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Monitoring Utilisation of Nonrenewable Resources: A
Shift-Share Analysis

Summar,y'

Econcmisté well understand the need to make rational choices abo‘ut the c()sté and béneﬁts
accruing to society from the exploitation of stocks of nonrenewable natural resources, although
’thisi und'etsténdi‘ng seems to have farely guided governmént policy,' In this paper we present a
simple, but comprehensive approach to k‘des"e!op'xkng: 'indicato,rs of thé speed with which
nonrenewable natural resoufées are being depleted that might be used to itﬁprc.‘ss policy makers of
the urgency of more appropriate policy. The approach we use combisies shift-share analysis with :
~ the resérvé life index éoncept. This approach is ihen applied to some Avstralian data and the»"
resuits are ’d%s‘cﬁssed, We 6oxigl‘ude that Australia needs to develop a resource d’epl‘eﬁ(}st plan that
modifies the interests of rpri\?ate sector mining firris bv reference to ize interests kof future

generations.
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INTRCDUCTION

In general, natural resources are divided into stocks that are renewable or capable of regenerating,
such as fish and forestry, and those that are nonrenewable or depletable, such as fossil fuels and
minerals. Although nonrenewable resources are capable of regeneration over very long time
periads, from the perspectxw of human life expectancies, the rate of regeneration is approximately
zero. Therefore, present consumption of nonrenewable resources :mphes that stocks for firus
consumption are depleted forever. Nevertheless, it is difficult to mmgme industrialisation of
“modern economies without fossil fuels such as oil and gas, or uranium or metals such ag
alumunum lead and iron.

In economic terms stocks of natural resources are properly considered as capital assets. Reducing

them represents disinvestrent. When nonrenewable natural resources are considered, rational

choices have to be made with regard to the costs and benefits accruing as a result of their

exploitation at different time periods or among different generations. Furthermore, it must be

~ understood that some nonrenewable resources consumption leads to pollution and this can create

~economic costs through damage to the environment, which is itself composed of natural
resources. There are two implications of pollution created by the use of nonrenewable resources.
One is that efficient pollution control is impossible when the rate of utilisation of the resources is
too high. The other is that economic analysis of the effects of pollution requires mtertemporal
studies that involve accountm_g,, » for welfare effects on future generatlons

These issues are generally well-understood by economists (Tumner, et al, 1994; Hanley, 1995), but
seem to have too rarely been integrated into decision making at the political level in Australia, In
this paper, we present a simple approach to developing mdncators of the speed with which
notirenewable resources are being depleted that might be used to impress policy makers of the
urgency of more appropriate natural resource utilisation pohcy The approach we present is based
on shnﬁ-share analysis and provxdes a handy means of momtormg their utilisation.

The paper is structured as follows. In the next section the contribution of the nonrencwable

resource sector to the Australian economy is summarised. This is followed by discussion of the

methodology we have used to develop our indicators. Essentially the me‘thodology uses shift-

share analysis as a basis for defining reserve life indices that are useful in indicating the relative

sustainability of present rates of nonrenewable resource depletion. Then, results of the application

of this methodology using Australian data are summarised. Finally, some concluding camments
are made.

CONTRIBUTION OF NONRENEWABLE RESOURLES TO THE AUSTRALIAN
ECONOMY

The pattern of utuhsatnon of nonrenewable resources in Ausiralia provides an indication of their
contribution to Australia's economic growth For instance, in 1952, the mining and basic metai
products sector alone contributed over 6% to grass domestic product. Furthermore, as figure 1
below illustrates, Australia's exports are very heavily dependent on natural resources. For
instance, merchandise exports of Australia comprited around 50% nonrenewable resources in
1992, which is an increase of approximately 10 percentage points over 1975. Exports of coal and
‘coke alone amounted to 13% of our merchandise exports. During the period between 1975 and
1992 basic metals, metalliferous and other ore exports mcmsed from 19% to 30% of
mierchandise exports



[Figure 1 should go about here]

In capitalist economies such as Australia in which export led economic growth is considered as
‘one of the main, if not the main objective, overutilisation of nonrenewable resources in a myopic
manner can threaten seriously future economic growth. The obvious reason for this is that the
availab:lity of nonrenewable resources is a constraint on growth In other words, the rate of
extraction of nonrenewable resources by profit maximising mining firms in the current time period
‘can impose a burden on the welfare of future generations. Furthermore, because extraction and
export of nonrenewable resources is properly considered as disinvestment, there should be a
depreciation cost charged in the national accounts,

Prolagomsts for ccnservauon often assert that economic growth and protection of the natural
environment are mutually exclusive objectives. In contrast, protagonists for economic growth
typically assert that innovation induced by diminution of any resource, natural or otherwise, will
“protect societies from catastrophic collapse. Nevertheless, few would argue that national
~accounting practice in Australia and elsewhere appropriately charges the economy for
consumptior: or degradation (or improvement) of its natural resource endowment. Solow (1992)
‘has argued that the right way in which to calculate the correction to national income is to assume
that it is always possible to substitute greater inputs of labour, reproducible capital and renewable
natural resources for lesser inputs of nonrenewable natural resources. Thus society must not only
decide how much to save and invest, hut also how much of its stock of nonrenewable natural
resources to consume. Investment in reproducible capital substitutes for consumpuon of
nonrenewable natural resources. Sustamablhty can then be defined as preserving productive
capacity for the future There is nothing very mnovatwe in this suggestnon It merely transfers
John Hicks* famous definition of personal income’ into the macroeconomic context. It's about
time! Thus sustainability is compatible with the use of nonrenewable natural resources only if
society replaces resources consumed with reproducible capital. On the basis of this discussion, it
must be admitted that Australia's true rate of economic growth has been lower than published
figures indicate, largely because commodity exports are concentrated among a few nonrencwable
resources.

Sustainability of the nonrenewable resources sector in Australia is heavily dependent on the
structure of domestic tradables production. However, exports of nonrenewable resources
themselves will influence thar structure. Whenever the value of nonrenewable resource exports
rises, either because commodity prices increase or because export volumes increase, there will be
- upward pressure on the exchange rate. Consequent!y, there will be a ‘Dutch disease’ or ‘Gregory
thesis’ effect as other tradable production is squeezed out. This actually happened in the early

1980s when the output shares of manufacturing and agriculture fell re'ative to mining, although

there were factors other than ‘Dutch disease’ at work (for example, the raising of barriers to

agricultural trade, particularly in Europe). If other, nonmining, sectors are not restructured to
increase their contributions to exports, depletion of nonrenewable resources will eventually
increase beyond sustainable levels as Australia strives to maintain its export income, Hence, there
is a clear need to develop a simple way of indicating the relative sustainability of prcsent rates of
utlhsatton of nonrenewable resources.

‘Apenm’u income uwhnlleanoonnmdunngmewoekmdmll expect lo beu‘ml[oﬁnﬂnddofﬁe
wock as he was at the beginning’. :



METHODOLOGY

in order to indicate relative intensity of the depletion of nonrenewable Mtural resources a sm!ple ,
and reliable comparative indicator is desirable. The reserve life index is one indicator that is very
commonly used. In this paper we graft the reserve life index onto a shift-share amlys:s to give a

simple, but comprehensive, overview of nonrenewable resource depletion, :

| Shiﬁyska'm' analysis

Shift-share annlys:s is a well-known technique that has been used in a wide range of disciplines
such as geography (Hoare, 1986), international trade (Green, 1985; Green and Larsen 1991;
Brownie and Dalziel, 1993) and regional economics (Scott 1980; Patterson, 1989). Good
descriptions of shift-share analysis may be found in standard textbook outlines of quantitative
regional analysis (see for example, Krueckeberg and Silvers, 1974; Dunn, 1980; and Nijkamp, et
al, 1986). Shifi-share analysis provides quick, mechnsnve, and useful mdncatmns of past
performance and helps to identify problems that require attention by policy makers, Although
‘some researchers have attempted to use shift-share analysis for policy making and prediction
purposes, it is generally agreed that the technique is not sufficiently robust for such uses (Steven
and Moore, 1980; Nijkamp, et al, 1986; and Patterson, 1989). This is mainly because the results
are sensitive to factors such as degree of disaggregation and the choice of time interval.
Nevertheless, it is a simple technique that summarises the outcomes of complex processes and it
has policy relevance if the degree of disaggregati(mand time period are chosen appropriately.

To t‘xe best of our knowledge shift-share aqalysxs has not been used in the area of nonrenewable

‘resource management, but we believe that it can serve a useful purpose, Shift-share analysis
separates changes in nonrenewable resource utilisation into proportional (or world), structural and
differential changes Proportional change is defined as the depletion rate for a specific
nonrenewable resource that would be recorded if it was depleted at the same rate as world
depletion of that resource. Structural change is defined as the additional depletion rate for a
specific nonrenewable resource that would be recorded if it was depleted at the rate of depletion
of all nonrenewable resources in aggregate in the rest of the world. This rate may be positive or
negative. If a country has an actual change over and above the proportional and structural
changes it can be concluded that it has depleled its nonreneéwable resources at a faster rate than
rest of the world. This excess production is measured as a residual and is known as the dlﬂ‘cremnal
change

“The starting point for this study is 1987 and the end point is 1992. Detailed results are set out in
table 1. Data in each column are as follows:

1. Quantity produced in the base year 1987,

2. Actual change in production between 1987 and 1992;

3. Proportional or world change, describing the increase (or decrease) in production that would
have beer expected if production of that commodity type had grown ut the same rate as
production of that commodity type in the rest of the world;

4. Structural change describing the addmoml increase (or decrease) in production of that
commodity type if its production had Lrown at the same rate as i.e whole nonmable
resources sector of rest of the world. The additional increase (or dectuse) in producuon

~ represents a structural change in utilisation of the resource; and

5. Differential or residual change, given by the actual chnnge less sum oi’the proportional change
- and structural change, describing the change in domestic production that cannot be ‘explained’
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by the relevant pmducnon share held at the beginning of the study period. The sum of the

- proportional change and structural change i |s defined as the ‘warranted change,

Reserve life index:

The reserve life index (RLI) is commonly used to provide an indication of the intensity of
prodtmnon in relation to available stocks of nonrenewable resources. ‘Thls is expressed in terms of
years remaining. It is computed by dividing the available reserves (or, in some cases the reserve
base ~ see appendix) of a pamcular resource by the production rate of that resource for a given
year. The underlying assumptions in these calculations are that the rate production will continue at
current levels and that no new reserves will become available. The RLI provndcs a smpshot of
perceived abundance of a nonrenewable resource at a given time. Changes in the index over time

- measure whether perceived abundance is increasing or decreasing.

Using the shifi-share analysis results, reserve life indices were calculated (see table 2). The actual
reserve life index (ARLI) shows the number of years remaining to exhaust the stock of mineral
reserves of that category if production is carried out at the current (1992) rate of production. The
estimated reserve life index (ERLI) is calculated assuming that Australia will follow a ‘warranted’
production path based on world trends. As stated above, the warranted production level is found
by sumnmg the proportional and structural changes. The ERLI shows the number of years
remaining to exhaust the mineral reserves of that category if production is carried out according
to world trends. If the value of ARLI is smaller than the value of ERLI, nonrenewable resources

~ are going to be exhausted earlier than anticipated, that is, perceived abundance is decreasing.

| Data

As discussed previously, choice of the period selected for the study can have considerable
influence on the outcome of the analysis. Therefore, a stable period should be selected to obtain
accurate measures in the analysis. During the period between 1987 and 1992 mineral productlon
trends appear to be stable. Based on this observation, 1987 and 1992 were selected as end points,
Data used for this study covered a selected range of nonrenewable natural mineral resources. The
data were collected from three sources. Most of the Australian and world production data were
collected from World Resources: A Guide o the Global Environment (1994-95) and Commiodity
Statistical Bulletin (1994) published by the Australian Bureau of Agricultural and Resources
Economics. Gaps in world statistics (such as gold, silver, titanium, uranium) were filled using
information provided in Phillip Crowson's Minerals Handbook (1994-95). Information on data
selected for the study is presented in the appendix. In all cases except crude steel and cadmium,

~production data are based on mine production,

The following assumptions were made with regard to the study period:

1. Australia followed the ‘muddling' through scenario’ (ABARE 1987) during the study period and

~ will continue to do so. The basic feature of this scenario is that production will continue to be
carried out at the current level (ABARE assigned a 0.40 probablllty to this scenario). Other
features are that the world trading system will continue roughly as it has in the recent past, with
slow adjustment to exchange rate or other pressures for change; there will be steady growth in
world GDP at approxnmatdy 3 percent per year; and investment in resource extnctnon will be
positive, but the processing sector will remain waak; ; ‘

. No new stocks of nonrenewable resources will become available; and . :

. No changes in geologlcal information, technology, or costs of extmctlon and producbon will
oceur.

W



- RESULTS

The results of shift-share analysis are set out in table 1. Actual changes are negahve in the cases
of manganese, nickel, tin and uranium. Proportional chaige is negative in all cases except
aluminium, coal, copper, gold, gypsum and nickel. Negative proportional change indicates that
production in the rest of the world has fallen during this period. Structural change was negative in

the case of copper, gold and gypsum. Production of these metals in Austraia has fallen below the
rate of' producuon for the mineral sector overall in Australia, ,

[Table l shou‘ld 20 about 'here],

Warranted change is less than actual change in pmducuon in all cases except manganese, nickel
and tin. Therefore, most residual or differential changes are posntwe implying that Australia hes
depleted its reserves faster than what would have been expected given the iniitial situation in 1987
and world trends between 1987 and 1992. Pasitive residual changes were substantial in the cases
of aluminium, coal, crude steel, iron ore and uranium, In the case of uranium, Australia, bemg the
world's leading miner, has mined aimost twice the amount that might have been expected based
on mine production of the rest of the world, These results chalienge the anltmuclear policy siance
of Australia.

[Table 2 should go about here]

Table 2 pissents the computed reserve life mdnces The warramted production for 1992 is
calculated using proportional and structural changes from table 1. It ‘vrovides an indication of how
much of each mineral we ‘should’ have produced if we followed world production trends,

Columns 4 and 5 provide the information on ARLI and ERLI which ars computed by the dividing
the reserve base by the first two columns respectively. The differerices are shown in the last
column, Negative values indicate that the reserves are going to be exhausted faster than
anticipated based on the rate of production of the rest of the world. It is very clear from this
column that during the period from 1987 to 1992, uranium has been mined excessively. So, too,
have gold and aluminium. Copper and iron ore have also been mined excessively, Only in the
cases of aluminium, coal and uranium might this be jushﬁed on the ground of very substantial

reserve Ilves

CONCLUDING COMMENTS

In this paper we have employed shift-share analysis to define reserve life indices for the major
nonrenewable natural resources that Australia relies upon for the generation of export income,

We haye argued that this approach, although slmple, gives 3 comprehensnve picture of the

utilisation of such resources that might be useful in the formulation of policy. Although RLIs are

quite high for some resources (aluminium, coal, iron ore and uranium) this is not the case for
most. This implies that Australia will not be able to rely on minerals to trigger export led

economic growth for much Ionger Australia needs to develop a nonrenewable i:at: I resource
depleuon plan that modifies the interests of private sector mining firms by reference to the
interests of future generations, This plan needs to be comprehensive enough to include strategies

to develop nonmineral exports in the twenty-first century. Unless this is done when the minerals

run out, so too will export led economic growth
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APPENDIX
DATA

Aluminium. }’roducuon refers to Bauxite only and is expresscd in gross weights of ore mmed,
The quantity is given in tonnes. Australia ranks first in world production,

Cadmium’ Production refers to the production of refined metal. Quantity is given in kilotonner
Australig ranks sixth in world pro‘juction,

Coal: Productlon refers to hard coal (amhracltc and bntummous coal) only. Quamitnes are given in
megatonies. Australia ranks sixth in world preduction. ,

Copper: Production refers to total metallic content of production and is based on mine production,
This excludes primary and secondary (scrap) production of blister copper. Quantities are
given inf kilotonnes. Australia ranks ‘t‘enth in world production.

Gold: Production refers to metalhc content of mine production Quantity is gnven in tonnes.
Austraha ranks seventh in world production

Tron Ore. Production includes iron ore, 1ron ofe concentrates and iron agglomerates (sinter and
pellets), Quantity is given in kilotonnes and cxpressed in terms of dry gross weights,
Austraha ranks third in world production

Crude Stesl: Production is defined as total useable ingots, continuously cast semu-ﬁmshed;
products and liquid steel for casting. Quantity is gwen in kilotonnes. Australia ranks below
tenth in world produotlon

Gypsum: Productmn is given on the bam of bulk and bagged product Quantity is gwen in
kilotonines.

Lead: Production refers to metallic content of mine productmn Quantity is given in kilotonnes
Australia ranks first in world producnon :
: Manganese Production rcfers to manganese ofe. Quanmy is given in anotonﬂes Aunttaina ranks

seventh in world production,

~ Nickel: Froductson refcrs to metallic content of mine production, Quantity is gwen in kilotonnes.
Australia ranks fifth in world production,

Silver: Production refers to metallic content of’ mine producnon Quanmy is given in tonnes,
Australia ranks fourth in world production.

Tin: Production refers to metallic content of mine productnon, Quantlty is given in k,llotonnes
Australia ranks ninth in world productmn ‘

Titanium: Production refers to mine production and includes both rutile and iimenite conmnmtes»
Quantnty is given in kilotonnes, Australia ranks first in world production, -



Uranium Pmductuon refers to Uranium Oxlde (U30¢) Quantity is glvcn in tmmes, Australu |
ranks first in world production,

Zinc: Production refers to metal content of mine productmnh Quantity is given in knlotonnes.
Australia ranks third in world productlan

DEFINF.TION S
Minerai reserves

Mineral reserves are that part of the reserve base that could be economically extracted or
produced at the time of the assessment. Reserves do not signify that extraction facilities are in
place and operative. These are deposits whose quantity and grade have been determined by
samples and measurements, Changes in geological information, technology, cost of extraction and
production, and pnces of mined product can aﬁ‘ect estlmates

Reserve bose

The reserve base is the portion of the mineral resource that meets grade, quality, thickness and
depth criteria defined by current mining and production practices. It includes both measured and
indicated resrves and refers to those resources that are currently economic, marginally economic
and some of those that are currently subeconomic

Reserve life index and reserve base life index

These are expressed in terms of years remammg They are computed by dwndmg reserves and
reserve base for a given year by the respective production rate for that year. The underlying
assumptions in these calculations are that world producnun will continue at the current rate and
~that no new reserves become available. ,

 Estimated reserve life index and actual reserve life index for Australia

The estimated reserve life index is calculated assuming that Australia will foliow the world trend
in productlon, Tt shows the number of years remaining to exhaust reserves of that category if

production is carried out according to world trends, The aciual reserve life index shows the

‘number of years remaining to exhaust the mineral reserves of that category, if producnon is

carried out at the current rate of production of that mineral in Australia, 1f the ERLI is below the

ARL], mineral reserves are going to be exhausted earlier than otherwise anticipated,
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Table 1: Result of the Shift-Share Analysis

Commodit; Type l'md:cﬁou | Ac?ul,l ‘l"mpo:tionnl ‘ Stm:int-l binc?éntiul
1987 | Change Change |  Change Change
‘ 1987-1992 '
T I N T1T K ) Y% i NN T Y R T X R X Y
| cottamy WS0 | 350 | 43 78 23
Coppet (ki) w7 | 933 ; 287 | 85 76.1
Cadmium (ki) 09 o1 £.02 0w | 09
Crude Steel (ki) 6,125.0 8650 -118.9 5702 | 4137
Gold (1) | mo | oo | 2ss 172 124.7
cypsum (kt) e 1,580.0° 4200 1 | s 03,6
tonOre (k) | 100,780 | 15420 | <29 | nanz | 792
lad) | 489 9 | w6 | o | 20
Manganese (k) | 18540 | 5600 | 2119 [ aske | 4323
Nikelkt) | e | -l06 6 1.8 5.2
siver® | Lo | w0 | asa 9 16.5
Tin (k1) 7.7 a3 002 | 06 0.7
Tianwm &) | 17550 | 2190 1794 1087 8.7
im0 4225 | 3014 | 42 264.7
?Zinc &k | 784 W6 | 46 089 | ‘192.3

Quantities are given in parentheses: t = tonnes, kt = kilotonnes and mt = megatonnes.




Table 2: Reserve Life Indices

1 T2 | 3 | <« T s T &

| Commodity Actual Warranted ARL1 ERLI AJLE - ERLI

Type Rt Production | Production
‘ 1992 1992

Aumimiom | 909500 | Sosma | 106 s | 9
Conl | oo | oassa @ | om | e
lcoper | 360 | 2008 | 19 | 2 6
Codmiom | w0 | 0w | s s | 4
k  Gold mwo | o | w a |
IronOre | 117,170;0 1092452 8 | 9% 6
Lead 5180 251 | om | 1
| Manganese - 1,2850 1,990.6 8 | B Ty
Nicket | 640 | s | 18 Iy 4
| sitver , J,éix.o L2014 0. | 0 0
Tim s | 83| 291 Y 6
Titanium e | sz 5w A

| ranivm | 35265 32017 s | 160 2

Zine L0280 | 8357 6. | 20 -4
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