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1. Introduction

ITISgenerally recognisedthat Australiaisrel atively richly endowedwith
certaintypesof renewable and non-renewabl e natural resources. Evena
cursory glanceat Australia smerchandiseexport andimport tradewould
reveal theimportance of farm and fishery products and mineralson the
export side, and manufactured products on the import side. However,
direct exportsandimportsof acountry donottell thewhol estory. Natural
resourcesareal so processed i nto semi-manufactured and manufactured
products and traded as such. It is necessary, therefore, to take into
account boththeintermediateandfinal useof natural resourcesto capture
more accurately the natural resource content of a country’s export and
import vectors. That isone of the major objectives of this study.

The production of goodsfor final and intermediate use would, of
course, require primary inputs such as labour and capital as well as
natural resources, and the relative availability of these inputs would
strongly influence the pattern of acountry’ strade. Thisstudy therefore
also estimates the capital and the labour content of Australia’s trade
vectors.

Oncethesefactor intensities have been worked out, it ispossible
to compare the factor contents of a country’ s exports with those of its
imports, and rank itsfactor endowmentsasrevealed in itstrade pattern
withtherest of theworld. Such knowledgeandinformation can beof use
inseveral areasof decision making. For example, acountry’ sstrategy of
industrialisation is more likely to be sustainableif it isin line with its
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actual and/or potential comparativeadvantage. Asindustriesintensivein
the country’s more abundant factor(s) are most likely to have such
comparativeadvantage, astudy such asthiscan assist inthe sel ection of
industrial strategies. Policy implications such as these provided the
strongest motivation behind the study.

Section 2 briefly outlines aspects of the basic factor proportions
model and oneor two of itsextensionsthat are of direct relevanceto the
study. Themethodol ogy for theempirical estimatesisdescribedinsection
3, while section 4 introduces the data used in the estimates, and their
limitations. Themainfindingsand someof theirimplicationsareexamined
in section 5, and some concluding observations are made in section 6.

2. Factor endowmentsand trade: Theory and evidence

2.1 Thefactor proportions model and some extensions
Thefactor proportionsmodel of trade, originally proposed by Heckscher
(1919) and subsequently developed by Ohlin (1933) and Samuelson
(1948, 1949) used atwo-country, two-commaodity, two-factor (2x 2x 2)
framework. Thetheorem, based on thetwo observationsof (a) different
relativefactor endowmentsof countries, and (b) different relativefactor
intensities of products, hypothesises that a country would have a
comparative advantage in the production of the good that uses more
intensively its most abundant factor. Together with the well known
assumptions on the production side, the theorem also assumesthat the
consumption patternsinthetwo countriesare* uniformand homothetic’
at each relevant commodity price ratio. This assumption requires that
preferencesin thetwo countriesbe not so dissimilar asto offset the cost
advantagesconferred by therel ativefactor endowmentsof thecountries.

Theextensionsof thebasi c Heckscher—Ohlin—Samuel son (HOS)
theorem have been along either the many-good, two-factor or the many-
good, many-factor lines. The former, in turn, has evolved along two
distinct paths—onebased ontheassumption of factor priceequalisation,
theaother not; whilethemany-good, many-factor extensionisbased onthe
assumptionthat factor pricesdo equalise. Sincethefocusof thisstudy is
thefactor content of trade, wediscussbriefly only those extensionsthat
arerelevant to thistheme.

Thefactor-content approachisperhapsbest analysedinanempirical
framework whereitsanalytics have evol ved.
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2.2 The Leontief paradox and some suggested resolutions

The first—and the most celebrated—test of the HOS trade model was
conducted by L eontief (1953). Aggregating the 1947 input—output table
of the US economy into 50 sectors, and using two factors—capital and
labour—L eontief estimated thefactor requirementsof a‘ representative
bundle’ ($1 million dollars worth) of US exports and competitive
imports. On the assumption that the US was the most capital abundant
country intheworld, L eontief’ sexpectation wasthat US exportswould
be capital intensive relative to US import substitutes. His estimates
showed, however, that theUSimport substitutesrequire 30 per cent more
capital per worker than did US exports—an apparently paradoxical
result. Toeliminatethepossibility that 1947 wasan‘ abnormal’ year for
theworld economy, L eontief (1956) repeated hisstudy using 1951 trade
figures. US import substitutes were still found to be more capital
intensive than US exports, although this time by only 6 per cent. The
L eontief paradox wasthus confirmed.

Moving away from the traditional capital-abour framework, a
number of later studies used other factors such as natural resource,
human-skill andinfluencessuch asscaleeconomiesinattemptstoexplain
trade patterns more satisfactorily. One early attempt using natural
resource as an input into US exports and imports was made by Diab
(1956). Thisled to a possible explanation for the Leontief paradox—
subsequently supported by V anek (1959:63)—that USimportsconsisted
largely of non-manufactured products that were, in the main, natural
resource based. These products were found to use capital as a strong
complementary input. Therefore, evenif capital wasan abundant factor
inthe US, the relative scarcity of natural resources made the US a net
importer of products that used natural resource and capital asinputs.

Somesupport for thisconjecturewasprovided by L eontief himsel f
in his 1956 study mentioned above. By eliminating 19 natural resource
products(i.e. by treating them asnon-competitiveimports), hewasable
to resolve the paradox that the US was exporting labour-intensive
products.

2.3 The multi-factor extensions: the Leamer approach

Vanek’ swork extended thetwo-factor, many-good L eontief framework
to the many-factor case. What has been called the Heckscher—Ohlin—
Vanek (HOV) theorem hypothesisesthat acountry exportsthe services
of abundant factors. AsLeamer (1984) put it: * thisway of re-expressing
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the H—O theorem properly emphasisesthe point that it isfactor services
that are being exchanged through trade. Commodities serve only as a
bundle within which factor servicesarewrapped.’

L eamer arguedfurther thatinamulti-factor H-O model, acountry
abundantin (say) capital need not haveitsexportsmorecapital intensive
than itsimports. It isalso a possibility that a country, in a multi-factor
tradingworld, could beanet exporter of both labour and capital services.
In anet export situation such as this, Leamer suggests that a country’s
abundanceinrespect of aparticul ar factor (capital, say) could beverified
by testing if its capital-per-worker ratio isgreater in net exportsthanin
consumption. Formally,ifK ,K K ;L ,L andL_arecapital andlabour
embodied in exports, imports and consumption respectively, Leamer’s
argument impliesthat a country is capital abundant if

Ke=KanxKe
L—L. L.

The reasoning behind this expectation stems directly from the
HOV version of the factor proportions model. A country’s net exports
must equal itsproductionlessitsconsumption. Itsproduction embodies
itsownfactor endowments, whileitsconsumptionwill embody afraction
of world factor endowments equal to its share in world income (the
homotheticity assumption). Thus, if the country isabundantly endowed
withaparticular factor inthe sensethat itsshare of thefactor exceedsits
shareof worldincome, itsexports must embody more of that factor than
itsimports. By estimating whichfactor acountry isanet exporter of, one
cantherefore establishwhichfactor itisrelatively abundantly endowed
with.

In a three-factor setting such as ours—with natural resource,
capital and labour asthethreefactors—several comparisonsare needed
to establish a country’s trade-revealed factor abundance. If natural
resource is assumed to be the most abundant factor, then we would

expect:

R, >R 1)

m

(where R_and R are the resource contents of a unit of exports and
importsrespectively).
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In balanced trade, therefore, the country would be a net exporter
of the services of natural resource. For further confirmation of the
hypothesis concerning the nature of the country’ sfactor abundance, the
followinginequalitiesshould also obtain:

éR0 £Ry
Bk H BKH, (2)
éRu ARy
66 BLE, @

whereK and L arerespectively the capital and labour service content of
aunit of exportsor imports. By making onefurther comparisoninvolving
thefactor intensitiesof exportsand importsasusedin (2) and (3) above,
the trade-revealed relative availabilities of capital and labour can be
obtained. For example, if:

éRu  éRy 6Ly
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then exports are found to contain more labour than capital services per
unit than imports. Labour would then be more abundant in the country
relativeto capital. The necessary assumption regarding consumptionis
that it isroughly similar across countries. Strict homotheticity is not a
necessary condition, althoughit isobviously asufficient one.

3. The methodology
THEMETHODSusedto estimatethenatural resource, labour and capital

contentsof Australia’ sexportsand competitiveimportsareexplainedin
this section. Extensive useis made of input—output analysis.
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3.1 The estimation of natural resource content

Any attempt to quantify the natural resource content of a vector of
commoditiesmust first ask what istheeconomically appropriatemeasure
of a natural resource. If land is used as a ‘ generic shorthand’ for al
natural resource, asV anek (1968) has suggested, how doesonemeasure
land asaninputinaproduction process? | natheoretical sense, economic
rent, whicharisesfromwhat Ricardocalledthe* original andindestructible
powersof thesoil,” would give an almost perfect measure of the natural
resource (land) embodied in agroup of products:

As avariable derived directly from the general equilibrium setting,
economic rent is the truest possible measure of the particular type of
land to which it is attached (Vanek, 1968, p. 750).

However, asitisimpossibleto measureeconomicrentinthispureform,
the required statistical information for any empirical estimation of the
natural resource content of a group of products does not exist.
Conseguently, Vanek adopted as an aternative the ‘resource product
content’ of goods. Sinceitisameasurabl e concept, which hasbeen used
successfully by Vanek and others, it hasbeenincorporatedinthisstudy.

The'resourceproducts’ aredefinedto be‘ commoditieswhichare
nearest to the initial stages of the productive process'. In al such
commodities, natural resource is used as a major input. Therefore,
activitiessuch asfarming, forestry, and mining fall into the category of
‘resourceindustries’, andtheir productsareclassedas' resourceproducts .
By contrast, activitiessuch ashousi ng, manufacturing and transportation,
for example, are classed as non-resource industries. The input—output
tables for the Australian economy contain sectors that fall into one or
other of these industry-types, and it iswith the help of those tablesthat
thetotal (i.e. direct plusindirect) resource product contents have to be
estimated.

The basic input—output (I-O) relationship can be expressed as
follows:

Q = AQ+Y (5)

whereQisavector of output, Y avector of final demand, and A asquare
matrix of input—output co-efficients, g;- Equation(5) canbesolvedfor Q
to obtain:

(6)
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Q=[I-AY (6)

where[l-A]%, (whichwelabel B), istheinverselL eontief matrix, of which
atypical elementis bij.

Giventhevectorsof exportsand importsfor aparticul ar year, the
calculation of their direct and indirect content of resource involvesthe
followingtwo steps:

i) Identify the resource product sectors in the 1-O table: since the
elements of the inverse matrix B give the direct and indirect
requirementsof aninputi, summingtheel ementsdownthecolumn
j, usingonly therowsthat correspondtowhat havebeenidentified
asresource products, will givethetotal resource product content
per dollar increaseinthefinal demand of al the sectors, whenthe
final demand isof an unspecified kind.

ii)  Obtaintheinner product of B and the vector of exports, X, or of
imports, M, asfollows:

BX (7
BM (8)

DX

Dm
where D isavector of which each ith element is the quantity of
industry i’ s output used in exports or imports.

A further useful extension of this approach is to introduce a
distinction between renewabl eand non-renewabl eresources, and obtain
estimatesof eachtypeof resourcerequired per unit of final demand. The
method explained above, with appropriate changes to the summation
requirements, would yield the renewable and non-renewable resource
requirements per unit of final demand.

Of the 108 sectors in the 1977—78 input—output table of the
Australianeconomy, and 109 sectorsinthe 198687 table, thefollowing
12 have been identified asthe ‘ resource products':

1. Sheep, Cereal; 2. Grains; 3. Meat cattle; 4. Milk cattleand pigs;
5. Poultry; 6. Agriculturen.e.c.; 7. Forestry and logging; 8. Fishing and
hunting; 9. Ferrousmetal ores; 10. Non-ferrousmetal ores; 11. Coal, oil
and gas, and 12. Mineralsn.e.c.
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Details of the classification of these products are shown in
Appendix Tablel1. The first eight of theresource products(nos. 1-8) are
renewable resource products, while the remaining four (nos. 9-12) are
non-renewable resource products. (The numbers in the list above are
serial numbers only—they do not always correspond to the numbering
used in input—output tables.) Given our methodology and presumption
that Australiaisanatural resourcerich country, thefirst hypothesistobe
tested isthat:

H.1:thenatural resourceintensity of Australia’ sexportsishigher
than that of itsimports,i.e. R >R .

3.2 Introducing labour and capital: the hypotheses

in a 3-factor context.
Following Leamer’ s approach (see section 2.3 above) in athree-factor
framework, wewould test thefollowing two hypotheses:

H.2: Theratio of natural resource to labour is higher in Australian
exportsrelativeto Australian imports, i.e.

éRU 6Ry)

e B,

H.3: Theratio of natural resourceto capital is higher in Australian
exportsrelativeto Australian imports, i.e.

éRu £Ru

EKH,BKH,

Hypotheses2 and 3 areessentially extensionsof hypothesis1and
the presumption that Australiaisresourcerich. Since factor abundance
(scarcity) in the context of the factor proportions model is a relative
concept, hypotheses 2 and 3 are based on the two sets of relativities or
ratios with natural resource as the common factor in the numerator of
both. Testing of these hypotheses should reveal the importance to the
Australianeconomy of thenatural resourcefactor, bothinitsdlf (hypothesis
1), and in relation to the other two factors (hypotheses 2 and 3). The
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relative position of labour and capital withrespect to each other will al'so
emerge, athough it does not appear possible to frame any clear-cut
hypothesisregarding Australia’ srelativeendowment of thesetwofactors.
The reasons for this will be discussed when interpreting the resultsin
section 6 below.

3.3 Estimating labour and capital contents

I C
inee N =""-@®®® k =—

Define: i qj i qi (9)
where Ij and c arelabour and capital employment inthejth sector, and g
its output in the year in question, so that n isthelabour required and kj
the capital required per unit of gross output.

Pre-multiply theinverseinput—output matrix [| - B]*by adiagonal
matrix N which hastheco-effici entsn, aongthediagonal. Formally, each
element Iij of thematrix L, given by:

L=N[I- A" (10)

measurestheemployment created directly andindirectly intheith sector
whenthefinal demandinthejth sector changeshby oneunit. The column
sum sl i would show the total employment generated in the economy
when the final demand for the sector at the head of the column changes
by oneunit. Post-multiplying (6) by thevectorsof exportsand competitive
imports, X and M, the required |abour contents are obtained:

L, =N[I- A*X (11)

L,=N[I- A*M (12)
wherelL andL _arecolumnvectorsshowingthedirectandindirect labour
contentsof agivenvector of exportsand competitiveimportsrespectively.
The column sum of the relevant vectors would show the total labour
contents of exports or imports asawhole.

Likewise, to obtainthecapital content of exportsand competitive
imports, first pre-multiply theinversematrix [1 - A]*by adiagonal matrix
k which hasthe coefficients kij alongitsdiagonal:
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K=k[l -A]* (13)

Thiswill givetheamount of capital requiredin eachith sector for aunit
changeinfinal demand in sector j. Post-multiplying (13) by thevectors
of exports and competitive imports, the required capital contents are
obtained:

K, = KI - A]* X (14)
K,=KI-A*M (15)

where K and K _arethe column vector showing the direct and indirect
capital contentsof thegivenexport andimport vectorsrespectively. The
column sum of the relevant vector would show thetotal capital content
of exports or imports as awhole.

4. Thedata

THE INPUT-OUTPUT dataused in thisstudy arefor theyears 1977-78
and 1986-87. The latter year was chosen because it was the latest for
which data were available at the time the work was begun. The earlier
year should provide abenchmark for purposes of comparison.

The Leontief inverse matrix, B, used in estimating all the factor
contents—natural resource, |abour and capital—wasmadeavail able by
the Australian Bureau of Statistics(ABS). Figuresfor exportsand gross
output are taken from Table 3 of the ABS publication Australian
National Accounts: Input—Output Tables.

The estimation of the factor contents of imports requires some
clarification. The input requirements (natural resource, labour and
capital) for theimport vector rel atetothe production of import competing
goodsin Australia. Theresulting factor contents, therefore, arethose of
the vector of import substitutes produced domestically. The use of this
procedureisbased onthe Heckscher—Ohlinassumptionsof international
identity of production functions and non-reversal of factor intensities.
These assumptions require that the ranking of goods in terms of their
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factor intensities merely be similar across countries. Asthe purpose of
thisstudy isto comparethefactor intensitiesof Australia’ sexportswith
those of its imports, the use of Australian input—output tables for the
purposerequiresonly that competitiveimportsbeused. Complementary
imports, by definition, are not produced in Australia, and their factor
intensitiescannot thereforebe estimated withthehelp of Australian|-O
tables. However, complementary importsinto Australiaare so few that
omitting themisnot likely to biastheresultssignificantly.

Weturn now to the measurement of thelabour and capital inputs.
Thelabour content of avector of final demandideally ismeasured either
by the number of workers engaged in an activity, or by the number of
hours worked by them to generate the given final demand vector.
However, thisrequiresemployment dataat thesamelevel of disaggregation
asfor theinput—output sectors. Thereareno regular publicationsgiving
such detailed employment figures, but fortunately, ABS was able to
provide figures for the number of workers employed in the sectors
covered in the 198687 table. These made it possible to estimate the
labour content in Australia’ s export and competitive import sectorsfor
that year.

Intheabsenceof figuresfor actual employment for theyear 1977—
78, an alternative measure based on labour wages was used. The I-O
tablesgivefiguresfor the‘wages, salariesand supplements’ paid to the
primary inputlabour by sector. Dividing thesefiguresby thecorresponding
grossoutput figures, labour employment figures per unit of grossoutput
in these sectors are obtained. The value figures have the advantage of
incorporating labour skillsto agreater extent than the crude ‘ physical’
data, since labour of higher skill would attract higher compensation in
wages. However, inorder for thesefiguresto capturelabour’ scontribution
totheproductionprocess, itisnecessary toassumethat eachfactorispaid
in accordance with its marginal revenue productivity, and that the
marginal productivities bear aconstant proportional relationship to the
gross output of the sector in which the factor is employed. This last
assumption implies that any change in output would cause an equi-
proportional changein thefactor employment, asmeasured by itsshare
inoutput. Theseval ue-based empl oyment figuresareadmittedly lessthan
ideal asthey ignore such institutional influences onlabour wagesasthe
degreeof unionisationinaparticular sector of theeconomy, or degreeof
competitioninthemarket for theproductsthat labour isproducing. These
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limitations must be bornein mind when interpreting the results.?

The estimates of the capital contents of exports and competitive
importstoo are based on valuefiguresrelating to what may beregarded
asthereturntothefactor capital. Theinput—output tablescontainfigures
for the gross operating surplus. Thisis ‘estimated as aresidual, after
subtracting from the value of output all intermediate inputs, indirect
taxes, thestock val uati on adjustment andwages, sal ariesand supplements’.
Adjustmentsareal somadeto’ excludeel ementsof non-operatingincome
(such asinterest, dividends, profits on sale of assets) and to add back
elements of non-operating expenses (such as income tax, bad debts
written off)’ (ABS1986-87, p. 14). Theresidual thereforemust capture
the returns accruing to capital, and may be said to measure that gross
accounting profit which must reflect the use made of capital in the
production process.

Ideally, onewouldliketo measurecapital intensity intermsof the
actual use of physical capital in the production process. However,
reliable estimates of such figures can come only from plant-level
investigations. In the absence of such investigations, figures for the
depreciation of fixed assetsareoftenused. Itiswell known, however, that
the depreciation figuresreported in the economic statisticsare often no
morethan* accountingfigures', and arethereforenot reliableindicators
of the use of fixed capital in the production process. The use of gross
operating surplus asameasure of capital intensity thereforeisunlikely
tointroduce agreater degree of distortion to the findings.

Thereturnsto capital as reflected in the gross operating surplus
figures are hopefully related to the marginal productivity of capital in
givenactivities. Under conditionsof perfect competitioninboththefactor
and the goods markets, the marginal productivities of afactor will be
equalisedindifferent usesinequilibrium. Otherwise, freefactor mobility
ensures that a factor will move from alow to a high productivity use
assuming, inkeepingwiththeH—O trademodel, that capital isnot sector
specific. A higher ratio of operating surplusto grossoutput in onesector
relativetoanother must thereforereflect greater relativecapital intensity.

Thus, our computationsinvolving pre-multiplication of theinverse
input—output matri cesby thediagonal matricesof theratiosof operating
surplusto grossoutput can besaid to capturethe capital -content of aunit
of final demand. A further post-multiplication of this by the vectors of
exportsor competitiveimportswouldyield the capital contentsof these
vectors.
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5. Theresults

5.1 Natural resource contents: Renewables and non-renewables
Appendix Table2 presentsfiguresfor thedirect exportsand competitive
importsof resourceproducts, together with thetotal (direct plusindirect)
exports and competitive imports of resource products, of Australiain
1977-78. Table 3 showsthe corresponding figuresfor 1986-87. Table
4 givesfiguresfor the net foreign trade (i.e. export minus competitive
imports) inresourceproductsinthetwo selectedyears. Table5showsthe
total exports and competitive imports of resource productsin absolute
terms, aswell asresource product contents per unit of the exportsand of
competitiveimports.

Takingthedirect componentsof exportsand competitiveimports
first, one can see the importance of resource products in Australia’s
exports over itsimports in both years. In 1977-78, the value of direct
exports of these products was over 14 times larger than direct imports,
whilein1986-87,they wereover tentimeslarger. In 1977—78, thelargest
item of direct export was coal, oil and gas, followed by sheep, cereal,
grains, ferrous metal oresand non-ferrous metal ores. Over the decade,
most products had effectively maintained their positionsrel ativeto one
another as well as to total direct exports. Non-ferrous metal ores
experienced astronger thanaveragegrowthtoimprovetheir rankingfrom
fifthlargestin1977-78tothirdin 1986-87. Only poultry, and milk cattle
and pigsexperienced adeclineindirect trade.

Direct imports of resource productswere all modest in 1977—78.
By 198687, their overall szehad grownsignificantly, withaparticularly
sharpriserelativeto total imports sometimes being registered. Coal, ail
and gas and non-ferrous metal ores, for example, accounted for nearly
one-half of thetotal competingimportsin 198687, whiletheir sharehad
been lessthan athird in 1977-78.

Theratioof directtototal (direct plusindirect) exportswas67 per
centin1977-78, rising slightly to 70 per cent by 1986-87. Theratio of
direct tototal imports, ontheother hand, rosefrom amodest 33 per cent
in 1977-78 to amoderately high 72 per cent by 1986-87.

Another ratio of interest to our investigations is that between
renewable and non-renewable resource products exchanged through
trade. In 1977-78, thisratio for direct exportswas 86 per cent, falling to
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66 per cent by 1986-87. The corresponding figures for direct imports
were108 and 71. Clearly, non-renewabl e resources became much more
important in Australia strade vector over the decade.

Turning now to total resource product exportsand imports, it can
be seen that, while total exports and imports have both roughly tripled
over theperiod, theratiosof renewabl eto non-renewabl eresourceshave
fallenfrom 95to 75 per cent in respect of exports, and from 61 to 55 per
cent in respect of imports. The growing importance of non-renewable
relative to renewable resources is thus further confirmed, although in
respect of imports, the declinethistimeismuch moremodest compared
tothedeclinein direct trade.

Theexcessof exportsover importsof resour ceproducts, both
direct and total, confirmsour hypothesis1that Australiaisnatural
resour ceabundant relativetoitstradepartners.

Table4 givestheitem-wise breakdown of Australia’ snet exports
(export minus import). With the exception of forestry and logging, net
total export of every item was positivein both years. Net direct exports
of 9out of the 12 itemswerepositivein both years, the exceptionsbeing
meat cattle, milk cattle, and forestry, which are al renewable resource
products. However, although negative, the magnitudes of these net
imports are relatively small. The most important of the renewable net
exportswere sheep and cereal grains, while non-ferrous metal, coal, oil
and gas and ferrous metal oreswere the most important non-renewable
net exportsinboth years. Thesinglelargest net export in both yearswas
coal, oil and gas.

However, significant asthesefiguresareinindicatingtherel ative
natural resourceintensitiesof Australia sexportsand competitiveimports,
they needtobeconvertedtoacommon base—by usingone-million-dollar
unitsfor both exportsand competitiveimports—to aid comparison. The
results are reported in Table 5, which also gives the total resource
contents of Australia’s export and competitive import vectors. The
resource contents per unit of exportsand of competitiveimportsclearly
show the much higher resource intensity of exports over imports. At
around 53 per cent, exports used over four times as much resource
products as did imports in both years. Over the period, the resource
content of exports declined marginally while that of imports rose
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marginally.

Thedistribution of theresourceproductsinto renewableand non-
renewable, and an item-wise breakdown of their use in Australia’s
exports and imports, are given in Table 6. Exports used around 26 and
22 per cent renewables, and around 27 and 30 per cent non-renewables,
in the years 1977-78 and 198687 respectively. Imports, by contrast,
used 4.5 and 4.4 per cent renewables and 7.3 and 8.0 per cent non-
renewablesin 1977—78 and 198687 respectively. Thus, non-renewable
resources are more important in both exports and imports relative to
renewableresourcesin both years. Moreover, the use of non-renewable
resources per unit in both exports and importsincreased, while that of
renewablesfell, over theperiod. Thesefiguresshow that non-renewable
resources are the more abundant resource, and that their importanceis
growing over time.

5.2 Labour and capital contents

The labour contents of exports and complementary imports have been
estimated using both the value based measure of labour (wages and
salariespaid) and the physical measure (number of workersemployed).
The capital contents have been estimated using the operating surplus
measure.

Table7 givesthelabour and capital contents of total exportsand
competitive imports, together with the labour and capital shares of one
milliondollars worth of exportsandimports. Thefiguresshow that while
total exports contain more labour and more capital relative to total
imports in both years, exports per unit contain more capital and less
labour relativetoimportsper unit. In1977—78, thelabour content (wage
share) of amilliondollars worth of exportswas44 per cent, ascompared
to 49 per cent in the case of imports. The capital content of a unit of
exportsat around 40 per cent wassignificantly higher than that of aunit
of imports, which was around 25 per cent. By 1986-87, the labour
content of both the export and theimport units had become smaller, and
the capital content larger.

Quitewhy the shareof labour fell and that of capital rose over the
period by asmuch asthey did (over 6 per cent) isdifficult to explain. In
terms of the methods used to estimate these figures, the explanations
would lie either in a change in the input—output technology matrix—
involving substitution of capital for labour—or adeclineinthewagerate
relative to operating surplus. But these two tendencies can only be
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mutually conflicting: if labour wages become cheaper, substitution
would be in favour of it, rather than away from it, as has happened.
However, the present study being concerned primarily with theranking
of exportsand importsin terms of their factor intensities, the observed
changestotheabsol utesizeof theseintensitiesareof nodirect interest as
long as the rankings are not reversed. As Table 7 confirms, exports
remained capital intensiverelativeto importsover the period.

When labour content is measured in terms of the number of
workers employed per million dollars of exports and imports, imports
againturn out to belabour intensiverel ative to exports. Table 10 shows
that 1,840workerswereneededfor amilliondollars’ worth of exportsin
198687, while for the same amount of competing imports, 1,940
workerswererequired. Thetwo measures of labour intensity thusyield
resultsthat are consi stent, suggesting that both measurescaptureequally
the pattern of labour use.

Tables 8, 9 and 10 shed light on hypotheses 2 and 3, which are
based on comparisons of natural resourceto labour (H.2) and to capital
(H.3) respectively. Table8 showsthat the natural resourceintensitiesof
exports relative to both labour and operating surplus are significantly
higher than those of competing importsin both years.

Taking each of thethreefactorsin turn, Table 9 showstheratios
of their useby unitsof exportsandimports. Thus, exportsused over four
timesasmuch natural resourceper unit asdidimportsinbothyears. The
use of capital per unit of exportswas also around 50 per cent more than
theuseof capital per unitimports. Inrespect of labour, however, exports
used around 10 per cent less than did importsin both years. Using the
physical measureof |abour somewhat changesthemagnitudeof theratio
of labour use in exports relative to imports, but does not reverse their
rankings. Asthe bottom half of Table 10 shows, the labour intensity of
exportsislessthan that of imports.

The findings thus support hypotheses 2 and 3. Relative to
imports, Australian exports are natural resource intensive with
respect to both capital and labour .

Australiaisalso found to be anet exporter of the servicesof both
natural resource and capital, and a net importer of labour servicesin
bal anced trade conditions. It was observed in section 5.2 above that no
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clearcut hypothesisinregardto Australia sendowment of capital relative
tolabour wasevident. Thisisprobably because Australia, intermsof its
capital endowment, wouldrank * somewhereinthemiddle inrelationto
its major trade partners. With the possible exception of New Zealand,
Australia sother major tradepartnersintheindustria world—Japan, the
USA andtheEuropean Community—arelikely tobecapital richrelative
to Australia. On the other hand, Australia's trade partners in the
developing world would belabour rich relative to Australia.

In atwo-factor setting, therefore, it would be difficult to predict
Australia strade pattern if the two factorswere capital and labour. Ina
three-factor setting with natural resource as the third factor, a trade
patterninlinewith Australia’ sapparent natural resourceabundancecan
be predicted. These expectations have been verified in thisstudy.

Thefact that Australiahas al so been found to be anet exporter of
capital services probably has the same explanation as the one used by
DiabandVanek withrespect tothe US(seesection 2.2 above) inseeking
to resolve the Leontief paradox. As a net exporter of the services of
natural resource, Australia must be using the services of capital as a
strong complementary input. This results in putting capital services
ahead of |abour servicesasAustralia snet exportstotherest of theworld.

6. Concluding observations

THE RESULTS of the detailed empirical investigation relating to the
factor contents of Australia’s foreign trade establish Australia to be
exchanging the services of its renewable and non-renewable natural
resources, and the services of capital that these natural resourcesuse as
complementary inputs, for theservicesof thefactor |abour. Thefindings
are largely in keeping with the general perception of Australia as a
relatively resource-rich country. Inparticul ar, non-renewableresources
were found to be playing an increasingly dominant rolein Australia’s
export trade.

Oneimplication of thesefindingsisthat any strategies of further
diversification of the economy would require increased availability of
capital, without which natural resources cannot be processed into
exportables. A longer term consideration would bethat asthe supply of
non-renewable resources depletes, their costs would rise, and their
markets may become more limited. A strategy to use the available
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renewableresourcesmoreeffectively would obviously beadesirableone.

Thedrawbackstowhichthedatausedinthestudy aresubject have
aready been indicated. The findings based on them are therefore best
treated asindicativeonly.

Note

1. The dual computations for the 1986-87 year enable a check on the
reliability of the two measures of labour content. Any wide divergence would
perhaps indicate that the two measures are not good substitutes.
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Appendix

"

Input—Output [ndustry Corresponding ASIC
Classification Industries
1-O Code Description Code Description
Sector
No.
1. 01.01 Sheep 0182 (Part) Sheep-cereal grains
0184 (Part) Sheep-meat Cattle
0185 Sheep
2. 01.02 Cerea grains 0181 Cereal grains (including
(including oil seeds oil seeds n.e.c.)
n.e.c.) 0182 (Part) Sheep-cereal grains
0183 (Part) MeatCattle-cereal grains
3. 01.03 Meat Cattle 0183 (Part) Meat Cattle-cereal grains
0184 (Part) Sheep-Meat Cattle
0186 Meat Cattle
4. 01.04 Milk Cattle and Pigs 0187 Milk Cattle
0188 Pigs
01.05 Poultry 01245 Poultry
01.06 Agriculture (n.e.c.) 0134-6 Fruit
0143,4 Vegetables
0191-6 Other agriculture
7. 03.00 Forestry and Logging 0303, 4 Forestry and Logging
04.00 Fishing Hunting 0431-4 Fishing
0440 Hunting and trapping
9. 11.01 Ferrous Metal Ores 1111,2 Ferrous Metal Ores
10. 11.02 Non-Ferrous Metal Ores 1121-9 Non-Ferrous Metal Ores
11. 12.00 Coal; Oil and Gas 1201, 2 Coa
1300 Oil and Gas
12. 14.00 Minerals n.e.c. 1401-4 Construction materials
1501-5 Other Non-metallic minerals
Source:  Adapted from the Australian National Accounts, Input-Output

Tables (1986-87). Appendix B.

Note:

For details of the classification of goods listed in the table, see the

Australian Input-Output Commaodity Classification (IOCC), ABS Catalogue
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No. 5215.0.
Table 2 Australia’sforeign trade in natural resource products
197778 ($mittonS)

Exports Competing Imports (CIF)

Serial  Resource Direct? Total® Direct? Total®
No. Products

1. Sheep (01.01) 920.0 1,129.516 29.0 58.109
2. Cerea grains 956.9 1,134.413 38.5 67.862

(including oil seeds
n.e.c.) (01.02)

3. Meat Cattle (01.03) 7.8 327.258 274 46.588

4. Milk Cattle & Pigs (01.04) 11 205.017 8.8 30.178

5. Poultry (01.05) 121 84.543 1.2 5.891

6. Agriculture (n.e.c) (01.06) 84.1 391.691 30.4 94.516

7. Forestry and 0.8 45.181 19.2 52.327
Logging (03.00)

8. Fishing and 137.3 153.449 15.0 17.929
Hunting (04.00)

9. Ferrous Metal 808.9 915.643 445 60.774
Ores (11.01)

10. Non-ferrous Metal 494.4  1,053.151 48.2 127.971
Ores (11.02)

11. Coal, Oil and 1,267.6  1,585.569 49.8  357.403
Gas (12.00)

12. Minerals (n.e.c.) (14.00) 56.5 86.169 14.8 60.035

JTOTAL A’7AQ ala) 7’1 11. 60 326 8 Q79 5Q

Notes. @ Direct exports (imports) refer to the exports (imports) of these
products as such.

b Total exports (imports) refer to direct plusindirect, i.e. asinputs to other
products, exports (imports).

The figures in brackets refer to the input-output code numbers of the
industries.
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Table 3 Australia’sforeign tradein natural resource products
198687 (S million)
U 7

Serial Resource Exports Competing Imports
No. Products (CIF)
DiTect® Totar® DiTect® Totar®

1.  Sheep (01.01) 2,653.1 3,203.336 107.5  163.281

2. Cereal grains 2,089.2 2,562.586 104.9  192.012
(including oil seeds
n.e.c.) (01.02)

3.  Meat Cattle (01.03) 57.6 1,017.817 715 135.885

4.  Milk Cattle & Pigs 0.1 526.353 31.5 91.227
(01.04)

5. Poultry (01.05) 6.9 225.514 4.2 20.223

6.  Agriculture (n.e.c) 307.2 970.941 151.2 292.625
(01.06)

7.  Forestry and 2.1 123.961 445  148.719
Logging (03.00)

8.  Fishing and 191.9 256.486 60.5 79.352
Hunting (04.00)

9. Ferrous Metal Ores 1,280.0 1,497.563 78.5 170.680
(11.01)

10. Non-ferrous Meal 2,625.1 3,733.741 248.0  466.649
Ores (11.02)

11. Coal, Oil and Gas 5,153.6  6,104.869 404.8 1,148.845
(12.00)

12. Minerals (n.e.c.) 346.0 512.951 74.8 258.106
(14.00)

Sources: Own calculations, as explained in the text.

Notes: @ Direct exports (imports) refer to the exports (imports) of these
products as such.

b Total exports (imports) refer to direct plus indirect, i.e. as inputs to other
products, exports (imports).

The figures in brackets refer to the input-output code numbers of the
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industries.
Table 4 Australia’s net foreign trade in natural resource products

1977=78and1986=87 (S TTmittom)

Serial Resource Products 1977-78 1986-87
Direct Tota Direct Total

1. Sheep (01.01) 8915 1,071.4 25456 3,040.1

2. Cered grains 918.4 1,066.6  1,984.3 2,370.6

(including oil seeds
n.e.c.) (01.02)

3. Meat Cattle (01.03) -19.6 280.7 -13.9 881.9

4, Milk Cattle & Pigs -7.7 174.8 -31.7 435.1
(01.04)

5. Poultry (01.05) 10.9 78.7 2.7 205.3

6. Agriculture (n.e.c.) 53.7 297.2 156.0 678.3
(01.06)

7. Forestry and -18.4 -7.2 -42.4 -24.8
Logging (03.00)

8. Fishing and 122.3 135.5 131.4 177.1
Hunting (04.00)

9. Ferrous Metal Ores 764.4 854.9 1,2015 1,326.9
(11.01)

10. Non-ferrous Metal 446.2 925.2 2,277.1 3,267.1
Ores (11.02)

11. Coal, Oil and Gas 1,217.8 1,228.2  4,748.8 4,956.0
(12.00)

12. Minerals (n.e.c.) 41.7 26.1 271.2 254.9

£14 00\

ooy

Sources: Own calculations, as explained in the text.
Note:  net trade = exports minus competing imports.
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Table5 Total and per unit resource product requirements of
Australia’s exports and competing imports 1977-78 and

1006 Q7
TIO0O0—O7
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Resource Product Requirements of:

Y ear Exports Competing
($ million) Imports ($ million)
Totat Fotat

1977-87 7,111.60 (13,370.7) 979.58 (8,237.6)
1986-87 20,736.12 (39,482.9) 3,167.60 (25,441.7)

Per Million Dollars Per Million Dollars
1977-78 531,879.41 118,915.70
1986=87 525;192-36 124;560442

Source: Own estimates.

Note: Thefiguresin brackets are total exports (excluding primary input
export categories) and total competing import (excluding importsallocated
tofinal demand categories) for the corresponding years. Thesetotal figures

obviously include both resource and non-resource products.



122

Journal of Pacific Studies, Vol.19, 1996

Table 6 Renewable and non-renewable resour ce product content

__ (direct & indirect) of Australia’strade 1977/78 and 1986/87

Resource Products

Exports ($ million)

Competing | mports

($ million)
1977778 1986/87 1977778 1986787
Renewable:
1. Sheep (01.01) 1,129.52 3,203.34 58.11 163.28
2. Cereal grains 1,134.41 2,562.59 67.86 192.01
(including oil seeds
n.e.c.) (01.02)
3. Meat Cattle (01.03) 327.26 1,017.82 46.59 135.89
4. Milk Cattle & Pigs 205.02 526.35 30.18 91.23
(01.04)
5. Poultry (01.05) 84.54 22551 5.89 20.22
6. Agriculture (n.e.c.) 391.69 970.94 94.52 292.63
(01.06)
7. Forestry and 45.18 123.96 52.33 148.72
Logging (03.00)
8. Fishing and 153.45 256.49 17.93 79.35
Hunting (04.00)
Total 3,471.07 8,887.00 373.41 1,123.33

Non-Renewable:
9. Ferrous Metal Ores
(11.01)

10. Non-Ferrous Metal
Ores (11.02)

11.Coal, QOil and Gas
(12.00)

12.Minerals (n.e.c.)
(14.00)

Total
Per Million Dollars

915.64 1,497.56
1,053.15 3,733.74
1,585.57 6,104.87

86.17 512.95
3,640.53 11,849.12
272,276.69 300,107.64

60.77 170.68
127.97 466.65
357.40 1,148.85

60.04 258.11
606.18 2,044.29

73,586.97 80,351.94
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Source: Own Estimates
Table 7 Direct and indirect primary input contents of Australian
trade 1977/78 and 1986/87

1977178
Primary Input Total Total
Exports Competing Imports
($|l|i“iun) ($||li“iuu)
Wages, salaries 5,895.96 4,064.92

supps. (WSS)

Exports

Competing | mports

Per Million Dollars

Per Million Dollars

WSS 440,961.20 493,459.26
oS 396;381-64 250,337-48
1986/87
Total Exports Total
($ million) Competing Imports
($ million)
WSS 14,709.95 10,985.57
(OS] 17,872.07 8,057.32
Exports Competing I mports
Per Million Dollars ~ Per Million Dollars
WSS 372,565.09 431,791.12
oS 452,653.43 316,697.39

Sour ce:

Own Estimates
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Exports Competing Imports

1977/78 1986/87  1977/78 1986/87
Natural Resource
L abour 1.2 1.4 0.2 0.3
Natural Resource
Operating Surplus 1.3 1.2 0.5 0.4
Labour
Operaling surplus T1 0.8 2.0 TZ

Source: Own Estimates

Table 9 Natural resource products, labour and capital requirements
per million dollars of Australian exports and competing

—mportreptacements 1978 and-1986I8 7

Exports Competing Imports
1977178 1986787 1977178 T986/87
Natural Resource  531,879.41 525,192.37 118,915.70 124,504.42
Products
Wages, salaries, 440,961.20 372,565.09 493,459.26 431,791.12
supp.
1977/78 1986/87
EXports/Tmports EXports/mports
Natural Resource 4.5 4.2
Products
Wages, salaries, supp. 0.9 (.89) 09 (.86)
Operating Surplus 16 14

Source: Own Estimates
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Table 10 Natural resource products, labour (actual employment)
and capital requirements per million dollars of Australian
exports and competing import replacement 1977—78
and 1986—87

Exports Competing Imports
197778 1986/87 —1977/78 —1986/87—

Natural Resource 531,879.41 525,192.37 118,915.70 124,504.42
Products ($)
Labour (actual - 1,869.42 - 1,940.91

employment)

1977/78 1986/87
Exports/Tmports Exports/Tmports
Natural Resource 45 4.2
Products
Labour (actual - 0.96
employment)
Operaiing surpius T6 TZ

Source: Own Estimates
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