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Abstract

In this paper, the critical assumptions used when estimating non-
renewable resource capital consumption are identified and discussed. The
paper reviews an accounting approach, two user-cost approaches and a
repurchase approach to estimation of non-renewable resource capital
consumption. The latter is, however, not comparable to the other
approaches since it is not intended to distribute the non-renewable
resource rent over generations. The approaches are discussed from the
perspective of investing the resource rent (Hartwick’s rule). The
difference between the accounting approach (Total Rent or net-price
approach) and the user-cost approaches (Hotelling and Serafy approach)
is found to be the intergenerational distribution ethics undetlying these
approaches. The two approaches give answers to different questions of
how much investment is needed to pursue an intergenerational
distribution ethics as to non-renewable resource rents. In the case of the
accounting approach, a Golden Rule ethics (maximum constant future
consumption) and in the case of the user-cost approaches, a Rawlsian
ethics (constant consumption). The user-cost estimates are found to
depend on assumptions of cost structure, time preference, and depletion
profile. The time preference assumptions reflected in the rate of
discounting and the depletion profile reflected in the discounting horison
are found to be very critical assumptions. It is asserted that they are often
more critical to the natural capital consumption estimate than the
technological assumptions reflected in the cost elasticity. The
consequences of using discounting methods with a more moderate
discounting of the distant future as suggested in the theoretical literature
are examined. Similarly the consequences of using more realistic
assumptions of the resoutrce depletion profile are examined. Finally the
question of growth of non-renewable resources is discussed. It is
concluded that capital gains and new discoveries are not substitutes to
investments of the resource rent in an intergenerational distribution
perspective while they can be in a shorter, but still long term growth
petspective.

A partly overlapping paper is published as “Estimating Non-Renewable

Resource Capital Consumption” in Mohan Munasinghe and Osvaldo
Sunkel (eds.): “Sustainability of Long-Term Growth”, 2000.

Keywords:

Natural capital, resource rent, green national accounting, user-cost, logarithmic
discounting, Hartwick’s rule.
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Introduction

Natural capital consumption is a key concept in economic sustainability
analysis. The background for the concept is that the sustainability principles
require some welfare transfers to future generations. It is a key concept
because the stocks of the economy mediate intergenerational welfare
transfers. Natural capital consumption is the capital equivalent of the
resources that are used up by the current generation and thus not available
to future generations.

The problem related to consumption of mineral reserves (that are non-
renewable) is that according to the intergenerational distribution ethics
implied by the principles of sustainable development, they “belong” to all
generations. Not only to the generation that actually consumes them. Yet, to
be of any value at all they have to be consumed at some point of time.

On this background, a macroeconomic theoretical framework for analysis of
these balances has evolved. Solow (1974) showed that it is possible to
maintain a constant consumption level in an economy based on an
exhaustible resource that is essential to production. Even if no further
technological progress occurs. Hartwick (1977) transformed this analysis to
a policy prescription, which has been known as the Hartwick rule. It
prescribes investment of the current resource rent in reproducible capital as
a condition for maintaining a constant consumption level, even after the
resource has been exhausted. Subsequent contributions from Dixit et al.
(1980) showed that a growth path with constant consumption is
characterised by zero net investments. Asheim (1994) added that this does
not lead to the conclusion that consumption 1s sustainable if the value of net
investments 1s zero at a single point of time.

Moreover, since the relative shadow prices of natural and man-made capital
change over an optimal path where man-made capital is substituted by
natural capital, the current relative prices are not adequate for valuing
natural capital consumption. Or put differently, as Heal (1997), the shadow
prices of current natural capital consumption depend on the time preference
reflected in the sustainability objective.

Dixit et al. (1980) and Hartwick (1990) extended the model to include
renewable and environmental resources as well. This paper 1s, however,
confined to the question of valuation of non-renewable resource use. This
question 1s of great importance when the theoretical framework as described
above should be transformed to numerical estimates of investment
requirements.

The theme of this paper is the problems that arise when this theoretical
framework 1s applied 1n empirical economic analysis. More precisely, it 1s the
problems that are attached to the estimation of natural capital consumption.



The paper attempts to assess the relattve importance of the different
assumptions one has to make in this process. This is difficult because they
are of widely differing nature. Some regard uncertainties about the future,
some relates to technological or geological features like the input
requirement and feasible depletion profiles. Still others concern time
preference.

A number of alternative approaches have been suggested in the literature. I
shall review them in turn and discuss their required assumptions. One
approach 1s simply to define the resource rent as the value added that can
not be ascribed to labour or man-made capital. This accounting approach was
used to estimate natural capital consumption by Repetto et al. (1989). Two
alternative user-cost approaches are based on the Hicksian notion of net-
mcome. In this paper, they are termed the Hotelling approach and the
Serafy approach. A special section is devoted to the analysis of the above
mentioned time preference assumptions behind the user-cost approaches.
Some suggestions of how to handle alternative time preference assumptions
and their effects on the estimated natural capital consumption are presented.
Finally, the question of growth of non-renewable resources and a repurchase
approach to natural capital consumption is discussed.

The Total Rent Approach

The accounting approach to estimate resource rent can be named the zofa/
rent approach. 1f aggregate statistics are available, the non-renewable resource
rent of the mineral extracting industry is simply

(1) R=1VA-(d+r)K-nl,

where A 1s value added of the mineral extraction industry, » is the wage
rate, K the amount of capital, and L the amount of labour used in the
industry. Information on the capital stock 1s assumed not to be included in
the statistics. The logic 1s that if there are only three factors of production
contributing to value added and if the contributions of labour and capital
have been accounted for, then the residual must stem from the natural
resource itself.

If aggregate statistics for the mineral extraction industry are not available the
equivalent 1s the product of the physical amount of extraction and the #zn:t
rent. The unit rent can be defined as unit price, p, minus unit costs, ac, and is
also referred to as the ner-price (e.g., Landefeld and Hines, 1985; Repetto et
al., 1989; BEA, 1994), the contribution of the average extracted mineral unit
to national income.

Estimation of the unit rent requires data on average extraction costs, ac, for

the jth firm:

2)  ay=(TC+ @+)K)/g;,



where TC is total exploration, development, and operating costs, K; is the
invested capital stock, 4 1s the depreciation rate, r 1s the normal rate of
return to capital (net of deprectation), and ¢, is the quantity extracted.

For the industry, the total resource rent, R, 1s then

6) R=Zpagy

where p 1s the price of the mineral and a; the comparable average cost
estimate, preferably including costs of transport to port as in World Bank
(1998).

The assumptions one have to make about costs and prices in equations (7)-
(3) are not critical. Prices, wages and labour data are typically readily
avatlable. Capital stocks must be assessed and normal returns to capital and
depreciation estimated. The assumptions needed for that are, typically, of a
trivial kind such as a depreciation rate.

The problem with this estimate is that it accounts all of the resource rent as
consumption. According to this method, the rent as such is not consumable
mcome. Only after it has been invested, the proceeds from the so
accumulated capital stock are consumable. This 1s an mmplicit distribution
ethics, which 1s as much in favour of future generations as possible. Thus it
has resemblance to the Golden Rule ethics known from economic growth
theory (Phelps 1961). That is, capital 1s accumulated as much as the future
generations would prefer, which is all of the resource rent.

As numbers are easy to get at, the method has been used by, e.g., The World
Bank (1998) and The Danish Economic Council (1998) in estimating natural
capital consumption. However, in many countries such a strong preference
for the consumption level of future generations is indeed a possible, but not
a very plausible assumption. There is a lack of logic in the ethical premise
that only the present generation is #of entitled to consume some of the rent
it gets from the natural resources.

There is a way to bring ethical consistency into the total rent approach. The
ethical premise could be that the generations living at the present and all
future generations are equally entitled to consuming the rent of the extracted
non-renewable resource. In the following sections it will be clear, that it
makes a considerable difference whether it is the current rent or the
prospected rent from the entire depletion program that is to be shared by all
generations. In the case where only the rent extracted in a given year is to be
distributed evenly, the consumable share of the rent would equal the annual
returns to it, invested as capital. The capital consumption estimate would
then be the total rent multiplied by (1+1)".

Still, this leaves an open question of why we should not care about rents
that we expect to earn in, say, the next 10 years. Following even the



modified golden mvestment rule a resource rich economy could produce
increasing consumption opportunities over a decade or two that could be
more beneficial if they were evened out. This brings in the notion of a user-
cost to which we return in the following chapters.

The total resoutce rent can, however, setve as a maximum estimate of natural
capital consumption like in Hansen (1995). If more than that is consumed,
there 1s really reason for questioning the sustainability of the consumption
level. If motre than that is saved for the future and if the current total stock
of man-made and natural capital is considered sufficient, there is not much
reason to worry about the consumption opportunities generated by the total
capital stock in the future.

The two user-cost approaches discussed in the following build on the total
resource rent, but divide it in a share that is consumable income and a share
that is natural capital consumption. They both derive these shares from a
Hicksian concept of net-income, which implies an interpretation of
sustainability as a future path characterised by a non-declining capital stock
or consumption.

The Hotelling Approach

Hotelling Rent

Hotelling (1931) showed that the rent of the marginal unit (the Hotelling or
scarcity rent) is the key factor in mineral extraction decisions. The optimal
scale of extraction at time 7, g, 1s where the price, p (assumed to be constant
over time) equals the sum of the marginal rent, 4, and the marginal costs,
me(q,). Total Hotelling rent 1s then

#)  Ry=ip-miq)jq,

Investing R, leaves a share of the total resource rent to be consumed in the
year of extraction while allowing future consumption to be at the same level.
This sustainably consumable share is determined as the difference between
the marginal and the average costs and it is in effect the infra marginal or
Ricardian rent, Ry.

() Re=(me-ag)q

This approach has been strongly advocated and used by Hartwick (1989)
and Hartwick and Hageman (1993). Hartwick and Hageman applied the
method in estimating the depreciation of US oil reserves due to extraction

for 1987.



Estimation of Marginal Costs

The definition of marginal costs is essential in this method since marginal
cost estimates are used to reveal the marginal rent as it must be perceived by
the competitive, unrestricted, and well-informed mineral extractor according
to economic theory. The costs of oil-production include finding, (or
exploration) costs, development (or drilling) costs, and operating costs.
Further, the relevant cost concept for macroeconomic analysis is not the
marginal cost concept relevant to the individual extractor. To the individual
extractor, increasing marginal costs means that he is approaching the limits
of his organisation and installed equipment. At the industry (or national)
level and in a long-term perspective, the costs of producing more oil include
exploration and development costs. That is, the relevant cost concept for
the purpose of intertemporal income distribution analysis is long run
industry costs.

These exploration and development costs can be compared with R&D costs
in other industries. In most macro analysis of, for instance, productivity
development it is neglected that factor inputs used for R&D should be
related to future rather than current output. It does, however, not make a
big difference when only a small fraction of the factors are for R&D. In the
mineral extraction industry, however, finding and development costs are the
dominating cost components (see, e.g., Adelman, 1986). The Danish Energy
Agency (1998) estimates the total operating costs for North Sea oil and gas
extraction in Denmark as amounting to DKr 36 billion (1997 prices) for the
period 1963-97. This figure should be compared to development costs of
DKr 60 billion and exploration costs of DKr 20 billion. Thus, there is a
strong case for defining marginal costs in this kind of analysis, as the costs
of increasing resource extraction in an industry-wide and long term
perspective.

The literature provides two alternative ways to estimate marginal costs in
this framework. One 1s simply to collect information on all types of costs
and relate them to the relevant deposits. The other is to assume a cost
function and then find plausible parameter values.

Adelman (1972, 1990) provides an extensive treatment of marginal costs in
the oil mndustry using the more general concept of incremental costs. 1t is
mmportant to notice that the three types of oil production costs have very
different time profiles. Converting them to comparable figures of costs per
barrel requires significant adjustments for the time of extraction of each
barrel. Adelman (1972) developed a comprehenstve algorithm for making
these adjustments at the industry level, integrating operating and finding
costs into the typically most significant cost component, the development
costs.

The most important adjustment was to take into account the time profile of
reservolr depletion (represented by the output decline rate) and the discount
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rate. The latter 1s for finding and development costs heavily influenced by
uncertainty premiums due to basic or scientific uncertainty and political
instability in the host country.

The Adelman definition of incremental costs can be expressed as the per
barrel capital costs of added reserves plus the operating costs.

The costs of the capital invested in finding and development are distributed
on future outputs assuming that output is declining at a constant rate. This
means that capital costs per barrel are increasing as the number of barrels
becomes fewer and as the cumulated interest on the initial outlays grows.
Exploration and development costs per barrel in a reservoir are adjusted by
multiplying a present-barrel-equivalent-factor defined as the integral over
the depletion pertod of a discount factor using the sum of the discount rate
and the constant output decline rate as discount rate.

Operating costs are assumed to be constant over the depletion programme
and thus increase per barrel of extracted oil as the production shrinks. On
the other hand, the present value of the future operating costs is lower than
the operating costs today. Adelman dertves a present barrel factor that can be
multiplied on initial operating costs to get an approximation to the present
value of the operating costs per barrel in a reservoir.

These cost estimates are then added and related to the new reserves in order
to get the incremental cost or marginal cost concept that is suitable for
macro analysis.

Hartwick and Hageman (1993) used marginal costs estimates calculated by
Adelman (19806) to estimate the marginal rent on oil extraction in USA 1n
1978. The result was in turn used to compute the o1l capital consumption to
1.1% of conventionally defined NNP. Sustainable consumption if the
consumption of oil capital was taken into account would accordingly be
1.1% lower than if 1t was not and the gross savings required for sustainable

development would be accordingly higher.

The Hotelling rent 1s conceptually linked to income forgone in the future
because of present extraction, which is convenient for analysis of
mntergenerational income distribution. Income foregone in the future is
measured as

©)  (p-me)(q,),
where T'is the final year of the extraction program. The marginal cost of the

last unit extracted can be argued to be 0. Thus, the marginal rent of the last
unit extracted equals p and the present value of this unit at time 7 equals

(7)  p(1+)",

11



where 7 1s the rate of discount. Optimal resource extraction thus requires

that (6) equals (7) and, consequently

(8)  me, = p[I-(1+1)"],

where subscript 7 denotes that the marginal costs are attached to the
optimally extracted quantity at time %

On this background, we can estimate the Hotelling rent that would occur
under conditions of perfect competition including perfect information.

Since we know that the total rent is the quantity extracted multiplied by the
net price, we need a function linking average costs to marginal costs. Assume
an iso-elastic cost function

9 C=af

This function has the convenient feature of m¢, = (1+f)ac, From this and
equation (8), we can derive a general expression for the share of capital
consumption (i.e. total Hotelling rent) in total resource rent:

(10) (p-me)/ (p-ac) = (p-me) / [p-me (1+P)]
and by substituting (9) into (70)

(1) (pme)/ (pac) = (1+B) [1+B(1+1)""]
for any ¢,

What we get here is a distribution key between 0 and 1, dividing the total
resource rent in a capital consumption share and a consumable share. The
underlying ethics of doing this is that we neutralise the net income that
would occur if we postponed the resource extraction of the current year to
the final year of the extraction programme. The distribution key depends,
however, of three parameters, which themselves reflect inter-temporal
weights of income.

Vincent et al. (1997) derive in this way a Hotelling rent for oil extraction in
Indonesia under the assumption of a secular decline in prices of —1.5%
annually, a discount rate of 12.5%, and 2003 as the year of final exhaustion.
A constant elasticity cost function with elasticity 2.865 was derived from
these assumptions. But then again, the entire exercise reduces to
determining a distribution key for the total resource rent between the
present and the future. Choosing these figures - of which none are actually
observed - means choosing the distribution key.

In the Vincent et al. study this distribution key was increasing from about
10% to about 100% during the projection period 1985-2003.
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The distribution key reserves the thus computed theoretical infra marginal
rent for present consumption and the required share of reinvestment as the
Hotelling rent. If the Hotelling rent is reinvested, a permanent level of
consumption based on resource rent and cumulated invested Hotelling rent
in the past can be obtained. However, infra marginal and Hotelling rent are
distinguished by the parameters chosen.

The cost elasticity is usually not an observable parameter, but it reflects scale
economies. In the absence of a constant term, the cost curve is linear and
mc and ac are constant when the cost elasticity is 1, increasing if lower and
decreasing if higher. Since the major part of the costs are exploration and
development costs, it is plausible that increasing returns to scale will be
experienced in the development of extraction in an entirely new area with
poor prior knowledge of the mineral structures. Learning about the
geological structures from early exploration and development may enable
the extractors to target their activities more precisely subsequently. In that
case, however, the appropriate term will be dynamic economies of scale. In
an area where the geological structures are relatively well known an
assumption of decreasing returns to scale would probably be more
reasonable than an assumption of increasing returns to scale.

Application of the Approach

The Hotelling approach rests on a number of strong assumptions of the
behaviour and circumstances for dynamic optimisation in the resource
extracting industries.

First, the link between present marginal rent and rent forgone in the future
rests on assumptions of dynamically optimising extractors in a competitive
environment with no tax distortions and perfect information. It is, however,
not difficult to find examples of oil extraction that are motivated by
governments desperately needing hard currency to keep the economy a float
and the government in power. Such behaviour is not only found in unstable
transition and developing economies. The strong government pressure put
on Danish o1l industry to intensify development of oil fields was also
motivated by the foreign debt, which grew steadily from the early 60s to the
late 80s. At the other extreme, the large OPEC producers are doing their
best to keep oil supply at less than the competitive optimum levels.

Second, oil extraction is probably more characterised by uncertainties
relating to scientific ignorance, political instability, and structural changes in
the market than most other industries.

For instance, more political instability may lead to higher discount rates and
thus higher capital costs and less capital consumption. This is very
important for an analysis of optimal resource depletion but why should the
political situation in a country at the end of the 20" century have any
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consequences for the distribution of the natural resource rent over
generations?

Using market rates of interest or recommended discount rates for public
mvestments do not necessarily solve the problem. They are poor indicators
for the willingness of the present generations to share wealth with future
genemtions.1

The problem with the practical use of the Hotelling approach is that much
of the data required must be assumed rather than observed. At best
estimates can be derived from developing costs (Adelman 1986) or an
assumed cost function (Vincent et al., 1997). In both cases it takes a number
of rather strong assumptions. When we add to that, the assumptions
required with respect to discount rates and future prices, the final result will
be based on assumptions rather than observations to such an extent that
decision makers may be reluctant to use it.

On the other hand, if marginal cost data could be observed, they would
probably often reflect circumstances, which were in conflict with the
assumptions referred to above. Thus, a computed Hotelling rent as a
comparable reference measure might be more useful, than an observed one.

Contrary to the Hotelling approach, the Serafy approach and the repurchase
approach avoid making assumptions about the extractors obeying the
Hotelling rule. In addition to this, they intend to calculate natural capital
consumption without depending on the marginal cost data, required by the
Hotelling approach. Instead they imply other assumptions that are not less
"heroic".

The Serafy Approach

The Inter-Generational Distribution Ethics

The second economic approach to estimate natural capital consumption was
presented by Serafy (1989). In the literature, it is referred to as the Serafy
Jformula. This approach solves the question of how to define a sustainable
income stream from a given resource asset in a different way but with a
quite similar outcome.

The Hotelling as well as the Serafy approach attempts to estimate wser costs.
That 1s, in a dynamic perspective, the costs of using a good now rather than
at a later point in time.

In this sense, both of the approaches are Hicksian, since the user cost is
what 1s taken away from future consumption from the perspective of the
present. The Serafy approach is also Hicksian in the sense that the idea of
estimating the user cost by equalling the present value of a wasting asset by

! See, e.g., Lind and Schuler (1998).
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the present value of an infinite annuity came from (Hicks [1939] 1946; 187).
It differs from the Hotelling approach in assumptions of cost structure and
of the extraction profile, but it has the same basic aim of defining a user
cost.

The Serafy formula 1s inspired by the way Hicks suggested treating income
generated from "the exploitation of a wasting asset”" Hicks([1939] 1946;
187). He suggested equalling the present value of expected receipts from a
"wasting asset" to the present value of a constant stream of receipts of an
infinite asset. In this way the "true income" component of the former can
be derived as the receipts from the equivalent infinite asset. An infinite asset
could be thought of as a perpetuity, e.g., a bond of infinite duration, or as
any capital stock that could infinitely provide a return to its owners. In this
way the rent of a non-renewable resource can be distributed across all
generations succeeding the one that actually exhausts it.

The underlying ethics is as in the Hotelling approach that present and future
generations alike are entitled to an annual income of a constant value, and
this income stream should be the maximum obtainable from a capital stock
of the same value as the resource stock.

Serafy (1989) derived the formula using the present value at the beginning
of the first pertod assuming that the income in each period was received at
the beginning of each period. In the following exposition I shall assume that
income is received at the end of each period.

The present value at the time of receiving the first rent from a non-
renewable resource depleted by annually extracting an amount O with the
total resource rent (p-ac)Q = R available at the end of each of the # periods
(including the present) can be formulated in discrete time as

(12) R*=R+ R(1+r)" + R(1+7r)* + ... + R(1+1)""

A more compact expression can be derived as the sum of a geometric

progression. Multiplying by (7+7)" gives

(13) R*(1+r) = R(1+r)" + R(1+1)"+ ... + R(1+1)"
and subtracting equation (73) from equation (72)
(14) R*-R¥(1+r)" = R(1 - (1+1)")

that can be rearranged to

(15) R*x=R(1-(1+1)")/ (1-(1+1)")

2 Serafy (1989) assumes that the resource rents occur at the beginning of each period and
gets consequently (n+1) in the following expressions where n occurs.
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Similarly, the present value of a constant and infinite stream of receipts of X
can be formulated as

(16) X* =X/(1-(1+r)"),

since the term (7+7)" in equation (77) goes towards zero as # goes towards

in ﬁnityS.

The Distribution Key

The true income 1s obtained by equalling the two present values in equations
(15) and (716) and solve for X.

R¥=X* o R(I - (1+1)") ] (1-(1+))= X/ (1 - (1+1))
(17) = X=R(1 - (1+1)")

Equation (77) can be given a straightforward interpretation. Note that the
present value of the resource stock was dertved as a sum of a geometric
progression. The only difference between equations (72) and (73) is that the
entire depletion program is postponed one period expressed by multiplying
every expression by (7+7)". The true income in equation (77) is nothing but
the difference between the present value of future rents in the reference
case and the present value of the same future rents if they are postponed
one period. This difference 1s equal to the loss of postponing the resource
rent in the first period to the end of the depletion program. That would
produce a loss of R in the first period and a gain of R in period #+7, but the
present value of the latter would be only R(7+7)".

The complement to the true income 1s the non-renewable resource capital
consumplion:

(18) R-X=R(1+r)"

The interpretation of this expression is similarly the present value of the
mcome forgone at the end of the depletion program by extracting the
resource now. This definition of non-renewable resource capital
consumption 1s fully in accordance with the Hotelling definition described
in the above section on the Hotelling approach.

Rearranging equation (78) to express the share of capital consumption in the
resource rent gives

(19) 1-X/R = (1+1)"

> Alternatively, equation (16) can be written as

Xt =X(1+1)/r

The teason why the right hand side is not just X/r is that the first period is not discounted
because we calculate the present value at the time of receiving the first payments.
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Serafy (1989) suggests that the remaining time span of the depletion
program, 7, can be approximated by dividing the extraction per year, 0, in
the total stock, §.* Equation (79) then becomes

(20) 1-X/R= (142

The resulting formula 1s very appealing since data are relatively easy to get
and the result can be understood by intuition. It is simply the discount
factor at the end of the extraction program. The capital that should replace
the resource units extracted is the present value of the resource units, had
they been kept in the ground to the end of the program.

Equations (78)-(20), however, state that any estimate, based on the El Serafy
formula depends critically on two parameters: the time span of the depletion
program and the rate of discount. Serafy (1989) also shows this with detailed
tables. Additionally, rent (L.e., prices and costs) as well as the extraction rate
1s assumed to be constant throughout the depletion period. In the following
sections, I shall review the role of these assumptions in turn.

Time Preference Structure

The Rate of Discount

As seen by equations (77) and (79) any user cost depends critically on the
type and strength of time preference assumed and at which point in time,
the alternative use 1s assumed to take place. This was also noted by Serafy
(1989) and by Winter-Nelson (1996) who found that aggregate measures of
rent from mineral extraction based on the El Serafy formula are very
sensitive to the choice of discount rate. In fact, this is an understatement
since the discount rate within a rather narrow range of values and given a
realistic depletion period determines almost everything.

The figure below shows the Hotelling and Serafy distribution keys for the
total resource rent from an extraction programme with 20 years to terminal
time for varying rates of discount. The Hotelling curve is computed with an
assumption of a cost elasticity of 2.865.

+§ must be the stock at the beginning of each accounting petiod since we include the
present period in the n period depletion program.
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Figure 1: The Dependenc
Resource Rent on the Rate of Discount. T-t = 20, B = 0.15, 1, 2.865.
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The diagram shows three curves based on the Hotelling approach differing
by cost elasticities of 0.15, 1, and 2.865, respectively. Vincent and Rozali
(1997) studying oil rent in Malaysia used the 0.15 elasticity. As noted above
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the character of the scale economies 1s reflected in whether the elasticity is
below or above 1. The cost elasticity of 2.865 used by Vincent et al. (1997)
for oil extraction in Indonesia is a representative of the class of decreasing
returns cost functions, which is delimited by the Hotelling 1 curve and the
Serafy curve.

In this case, the capital consumption share of the receipts can vary from
100% if the discount rate 1s zero to practically nothing if the discount rate is
20. This is true for both of the approaches. Thus, they both reduce to the

total resource rent if the rate of discount 1s zero.

Against this background the discount rates actually used in empirical studies
are surprisingly poorly justified, if they are justified at all. Serafy (1989)
recommends a 5% discount rate, with reference to what the classical
economists called a natural rate of time preference. Bartelmus et al. (1993)
used a 10% discount rate without explicit justification and so did Tongeren
et al. (1993) in a similar study of Mexico and Castaneda (1997) in a study of
Chile.

Vincent et al. (1997) provides some justification of their use of a discount
rate of 12.5% for Indonesia, referring to the high social opportunity cost of
capital and high social rate of time preference in fast-growing economies.
Vincent and Rozali (1997) argue in a similar study of resource rents in
Malaysia, that the rate of discount could be as much as 10%, which is
between the opportunity cost of capital and the social rate of time
preference in a fast-growing economy like Malaysia.

It is mnteresting to note that if decreasing returns to scale 1s considered the
most realistic assumption, the choice of discount rate can be more
important to the estimate than the choice of cost elasticity. The capital
consumption estimate is more sensitive to the choice of discount rate within
the 5-12.5% range than to the choice between the Serafy or the Hotelling
approach irrespective of how much higher than 1, the cost elasticity is.

Of cause, the crucial role of the rate of discount declines as the extraction
programme approaches termination. In the last year, there is no discounting
at all.

The Discounting Horizon

It was shown above that the rate of discount 1s critical in determining the
share of the total resource rent that 1s accounted for as natural capital
consumption. Since the assumptions about the depletion program
determine how many periods are discounted, these assumptions are as
critical as the rate of discount itself.
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The following diagram shows the relation between time to final exhaustion
and the ratio of capital consumption to total resource rent. Two pairs of
curves representing 5% and 10% discount rates respectively are shown.

Figure 2: The Dependency of the Capital Consumption Share of Total
Resource Rent on the Time Distance to Final Exhaustion. R= 5%, 10%, B
= 2.865.
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Figure 2 shows that the time span of the depletion program plays an
important role in both approaches because the estimated time to terminal
extraction is the discounting horizon in both approaches. In any case, the
capital consumption share will be 100% when the last resource unit is
extracted. But how much, it will be in earlier stages of the extraction
program, depends on the size of the resource stock.

Even if the difference between the estimates based on the Hotelling
approach and the estimates based on the Serafy approach are small, they
give rise to a puzzling question. How can a natural capital consumption
estimate based on the smaller Hotelling rent come out as larger than an
estimate based on the larger total rent? Both rent estimates are converted to
capital consumption by discounting. It 1s difficult to give an economic
explanation of this paradox, but the mathematics is clear. The Hotelling
capital consumption share according to equation (77) is equal to
[(1+B)/ [(1+B)(1+i)"”]. Comparing this to equation (20) shows that the
difference is that the latter is more cautiously discounted. Only part of the
denominator in (77) is discounted.

In some studies, the Serafy approach yields higher estimates of capital
consumption than the Hotelling approach. This 1s, however, not due to the
basic properties of the two approaches, but to the discounting horizon
given by the time distance to final exhaustion. As noted above, Serafy (1989)
recommends estimating this period as the reserves-to-production ratio. This
recommendation follows naturally from the assumption of a constant
quantity of extraction. The logic of the Hotelling approach is, however,
based on the time distance to acfu#al terminal extraction. Extraction profiles
normally do not follow a constant extractton path. Typically, extraction
increases to its maximum and then declines gradually to terminal time. Thus,
the time distance to actual terminal extraction may be more than twice as
large as the reserves-to-production ratio.

The comparisons between estimates based on the two approaches also show
that 1if 1t 1s realistic to assume decreasing returns to scale, the estimate may
be more sensitive to the choice of discount rate and discounting horizon than it is to the
chotce of cost elasticity.

The importance of being aware of these proportions are emphasised by the
results of theoretical research showing that the shadow prices on natural
resources depend critically on the type and strength of time preferences
(Howarth and Norgaard 1992; Asheim 1994; Heal 1997). Since user-costs
and shadow prices are the same, I shall examine how alternative types of
time preference can affect the user-cost.

In the following section, some of the problems involved in the choice of
rate and horizon of discounting will be discussed.
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The Arbitrary Element of the Discounting Horizon

The standard concept of recoverable reserves that is normally used is the
proven reserves or the proven and probable reserves. Experience shows
that discoveries of additional reserves and technically and economically
induced increases in the recovery ratio leads to ultimately recoverable
reserves that are larger than the at a given time known reserves — although
this property cannot be maintained forever.

Additionally, the use of R/P’ as the discounting horizon has the flaw that
R/P is not an estimate of the remaining time to final exhaustion but should
rather be interpreted as the inverse speed of exhaustion at the time it is
estimated. This speed is not constant in any country, at least as far as fossil
fuel reserves are concerned. IEA (1998) therefore uses the Hubbert curve as
a general description of the depletion profile of a country's reserves. The
Hubbert curve has a symmetric bell-shaped profile, which carries similarities
with the Gaussian error or normal distribution function (Laherrere 1999).
The symmetry question can be subject to discussion (IEA 1998; 97), but the
general form of a gradual increase to a peak followed by a gradual decline
fits fairly well with actual depletion profiles of given reserves.

The general description of the of the Hubbert curve 1s

(21) =24,/ (+COSH((T-1,),

where ¢ 1s the annual production, g, is the production at its maximum, T is
time of final exhaustion, and 7, is the time of peak of the curve (Laherrere

1999).

Lahererre (1999) shows that this formula can be approximated to the
identity

22) G=0.8q,,

where G 1s the ultimately recoverable reserve and ¢ 1s half the width of the
curve at ¢ = 0.07g,. On this basis, a rule of thumb for estimating T can be
derived by rearranging (22) and adding ¢ to 7,

(23) T = lLf}z + 7256/%/

The Hubbert curve is definitely closer to the depletion profile of a typical oil
reserve than a constant extraction assumption, but not necessarily the best
approximation. There is no reason for not taking historical extraction data,
geological knowledge of remaining reserves and the scarce data on costs and
prices into account and adjust the predictions accordingly.

5> The notation of ratio of physical stocks and production now shifts from the previous
”S/Q” to ”R/P”, which is standard in physical mineral resetve statistiscs.
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When the estimate as shown above depends critically on the choice of
discounting horizon, and this horizon is equalled with the time to final
exhaustion, then the approximation of the final exhaustion with R/P is
particularly harmful.

The use of R/P instead of a more realistic time distance to final exhaustion,
thus causes an implicit systematic error in the estimates. It could be argued
that a prediction of future depletion profiles always would be very uncertain,
so one might as well use a rule of thumb. It is, however, not advisable to use
a rule of thumb, that gives estimates that by a high degree of certainty not
will be realised. A rule of thumb, which has a chance to hit the reality should
be preferred.

It could also be argued that in an inter-generational distribution perspective,
the choice of depletion profile does not matter. What matters is the
transformation of the entire recoverable reserve to an equivalent stock of
capital that can sustain a constant income stream. But it turns out that the
assumption of depletion profile has a decisive impact on the income stream
that can be sustained indefinitely from a given reserve.

Assume that there are two countries, A and B, which have identical
economies and both posses a mineral reserve of 100 units. They both
pursue the same intergenerational distribution objective reflected in their
accounting of natural capital consumption using the Serafy approach. They
differ only in their choice of depletion program. A exhausts its reserve over
10 years while B extends the program over 50 years. Assume that a resource
rent of 1 1s attached to each resource unit and the rate of discount is 3%.

With the Hickstan approach, the infinitely maintainable income from the
reinvested resource rent is the returns to the accumulated stock of
reproducible capital. The stock of accumulated capital after termination of
the depletion program is the sum of the capital consumption shares of the
annual resource rent equal to R¥(7+7)". Inserting in (75) we get

(24) R¥(1+) = R(1 - (1+1)")(1+1)" / (1 - (1+1)")

that can be rearranged to the permanent returns to the reproducible capital
stock as

(25) rR*(1+r)" =(S/n)(1 - (1+1)")

The right hand side is not invatiant for changes in #. §/# declines and (7 -
(1+r)") increases as # is increased, but not in the same proportions. That s,
the permanently maintainable consumption level varies with # for a resource
stock of a given size.

Inserting the values for country A and B yields a permanently maintainable

income during as well as after the depletion program of 2.6 in country A
and 1.5 in country B.
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This difference in outcomes is a result of assumptions about the depletion
program that are rather arbitrary in an intergenerational distribution context.
It 1s hard to find any justification for dependency of the permanent income
from the resource rent on the length of the depletion pertod.

Serafy (1989) also notes that the relation between S/Q and the capital
consumption share also works the other way. The country that holds
resource depletion (Q) back will have a larger true income share and a
smaller capital consumption share. On face value it is true that this could
serve as an incentive to conserve mineral resources, but as we have seen, it
will in the long run be a disadvantage to future as well as present
generations.

Alternative Solutions to the Discounting Problem

Atkinson et al. (1997) address the problem by showing that the share of
capital consumption in the resource rent according to the Serafy formula
differs considerably from country to country depending on the remaining
reserve. Table 1 is reproduced from the article. It shows that a country like
Iran with a resetve to production ratio (R/P) of 115 yeats would have only
3% of the total resource rent accounted for as natural capital consumption.
UK with a R/P of 5 years would have 86% of the total resource rent
accounted for as natural capital consumption. The table also includes
comparable cost estimates, using the Hotelling approach with cost
elasticities 1 and 2.865.
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Table 1. Average Oil Capital Consumption in 1980-90 for selected oil producers.
Estimated with a constant rate of discount 3% and R/P as discounting horizon
using the Serafy and Hotelling estimation approaches. Per Cent of Total Resource
Rent and in mio. US$ (1990).

(n=R/P)  Pro- Re- R/ Unit Total Serafy Hotelling1 Hotelling

duc- serves| P Rent | Rent 2.865

tion *

Mio t Miot Us$/t UW Pet UW Pet UW Pet UW

mio mio mio mio

Algeria 49/ 1800 37| 125 6051 33% 2025 50% 3034 40% 2446
Congo 6 110 19 126 741 58% 427 73% 542 65% 480
Indonesia 70 726/ 10 86/ 6051 74% 4457 85%| 5133 79% 4783
Iran 111 12700 115| 159 17617 3% 597 7% 1155 5% 796
Mexico 130| 6079 47| 103 13451 25%) 3387 40% 5412 31% 4200
Nigeria 75) 2400 32) 132 9861 39%, 3825 56% 5511 46% 4544
UAE 73 1300 18 161 11668 59% 6868| 74% 8646 66% 7686
United
Kingdom 104 535 5 55 5727 86% 4919 92% 5292 89%) 5105
Venezuela 100 8604 86 111 11142 8% 880 15% 1632 10% 1156

* These figures were derived from the data on “T'otal Rent” and “Production” in
the source. For Congo the figure was replaced by a more realistic figure, since it
seemed to be due to a printing etrot.

Source: Atkinson et al. (1997;82) and authot's calculations.

The first column shows average production in 1980-90 while the second
column shows the reserves. The third column shows the teserve-to-
production ratio and the fourth the total rent per unit ("unit rent"). The
Serafy and Hotelling estimates of natural capital consumption are calculated
using equations (20) and (77). They are presented both in percentage of total
rent and in million US$ (1990-prices) and are calculated with a 3% rate of
discount and R/P as discounting horizon.

The Serafy approach yields estimates of capital consumption shares between
3% and 86%. The corresponding Hotelling 1 estimates vary between 7%
and 92%. Estimates based on other cost elasticities larger than 1 will be in
between the corresponding estimates of these two columns.

Irrespective of approach the in some respects arbitrary choice of
discounting horizon is responsible for most of the variation. One way to
prevent this arbitrary element to become too dominant is to choose a low
rate of discount. Atkinson et al. (1997) suggested this. There are, however, a
number of alternatives.

One alternative could be to use a rate of discount that is constant in the near
future and then gradually declining possibly to zero in the far future. This
approach was suggested by Weitzman (1999). The logic of this approach is
that the future may consist of several different scenarios with different rates
of discount. The further we look into the future, the less weight 1s attached

25



to the scenarios with high rates of discount since the present value of those
will diminish rapidly. Ultimately, the scenario with the lowest rate of
discount will represent the future. The problem in implementing this idea is
that 1t 1s difficult to justify the level and time profile of the discount rate
without having the plausible scenartos at hand. These scenarios would
probably differ much from country to country.

Another alternative could be to discount only over the horizon of the
present generations. There is not a clear-cut definition of this horizon.
Demographically, the length of a generation could be defined as the median
age of mothers giving birth to a child. The highest fertility rates are in most
countries among women of age 25-29. In some countries, predominantly
the formerly centrally planned economies, some Latin American, and a few
African countries, the highest fertility rate is in the age of 20-24. In the table
below, the horizon of a generation is taken to be 25 years. Note, however,
that dertving the planning horizon from demographic data in this way is not
the only way and not necessarily the best way to do it.

A third alternative could be to use the Chichilnisky (1996, 1997)
sustainability criterion. According to this criterion, the social welfare
function reflecting explicit concern for future generations is the weighted
sum of the net present value of future welfare (normally discounted) and the
undiscounted level of future welfare as time goes towards infinity. Heal
(1997) shows that the shadow price of a resource unit will be higher under
this criterion than under a utilitarian welfare function without the
undiscounted component.

This is due to the different valuation of the far future. Maximisation of this
function reflects a time preference profile where a share of future welfare is
discounted and a share is not. The major problem in operationalising this
1dea 1s how to attach reasonable weights to the part of the welfare function
that concerns welfare to the present generations and the part that concerns
welfare to the future generations. Ultimately this decision must be based on
intergenerational distribution ethics, but a starting point could be equal
weights, 0.5/0.5. The weighted discount factor would then be 0.5%(7+7)" +
0.5.

Finally logarithmic discounting could be used. Logarithmic discounting
reflects time preference where relative rather than absolute time distance is
valued. The logarithmic discount factor would be #, where r is chosen
higher than typical discount rates reflecting the extremely high time
preference behind the interest rates on very short term markets.

The following table shows natural capital consumption under alternative
time preference structures in percent of total resource rent and 1 millions
US$ for the same countries as in table 1.
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Table 2. Average Oil Capital Consumption in 1980-90 for selected oil producers.
Estimated with non-constant discounting and R/P as discounting hotizon using
the Serafy estimation approach. Per Cent of Total Resource Rent and in mio. US$
(1990).

Serafy n=R/P N=25 if Weighted Logarithmic
R/P>25, discounting | discounting
otherwise
n=R/P
Pt US§ | Pt | US$ mio Pet Uss P US$ mio
mio 780

Algeria 33% 2025 48% 2890, 67% 4038  58% 3520
Congo 58% 427 58% 427 79% 584/ 64% 478
Indonesia | 74% 4457  74% 4457, 87%| 5254 70% 4262
Iran 3% 597  48% 8414  52% 9107 49% 8652
Mexico 25% 3387 48% 6424  63% 8419 56% 7558
Nigeria 39% 3825 48% 47100 69% 6843 59% 5862

UAE 59% 6868  59% 6868  79% 9268  65% 7568
United 86%| 4919  86% 49191 93% 5323 78% 4479
Kingdom

Venezuela 8% 880 48% 5321 54% 6011 51% 5713

Source as table 1.

The first pair of columns repeats the Serafy estimate with n = R/P from
table 1. The second pair of columns shows the discount factor if the
discounting hotizon was set to 25 for countries with R/P higher than 25
and to R/P otherwise. The third set shows the weighted discount factor and
the resulting natural capital consumption estimate. As noted above, the
present and the future have been assighed equal weights. The fourth pair of
columns shows the logarithmic discount factor and the corresponding
natural capital consumption estimate. A discount rate of 15% has been used
here whereas the other estimates were calculated with a 3% discount rate.

Each of the discounting approaches considerably reduces the variation
caused by the assumed time distance to terminal extraction, but some of
this variation remains. The lower boundary of the range of estimates has
now been raised from 3% in the constant discounting case to 48%. This is
the effect of giving more weight to future welfare than is the case with
constant rate discounting. Non-constant discounting produces estimates of
resource capital consumption in between the Total Rent approach with its
inherent Golden Rule ethics and the user-cost approach with its inherent
constant consumption level ethics.

Such estimates may be relevant whenever a country adopts targets for
sustainable development that reflects such an intermediate position in
intergenerational distribution. For instance, it is possible that developing
countries and countries with economies in transition will find the constant
consumption ethics too unambitious for their development strategy.
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What happens if we substitute the R/P assumption of the depletion profile
with the more realistic Hubbert curve assumption? Tables 3 show the effect
on the user-cost estimates. The final exhaustion time, T, is derived from
equation (23) using estimates of ultimately recoverable reserves and peak
time and levels from Duncan and Youngquist (1998).

Table 3. Average Oil Capital Consumption in 1980-90 for selected oil producers.
Estimated with a 3% rate of discount and time to final exhaustion (1-1985) as
discounting horizon using the Serafy and the Hotelling estimation approach. Per
Cent of Total Resource Rent and in mio. US$ (1990).

R/P Peak Peak EUR T T- Serafy | Hotelling 1
Time Prd. 1985
Year | Mio | Mio bl % USS % Uss
bl mi0 o
Algeria 37 2002/ 0.58 285 2063 78 10% 603 18% 1097
Congo 19 2003 0.11 3.6 2044 59 17% 130 30% 221
Indonesia 100 1977 0.62) 38.1] 2054 69 13% 787 23% 1393
Itan 115 1974 2.21) 129.6) 2047 62| 16% 2819 28% 4860
Mexico 47 2001 1.320 56.6 2055 70| 13% 1699 22% 3017
Nigeria 32 2004/ 096 48.8 2068 83 9% 848 16% 1562
UAE 18 2017 1.77 854 2077 92 7% 769 12% 1443
United 5 1995 1.01 442 2050 65 15% 839 26% 1463
Kingdom
Venezuela 86 2005 1.47 115.1 2103 118 3% 341 6% 661

Source: Atkinson et al. (1997;82), Duncan and Youngquist (1978), and author's
calculations.

The first column shows again the reserve-to-production ratio. The peak
time, peak level, and estimated ultimately recoverable reserves (EUK)
reported in the second to fourth columns are from Duncan And
Youngquist (1998). Inserting these figures in equation (23) gives T and the
distance from 1985 to T is given in the sixth column. These figures seem
quite optimistic in the case of, e.g., UK, cf. the critical remarks to the
Hubbert curve above.

The last two pairs of columns are the user-costs according to the Serafy
approach and the Hotelling approach with a cost elasticity of 1. Again, other
cost elasticities above 1, will produce estimates in the range between these
two.

The estimates in table 3 are several orders of magnitudes smaller than the
estimates in table 1. This shows that the choice of #, which has received
very little attention and is rather poorly justified in many empirical studies,
can be the most important choice in the estimation study.

The effect of applying the same depletion profile assumptions as in table 3
along with a time preference ordering that places more weight on future
generations’ well-being than constant rate discounting does, 1s shown in
table 4. Here we only use the Hotelling approach since the logic of the
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Serafy approach is built on the constant level of extraction assumption,
while the logic of the Hotelling approach is in fully accordance with the
Hubbert curve depletion profile.

Table 4. Average Oil Capital Consumption in 1980-90 for selected oil producers.
Estimated with non-constant discounting and time to final exhaustion (I-1985) as
discounting horizon using the Hotelling estimation approach. Per Cent of Total
Resource Rent and in mio. US$ (1990).

T- Logarithmic Logarithmic Weighted
1985 | discounting 15% discounting 25% discounting 3%,
Weights 0.5/0.5
% US$ mio Yo US$ mio Yo US$ mio
Algeria 78 68% 4141 50% 3047 31% 1858
Congo 59 70% 521 53% 393 46% 340
Indonesia 69 69% 4192 52% 3117 37% 2265
Iran 62 70% 12332 53% 9257 43% 7618
Mexico 70 69% 9304 51% 6911 37% 4928
Nigeria 83 68% 6708 50% 4908 27% 2697
UAE 92 67% 7856 49% 5696 22% 2568
United 65 70% 3990 52% 2983 41% 2330
Kingdom
Venezuela 118 66% 7317 47% 5187 11% 1248

Source: As table 1.

Table 4 shows two variants of logarithmic discounting. One with 15%
discount rate and one with 25% rate of discount. The weights and constant
rate of discount in the weighted discounting case are the same as above. In
all cases the discounting horizon 1s the same as in table 3.

Now the differences to the original user-cost estimates in table 1 are more
mixed. This is because the range of discounting horizons have been
narrowed down due to more realistic assumptions and because the future 1s
not discounted as powerful as in the constant rate of discount case. It is
mnteresting to note, that the combined effect of this 1s that all esttimates of
the capital consumption share with 15% logarithmic discounting are close
to 70%, whereas raising the logarithmic discount rate to 25% produces
estimates in the vicinity of 50%.

These methods could be useful 1n analyses of intergenerational distribution
based on other ethical perspective than the constant-level-of-consumption
and the corresponding user-cost approach (Serafy or Hotelling). If the
analysts is concerned with the savings required when the future returns to
capital are uncertain and may be lower in the far future, it is possible to
reflect this assumption in one of the alternative discount factors

The wuse of non-constant discount allows applying the same
mntergenerational ethics in the allocation of non-resource income between
consumption and savings as in the allocation of the total resource rent
between consumption and savings. This could be relevant in countries that
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regard a constant level of consumption ethics as an inappropriate basis for
the development strategy.

To be sure, the alternative estimates presented in the tables should not be
mterpreted as recommendations but as examples of how different
preferences for the well-being of future generations that are reflected in the
discounting horizon affects the natural capital consumption estimate.

The above estimates show that assumptions of time preference are crucial
to the natural capital consumption estimates. Considerations of how to
choose empirically founded parameters in the case of non-constant,
unweighted discounting is, however, sparse. This is an important task for
future research.

New Discoveries and Capital Gains as Substitutes for Investments

When a unit of non-renewable resource is extracted, it unquestionably
reduces the stock of the resource available to future extraction
correspondingly. But other actions may change the resource stock and its
assoclated wealth as well. The discovery of new deposits. Lasting changes in
future prices and costs. Reassessments of known deposits. How should
such changes be accounted for in the non-renewable accounts? The central
economic question is whether new discoveries, reassessments and changed
expectations of prices and costs that increase the value of a country’s
mineral stocks can be a substitute for investing the resource rent.

One of the pioneering green national accounts studies by Repetto et al.
(1989) focused at the changes in proven and probable reserves in the
Indonesian economy. They obtained the result that mineral wealth actually
increased at the same time as finite mineral stocks was consumed. This was
in part due to the price increases of the two oil shocks, but also in part due
to new discoveries. They did, however, not include these changes in their
estimates of resource capital consumption.

Peskin (1989) argued that they should be included, although not using a
single yeat's price estimate, which would cause significant fluctuations in the
resource capital consumption estimate.

Hartwick and Hageman (1993) also recommended that resource capital
consumption should be computed net of additions from new discoveries
and price increases. That is, “growth” of non-renewable resources adds to
national wealth and thus compensates for simultaneous consumption of
them. Or, put in another way, the question is whether that kind of increases
in mineral wealth can be a substitute for investing the resource rent.

USGS (2000) provides a useful systematic framework for defining the
resource stock more exactly, which may help to clarify these considerations.
The total stocks of petroleum and gas are defined as the sum of zdentified
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reserves (proven, probable, and possible), the expected “growzh” of these due
to better knowledge of their extent and improved extraction techniques, and
the still wndiscovered resources, expected to be discovered on the basis of
general geological knowledge. The sum of these stock concepts and the
cumulative production until now 1s the estimated ultimately recoverable
reserves.

It 1s important to be conscious about which of these stock concepts the
mineral reserve in question refers to. In an intergenerational distribution
perspective, the reserves available to future extraction must be the relevant
stock concept. Note that neither reassessment of existing deposits nor
discovery of new deposits adds to the total stocks that are available for
future extraction. These activities only reclassify already existing geological
structures. Consequently they do not transfer wealth from the present to the
future and they can not be a substitute for reinvesting the resource rent.

In an assessment of the strength of a particular economy for the next, say,
10 years, the identified reserves are the relevant concept. Reserves have to
be identified before they can be extracted and within such a time
perspective, the undiscovered reserves and expected “growth” of identified
reserves may not be likely to appear.

In the user cost approaches, changes in the physical stock are automatically
reflected in the discounting horizon. Higher estimates of the ultimately
recoverable reserves or the reserves available for future extraction gives a
longer horizon and thus a smaller user cost. In this way, these approaches
reduce the investment requirements in the case of new discoveries even if
the discoveries themselves are do not enter the accounts.

The question of reassessments of the value of mineral stocks due to changes
in price or costs is more complicated. The short-term price volatility that
can be observed in many mineral markets 1s mirrored in the unit rent due to
the definition of the rent as a residual after deducting costs of labour and
capital from the price or value. This complicates wealth accounting because
prices affect not only the rent but also the value of the resource capital.

Technically, such problems can be remedied by using moving averages, but
how should expectations of future price trends and changes in them enter
the accounts?

Vincent et al. (1997) used a method of extending the Hotelling approach
with resource revaluation. The calculation of the economic depreciation was
mproved by including the present value of anticipated price changes
(calibrated with formerly realised prices). It was shown in a simplified model
that investing the resource rent according to the Hotelling approach without
taking account of future trends in prices was insufficient to keep the mineral
wealth constant. The theoretical result was empirically demonstrated in the
case of Indonesia. The conclusion was that Indonesia should have invested
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more than the Hotelling rent to offset the economic effects of declining o1l
prices after 1986. Capital gains and losses should be accounted for, but
without confusing short-term volatility with long-term trends.

This point is probably justified in the case of Indonesia and also in the
theoretical model used. The simplified model did, however describe an
economy that did not consume oil but only exported it in exchange for
consumer goods. If more realistic assumptions of domestic production of
consumer goods and domestic consumption of oil were introduced into the
model, the result could have been modified to some extent. The lower oil
price did lower the rent in the resource extracting industry, but it must also
have increased the consumable income in the other sectors of the economy.
If the degree of self-suffictency 1s exactly one, these two effects can net out
and the capital gain (or loss) adds nothing to the consumption opportunities
of the economy. Capital gains in the mining industry will be counter
balanced by capital losses in the rest of the economy. If the country is a net-
mmporter, the net-effect 1s negative. Only to the extent the country is a net
exporter of the raw material in question, a capital gain will reflect a positive
effect on consumption opportunities.

However, this latter conclusion overlooks the fact, that no country can be a
net exporter of an exhaustible resource forever. The terms of trade
mmprovement for a net-exporter of a non-renewable resource good must be
transformed to a terms-of-trade worsening when the resource is so depleted
that the country becomes a net-importer of the resource good. Therefore
the net present value of the welfare change due to changes in resource price
should be extended to infinity and include the welfare change following
from using the resource as an input as well. The latter can be assumed to be
capitalised in reproducible capital stocks. Then, the sign of the net present
value of even a lasting price increase will depend on how heavily the future
is discounted.

The discount rate itself is derived from expectations of the growth
prospects of the economy. Thus, if a future rising price trend affects future
growth negatively, it should be reflected in a lower rate of discount. This
will in the user cost methods to some extend offset the effect of the initial
increase in unit rent on the consumable resource rent.

In sum, capital gains and additions to reserves are not substitutes for
mvesting resource rents 1if the investment requirements 1n an
mntergenerational perspective are considered. In a shorter perspective, e.g.,
10 years, which normally is considered “long term” in economic policy,
capital gains and physical additions to reserves can, however, be crucial for
an assessment of the economy and its investments requirements.

32



A Repurchase or Physical Approach

A more direct approach has been discussed in the Danish debate
(Mortensen and Larsen, 1994; The Danish Economic Council, 1998).
According to this approach, sustainable use of fossil energy requires
compensating investments in renewable energy capacity, joule by joule. In
this way, the future generations are secured a potential energy supply equal
to the potential supply prior to extraction. Thus it can be seen as an
approach of valuing resource consumption at repurchase prices (in a wide
sense) or as a physical approach of valuing resource consumption at prices
that can sustain the physical properties (e.g., energy supply) of the initial
resource stock.

This approach mmplies a final strategic goal of expanding the renewable
energy sector to a level that corresponds to the energy content in the
exploitable reserves at the time of introducing this principle. This type of
strategy can be named a conversion strategy since it 1s aimed at converting
the energy generation capacity of a country from fossil fuel based to
renewable source based technologies. In this sense, it is a "strong"
sustainability approach, targeting at a certain energy producing capacity
rather than at a certain stock of general capital.

In its original form, the repurchase approach has a major drawback, which
was pointed out by The Danish Economic Council (1998). If the future
renewable energy capacity should be determined by the oil reserves that are
exploited at present, most of the future renewable energy capacity would be
mstalled in the now oil producing countries. This would not be
recommendable since renewable energy production is typically most
economic when it is close to where the energy is used.

If the strategic target instead was an energy generating capacity
corresponding to some share of future energy consumption, we would solve
the problem of location, but the investment obligations would still be
attached to a conversion program rather than to the current resource
exhaustion. Thus it would make little sense to let the resource rent from
current oil and gas extraction govern the size and the speed of the program.
It would be more economic to let markets allocate capital to the program
according to a credible future demand for renewable energy. This 1s in fact
what the Danish renewable energy strategy does. If the pace of the program
should be tied up upon the current extraction of fossil fuels, disregarding
efficiency considerations, it would probably be more costly.

If the approach is modified so that the expansion of the renewable energy
sector is independent of the current energy consumption, we are back in a
scenarto where such a long-term investment program must be balanced
against other long term goals of society.

33



Summary and Conclusions

This paper has reviewed a number of alternative methods for estimating
non-renewable resource capital consumption. The purpose was to explore
the assumptions one has to make when using the one or the other method.

The fundamental choice is the intergenerational distribution ethics behind
the estimation approach. The Total Rent or net-price approach gives the
answer to the question of how much of the resource rent should be
reinvested if all resource rent belongs to the future. This would be the case
if a Golden Rule ethics was pursued. A modified Golden Rule ethics, resting
on the premise that the annually extracted rent should be equally distributed
between the present and the future generations, was discussed. Even in this
case, the ethics i1s weak since the answer would exclude the entitlement of
the present generation to allocate its future consumption optimally.

The user-cost approaches give the answer to the question of how much of
the resource rent should be reinvested if a constant consumption level
should be maintained from the current year and infinitely, that is, also after
the reserves have been ultimately depleted. This approach assumes
traditionally in the empirical studies a constant rate of returns to capital.

Some intermediate approaches give the answer to the question of how
much of the resource rent should be reinvested if the future returns to
capital are increasingly uncertain or, put in another way, if our time
preference includes specific preferences for the welfare of future
generations.

The importance of knowing which question we are seeking the answer to
cannot be exaggerated. A series of examples shows that the differences in
estimates based on different approaches are considerable. The most critical
assumptions are those of time preference, depletion horizon, and costs.

The table below summarises the share of total rent that should be accounted
for as capital consumption according to the different approaches.
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Table 5. Summary of capital consumption share in total rent according to the
different estimation methods.

Capital consumption share in total rent
Hotelling with observed mc (p-mc,)/(p-ac)
Hotelling with assumed mc (1+B)/[1+B(1+1)"
Serafy (1+1)™
Weighted discounting W(1+0)" + (1-w)
Logarithmic discounting n'

Key parameters:

p Price

ac Unit costs (average costs)

B Cost elasticity

t The rate of discount

n Time to terminal extraction

w The weights given to the present and the distant generations

The critical assumptions attached to these parameters are:

p: Price taking optimal depletion behaviour. The Hotelling with observed ¢
interprets the difference between the price and the observed marginal costs
as the Hotelling rent. Hotelling with assumed mc calculates the Hotelling
rent as it would have been if there had been price taking optimal depletion
behaviour and the cost structure was as assumed.

ac: The assumptions are standard national accounting assumptions.

B: For the Hotelling approach with assumed e, the technological
assumptions are comprised in the cost elasticity. Even if scale economies are
not found plausible, the choice of 3 may have a non-trivial effect on the
capital consumption estimate.

r: The choice of the rate of discount over a plausible range of values may
have an even larger effect on the estimate. The user cost approaches
normally assumes time preference and future certainty of capital returns
consistent with a constant rate of discount. A declining rate of discount
(here logarithmic discounting) can reflect a deeper concern for the wellbeing
of future generations and/or uncertainty about future growth.
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0 Weighted discounting is an alternative or additional way to reflect such
assumptions. Declining discount rates and a constant weight to the distant
future vyields considerably higher capital consumption estimates than
comparable constant discount rates.

n: The assumptions of the remaining depletion profile and extent falls in
two main categories:

1. Constant extraction path: n = S/Q (ot R/P)
2. Hubbett cutve extraction path: n = ¢, + 1.25G/q,, - t

Constant extraction can be assumed for any of the approaches, while
Hubbert curve extraction requires a reformulation of the Serafy formula.

The widely used practice of estimating the time to terminal extraction by the
reserves-to-production ratio 1is criticised for being arbitrary. As an
alternative, the Hubbert curve is suggested, but it is emphasised that it
should be adjusted by information on past and planned extraction activities
and developments in costs and prices. The choice between these two
assumptions of depletion programmes was the most critical 1 the shown
estimates.

The combined use of the Hubbert curve and non-constant discounting
produced a remarkable uniformity of the share of natural capital
consumption in resource rent. For example, using logarithmic 15%
discounting yields capital consumption shares in the vicinity of 50% for all
the countries studied.

A repurchase approach for estimation of non-renewable resource capital
consumption was also discussed. It was concluded that it gave the answer to
an entirely different question. The question of how much of the national
income should be invested in renewable energy to replace the fossil fuel
extracted. The question the energy planning authorities would like an
answer to 1s, however, how much of the future energy consumption should
be provided for by renewable energy sources at different points of time
considering the costs of this energy and supply security, it provides. Former
mineral wealth 1s irrelevant to this question. Thus, it 1s the right answer to
the wrong question.

The question of how changes in mineral wealth enter the accounts is
discussed. It is concluded that reassessments and discoveries that leave the
ultimately economically recoverable reserves unchanged are irrelevant to
mntergenerational distribution analysis. For assessment of the background for
economic policy in the near future, say 5 to 20 years, this information can
nevertheless be of great importance.

The results demonstrate that natural capital consumption estimates are far
from as robust as their conventional national accounts counterparts. They

36



rest on a number of ethical premises as well as technical and scientific
assumptions that are non-trivial. Thus, the credibility of the estimates can be
improved by devoting much more effort to thoroughly justification of the
assumptions and to alternattive calculations based on alternative
assumptions. This 1s particularly important for the success of the efforts to
extend the use of such capital consumption estimates in macroeconomic
sustainability analysis.
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