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.&_uhstract

This paper provides estimates of mineral depletion in Brazil, and their implication to the
measurement of "sustainable income” for the mineral sector, during the period 1970-1988,
Two allernative approaches are briefly reviewed: the net price approach and the wser cost
approach. Estimates of susfainable income from mineral extraction in Brazil are computed
using both techniques, and the results obtained vary significantly between them, Estimates
obtained with the user cost approach are of the same order of magnitude as conventionally
measured income, with differences explained in terms of the time horizon of extraction.
With the net price approach, on the other hand, large osgillations in sustainable income
reflect variation in the underlying estimates of mineral reserves.



Table of Confents

1 INTRODUCTION . ...t ttee et e ettt ean,
2 THE CONCEPTOF INCOME . . . ... .. o i i ettt a i s an.
3 MEASURING SUSTAINABLE INCOME ... ... ..., Feian e e
3.1 Net Price Method ..... e e e e e e e e e e e
32 UserCostMethod . ... ... ittt tme e ot e e iein s
4 ESTIMATES OF SUSTAINABLE INCOME FROM MINERAIL
EXTRACTION IN BRAZIL: 19701988 . ... ... ... ...........
4.1 IntroduClOn . .. .0t it e e i e e e e e e e e e e
4.2 Estimation of the Depletion PEIlﬂd ..................... &
43 DBstimation of the Depletion Factors . .. .. ... . oo o L L ...
4.4  Rent Estimates for the Extraction of Selected Minerals . ........
4,5 GEstimates of Sustainable Income Using the Net Price
Approach . . . ... e e e e e e
4.6 Estimates of Sustainable Income Using the User Cost
Approach . . . . ... e e e e e
47 Comparisonof Results , ., . . ... .......... e
5 FINAL COMMENTS . .. ... i it it e et st e s s a v
REFERENCES . . ... . . .ttt ittt e et e e e s es



List of Figures and Tables

Fipures

1 Net Price Approach - Brazil: Income from Mineral Extraction
2 User Cost Approach - Brazil; Income from Mineral Extraction

g
2

Exhaunstion Period for Selected Minerals {1970/1988)

Depletion Factor for Selected Minerals (r = 5%)

Depletion Factor for Selected Minerzls (r = 10%)

Depletion Factor for Selected Minerals (r = 15%)

Value Added in the Extraction of Selected Minerzals

Mineral Sector: Sustainable Income Using the Net Price Approach
Mineral Sector: Sustainable Income. Using the User Cost Approach
Sustainable Income: Comparison of the Results

Lad b =



I INTRODUCTION

In recent years, the tradifional approach to economic growth has come under increasing
scrutiny with the growth of concern about environmental sustainability. Unfortunately, the
empirics of sustainability have not matched the evolution of its theory. Despite the many
infernational attempts to estmblish systems of Environmental Accounts, the widespread use
of the expression “"sustainable development” has not yet been matched by corresponding
estimates and discussions of “sustainable income”, that is to say, growth which is consonant
with available natural resources.

Finding a working definition of "sustainable income" is an important first step towards
integrating the environment into the National Accounts.! The problem extends into the heart
of the accounting system, since the depletion or degradation of natural resources are rarely
valued at market prices. Moreover, the degradation and depletion of natural resources are
treated as pure sources of economic gain; no attribution being made for the loss of natural
assets. The problem confronting the environmental national accountant is thus,to find a means
of including, in traditional accounts, the value of increases or decreases in the stock of
natural resources, which in last instance, represent changes in the set of society's assets,
present and future.

The valuation of natural resources has received attention mainly from a neoclassical,
micreeconomic perspective, in terms of "petting pmes right." This perspective is
summarised, iromcally, by Daly:

once prices are right the environmental preblem is "solved” - there is no
macroeconomic dimension.’ (Daly, 1990. p.19)

In fact, as Daly goes on o argue, the use of naiural resources does mise important problems
. from a macroeconomic perspective. This problem concerns the future availability of
resources and how that is reflected in aggregate indicafors of macroeconomic performance,
i.e., the System of National! Accounts, Moreover, any procedure to estimate the impact of
resource use at a macroeconomic level should derive from a theoretically justified concept
of income. As a conseguence, new ways to calculate income and its aggregated valnes should
emerge as natural resource valuation techniques are introduced.’

This work aims at estimating the depletion of mineral resources in Brazil and the implications
of this for the measurement of Domestic Product, Section 2 presents the definitier of income
used currently in the System of National Accounts (SNA) and its inadequacy when treating
non-produced assets, Section 3 describes alternative methods of valuing the asset losses

' The literature presents several measures of environmentally adjusted incomefproduct: environmentally
adjusted product (Bartelmus er al. 1993), medified GNP (Peskin 198%), "net” national product {Repetic et al.
19897, efc. In this paper the term “sustainable income” i= used in the same sense, i.e., an alternative measure
for the conventional SNA aggregate which incorporates the depletion of patiml resources, observing the identity
between income and product.

2 See a review of the literature in Ahmad er af. (1989}, Peskin and Lutz {1990), Serbe dz Motta (19913,
Young (1992}, Hamilton (1992).



conseguent on the depletion of natural resources. In Section 4, the depletion ¢ost estimates
for mineral extraction in Brazil are analyzed. Finally, Section 5 examines the sustainability
principles underlying depletion cost measurement,

2 THE CONCEPT OF INCOME

Value Added is the synthesis variable of the National Accounts and the three approaches to
it - Qutput, Income and Expenditure - form the key elements of the accounting framework,
In the Output method, value added is equated to the toml value of output minus any
intermexdiate consumption required by that production. In the Income approach, value added
is equal to the total remuneration accruing to production factors, while the Expenditure
approach shows wvalue added as the uses of final goods and services for consumption,
investment or exports.* The concepis of Income, Qutpat and Expenditure represent différent
ways of looking at the production process but their values are identical, by definition.*

Another important principle of accounting is the difference between Income and Receipts.
Income indicates a variation in wealth (accumulation of assets) while receipt {and, symmetri-
cally, expenditure) represents the exchange or transfer of assets. Boulding (1949, p.77-78)
insists that: :

"...there is no change in the total of assets as an immediate result of receipt

or expenditure, for it is a fundamental accounting convention that in exchange

equal values are exchanged. A receipt or an expenditure merely represents a

change in the form of assets - from non-ligid to liquid in the case of receipt, .
from liguid to non-liquid in the case of expenditure. ...Money income is the

money value of the gross prowth in assets. Real income is the gross growth

in assets in physical terms.’

It is this difference that underpins the discussion of the method used to calculate the income
derived from the exploitation of natural resources. The clearest example refers to the
extraction of mingral resources: the estimate of value added for this activity is obtained as
the difference between the gross value of output and intermediate consumption. The latter
constitutes expenditure on inputs and industrial opemtions and other present expenditures but
excludes payments to production factors (labour and capital, broadly defined). However,
mineral extraction and sale does not imply an increase in the total asset stock. The monetary
value of the decrease in the stock of mineral assets must be subtracted from the receipis
“obtained by the possessor. It cannot be part of income, as defined above. Should extractors
consume-ail of their net receipts by the end of the accounting period, their total stock of
assets would have fallen. By definition, therefore, their expenditures would have exceeded
their incomes. This- implies that the conventional accounting procedure can only be
considered sound if resources are infinite.

¥ For concepts and ﬁlﬁthodnlbgy of naticnal accounting ses United Nations (1968).

* Income is defined o the SNA as an indicator of levels of activity and not of welfare, as stressed by those
who criticize the use of GDP, or GDP per capita, as an indicator of social development.
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Environmental and Natural Resources Accounting studies have increasingly called attention
to this flaw. The principal focus of the argument is the fallacy engendered by the existing
SNA, i.e that the higher the continuous exhaustion of natural resources the higher the
growth of output. That is, they show no concem with the sustainability of extraction. As
pointed out by Reppeto ef al. (1989, p.2):

'... a country could exhaust its mineral reseurces, cut down its forests, erode
its soils, poliute itz aquifers, and hunt ifs wildlife and fisheries to extinction,
but measured income would not be affected as these assefs disappeared.’

An amendment of the SNA is therefore reguired, to account for the economic losses of
natural resources due to production and to avoid the confusion of income with receipts.

3 MEASURING SUSTAINABLE INCOME

Two principal methods have been propesed to measure natural capital consumption in order
to determine sustainable income: the "ret price method” and the "user cost method." Both
treat natural resources depletion as a loss of assets and both attempt to develop a new
definition of income compatible with the "true income" criterion of Hicks (1946, p.176):
’... a persot’s income is what he can consume during the week and sﬁll
axpect 0 he as well off at the end of the week as he was at the hf:gmmng

Where the two models differ is in their treatment of expectations about future mﬂnnnuc rents
(per unit-of output). The net price approach assumes an optimal extraction path, with unit .
rents rising by the Hotelling efficiency rule.® In contrast, the user cost method assumes that
future unit rents will be equal te current values. The following sections present a brief
description of each appma.ch

34 Net Price Method

This method computes the net price of a resource as the physical variation in the resource
stock, over the accounting period, multiplied by the market price of the ouiput, net of
production costs and adjusted for price changes. Ideally, this net price would be the Hotelling
rent accruing to the owner of the resource. The procedure then subtracts from the gross
income the fotal net revenue derived from the resource extracted, this rent being assumed to

% The practical application of this erilerion lo apgregate estimales is ¢riticized in several papers (see, for
example, Reich 1991 and Young 1992). Hicks himself acknowledges the difficulty: “by considering the
approximations to this criterion, we have come to see how very complex it is, how unatiactive it looks when
subjected to detailed analysis. We may allow a doubt to escape us whether it does, in the last resort, stand up
to analysiz at all, whether we have not been chasing a will-o'the-wisp™ (Hicks 1945, p. 176).

* As pointed out by Landefeld and Hines (1983) and Hamilton {1992), a rate of increase of unit rent equal
te the discount rate is equivalent o a zero discount mte o the present valug calculation. Sec Hartwick (1990)
and Hartwick and Hageman (1993} for a discussion of Holelling rent as the appropriate measure of natursl
capital-depreciation.



reflect the depreciation of the resource stock. Since the decrease in the stock of a
non-renewable resource is equivalent to the amount extracted during the year, the depletion
{evaluated according to current prices) could be subtracted from the gross income in the same
way as capital consumption is deducted from value added in manufacture activities. Revenues
. from mining extraction would, therefore, be included in the Gross Product, but the value of
the associated resource depletion - i.e. the net price - would be deducted to obtain the Net
Product.

Reppeto et al. (1989), Solorzano e al. (1991) and Cruz and Repetto (1992) follow this
procedure in their evaluations of the patrimony loss accompanying the exploitation of natural
resources in Indonesia, Costa Rica and the Philippines, respectively. The process utilises
physical estimates of stock and extraction which are then monetised. Net variations of the
stock value are computed as: annual additions to deposits {discoveries, net revisions, growth
or reproductions) minus dednctions (depletion, degradation or deforestation with a correction
for resource price changes during the year, Equation (1} summarizes the procedure;

XFP

| I §

= X, P, + AX.P{ + X_ AP, + AX (P, - P]) (0

where: X, is the opening stock of the resource in physical units, X, is the closing stock, P,
is the net price per physical unit at the open of term, P, is the net price per physical unit at
close of term and P°, is the average unit net price during the term. The following
relationships can be derived from equation (1):

i) Net variation of stock:

X P - X,P; = ‘ﬁxr'Pr‘ + X.-AP, + AX(P, - P)) (13}
il Current net additions during the year:
AXP} = {dd, - RA).P} {1b)

where Ad, represents stock additions (discoveries, net revisions, extensions, growth and
reproduction) and Rd, represents stack reductions {production, deforestation or degradation).

iii) Reevaluations:

Rv, = X_ AP, + AX.(P, - P) ' (1c)

I

where X ;. AP, corresponds to the reevaluation of opening stocks, and AX.(P, - P7)
corresponds to the reevaluation of transactions made during the term.
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Note that in this method the Hotelling lemma is not properly applied since it is net price,
price minus average costs, and not the true rent, price minus marginal costs, which is
considered. The use of net price as a proxy would thus only give strictly valid estimates of
net domestic product if there were constant returns to scale in extraction.

Since newly discovered reserved can exceed depietion levels, the computed NNP can indicate
an accumulation of natural capital rather than a depreciation. Therefore, the new measure
("Net” National Product) can, in theory be negative or exceed the conventional GNP, both
results lacking a convincing theoretical justification.”

The appropriateness of empirical applications of Hotelling’s rule is a further source of
contention:

"Unfortunately the assumptions required for the Hofeling theory, constant
extraction costs for a homogeneous resource of known extent, do not apply in
the real world - even moderately more realistic assumpticns ... lead to optimal
extraction programmes in which rents must increase at some rate less than the
discount rate’ {Hamilton 1992, p.7).

3.2 _ User Cost Method

According to El Serafy (1989), depletion of natural resources cannot be conceptually

... Tegarded as depreciation since it does not involve use of fixed (produced) capital.. Receipts
 obtained from the extraction of non-renewable resources derive from the sale of assets, a

disinvestment, which cannot be regarded as value added (gross or net) - instead of saving that
there was a "current production” of gold, it should be stated that there was an extraction.
Actually, what should be deducted from GDP is the user cost, which is not explicit in
mineral production, but which represents the sacrifice imposed upon future generations when
the resource is exhausted. According to Keynes (1973, p.69-70%: '

"User cost constitutes one of the links between the present and the future.., It
is the expected sacrifice of future benefit imvolved in present use which
determines the amount of this sacrifice which, together with the marginal
factor cost and the expectation of the marginal proceeds, determines his scale
of production.’

Following the net price approach, on the other hand, if extraction is costless and if all of the
rent is considered as capital consumption, then the economy’s value added based on
exploitable resources would be zero. In this extreme example, rent is equivalent to gross
income,

* Hamilton (1992, p.6) suggests that these problems can be solved if discoveries ars treated only as
reconciligtion items, linking the value of stocks between accounting periads, therefore showing up neither as
currént income nor product. As an example, if discovenies were treated this way, he points out that the
Indonesian NNF growth mte would be 5.8%, instead of the 4,0% mte shown in Repetto er gl (1989), a result
closer to the 7.1 % prowth rate for Indonesian GNE.



El Serafy appeals instead to Hicks's {1946) definition of true mcnme, that is, the amount of
present consumption that will not leave one worse off in the future.® In this case:

"The finite series of earnings from sale of the resource ... has to be converted
to an infinite series of true income such that the capitalized value of the two
series be equal. From fhe annual earnings from sale, an income portion has
o be identified capable of being spent on consumption, the remainder, a
capital element, should be set aside year after year to be invested in order to
create a perpetual stream of income that would sustain the same level of
"true" income, both during the life of the resource as well as after the
resource has been exhausted.’ (El Serafy 1989, p. 13)

The portion of net receipts set aside as a capital allowance is, in fact, the user cost and
should not be included in GDE.  Rather than attempting to hold constant the value of the
natural resource, which would be geologically and biologically impossible, sustainabie
income requires investments in physical capital with the capacity to generate future income
flows (not receipts) equivalent to those generated by the natural resource until exhaustion.

The following procedure was used by Serfa da Motta and Young (1991) to estimate the user
cost of mineral extraction in Brazil,* The exploitation of a natural resource genemates a net
revenue (R), which is perceived as the receipt net of operation and capital costs. From this
revenue, 4 poartion (R - X), the user cost, must be set aside and invested t guarantee an
infinite flow of sustainable income (X). That is, the present value of all future (X) should
equal the present value of the stream of (R - X) from the current penod to the exhaustion
date of the reserve.

At the instant t, when the reserve is exhausted, F{R-X} is the current value of the series of
(R - X) accumulated daring the pericd of extraction (n) and compounded at a rate (r}, the
opportunity cost of capital. Assuming that annual net revenue remains constant during the
extracticn period:

=1

FIR-X} = R-X.YU+0" = (R-X. L+ -1 (2)
=

r

From t,,, onwards this accumulated capital stock will genemte annual returns equivalent to
the oppertunity cost of capital, (r), whose present value P{R—X} will be:

* Ne reference to the expression “uwser ¢ost” was made by El Semfy in his 1981 paper, which refers only
to the Hicksian true income concept. The term "user cost” and the refzrence to Keynes {1973) were made 2
posterioré, in the paper published in 1989, Yonng (1992) arpues that there is a theortical incompatibility
between these concepis, because the Hicksian definition of income iz an individual welfare measure, while
Keynesian user cost is 2 measwre of effective demand, with no reference to welfare status.

* A nicety of methodology provides the difference between this and the original procedurs used by El
Serafy {1981, 1989): the latter failing to distinguish between the opportunity cost of capital and the intertemporal
rale of discount. The result, however, i the same.




- @®-pn. . 4-n0"-1 )

P{R-X} = F{R-X}. ;

W B

where (d) is a discount factor incorporating the rate of intertemporzl preference.'® Note that
(d) does not need to be estimated since it is self cancelling in equation (4. '

The sustainable income (X) genemated with revenues provided by the resource is equal to the
present value of the accumulated capital return described in (3):

— .-.’.-. = —_ —---—{1 + r}n - 1 - E '4
FlR-X] . ~ R-X. y - 4)
Multiplying both sides of (4) by (d) gives
®R-D.[A+n"-1] - X W
- L
...... 2 -1 - : Sh
R 1 + p* (b

For each natural resource it is, therefore, possible to estimate the (X/R) ratio and,
consequently, to determine the (R - X} pertion of the receipts from exploitation of these
resources (fhat is, the user cost) that should be accounted for as nafural asset joss, and the
portion of net revenues which should be regarded as sustainable income (X}, Hereafter the
ratio of user cost to traditional GDP [(R - X)/GDP] will be called the depletion factor,™

Note that the user cost method is very sensitive {o both the opportenity cost of capital {r} and
the depletion period (n}. High values of either variable result in low estimates of user cost.
The methodology thus reflects the real scarcity of the resource, since deductions from
conventional production values are significant only if the actual rate of extraction implies the
imminent exhaustion of the rescurce. The net price approach, on the other hand, requires that
all of the surplus pbtained from an exhaustible resource is deducted from income, irrespective

" {d) is not equal to the discount rate but is instead a generic discount factor that varies depending on the
time pened in question, i.e. (d) convents the anmaal retum F{R2Cr to present value terms (at t=0).

* In El Serafy (1989) the depletion factor used was X/R. In practical terms the relationship adopted here
is preferable, since it can be applied directly o product values.
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of the availability of that resource. In fact, the net price approach can be considered as a
special case of the user cost approach, when n = { (l.e. immediate exhaustion).!

Another advantage of the User Cost Approach is that it dispenses with assumptions about
market strocture; however, the extreme sumplicity of its treatment of rent expectations is
clearty unrealistic. Indeed, the major criticism of the approach is the absence of a clear
statement as to why expected user cost should be constant when prices and extraction costs
may vary over time. "

4 ESTIMATES OF SUSTAINABLE INCOME FROM MINERAL EXTRACTION
IN BRAZIL: 1970 - 1988 '

4,1 Introduction

This section addresses the estimation process and results of attempts to measure the
sustainable income generated through mineral extraction in Brazil. To facilitate comparison
between the two methods presented in the previgus section, both the net price technique,
summarized by equation {1), and the user cost approach, outlined by equation {3b) are used.

In order to make direct comparison between the two approaches feasible, the estitnation
procedures and the tables of resulis are presented as follows: time to exhanstion (depletion
period), depletion factors {see Section 3.2), value added for the extraction of selected
minerals and the sustainable income calculated according to both methods.™

The information required to assemble the data set was obtained from the Annual Industral -
Censuses and Researches (PF1As) of the Brazilian Instatute of Geography and Satistics (IBGE)

and from the Mineral Yeazr Book published by fhe National Department of Mineral

Production (DNPM). For the petroleum analysis, data was provided by the annual surveys

of the National Qil Council (CNP). Proxies used to overcome the lack of information that

may ocenr are described with the estimation procedures.

"I Nate also that both methods assume perfiect substimiability between natural and produced assets, from
an accounting perspective.

'3 Another criticism, from a more necclassical point of view, is that the extraction path assumed in the user
cost approach is sub-optimal with respect to the Hotelling efficiency condition. The latter point of view assomes
the existence of an optimal extraction path that can be derived from the present mmtil the end of the planning
period, i.e. the future can be perfectly forezeen. In reality, uncertainty shout the future can lead to the mtionale
selection of altermative extrachion paths, It must be remembered that the Hotelling cendition is merely one of
poctiblio efficiency; it is not a forecasting system.

'* The figures for sustainghle income presented here are based on new estimates of value added in the

mineral extrmction industry and cannot be compared to the figures prosented in Serfia da Mot and Young
{1991), which are adapted from valnes obtzined in the official Brazilian National Accounts. '
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4.2  Estimation of the Depletion Period

The depletion pericd {n,) refleets the period of time at the end of which reserves would be
exhausted at the current rate of extraction. It is computed by simply dividing the mineral
Basic Reserve (the sum of the Measured and Indicated Reserves of the DNPM)} by the
volume of the mineral extracted that year.'

‘When data on the base year reserves of a mineral were not available, the Basic Reserve was
approximated by adding to the reserve reported in a later year the amount extracted in the
intervening period. This procedure presumes that stock variations occur only as a
consequence of extraction, not considering discoveries or revalvations. Where the only data
available were those for final output of refined metal, the amount of ore initially extracted
was computed by using the average mineral content of the ore as observed in previous years,

The depletion period was estimated for 23 different minerals, representing 80% and 90% of
the total cutput vzlue of the mineral sector for the years 1970 and 1980, respectively, At
current rates of extraction, many of the minerals exhibit periods of exhaustion of hundreds
or thousands of years, suggesing ease in attaining sustainability. Among these are: slate,
sand, bauxite, calcarious rock, coal, white clay and marble.

Nevertheless, there is a set of minerals for which the estimated depletion period is under ane
hundred years. In some cases, this simply reflecis the under-estimation of the extent of

... reserves. This is true of most non-metallic minerals of relatively low unit value (feldspar,
- granite, agalmatolite, caleareous shells and talc) for which registered mines occupy an area

far smaller than that in which these minerals exist. On the other hand, low depletion periods

.. also characterise certain metallic minerals and fuels (iron, tin, lead, chromium, manganese,
.. tungsten, gold and petroleum} that have high unit values. This set of minerals forms the -

| primary focus with regard to sustainability, consequently they are considered in the-following
estimation procedure, Table 1 presents the depleiion pertod estimates for these minerals.

4.3  Estimation of the Depletion Factors

The depletion facters (DF} represent the portien of the surpuls that may be regarded as
sustainable income according to the user cost approach ([R-X}/GDP). They are calculated
from the values obtained for the depletion period and for the copportunity cost ﬂf capital,
through equation (5b).

1

DF, = 1-
a +n%

(0)

The estimates of the depletion periods emploved were those obtained in the previous section,
A sensitivity analysis was performed using three alternative opportunity costs of capital: 5%,
10% and 15% per annum. This reflects the measurement difficulties observed in previous

¥ The reserves are evalusted using the first working day of the year as the basis.
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attempts to estimate Brazil's opportunity cost of capital.’ The highest rate used is based
on surveys conducted in-the 1970% and 803, which revealed annual rates between 12% and
20%. Since the awailable stndies were neither up to date nor sufficiently precise, an
intermediate value (15%) is vsed.” The use of lower aiternative values (5% and 10%) is
motivated by the argument that the rate of discount should be lowered to reflect environ-
mental concerns and inter-generational equity issues.

Tables 2.1, 2.2 and 2.3 show the results obtained for the set of chosen minerals. The lowest
depletion factors are for petrolenm, tongsten, chremium, tin and gold, implying that only a
small portion of thé rent obtained in their extraction can be regarded as sustainable income,
On the other hand, almost all of the rent obtained from the extraction of iron and manganese
(given r=10% or 15%) can be considered sustinable income. Note that the depletion factor
for those minerals not included in the sample is always equal to one, due to their long

depletion periods.®
4.4 Rent Estimates for the Extraction of Selected Minerals

Data on output in the mineral sector in Brazil, for the period 1970-88, were obtained from
industrial census data (IBGE). For years in which census data were not avnitable, synthetic
estimates were derived from indices of agpregate value (based on data from the Annual
Industrial Research (PIA) by IBGE), or from indices of physical production (Monthly
Industrial Research (PIM) by IBGE or anmual surveys of DNPM and CNP).

Disaggrepated estimates of mining activity. were. not .available for each year, preventing a
direct calculation of the rents obtained from extraction of each mineral.”® To circumvent
this problem, an alternative series for value added was computed, disaggregated by the
production level of each mineral and compatible with the data on reserves and depletion
factors. This procedure was rendered additionally necessary by considerations of data guality
described below. '

The walue added (Y.} is obtained as the difference between output wvalue (OV) and
intermediate consumption (IC). This difference correspends to the sum of, wages (WA),
social charges (8C) and the gross operating surplus (OS). The gross opermating surplus can
be divided into two parts: the capital remuneration {CR)), including the opportunity cost of
capital (taking inte account fixed capital depreciation) and total rent (TR,). Consequently the
Tent may be obfained residually if the other variables are known, as shown by the equations
belomw:

1 See Serfa da Motta (1988) and Serda da Motk and Young (1991).
7 Maoreover, the recent Brazilian Privatisation Programme has used 14 % as the basic rate.

Y With an opportunity cost of capital equal to 15%, any deplation period equal or superior ta 7 impﬁes
a dep]etion fmctor greater than 0.9995.

1% Dus to the lack of measures of marginal cost, this analysis uses average unit receipts net of casts {or the
net price]), calcolated from the average costs of production.
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Y, = OV, - CI N
(8)

IR, = OS, - CR, ®

A brief description of the procedures used to estimate the magnitude of these varizbles is
_provided in Appendix A, Additional information is presented in Young (1992).

Table 3 presents the aggregate results of these estimations. It ¢an be seen that the rate of
growth of rents for the sector as a whole (169% for r=5%; 128% for r=10% and 85% for
r=135%) was much lower than that observed for the value of output. This disparity arises
from the greater increase in industrial operating costs (1141%), salaries (1338%) and, in
particular, estimated ¢apital returns (more than 2000% in all cases), the latter due io the
significant expansion of investment in the sector. These tendencies, present for almost all
selected minerals, indicate that the expansion of mineral extraction has been followed by
gradual increases in operating costs as well as in expenditures on exploration. ‘This
- contributes to a decline in unit rents, obtained as the mtio of rent to ouftput in zach.year.

4.5 _.ﬁ‘sthnates of Sustainable Income Using the Net Price Approach

The net price approach fo the calculation of sustzinable income uses equation (1) to'compute
depreciation of natural capital; the depreciation for one year being the difference between the
mineral stocks of the previous and the current year. The mimeral stock in any year (8, is
taken as the basic reserve, and it is multiplied by the unitary rent {P) observed in that year.
The sustainable income is then the value added minus the natural capital depreciation.

¥SI, = Y, - Dep, (10)

Dep, = 8 P, - 5.P, {(11)

Caleulated levels of natural capital depreciation and sustinable income cotnputed using the
net price approach are summarized in Table 4 and Figure 1. k can be seen that the absolute
- value of esiimated depreciation is consistenty higher than that of value added, being more
than 14 times higher in certain years. This was a conseguence of reserve variations due fo
discoveries and revaluations which exceeded depreciation caused by extraction.
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An economic explanation of the osciliations in sustainable income calculated using the net
price approach is not easily provided. A comparative analysis which considers the results
obtained with this approach and those observed using the user cost approach is presented in
section 4.7,

4.6  Estimnates of Sustainable Income Using the User Cost Approach

Sustainable income in terms of the user cost approach is obtained as the difference bebween
the value added and the user cost (UC) for each of the selected minerals. The user cost is
obtained by applying the depletion factors, caleulated in seetion 4.3, to the rent estimates for
each selected mineral, obtained in section 4.4, using eguation (5b).

uc {12)

¥

¥s52

z

- ¥ -

UC, = {1 - DF).TR, | _ {13

Table 5 and Figure 2 show the aggregate results. In contrast to the estimates obtained with
the net price method, sustainable income is now always smaller than the value added as
conventionally calculated and, significantly, dees not assume negative values.

In the base case (r=15%), the user cost approach shows that approximately 90% of the value
added from mineral extraction in the early 1970°s may be considered sustainable income.
Nevertheless, as a consequence of significant reserve discoveries and revaluations in the
second half of the 1970%s, there was an increase in the surplus portion that could be
considered as sustzinable income. Consequently sustainable income is seen to have besn
virtually egual to conventional income over the period 1978-1983. This was especially true
of the expansion of tin reserves in Amazonia and of off-shore petroleum reserves. Significant
gold and iron reserves were also discovered in Serra Pelada and Carajds respectively,
although the previously known reserves of these minerals had already conferred high levels
of sustainability on them, i.e. depletion factors close to one. '

After 1984, sustainable income tends to increase at a lower rate than value added. Two

phenomena may explain this deviation: the acceleration in rates of reserve discoveries and
the maturation of investments ini :
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xated in the second half of the 70s, which had begun to manifest themselves in expanded
levels of extraction. This deviation is particularly evident in the exiraction of petrolenm, tin,
chromium and tungsten. The difference between sustainzble income and value added beging
to vary, from this year on, between 5% and 10%.

At lower mates of discount, sustzinable income represents a lower percentage of the
conventional measure (approximately 73% for r=5%, and 88% for r=10%). Rates of
growth, however, remain roughly the same as in the 15% base case, and the analysis made
for the latter can be extended to the former.

The results obtained show that the income obtained from the extraction of Brazilian mineral
resources over the period 1970-88 was generally "sustainable," at prevailing levels of
production, according the definition of sustainability set cut above. However, for a
particular set of minerals the degree of sustainability is much lower. ‘This is particularly true
of petroleum resourees, which require increasing investment for decreasing returns as the
most readily accessible reserves are exhausted. Discoveries during the period effectively
replaced the quantities extracted, bui the new reserves are generally more cosily to exploit.

4.7 Comparison of Results

Table 6 compares the sustainzbie incomes obtained in sections 4.5 and 4.6 and shows that
significantly different results are obtained depending on the method used. The first of these
is a difference of magnitude. Sustainable income according to the net price approach varies
between + 9,000% and - 15,000% of gross value added for the selected minerals, while the
estimates .of sustainable income acmrdmg to the vser cost method range between. 85% and
C8% of mnve.ntmnal value added in the base-case. :

ThlS discrepancy is a consequence of the adjusiment of conventional income by the vartation
in total reserves, in the net price approach. This procedure does not rule out negative values
for adjusted income nor the possibility of an adjusted income much greater than the
conventional wvalue, if new discoveries or reualuatmns exceed current extraction. This
occurred in all years except 1987. :

In contrast, sustaingble income calculated by subtracting user cost from value added cannot
be less than the sum of capital returns, wages and social charges, nor can it exceed
conventional income. These results are not possible because the user cost has a maximum
value equivalent to the total rent {when current extraction implies the immediate depletion
of the resource) and a minimum vaiue of zero (when current rates of extraction are very low
relative to available stocks).

Noie also that sustainable income calculated through the net price approach varies in an
abrupt and cyclic manner, in such a way that sharply negative values are followed by high
positive values In subsequent years. This is 2 conseguence of erratic estimates of mineral
reserves, in which undervalvation and overvaluation commonly follow one another over time,
Being significantly larger than output this generates cyclic imbalances in computed
sustainable incomes.
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In contrast, the user cost technique offers estimates of sustainable income which reflect three
clear periods. The first one corresponding to the first half of the 70s, shows an increasing
gap between sustainable and conventional incomes. During the second period, covering the
years 1975-1982, there is an increasing proximity in these values, a consequence of the
increasing sustainability of mineral extraction due to revalvations and discoveries of reserves
of the selected minerals. The final period shows decreased mining sustainability especially
in the extraction of petroleum and tin; a result of reduced levels of successful exploration and
of accelerating rates of extraction as eariier physical investments matured. It should be noted
that this tendency has slowed down in recent years as the rates of growth of extraction have
fallen.

5  FINAL COMMENTS

Environmental Accounting is still in the early stages of development, Efforts are being made
in two directions: accounting for losses caused by the degradation of renewable resources,
and accounting for the depletion of non-renewable resources. These efforis are true
precursors and there is still no consensus about uniform methodological procedures that could
homogenise the results, or at least make them comparable.

Empirical applications of environmentzl accounting face a number of problems, in particular
methodological problems associated with the lack of statistical data. These constraints vary
from case to case and stimulate the improvement of environmental data and their introduction
in the National Statistical System. Moreover, conventional economic theory is still unable to
establish precise relations between current utilization of natural resources and the capacity
t0 maintain sustinable levels of production in the future. Therefore, despite their initial
* purpose being the evaluation of sustainable income, the study of Environmental Accounts
piays a crucial role in presenting new issues to be investigated by economic theory.

These issues are related to the concepts of product and income from economic activities
imvolved in the utilization of natural resources, It is clear that current definitions ignore the
losses arising from the degradation or depletion of these resources. The SNA was always
associated with a short term macroeconemic perspective; it was not intended to address long
term issues of sustainability. The solution to this problem requires the definition of economic
variables utilising a longer time horizon than that used by conventional analysis.

Nevertheless, the development of an alternative approach is problematic. Attempts to ascribe
monetary valnes to non-marketed resources have confronted fundamental methodological
difficulties. Consequently, the focus of concern has shifted to valuation procedures and the
search for an optimal pricing system capable of maximizing social welfare. Recent work in
this field has moved away from the original issue of Environment:l Accounting, as a
complement to the SNA, and towards thecretical models of welfare maximization.

Attempts to estimate the aggregate losses caused by resource depletion are closer to the
original purposes of Environmentzl Accounting. Where market prices are -available, the
focus of analysis turns to the theory and mechanics of income accounting. Two recent
proposals are briefly reviewed in this paper: the net price approach, initially propesed by
Repetto er @f. (1989), and the user cost approach, first developed by El Serafy (1989), The
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estimates of sustainable income from mineral extraction in Brazil vary profouadly according
to the technique used. Estimates obtained with the user cost approach are of the same order
of magnitude as conventionally measured income and the differences between them are
readily explained in terms of the time hortzon of extraction.,

A very different result is provided by the net price approach. Large oscillations in the
estimates of mineral reserves mean that values obtained for sustainable income are both much
less and much greater than conventionally measured walues. This makes it difficult to
correlate the behaviour of the series with levels of mineral extraction observed over the same
period. The erratic resnits obtzined from the net price approach are a conseguence of its
main conceptual flaw: i.e. both computed output and income depend on variations in
reserves. The net price approach is thus incompatible with a basic premise of the SNA,
according to which income and output depend exclusively on production,

In addition, beth methods make guestionzble assumptions about future renis from the
exploifation of natural resources. The net price approach assumes that rents and prices will
fellow an "efficient” path, as described by the Hotelling rule, The user cost appmach on
the other hand, assumes that rents remain constant over time. The historical e;cpanence is
far more varied,

No doubt these Iimitations will be overcome. This remains a significant objective for future
mesearch on Environmental Accounting,
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Tahle 1 - Exhaustion Pericd for Selected Minerals {(1%70/1988B)

| Exhayscion Pecicd [in ymara)
Year
Toan Tin {old Laad “hramfum Manganese TurHTBE e Patrolaum
15970 231 - 13 14 5 45 15 7 14
1971 233 20 15 4 14 34 [ 13
1372 51H 16 14 2 7 43 3 13
1873 674 15 232 4 11 4B 2 12
1974 135 11 9 5 il 42 3 12
14a75 166 9 31 62 10 43 k| 12
1576 134 10 i £4 1z 4n G 1
1977 153 10 115 T3 1T 44 4 13
1378 177 ) 533 54 £ 40 5 139
1818 130 10 4R 53 ) 35 £ 20
155D 113 12 295 &7 17 4 7 20
1341 135 10 Z0E 3 11 48 1z 1o
18d3 145 20 24 4 15 42 [ 1k
1583 143 15 LE8 53 25 48 B 15
1984 123 12 171 53 15 4z 7 12
1935 105 4 13 £3 15 41 5 11
1486 29 ] 5T 78 20 52 7 11
1387 ag 18 54 108 15 EL i0 1z
1088 91 11 26 L . 27 1) 13 13
Table 2.1 - Depletion Factor for Saelected Minerals (r = 5%)
== Al Febbiak LWL DElavLE
Depletion Facbpr: r = 5%
Yenr
Izcn Tin =old Lead Cheomivm | Manganoas Tungatern Patys] s
1570 1.00 0.47 0.4% 0.22 a.8% 0.43 o.29 0. 4%
1971 1.00 n.52 0.5 0.1E 0.49 0,31 0,18 T.47
1972 1.00 0. 5s 0. 40 o, 14 0,25 ©.44 0.14 0.47
1973 1.00 5,532 1,00 0.14 0.az L] o089 044
10974 1.00 .42 @36 0.22 0,42 0.87 0,14 0.44d
1575 1.00 0.36 ¢.78 &, 55 b, 35 o.67 014 0. dd
1875 1,00 0.39 .37 0. 98 0,44 0.85 0,25 &40
1977 1.00 n.3o 1.00 0. 97 0. 56 | ©.18 0GB
1978 1,60 0.36 1.00 0. 23 G.32 0.85 0.22 4. E0
1378 1. 80 D.35 1.00 (.34 8,36 0,63 0,35 0.62
1980 1.00 0.44 1.00 .96 ¢.54 T 9.29 0. £
193i 1. 00 0.3% E.0O0 ¢.35 ¢.43 0.30 4,44 0.60
19R2 1.94 0. 62 1.00 .96 T.52 - O.EBH G, 25 058
1383 1.00 ¢.52 1.00 Q.97 0. 0.91 b.32 0,52
1984 .00 .44 1.00 .52 (1) O.87 Q.29 0.44
133E 4,99 .34 (R T 0.95 .54 0.E6 B2 0.42
1586 0. 99 0.36 0,85 n.oe ¢.52 .52 0. 29 0.42
1987 0,55 0.58 8,91 0.9 4.53 0.94 Q.39 0,44
1208 9,08 f.42 2. 74 .97 1.73 o.po .44 o.47




Table 2.2 - Dapletion Faétor for Selected Minerals (r = 10%)

Depletion Factar: ¥ = 14%

—

Teas 1ron Tin Gold Lead Chzramium Manganeae TLrT I kg Potraleum
1970 .00 .71 o.74 0.3 f.9% g.,97 .49 .74
1971 100 o, B [ .3z 0.74 .96 .32 0.1
1472 1.00 0,76 o.74 0,25 0.4 a,ms 0,25 D, 7
1573 1. i o.T& 1.00 0.2 D_&& . 5% o.17T .68
1974 1_0a 8,65 .58 G. 28 [ b_98 0.25 &_&H
1975 1.00 .58 D, 9E 1. 00 0.6L 5,8 & 45 0.58
137§ 1.00 0,63 0,95 100 g.GE .98 0.44 b. 72
1897 2,00 0.61 100 1.00 B .60 1.98 ©.32 b.EZ
1978 1.00 B.SE 1.q0 1.0 0.53 0,59 .34 3. B4
1078 100 b, &L 1.00 1.00 .56 6,89 0,44 n. &y
| 1580 1,00 .64 1.0m 1,00 .80 p.op .48 Q.85
J 1381 1.an0 0.63, 1,08 1.a0 0.65 &8y g.&p b.8s
1983 1.00 o a5 1.a9 1.0¢0 0.6 1,58 0.24 9. 82
1983 1.00 .76 1.0¢0 0.99 D,93 0,98 053 0.7
1304 1.00 0.8 1.00 [.o8 8.7 0_s8 0.49 0.5z
1865 1,00 .58 1.00 1,00 .78 p.98 t. 36 0.65
“ 1586 1,06 b.sE .00 1,460 0,85 .88 0.48 o.65
“ 1587 1.0 0,82 0,99 1.00 0.7 1.00 .61 658
" 198 1.00 .55 0.93 1,00 o.92 1.00 .88 .71

Depletion Factor for Selected Mineralg (r = 15%)

Oeplebialy Pactor: r = 16%
Yoar
Iron Tin Sold Laad Chromium Hairanean TungeLen Pebrd Leum
1570 1.00 0._a4 0. Bg . 5@ 300 g, 5% 0,63 &, BE
1371 .1.|:||:| 0. & 0,44 0.43 0. G& q.93 0,43 0_B4 H
1472 1.00 0.84 &, 48 0. 34 b.8% 1,04 0,34 0.4 "
1973 1.00 0_Eg 1.0d 0,43 o_7% 1.00 0. 24 0.81 .
1974 1. g 0,75 0.72 o 50 0.74 1.00 0.34 b. 81
1975 1.ad b. T2 0.95 1.00 .75 10§ 0.%4 4B}
1375 1.00 .76 0. 54 1.0a 0.EL 1. 06 D57 0.8s H
1977 1.00 0.75 1,06 1.00 n.91 1. 0,43 0.9z H
L37H 1,00 0.7z 1. 0 1.00 .87 1.00 I, 50 0,583
1570 1,60 0.78 1.00 1.00 0.72 1.40 Q.57 n..sa.
1544 1,00 0.1 1.00 1.00 0. %1 L.100 .62 0,04
1343 1.00 D.7% 1.00 1.0 .74 1,00 .81 b.8%
1982 1.00 0,94 1.00 1,00 0.88 1.00 0.57 0.9z
L9E3 1.00 &_#8 1,08 1. Gl O.97 1.00 a._E7 0,26
1op4 1.40 a.83 1,08 1. 0@ 0.8 1. 06 1.62 b.E1
1848 100 0.72 1.6 1.dd .85 100 0. 50 .75
0.2 1.0 1.00 .54 1,40 n..-ﬁz .75 f
052 1.00 1.00 0,943 1.40 0,75 U.HL |
n.7% 0.9k 1,400 &, 94 1,40 0.81 084
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Table 4 - Minaral Smctor: Susteipable Incoms Usiog the Nat Price Approach (Millioms of 1980 O5%)

Ratural Capital

Year Value Added Cepreotat Lon Suatainable
Tnikial Final Income
1970 3, 4E6F 209,278
1971 2,357 P ER 14€, 306 62,972 [60,474]
FEK 2,551 146,306 378,314 (232 DOE) 234,599
1573 2,814 37E,314 544,587 (166, ET3) 1&39,230
Lo74 z, 831 544, 587 HY,d428 457,161 (354,271}
1975 Z,B%5 A7,83E 193, 7a5 195, 5591 58, BEd
L5976 2,921 143, TA5 169,390 14,334 [11,474)
1577 2,746 16% 3390 172,412 (3, 022] 5,76H
1978 2,003 172,412 232,614 (6, 202) 63,200
1279 2,072 232,614 183,759 4H, HES {45,883
1300 3,051 183,759 153,377 (10, 2B 13,248
1561 3,340 153, 977 1el, 436 32,541 420, 3411
13@3 3,699 161,436 221,395 [ED, BeD) 53, GEQ
i9E3 4,374 231,308 250,235 {24, St} 33,377
1084 B, 1% 250, 2%4 226,104 24,131 (14,171}
Lags 7,082 226,106 170,290 55,017 {48,786}
1586 7. 534 176,230 254,363 (B4, 094] 81,518
1987 T, 772 254,343 244, TER a3, 66E [1,89E}
159848 &,343 244,715 272,027 [20,21%) 36,555

Tabla 5 - Minera® Sackor: Suakaivabls Irccoe Ueing the Usst Cost Appremch (411doce of 1580 038)

Uaer Coet Bustainable Imcome
Faoar Valuao
Added r=E% r=10% r-15% r=5% a1t r-15%
| 1970 2,462 A54 313 166 1 808 2,150 2,306
i 1871 2,437 07 464 260 1,500 2,033 - 2,237
1373 2,591 452 4E5 270 1,738 2,126 2,331
1473 2,818 794 425 248 1, B2 2,188 2, 3163
1974 2. H91 1,338 572 145 1,692 2,210 2,505
15975 2,895 54 438 236 2, 041 2,457 2,659
1376 Z, 921 762 351 177 2,153 2,580 2,744
1577 2.74¢ f2L 250 113 2,125 7,456 2,632
1574 2,598 527 215 100 2,472 2, T84 2,893
1474 2,072 522 131 76 2,420 =, 731 2,996
193¢ 3,851 £33 1H4 1] 2,517 ‘2,887 2, 488
1981 1,900 713 253 a7 2,501 1,015 3,302
1982 3,693 751 253 EL 2,94E 1,446 1,619
1963 4,478 1,030 EER) Lae 3, 445 4,080 4,330
1864 §,019 1,327 944 - atp 4,092 5, 070 5,561
1965 7,062 2,543 1,333 E60 4,510 5,73% E,372
EOEG 7,524 2,138 1,035 434 5, 2EE 6,530 7,931
|| 1357 7,772 2,074 BEZ 345 5,698 6,830 7,423
|| Laks 2,343 1,473 £28 178 E,371 7,696 8,167




Table 6 - Susatainable Income: Comparison of the Regulta
in the Mineral Sector (% of Conventional Income)

— . ___ ]

Depreciation User Cost Approach

tear Approach r=5% re10% r=15%
1570 73.4% 87.3% 93.3%
1971 -2421.8% §3.7% 81.4% 89.6%
19732 9054 .1% 67.1% 82.1% 89.6%‘
1973 6470.5% 65.6% 83.6% 30.5%
1974 -15715.7% 58.5% 76.7% 86.7%
1975 3214, 6% 70.5% 84.9% 91.8%
1976 -352.8% 73.9% 87.7% 93.9%
1577 210. 0% 77.4% 90.9% 95.9%‘
1978 2107.5% 82.4% 92.8% 96. 7%
1979 ~1544.0% 82.1% 93 .6% 97 . 4%
1980 435.0% 82.5% 54.0% 97.9%
1981 -886.1% 78.2% $2.1% 97. 1%
1982 1720.8% 79.7% 93.1% 97.8%
1583 745.4% 77.0% 91.1% 96. 7%
1982 ~301.9% 68.0% 84 .2% 92 . 4%
1985 -690.4% 64.0% 81.1% 90.2% |
1986 1217 .6% 71.6% 86.2% 93.4%
1987 -24.4% 73.3% 88.6% 95.5%

| 1988 438.1% 76.4% 92.2% 97.9%
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Appendix, Value Added in the Mineral Sector: Brazil 1970 - 1988

Estimating output values for the mineral sector in Brazil is complicated by cerizin policy
interventions which may influence the reporting of production statistics by industry. In
particular, royalties on the value of mineral extraction create an incentive for vertically
integrated companies to adopt internal transfer prices below market value. In this situation,
the operating surpius accruing to the firm exploiting the resource is not fully represented by
the data presenied in official surveys. This problem is aggravated by a system of classifica-
tion which separates extractive from processing activities in the mining industry, making it
impossible to distribute the processing production value among extractive activities. The
extent to which this procedure impaired data quality was verified during the survey
application when an attempt was made to establish the difference between extractive and
processing activities. A comparison of census data with DNPM’s putput values for the sector
as a whole revealed a systematic undervaluation in the former, amounting to 30% in 1980
and 20% in 1973,

The caleulation of the oufput value for petrolewm production is worthy of special meation.
The state petrolerm company (Petrobris) defines transfer values which depend basically on
the government pricing policy for petroleum derivatives, on output costs and on the
investments required for prospecting and exploration activities, These transfer values are
distorted by. government price interventions which vary over time.

" Clearly ¢ata from DNPM cannot reflect rents which have been transferred out of the

" extmactive sector of the petrolenm industry, being distributed instead among the prices of
derivatives. To dintinish the problem the output values of petroleum extraction used in this
study are the import prices (converted to national currency according to the average annual
exchange rate caleulated by the Getulio Vargas Foundation}. It is obviovsly an ad hoc
solution, but these shadow prices reflect a more accurate estimate of the opportunity costs
of petroleum extraction than those defined by Petrobrds’ transfer criteria.

The data on intermediate consumption (IC) and the total remuneration of the labour (WA,
were obtained from the senes, 'expenses of industrial operations’ and, ’total salary
payments’, available at the level of subgroups in Industrial Censuses and "PIAs" of the
TRGE. In order to consider the social charges (SCJ), not available &t a swbgroup level, the
payment of salaries was increased by 30%. This 30% factor was chosen as being close to the
estimated ratio between social charges and salaries paid in the mineral extraction sector as
a whole, The utilizaticn of this dar was considered appropriate to the calculation of general
expenses and remuneration of Jabour because the undervaluation in IBGE’s estimates is
reparded as essentially related to cutput values and not to a problem of coverage or sample
definition.

Gold mining presents a problem in isolating mtermediate consumption and labour
remuneration from the figures available which show aggregate values for the extraction of
precious metals as a whele, It was decided that values for the subgroup as a whole would be
used, since the levels of expenditure on exploration for this metal are so large relative to
those on other precious metals. Consequently, the operating surplus value is undervalued for
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gold extraction, a pmlﬂem exacerbated by the dlfﬁculty in obtaining information from
clandestine mining prospectors.

For the years where data at subgroup level is not available (1971 and 1981-84), and where
there were no industrial censuses and surveys (1972-73 and 1986-88), an output index based
on the data on production by the DNPM and the General Price Index {IGP) by the Getulio
Vargas Foundation is used. This procedure is based on the hypothesis that operating costs
and remunerations grow at the same rate as output in real terms. The results are adjusted for
inflation according to the IGE. '

In the specific case of petroleum, singe they were not identified in the 1975, 1980 and 1985
censuses, intermediate consumption and labour remuneration costs of the respective input-
output matrixes are used. The above mentioned ocutput index is used for the intermediate

Vears,

It is worth mentioning that the correct procedure would be also to deduct other general
_ expenditures that can be considered as intermediate consumption. However, this data is not
presently available at a subgroup level, The result may be an overgstimation of the cperating
surpins.

Estimating the "normal” return on capital (CR) demands a more elaborate procedure. A
series of capital stocks was constructed for each selected mineral using the "perpetual
inventory" method. This involves calculating the value of the capital stock in & certain year
through the reported sum of investment fluxes in previous periods. In order to do so, a base-
year is assumed and, from that, the variations in the capital stock are determined using
information on subsequent investments.

Equation (14) shows this procedure zs applied to the base-year value of the capital stock
involved in the extraction of each selected minéral:

_ Ll by 1 : (14)
' a g+d

where: _

K, is the value of the capital stock in the base-year t.

1., are the expenditures on fixed capital (including geoluglcal research} for the years t-h,
h=1,2 or 3.

g is the historical growth rate for the mineral’s extraction for the years prior to t.

d is the annual depreciation rate of the capital.

DNPM data on investment in explomation and extraction were applied for each selected
mineral. The aggregation of values for invesiments realized in different years was possible
through the utilization of the index of fixed capital formation employed in the National
Accounts System in Brazil.
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As data on investments are only available from 1972 on, 1975 is taken as the base-year,
For the years after the base-year, the capital stock is calculated as the sum of the investment
realized two years before, net of depreciation, and the capital stock of the previous year.”
Analogously, the capital stock for 1974 is estimated by subtracting from the capital stock for
the base-year the investment realized in 1972 and adding the depreciation which cecurred in
1975. Finally, for the years 1970-73 the capital stock is obtained by multiplying the
capital/value added ratio for 1974 and the value added for each of these years. The annual
depreciation rate used for the period is 10%, while the historical growth rate is taken as the
geometric average of the growth rates in the extraction of each mineral during the 70%. In
order to express the results in nominal values, the scries has been adjusted by the index of
gross fixed capital formation for the intermediate years.

Once the series of fixed capital stock involved in the extraction of the selected minerals has
been determined, the "normal” capital return can be obtained by the muitiplication of this
series by the opportunity cost of capital, As discussed in the previous section, this
eppottunity cost is treated In a range; 5%, 10% and 15%.

‘The total rent derived from the extraction of each mineral (TR, can be estimated as a
residual; being the output value (OV,) minus the intermediate consumption (IC,) and the other
components of the value added (WA,, 8C, and CR), all expressed in nominal values.

To facilitate intertemporal comparisons, a series of values added at constant prices has been
construcied, using a procedure of "double deflation”. The output value is deflated by the
Laspeyres price index calculated for each mineral, using the base-vear 1980 and data from
- DNPM. Intermediate consumption is deflated by the IGP, again with 1980 as base-year. The
differences between them form' the valves added at 1980 prices. Such a value added in
constant prices can be distributed among its components (salaries, social charges, capital
return and rent) using the proportions observed in the series at current prices, ;

T Except for petrolenm and lead, for which the base years were 1973 and 1976, respectively.
® A two-year lag was assumed bemween investment and operation.
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