and fabricated metal products
Transport equipment and machinery
Electronic, household and electrical equipment
Prefabricated buildings

Furniture

Other manufacturing

Ownership of dwellings

Coal

Oil & gas

Petroleum and coal products

Electricity supply

Gas supply

Trade and repairs

Accommodation, cafes and restaurants
Services to agriculture; hunting and trapping



8 Other

9 Degraded land

17
57
58
59
60
61
62
63
65
66
67
68
69
70
71
72
73
74

10
14
15
16
53
54

Services to mining

Road transport

Rail, pipeline and other transport
Water transport

Air and space transport
Services to transport; storage
Communication services
Finance and insurance

Other property services
Business services

Government administration
Defence

Education

Health services

Community services
Entertainment and the arts
Sport, gambling and recreational services
Personal and other services

Hay

Forestry and logging

Iron ores

Non-ferrous metal ores

Other mining

Water supply; sewerage and drainage services
Construction

Roads

Other disturbed land

Waste disposal

Land affected by salinity
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Appendix D: Metadata statement for determination of biocapacity

Dataset Title: WA State of the Environment Rep  ort 2007 - Area of potential
biomass
Custodian : Environmental Protection Authority of Western Australia

Jurisdiction:

Abstract:

Search Word:

Western Australia.

This is an area analysis supporting State of Environment reporting on ecological footprint.
The outcome was to calculate an area which represents the total area of available for land
use activities supporting human settlement in Western Australia.

The area figure is an interpretive calculation based on data supplied by The Australian
Greenhouse Office's National Carbon Accounting System and CALM's Collaborative
Protected Areas Database.

The total area of available for land use activities supporting human settlement in Western
Australia is:

179 912 587 Ha
or 71.06% of the land mass of Western Australia (253 179 633 ha)

HUMAN ENVIRONMENT

GEOGRAPHIC EXTENT NAME

Geographic Extent
Name Category:

Geographic Extent
Name Custodial
Jurisdiction:

Geographic Extent
Name:

Geographic Extent
Polygon:

Geographic Bounding
Box:

North Bounding Latitude:
South Bounding Latitude:
East Bounding Longitude:
West Bounding Longitude:

Horizontal Coordinate:

not applicable

Western Australia

not applicable

Western Australia

-12
-39.00
129
113

Geographic System.

Geodetic Model: GDA 1994.

Vertical Coordinate System: Australian Height Datum 1971 (AHD71), in metres.
Beginning Date: 2006-08-20

Ending Date: 2006-09-01

Progress: Complete.
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Update Frequency:

Stored Data Format:

Available Format Types:

Access Constraint:

Lineage:

Positional Accuracy:
Attribute Accuracy:
Logical Consistency:

Completness:

Contact Organization:

Contact Position:

Not Planned

ESRI GRID format

None.

Area figure publicly available, grid data for internal use only.

The area was calculated by;

i) identifying areas of existing protected conservation areas

i) identifying areas of negilible biomass potential (SoE\Ecofootprint definitions)
iii) removing these areas from the land mass of WA

i) identifying areas of existing protected conservat ion areas

The GIS dataset of Collaborative Australian Protected Areas Database - CAPAD
(Environment and Heritage, Reserve Systems Section, 2004) was used directly
. This polygon dataset was converted to grid format (25m cell resolution)

i) identifying areas of negilible biomass potentia | (SoE\Ecofootprint definitions)

. investigations were made into existing sources of biomass potential

. the Australian Greenhouse Office's Forest Productivity index was identified as the best
surrogate for biomass potential *(see notes below)

. A threshold of FPI = 1.8 within the FPI spectrum was selected by SoE officers as areas
of negilible biomass potential (decided after reviewing vegetation mapping (bare soil),
pastoral leases (areas used to support human settlement, and IBRA definitions of deserts)
. A presence\absence grid dataset was calculated (25m cell resolution)

iii) removing these areas from the land mass of WA
. the two grid datasets were subtracted from a grid version of WA (25m cell resolution)

All grids were in geographic projection in GDA94.

Final area was determined by:

. mulitplying a SoE biomass potential grid (presence\absence) with the Australian
Greenhouse Office's Equal Area Spatial Index (EASI) grid

. This resulted in a 25 m resolution grid with each cell representing SoE Biomass potential
attributed with a cell value equivalent to it's area calculated by Alber's Equal Area
projection.

. All the cell values representing SoE Biomass potential were summed to determine the
final area of 1799125.872 Ha

Notes on the Forest Productivity index:

The Forest Productivity index is derived from a productivity model, using monthly climate
data in conjunction with solar radiation and leaf area index. These data provide a
measure of potential forest productivity on a relative scale of 1 to 25. The calculation does
not take into account factors such as site disturbance or age of forest and the resulting
index values do not form a linear relationship with biomass. For more information please
contact the Australia Greenhouse Office, National Carbon Accounting System
Programme.

Good, Cell resolution of 25m
Good
Good

Complete

Environmental Protection Authority of Western Australia.

Policy and Co-ordination Branch, Environmental Protection Authority

Scientific Custodian Contact Position:
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Environmental Officer — State of Environment (Karen Crews)

Technical Custodian Contact Position:
Senior Environmental Officer (Spatial Services), (Rodney Nowrojee)
Environmental Analysis and Review Branch

Mail Address: Level 4, The Atrium, 168 St George's Terrace Perth WA 6000
Locality: Perth.

State: Western Australia.

Country: Australia.

Postcode: 6000.

Telephone: 08 6364 6500.

Facsimile: 08 6364 6520.

Electronic Mail Address: rodney.nowrojee@dec.wa.gov.au
Metadata Date: 2006-09-01
Other Metadata: Forest Productivity Index, Australia Greenhouse Office

SUMMARISED DATA DICTIONARY
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