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I. Summary and Conclusions

1. Introduction

This is the final report of Microeconomic Associates under contract

number C0-04-50325-00 to study the intertemporal allocation of natural
resources arising in a market economy, and in particular to develop
parameterizations by which bias in the intertemporal allocation may be
estimated.

The first interim report surveyed existing work in this area and
noted the directions in which research seemed particularly heeded. Work
on two of these areas, the effects of imperfect competition and of the
tax system, was hegun in the first interim report and continued through
the second. In addition, work on the consequences of imperfect risk

markets was begun in the second interim report and continued in the present

report. A second new area investigated in the second report was that of
technical change, an assessment of market inducements for technical change
and its consequences under different institutional arrangements. The
second report also began the third phase of the study, the analysis of
alternative policies, with an examination in detail of the BTU tax.

This report includes anslysis of the effects of imperfect risk
markéts and two studies that deal with issues of trade policy. One
study analyzes the optimal trade policy of a large consuﬁing nation
facing competitive resource suppliers. The other examines trade pecli-
cies under the threat of embargoes by resource cartels, one of the im-
portant motivations for Project Independence. A concept of flexibility

is introduced and we analyze the optimum degree of flexibility when the
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ksupply of a natural resource is affected by the probability of a large
price rise from an embargo. Finally, the nature of policies which should

be introduced in the face of the threat of an embargo are discussed.

We have been pleased with the progress we have made under this
contract. ~Major developmentsiin at least seven areas should be noted:

(1) The work done in conjunctibn with éhis cqntract represents
the first comprehensive analysis of the behavior of a natural resource
cartel. The results reported in the first ﬁwo interim reports were
surprising &and unexpected.

(2) The work described in the second interim report represents. the
first analytical comparison of the dynamic incentives‘for research under
monopoly and competition with the socially optimal allocation. ‘Although
some results confirmed the conventional wisdom in this'area, others did not.

(3) The first and third reports contain 8 comprehensive anélysis of

“dbaxation of natural resources, with again sevéral results which counter
conventional wisdom.

(4) The ﬁork presented in the second report constitutes the first

analytical treatment of the role of monopoly: in destabilizing prices.

(5) The second and third reports contain the first qualitative
(and analytical) analysis of a stock market with more than one commodity;
the parameters which determine the market bias in the intertemporal

allocation of oil are also identified.

(6) The work discussed in the third report represents the first
snalytical study of the implications of "flexibility" for the intertemporal

allocation of a natural resource.




(7) The work contained in the third report is the first analytical
treatment of optimal tariff policy for consumption of s natural resource.
The results are markedly different from conventional optimal tariff analysis.

In addition, we succeed:in developing in the context of all the problems
examined parameterizations which should enable the quantification of the '
magnitudes of the biases introduced by the varicus distortions analyzed.

Many of these analytic;i results have immediate and important
policy implications and we have attempted, both in the appendices and in
part I of this report, to draw out these implications. In other areas,
the analysis has formed the basis for further theoretical and empirical
research. Throughout our reports, we have attempted to identify areas
in which further theoretical work is required, and areas where final

Judgments rest on empirical data. In addition to the seven major find-

ings discussed above, this study program has succeeded in developing

a consistent theoretical structure that can be used for the analysis of
important policy issues within the areas of natural resources and energy.
The first interim report outlined the economic theory of exhaustible
resource allocation over time under perfectly competitive conditions. The
analysis presented in the reports has taken the competitive economy as a
benchmark, identified important areas of market failure and estimated
their consequences. This work is primarily neither an exercise in
computational techniques nor a theoretical treatise. Rather we haveiin
this program developed and extended basic economic methods and applied

them to important policy issues. Even in areas where at the present state



of knowledge unambiguous policy recommendations cannot be made, it is
clear that the considerations ralised have potentially highly important
ramifications.

In our: judgement, it would be extremely worthwhile to integrate the
methodology developed in the course of this program in the gquantitative
work of the Federal Energy Adminiétration. While this would require some
investment of time and research effort,i§e feel that the end result would

be a more consistent and robust framework for specific policy recommendations.




2.  Investment in Energy Conservation

It is clear that a rising relative price for energy encourages the
substitution of other factors for energy -- i.e. encourages energy con-
servation, We inquire here whether there might be reasons for supposing
this market response to be inadequate: it seems that in fact there are
two reasons why this might be so, each associated with a different type
of market failure. On the one hand the future price of energy is not
known with certainty because future markets fail td exist, and in their
absence investors must make forecasts which we shall argue will tend to
underestimate the future price of energy. On the other hand firm's,
investment decisions db not take place in a perfectly competitive
undistorted market environment, but are influenced by the tax system,
and the existence of ﬁrice controls. Both kinds of market faillure can
be mitigated by government policies; it is natural to address the first
problem by providing the basis for better forecasts through indicative
pianning, and to correct the second through a range of specially designed
fiscal instruments. In part III we examine the effects of accelerated
depreciation allowances, tax credits, tax exempt bond finance and loan
guarantees in offsetting the incentive to underinvest in energy conservation.
Indicative planning is discussed at the end of this section.

The effects of both kinds of market failure are more severe for
durable equipment, and it is clear that many investment decisions in
energy —-using industries are, at least for a period, irreversible. Typically
there is a range of technologies from which a choice may be made, and which

i
differ in their energy-intensities, so that ex ante there is a possibility



of factor substitution. However, any given technology is characterized by
relatively fixed factor proportions, so that once the investment decision
is implemented there is no such scope for substitution. The user is
locked into a particular pattern of factor intensities for the life of

the plant, which may often be several decades. In such a situation, it
is'particularly important that the choice of factor intensities be made,
not -in the light of prevailing factor prices, but in the light of those
expected to rule over the life of the plant -- and it is also important
that these expectations should be as sasccurate as possible. An illustration
of this point is that many of our current problems are aggravated by the
fact that much of thé present capital stoek is appropriate to the cheap~energy
decades’ of the 1950's and 1960's.

In genéral, of course, businessmen recognize that the choice of
factor intensity must be appropriate to the relative prices expected to
prevail over the entire life of the plant: ' a problem arises because there
is ‘a likelihood that these expectations will be systematicelly biassed.

The point is that if energy is provided from -an exhaustible resource, its
relative price will increase over tiie., Investors at time tl will need to
predict the course of energy prices over the period tl to t2 in order
to choose the technology appropriate to a plant of life (t2 - tl), and

the principal evidence available to asgsist them in doing this is the course

of prices up to 't A reasonable sssumption is that they use some simple

1°
rule for extrapolating this -~ either simple linear extrapolation of the
current trend, or of,an average of past trends, or perhaps exponential

extrapolation. It is easy to show any of these, if there are fixed or




rising costs of energy extraction, vhich leads to a systematic underestimate

of future energy prices -= figure 1 illustrates.

Actual Price Path

Extrapolation of

Price Current Trend

Average of Past Trends

Exponentially Weighted
™ Average of Past Prices

t Time

Figure 1

The diagram establishes that there may be a systematic underestimation
of the future increases in energy prices, so that investors will systematically
underestimate the inéentive to conserve energy and substitute alternative
factors. In other words, private entrepreneurs are likely in practice to
commit themselves to more liberal patterns of energy use than they would
if they had accurate knowledge of the future.

This inefficiency which arises from a lack of accurate information
about future prices is a general one, and applies to energy supply decisions

as well as energy conservation investments, and to all other decisions that



have to be made long in advance of the time when theirzconsequences will
become apparent. - The classical'examples of such decisions are those in-
volved iﬁ planting forests or laying down services, though in modern
econonies they arise more commonly in the guise of decisions about invest-
ment pfojects with long gestétions periods. - In order to make such: a
decision < well -~- that is, to achieve to the greatest extent possible the
objectives being pursued -- one needs information about thé conditions
that will obtain when the decision's consequences are felt: one would
expect a positive relationship between the quality of the decision and that
of the information.

In an idealized market economy, there would be institutions that
would provide this information ==- namely, forwafd markets. By establishing
prices at which future contracts could be concluded, they would provide
all of the information needed for national long-term decision—making.
Unfortunately it is the case that for a variety of reasons modern industrial
economies are poorly endowed with forward markets, with those that do exist
extending only a relatively*shortudistance into the future.  This obvious
shortcoming in the institutional framework of the modern market economy
has led to several developments whose functiqn is at least in part com-
pensatory: long-term contracts are of course one such development (though
their partial nature mskes them of limited value), and indicative plenning
is another. In the following sections ﬁe analyze the nature and purposes

of ‘indicative planning with particular reference to the energy market.




Indicative Planning for Energy

Indicative planning is'not easily defined.  In what is certainly the
major theoretical work in the field, Meade >[1973] views it simply as a process
which is a substitute for forward markets: in a sufficiently small community
this process would invdlve the government convening meetings of all of those
concerned, and then acting as an auctioneer and determining eguilibriuﬁ
prices for future trading. In practice such an approach is not’feasible,
and indicative planning would take the form of & planning agency forecasting
tﬂe likely future development of the industrial sector concerned, and
then discussing this forecast with those whose behavior will affect it or
be affected by it. In the light of the discussions the forecast is
revised, a new round of discussions ensues, and so on. ' The eventual
outcome should be a forecast consistent with the actions of sll and
embodying the best information available: it is this forecast that is
referred to as an indicative pian. It should be emphasized that it is
not usually'envisaged that such a plan will be implemented by fisat:
companies would be free to take whatever notice fhey choose of it in meking
their decisions, but it would be hoped that it would be so evidently
supeyior to any forecast of their own that they would to a verj substantial
extent be guided by it. Of course, 1f all decision-makers accept the plan
as an accurate picture of the future and act as they said they would éuring
the discussions, the plan will in fact have an important self-fulfilling
property. |

An important consideration which deserves explicit mention is the

treatment of uncertainty. Any economic agent is clearly uncertain about
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many aspects of the future, and it is helpful to break the uncertainty,
facing a decision-maker in the no-plan situation into two categories:

(i) exogenous uncertainty == uncertainty about events whose
outcome is not influenced by the operation of the economic system. In
this category come the state of the weather, the development of foreign
markets or of new resource bases. in foreign countries, exégenous shifts in
tastes and technology, and many others.

(ii) endogenous uncertainty -- uncertainty about the values of
variabies which will be determined within the domestic economic system
once values of exogenous variables are known. Examples are domestic
prices, tax rates, the level of demand, etc.

It is clear that indicative planning cannot. act directly to reduce
exogenous‘uncertainty -= though it is at least possible that by pooling

~and then disseminating the information available to &ll agents, each will
be given a better basis for assessing these uncertainties. Because exogenous
ﬁncertainties will remain, an indicative plan must be a conditional or
-contingent plan: that is, it must take the form of a number of if o
then statements, each mapping out the course that the economy would take
if ‘some particular realization of the exogenous variables occurred. : One
might for example have oné plan conditional on the OPEC cartel remaining
effective, and another conditional on its failure.

Althouéh indicative planning cannot reduce exogenous uncertainty and
must consequently be conditional, it is certainly true that it may contribute
substantially towards reducing the amount of endogenous uncertainty facing

agents. If successful, it would provide them with a picture of the likely
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development of the domestic economy in each of a certain number of externally~
generated contingencies, and would undoubtedly contribute to s reduction in
the overall uncertainty facing them. One could regard this reduction in
uncertainty/or, equivalently, the improvement in the quality of information

available to decision-makers) as the main purpose of indicative planning.

Problems with Indicative Planning

Critics have pointed to several shortcomings with the concept of
indicative planning. A point often made is that thé repeated discussions
of likely future developments that are an intrinsic part of the planning
process may encourage the development of explicit or tacit collusion amongst
thé/fifhs in an industry. Obviously, this is a potential problem, though
probably not a particularly serious one:. it is not clear that discussions
within the framework of a planning apparatus would be more dangerous in this
respect that those which normally occuf in the context of trade associations

and other industry organizations. Indeed there is' a certain amount of

evidence (see Estrin and Holmes) that in France, the country where this
form of planning is most highly developed, planning has contributed to a
reduction in the degree of cartelization.

A more seriocus problem is that the’individuai firms will have an
incentive to distort the information they supply in order to create a
more favorable enviromment in which to operate. This is a particularly
accute problem where co-operative action is required, where the benefits of
an individual's action are widely diffused, or where fiscal mesgsures which

will affect large numbers of firms have to be designed. For example, R & D
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may benefit many consumers and other producers who have an incentive to
understate the value of these benefits in order to reduce the amount they
might be asked to contribute, whilst the firm which is to be subsidized
to undertake the research may overstate the costs in order to increase

its profits. The implication of this is that the planning authority needs
to be aware of any incentives that might exist to distort information, and
to seek independeht informatibn if possible in such cases.

Another criticism often made,‘is that planning implies the develop-
ment of a unified, economy-wide expectations about the future, in place of
the multitude of possibly-divergent expectations one would expect to find
in an unplanned situation. It is argued'that thig is harmful because if
there are,unrésolvable uncertainties about the future, any risk-averse society
should allow a dispersion of expectations rather thén achieve a consensus
because there is é risk that this concensus would be incorrect. In such
a situatipn all agents in the economy would make bad decisions, wheréas with
a dispersiqn of expectations one would expect that in any given outcome
only ‘a limited number would do so.

It should in fact be clear that this eriticism is based on a mis-
interpretation of the planning process. Ag described above, this process
1did not involve any attempt‘to reach a concensus expectation about. exogenous
uncertainties. It set out a number of possible paths for the‘economy, each
éontingent on g particular realization of the exogenous variables. Agents
were .completely free to assignitheir gwn probabilities to theée various
realizgtions. ‘Planning/invqlved establishing a concensus of expectations
vonly about the behavior of:;ndogenous variables, contingent on the exogenous

ones.
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A more substantial problem for successful indicative planning is
likely to be posed by the fact that it would require s government to
reveal its future fiscal and monetary intentions, and remain reasonably
firmly committed to‘these. In the case of energy, for example, it would
clearly not be possible to forecast even conditional developments without
information on the aggregate demand management policies the government
intends to pursue.  Given the political complexities of the budgetary
process; and the division of responsibilitieskbetween Congress and the
Federal Reserve, such an unambiguous statement of intentions could be
very difficult ﬁo obtain. Given its importance, it might however be worth
lobbying for. |

There are two more serious reasons why a government may not be
able to, of may not wish to, reveal its futufe fiscal intentiods. Newbery
[1976] has shown that if & government cannot be contractually bound to its
announced import tariff then it will wish to continually change the tariff.
(The reason for this is discussed in the section on trade policy below.)
Announcihg its fiscal intentions will then reduce the credibility of the
 whole indicative plan as these intentions are changéd.

| Perhaps more fundamentally, there is an intrinsic contradiction
between announcing a set of future tax proposals in a representative
democfacy such as the U.S. since subsequent administrations cannot be
bound to‘them. The best that one can hope for is that a sufficient proportion

of these plans are sufficiently widely supportéd to command continued support,



or at least not to attract subsequent opposition.  The problem of adminig-

trative credibility is sometimes advanced as a serious obstacle to long term

decision making in the U.K., where successive governments have radically

different policy objectives.

Conclusions
The potential contribution of indicative planning is difficult to
evaluate ﬁithout considerably mére study at both the theofetical and empirical
levels. It is clear that its contribution‘would‘lie in reducing éndogenous
uncertaihties, and‘the potential significancé of such a contribution would
depend upon: |
‘ ‘(i)‘:the~ratio of ‘exogenous to endogenous uncertéintiés. In &

sitﬁétibn‘where the principal uncertéinties are éll exogenoué, plaqning
would contributé little other thén pefhaps a pooling and dissemihation of
information.
(ii) the extent to which a planning procedure could be devised to

cut through the complex interdependencies of ‘a general equilibrium system
and produce consistent and acqurate forecasts.‘ |

As meﬁtioned, it is difficult to be precisé‘On these issues: . there

clearly are major exogenous uncertainties in the energy market -=the

behavior of OPEC and the development of new technologies, for example.

But it is also true that under rapidly changing market conditions, many
of the uncertainties are endogenous, and stem from an inability to predict
the reactions of other parties in the market under circumstances greatly

different from any that have obtained in the past. It does seem likely that
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the institutionalized consultation involved in indicative planning could
be particularly valuable under such conditions. The difficulties mentioned
under (ii) above are purely technical in nature, though their magnitude
should not be underestimated. However, the F.E.A. now has considerable
expertise in the field of energy sector modelling and forecasting, and

the technical requirements of good indicative planning are probably  just

within the state of the art.
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3. Monopoly ‘Policy

Theory of ‘Imperfect Competition in the Supply of Exhaustible Resources

It may be argued that the extractive resource industries are more
susceptible to cartelization hecause these resources are localized and
immutable. - The petroleum, tin, copper and bauxite cartels are examples
of ‘overt collusion din the supply of natural resources. However, the
existence of a cartel is not synonymous with market power.’ Indeed, tacit
collusion may be as successful in restraining competition as overt
collusion, which implies that the absence of concentration cannot be
relied upon as a reliable indicator of competition.

From conventional monopoly theqry, we know that the market power of
g monopolist depends on the elasticity of demand for the monopolized good
and the ease of entry into the monopolized industry. Stated another way,'
if there are close substitutes for the monopolized commodity, an increase
in the price of the good will cause consumers to shift to the substitute
commodities. The limit on the monopoly price thus depends on the relative
price of substitutes and the degree to which consumers‘are willing to
accept other goods as a substitute for the monopolized commodity. Monopoiy
profits depend’as well on the ease and speed with which entry into the
industry can take place; The degree to which entry is successful in .lowering
the market price to the competitive level depends on the elasticity of
demand facing each producer (see Chamberlain [1933]). For a homogeneous
producf like o0il, entry can be expected to reduce the price (net of transport

costs) to the competitive level.
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One might argue that for nonrenewable resources, expansion of the
industry in less than geological time is impossible. However, this ignores
the fact while the resource base cannot be expanded over reasonable time
periods, production capacity can be increased and known reserves can be
enlarged through exploration. Entry may also take place through de#elop—
ment of new sources of supply. Since the demand for natural resources is
derived from the demand for final goods and services,. it is not necessary
that a substitute imitate the form of a particular resource, but rather
ft need serve some component of final demand previously served by the
natural resource.

There are three ways in which the theory of monopoly for exhaustible
regsources differs from the theory for conventionally produced goods. The
first hés to do with rents. The first interim report described how the
efficient price of an exhaustible resource may exceed the cost of producing
the resource. The difference is a rent which accounts for the scarcity
value of the resource. For a conventionally produced good, if the price
exceeds the cost of production, one can assume that the market for the
godd is not perfectly competitive. This does not follow for an exhaustible
resource, because even in a perfectly competitive economy the rent component
of the price may be very large relative to the total price. Thus, for the
case of oil, the fact that the OPEC price exceeds the cost of extraction is
not sufficient evidence to assert that‘the OPEC price exceeds the competitive
price. One might point to the correlation between the formation of OPEC
and the rise in world oil prices as evidence for monopoly power. However,

a counter argument is that the formation of OPEC coincided with a realization
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that the extent of world oil resources is & limiting factor in world
economic development.—l/
The second way. that exhaustible resources differs from conventionally
produced goods is the explicit interaction of the flow and asset markets
for the exhaustible resource. A monopolist on production capacity (the
flow market) may enjoy considerable short-run market power. . However,
if the resource base is not monopolized (the asset market), the expansion
of ‘capacity Dby competing owners of resource deposits will reduce the price
to the competitive level. Conversely, a cartel may own sixty percent or
“more-of the total resource base. Yet its monopoly power depends onits
production capacity and the’production capacity of competing suppliers.
The determinants of monopoly power for an éxhaustib1e resource is discussed
in detail in the third section of both the first and the second interim
" reports.: We will return to the distinction between monopoly power iﬁ
flow and asset markets when we discuss policy alternatives below.
 The third distinction that sets exhaustible’resources apart from
\kproduced commodities is 'in the impact of demand elasticity on monopoly
power. ~For a conventipnal static monopoly, the degree of market power
(monopoly profits) is a decreasing function of the magnitude of the elasticity
of demand. However, we have demonstrated in section 3 of the first interim

report that if extraction costs are zero, and demand elasticity is &
constant greater than one in megnitude, monopoly profits are identical to
competitive rents. While there may be distributional issues associated
with the ownership of the resource, the point is that for this case the

price path given monopoly ownership is no different from the price path
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generated by perfect competition. However, if the demand elasticity

falls below one in magnitude, the behavior of a monopolist departs radically
from that characteristic of perfect competition. For this case, the owner

of an exhaustible resourée behaves much as if the resource were a conventionally
produced good, and sets a limit price determined by competing sources of

supply (see section 3 of the second interim report).

Policy Options

The major determinants of the market power of a resource cartel are
its share of the total reserves of the exhaustible resource, its production
capacity and the production capacity of competing suppliers, the price
and availability of substitute sources of supply, and the level and elasticity
of demand for the resource. Clearly these are not the only determinants of
market power, but for analytical purposes they appear to be the major factors.
For policy purposes, we may suppose that the share of total reserves (but not
necessarily known reserves) and the production capacity of the cartel cannot
be directly influenced by policy instruments. Therefore policy alternatives
can be partitioned according to their impacts on the development of sub-
stitute sources of supply, the expansion of known reserves and production
capacity outside the cartel, and the management of demand.

Both competitive rents and monopoly profits from the ownership of
exhaustible resources depend on the difference between the extraction cost
of the resource and the production cost of substitutes. Therefore, the
development of cheaper substitutes for the resource will, all else equal,

reduce the monopoly profits accruing to a resource cartel. Section 4 of the
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second interim report discussed in detail the optimal timing of research .
expenditures for the introduction of a substitute source of supply. The
analysis in that section also demonstrated that a monopolist on a resource
stock could be expected tb underinvest in the development of a éubstituﬁe
for the exhaustible stock, and that the level of investment generated by

a system of patent rights may not be optimal. The analysis in that section
was not directly concerned with the distributional issues of moncpoly
ownership. . Concern for the political power vielded by ‘a resource cartel
could justify accelerated development of substitute sources of supply.

It was shown in the second interim report that under some: conditions,
cartel profits are maximized by ignoring_the exhaustible nature of the
resource and simply maximizing current profits taking the production
capécity of competitive suppliers as given. In this case, expansion of
production capacity outside the cartel reduces the price of oil. Indeed,

there is a multiplier effect. EBach uﬁit of capacity added outside the‘
’cartei forces the cartel to increase its own output in order to maximize
profits.  This suggests a basis for subsidization of domestic output
capacity. Competitive suppliers of the resource consider the effect of
capacity expansion on profits taking prices as given. - However, each
hnit of édditional domestic capacity increaées the short run profit-
maximizing cartel output and‘lowers the price. Since this is ignored by
coﬁpetitive producers, the rate of capacity expansion may be too low

in the sabsence of a subsidy.

The importance of this finding ié that the expansion of domestic
production capacity could prove to be the most effiéient means by which to

reduce monopoly profits, less éostly for example than the development of
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substitute sources of supply. Indeed, this seems to be the thrust of

Project Independence. However, it must be explicitly regognized that an

increase in current output reduces: future production capacity. This implies

lower output, higher prices and more dependence on imports in the future

than would otherwise be the case. Since the government manages a significant‘

fraction of the total‘resource stock of the country, it is important to
determine the gains from an expansion of‘the rate of leasing of public
lands. It is an empirical question to determine whether-in fac£ cartel
pricing policy is a function of competing production capacity, and whether
an increase in domestic production is desirable;

A related issue is the expansion of exploration activities to increase
the size of known reservés. For the purpose of dealing with a cartel, such
a program’is of secondary importance. The reason is thsat curant cartel
pricing policy should depend on the expected returns from exploration.

Demand ﬁanagement hés akdirect impact on monopoly profits. Consérvagion
programs. can. be thought ofkas reducing the level of demand, while policies
that increase flexibility can be thought of as increasing the elasticity:
of demsnd. Any increase in conservation lowers monopoly profits. ' An
increase in demand elasticity may, in the long run, force the moropolist
to increase the qﬁantity supplied toward the efficient level (however, this
does not eiiminate scarcity rents). Also, if the increase in demand
elasticity is anticipated by the monopolist, prices may rise in the short
run.. It is an empirical question whether the gains from such programs
exceed the costs.

A closely related subject is the optimal tariff to reduce the level
of demand and the level of’dependence on imports. This is discussed in

detail in the technical appendix and summarized in section 1.6 of this chapter.
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L. Tax Policy and the Optimal Intertempéral Allocation of 0il

In this subsection., we review two sets of results: the intertemporal
biases resulting from tax policy, and the use of tax pdlicy to correct
biases arising elsewhere.. |

In earlier‘reports, we suggested that there was an ambiguity in
interpretiﬁg the bias asSociated with‘fax policy: most taxes introduce
digstortions. Were we to interpret a bias as a deviation of the tax
induced policy from the optimal intertemporal allocation, or from the
~intertemporal allocation which would érise from some secon&kbest‘optimum
(e.g. if all taxés weré.chosen;optimally)? Alternaﬁively, we could focus
on différential treatment betweenythe energy sector and other sectors,
refefring to aﬁy differenée in the rates of return as a tax induced
bias. HProbabiy none of these are the appropriate measures for policy
purposes: the appropriate question is simply whether‘any proposed change
would increase wélfare.

Several categories of distortions were analyzed: in the aggregate
rate of consumption (use) of oil and in the pattern and technology of
extraction and exploration, the tax‘provisions which were analyzed were
the following: |

1. DepletiOn Allowances. Our analysis suggested that the impact
of a depletién allowance at a8 bonstant rate might be less than had previously
been thought; if éxtracti@n costs were zero and the sector were competitive,‘

it would have no effect. If extraction costs were positive and constant, it

would lead to faster extraction (than in the absence of the depletion
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allowance). If the sector were monopolized, it would also lead to a faster
rate of extraction if ﬁhe monopoly was excessively conservation minded

(as it would be with positive extraction costs of 'a declining elasticity
of demand), offsetting the effects of the monopoly; conversely if the
monopoly w@s excessively profligate, the depletion allowance wili lead to

a slower rate of consumption.

The crucial parameters in determining the magnitude of the distortion
for a competitive economy is the size of extraction costs relative to the
price.

Although the effects of a constant depletion allowancé may be
smaller than is widely assumed, the effects of the gradual removal of
the depletion allowdnce are larger than is widely assumed: if a depletion
allowance is to be removed, it should be removed as quickly as possible.

Other provisions‘of the depletion allowance probably have serious
implications for the industrial structure of the industry; what implications
this has for economic efficiency is not clear. For instance, any provision
Whiéh allows the depletion allowance for some categories of firms and not
for others‘ought to result in most of the extraction being conducted by
those who are allowed the depletion allowance. Provisions dimposing &
1limit on the amount of the depletion-allowance as a percentage of profits,
unless computed on a well-by-well basis will also have an effect on the
structure of the industry.

Althoﬁgh the depletion allowance would have no effect on the pattern
of extraction from known reéerves with zero extrection costs it does affect

the incentive for discovering oil. The total stock of oil which is likely



to be discovered is greater, and;because of that present prices are lower,
and consumption rates higher. Similarly, if there is a positive extraction
cost, o0il which it would never pay té extract without a depletion allowancé
will be extracted.  But, apart from consideration of monopoly discussed
elsewhere in this feport,kthe cost of discovery and extraéting this oil
will eiceed its benefits, and so such a‘policy is undesirsable.

| If the removal of the depletion allowance had not been anticipated,
the immediate‘effect of the removal will be to raise the price of oil |
both because of the‘slower rate of extraction and the smaller stock of oil
that wili eventually be extracted. These effects may be disguised at
?reéent~becaﬁse‘the short run effect of a gradual removal of the depletionk
allowange is tb increase the supply of oil.

2. Immediate~write—0ff~of Drilling‘Expenses. This provision provides
the bestkexample for the ambiguity associated with the meaning of tax induced
bias. With immediate write off.of capital expendituies, the corporation tax
can be viewed as a pure profits taxes and is thus non-distortionary. = But

- since other sectors are not so‘treated, there is a relative distortion:

investment in o0il exploration is encoufaged relative to other kinds of

investment. ' There is no justification fof this favorable treatment.
| 3. Inability to Write-Off Immediately Expenditures on Lease (Or Land)

Acguisition. For expenditures other than drilling, the oil sector‘is

treated like any other sector. But this symmetric treatment does induce a
distortion in the rate of extraction relative to what it would be in the
absence of taxation. Consider a firm which purchases land under which there

is 0il. After the oil has been extracted, the land will be worth less.
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The firm can take a capital loss on the reduction in land value, and thus
reduce its tax liability. The present value of the tax write-off is
increased by accelerating extraction. It would probably be desirable to
allow immediate write-off of these expenditures; to discourage excessive
allocation of resources to this sector relative to others from this favorable
treatment, other taxes would have to be imposed.

4. Special Treatment of Capital Gains. Since the return to holding
o0il is the increase in its brice, if this increase in price is subjected
to capital gains taxation, the return to holding oil will exceed the return
to holdingkconventional assets, and there will be excessive conservationism.
This effect would be significant, since the difference in rates is large.
Since the sale of oil is treated as ordinary income, for this distortion to
occur requires that firms tpat do the exploration héld on to the land until
the date of extraction. They then sell their land; the purchasér then
extracts the oil, the income from the o0il being perfectly offset by the
reduction in the value of the land. |

Of the various provisions discussed above, several have been introduced
to offset the tax indﬁced biases of the general tax structure (or so proponents ‘
of the provision argue). The depletion allowance is justified as a simple
alternative to depreciation, but the present tax code éssentially allows
triple depletion: immediate write-off of drilling expenses, depletién
allowances, and write—off of the loss in value of leases or land after
extraction is completed.. Other proponents of these provisions admit that
it constitutes favorable treatment, but argue that the favorable treatment

is required to offset the distortionary affects of the corporation tax



structure, which unduly penalizes risky and capital intensive sectors. Else-
where it has been argued that the sector is not more risky than other sectors,
that the corporation tax does not discourage (but rather encourages) risk
taking, that it does not penalize-capital inteﬁsive industries, and that
there are 'second best arguments for taxing the oil industry at a higher'
rate than other industries, because the share of rents in that sector
is larger.

It is clear, however, that the instruments that we have analyzed,
depletion allowances, special provisions for deductability of certain
capital expenditures, énd the special treatment of capital gains, may be
used to offset distortions in the market allocation of oil, caused by
one of the other market imperfections analyzed in other sections of this

report.
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5. Project Independence and Flexibility

The objective of national energy independence received widespread
support following the Arab embargo; subsequent studies have established the
high cost of total energy independence, and the goal has been consequently
significantly modified. The question remains, however, of the economic
rationale for independence: is operation independence only a political
issue, or are there grounds for governmental intervention? And if so,
what are the appropriate instruments for the government to use.

In a world of competitive markets in which individuals correctly
foresee future prices, it is hard to make a compelling case for government
intervention: if individual judgments concerning the probabilities of a
future embargo (or future prices) are no worse than the collective judgments
of government officials (and there is no reason to believe that they should
be) then the actions they take, with respect to patterns of consumption of
energy will be socially optimal; that is, for instance, if there is a finite
probability of a very high price of oil, and the cost of constructing a
convertible boilér is not too high, firms will do this, no additional
incentives are required from the government.

The argument then for government intervention must be based on (a)
the view that the market incorrectly assesses the probability distribution
of future prices: (b) in contingencies such as the Arab boycott, prices
are not allowed to rise to reflect social costs, so that firms and individuals
have incorrect incentives for adopting technologies with sufficient flexibility;
(c) part of the benefit of adopting more flexible technologies accrues to

consumers in contingencies in which the price is lowered more than it



otherwise would be (i.e. consumer surplus is increased); and since this is

a social benefit not captured by firms, they will not adopt sufficiently
flexible technologies.

In the appendix we develop a measure of flexibility, establish
the intertemporal tradeoff between flexibility now and flexibility in the
future, and derive conditions for the optimal intertemporal distribution
of flexibility; this entails, with constant elasticity demand functions
and approximately zero extraction costs, that the ratio of imports to
consumption remain constant.

If firms incorrectly perceive the probability of an embargo, the
optimal intertemporal allocation of oil may be enforced by percentage
quota. (A tariff will not be able to enforce the correct intertempofél
allocationy if, for instance, firms assumed the probability of an embargo
is zero, a small tariff will leave unaffected.the intertemporal allocation
of the extraction. of oil, except in the case where firms were exactly
indifferent as to when they extracted the oil.)

If, on the other hand, the probability of an embargo is correctly
perceived, but the extraction of o0il is monopolized, then a tariff or subsidy
‘can be used to correct the allocation of 0il; although our analysis is able
to identify the parameters which determined whether the monopolist would »
extract too fast or too slowly for - optimal intertemporal independence,
there were off-setting effects, so that without detailed quantitative
analysis, it was not possible to say whefher a tax or subsidy was called for.

If firms assume that the probability of a price rise by oil exporters

is zero, then, if there are costs of adjustment (associated with the
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consumption of oil, e.g. of the capital stock associated with it), the
market will lead to excessive consumption of oil. This can be corrected
again by the imposition of a tariff, the rate of which is equal to the

expected percentage rate of price increase.
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6. Trade Policy

In part IIT we examine the problem of setting taxes on the pro-
duction and import of exhaustible resources. - A pure fent tax on pro-
ducers is non-distortionary and we show that an appropriately designed
ad valorem tax can, under certain conditions, ?roduce exactly the same
non-distortionary effect as a rent tax when levied on competitive domestic
producers. This suggests that for a large impofting country like the U.S.
an ad-valorem import duty may be optimal, and indeed this would be the case
if the importing country could be contractually bound to its announced
tax schedule. However, in a ﬁorld of competing nation states, sﬁch contracts
cannot be enforced, and consequently have no credibility. In such a case
there will be nd optimal tariff on competitively supplied‘exhaustible
resources, even though the optimal tariff on produced goods is well defined.

The reason is simple. Foreign suppliers of oil, say, have to decide
whether to sell today or leave it in the ground for future sale. If the
future price cannot exceed the cost of producing a substitute from the
"backstop technology," then the present price is formed by working back
from the future price, ensuring that supplies are just exhausted when the
backstop is introduced. An importing country will choose a tariff which
reduces its dependence on foreign oil and thus reduces world ‘demand. The
price will fall to induce the same. trade to be demanded, so that over the
life of the oil: fields the seame total is extracted. The benefit to the
importing country of the tariff (or reduced demand) is reflected in the

“lower price. The tariff must rise at the rate of interest to make the
importing country indifferent to when it imports oil aﬁ the margin. It

follows that the future tariff is higher than the present tariff, imports
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will be gradually reduced, and all consuming countries will benefit from
the currently lowered price of oil.

However, having imported the currently cheap oil (cheap because of
the announced high future tariff, and low future demand) the importer
would like to revise his tariff s0'as‘to consume more oil later. It was,
after all, only the implicit promise to import less in the future which
; lowered the price, not the act of so importing. Since the promise cannot
be enforced, and since the producing countries know that it cannot,; the
suppliers have no rational basis on which to determine their current supply
schedulef To be precise, if the large importer takes the behavior of the
other importing countries ag given, and if foreign oil producers are
competitive, and if they forecast future prices by assuming that the

importing countries behave rationally, then there is no optimum tariff.

We show that this paradox can be partially resolved if suppliers
are myopic, or. if the governmentkdoes not alter-its tariff (which woﬁld
not. be ih its best interest, but may be a good description of likely -
administrative behavior), or if there is sufficient uncertainty about the

future price of oil.



Toii The Rationale for Price Control Programs

The: classical arguments against price controls rest on the assumption
ithat markets function efficiently and income can be redistributed without
distorting market ihcentives, Interfering with the market-clearing price
makes necessary quantity rationing on either the demand or the supply side
of the market. Unless the rationing authority knows each consumer's valuation
of the resource, the resulting allocation will be inefficient in that some
consumers would be willing to buy from others who would be willing to sell,
and a black market may develop.: Allocation schemes that permit trading (a
~white market) may presefvé effiéiency.

Markets for exhaustiblé resources clearly are not perfect. The
first intérim report detailed the poésible instances of market failure in
the long-run allocation of exhaustible energy resources. Of particular
concérn for the quesﬁion of pricé regulation are imperfect competition,
absence of complete markets and~informétional externalities.

It may be argued that all practical systems of inéome redistribution
affect production and consumption decisions over time, and hence non-
distortionary income transfer is not feasible. ~Given this constraint on
income distribution,‘ﬁhere may be a basis for price controls on energy
resources. - The income elasticity of demand for energy resources is relatively
low and the owners of energy resources are certainly not the poor. - Therefore,
energy price increases have a larger negative impact on the welfare of the
relatively poor than the relatively rich. Price controls and rationing

 supposedly ameliorate this undesirable impact on the distribution of income.
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However, the net benefit of price controls to protect income’equality depends
on the effects of controls on production and consumption decisions. - This
remains an area for further theoretical and empirical research.

The control of market prices, such as the wellhead price of natural
gas, may be viewed as a subset of a wider class of price controls. For
example, rather than specifying the wellhead price of ndtural gas, the
regulatory authority could set a lower and upper bound on the price. The
lower bound would be a price guarantee to the producer, much the same as
the support price for certain agricultural products.  Alternatively, the
regulatory authority could be more specific and set prices corresponding
to particular events that affect the supply and the demand for natural gas.

There is an important distinction between regulated prices and price
subsidies or taxes. A tax or subsidy is equivalent to a shift in the supply
or demand of the commodity'affects. These controls change the market
clearing price, but the extent of the change depends on prevailing demand
and supply conditions. Regulated prices, on the other hand, peg the market
price at a particular value, or constrain the price to lie within a
particular range. The difference is illustrated in figures 1(a) and
1(b). The effect of a tax of magnitude 1 per unit of the commodity
levied on the producer is shown as a shift in the supply curve. The
equilibrium after tax price, pl, depends on demand and supply elasticities.
In a competitive market if demand is inelastic relative to supply, the
tax will increase the consumer price, while if supply is inelastic relative

to demand, the tax will have less impact on price but will reduce the

amount of the commodity supplied. The effect of a regulated price is very
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different. TIf the regulated price equals the market equilibrium price (or
if the market equilibrium price lies:within the upper and lower bounds of
the regulated price), then clearly there the price regulation has no
effect, and there is no need for regulation. If the regulatéd price is
bélow the market-clearing price (or if the market priée lies above the
upper bound of the regulated price), then the regulating authority must
ration demand for the commodity. On the other hand, if the regulated

price is above the market price, (or if the market price lies below the
lower bound: of the regulated price) the authority must purchase the commodity
to maintain the administered price. This is illustrated in figure 1.7b
where Qr is the amount that must be purchased by the regulatory authority

to maintain the price py-

Figure 1.7a
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While taxes and subsidies alter supply or demand, price regulation
impairs the allocating function of the marketplace. If the price constraint
is active, the market-clearing price is not directly observable, and hence
the.extent of the distortion imposed b& the regulation is not directly
determinable. Taxes and subsidies are often the preferred mechanism to
correct for costs or benefits that are not properly accounted for by the
market. However, we will demonstrate that in cases in which the market
for a particular good or zervice is absent, the imposition or a regulated

or administered price may be justified on the basis of economic efficiency.
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Indeed, in these cases price. regulation acts to create a market where
no-market would exist without intervention.

The advantages and disadvantages of price regulation to limit
undesirable distributional effects have already been mentioned. There
are at least three other motivations for price support programs..  These
are stabiliiation policy, support of research and development, and risk-
sharing. In each of these areas there is a common thread that weaves the
basis for a price support or guarantee programs, namely the absence of a
complete set of markets to allocate the goods and services of value in

the economy.

Stqbilization Poliey

It is useful to distinguish long-term from short-~term stabilization
goals. -Long-term stabilization peolicy is concerned with eventual surpluses
or deficits in resource stocks. Economic efficiency calls for an "orderly"
transition to substitutes for exhaustible resource stocks (in the sense
- described in detail.iﬁ the second interim report). If the resource is
consumed too quickly, future prices must rise faster than the rate of
interest, and if the resource is consumed too slowly, surpluses will persist
indefinifely. Long-term stabilization requires that the current resource
price be consistent with the optimal use of the resource over all time.

It is possible to -stabilize at the long-term utilization of an
exhaustible resource through price regulation, however such a policy is
inferior to alternative measures.  The difficulties are easily illustrated.
If the rate of utilization is too rapid, the regulatory authority would

have to purchase and store a continuously éccumulating stock of the resource
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in order to raise the price to the optimal level. The extraction and
consequent storage of the resource incurs social ‘costs that reduce the
benefits of the stabilization program. If the rate of utilization were

too conservative, the goverﬁment would have to supply the resource, presumably
from its own stockpile, in order to reduce the price to the socially

optimal level. A further important consideration is that the optimal

price, and hence the’optimal price support program, depends on demand and
supply conditions and will be a complicated function of time. If this is

not recognized, the support program would exacerbate the intertemporal
resource allocation.

There are two fundamental reasons why long-term stabilization measures
may be necessary. The first 'is the absence of riék and forward markets
extending indefinitely far into the future. Without these maréets, it is
impossible for individuals to observe directly through forward transactions
whether current. price levels are consistent with long-term efficiency. In
other words, there are no direct market signals for whether resource
utilization is too profligate or too conservative. If these markets did
exist, and resource consumption were too profligate, there would be excess
demand for the resource at some future date and profitable incentives to
correct this. excess demandﬁy

Long-term stabilization measures may also be necessary to correct
for distortions in the market rate of interest. It is clear from the
analysis presented earlier in this program that the optimal allocation of
exhaustible resources depends critically on the social rate of discount.
Since this may not be equal to the private discount rate, there may be

a basis for long~term measures to change the market alloeation or resources.
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The ‘correction of the private rate of discounﬁ can be influenced
through monetarj policy.  The importance of forward markets is primarily
an information problem. If demand and supply constraints were known, the
appropriateness of ‘current rates df utilizatién could be determined. This
would miﬁigate the need for forward markets;i/ Hence the regulatory authority
could promote long-run stability by collecting and disseminating informatidn
abbut future economic conditions.~k

E#en if, on the average., the long-run alloéation'of regources is
optimal, there may still be problems associated withkshort—run instabilitieé.
Short—run instabilities may be a particular problem for a résource likekoil,
for which there existksimultaneously~both‘an asset and a flow market. The
problem is that a speculative fise in the asset Valué of 0il may prompt
producefskto reduce supply, and hénce the pricé of 0il may rise. reinforcing
ﬁhe original speculati?e price rise. The énd comes when traders réalize
that the rate of price rise cannot be sustained, but until then there are
real profits to bé ﬁade by riding the speculative wave;

With a complete set ofAfutures markets, the instability induced by
speéulation cannot occur,‘since~trade in forward markets insures that the
rate of price change cannot exgeed'the equilibrium rate of return on assets:
Thus we see that once again the underlying difficulty is the incompleteness

off ‘markets.

Short-run instabilities can be removed or ameliorated through price

iegulation.k In the-latter case; the range of admissible price variation may
be specified by regulating the upper and lower bounds on price. This price
regulation could be implemented by holding buffer stocks that are depleted

when price exceeds the regulated upper bound, and increased when price : .
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falls to the regulated lower bound. This is the general policy employed
in agricultural price support programs and foreign exchange stabilization
programs.

A short-run stabilization program is ideally suited to cope with the
risk of embargo. The buffer stocks may be held in above or below ground
storage, or shut-in capacity. 1In the absence of embargo, the maintainance
of a buffer stock of o0il increases the social cost of o0il by some amount.

This is characteristic of all price support programs, since stabilization

does not come at zero cost. The gain, clearly is a reduced price in the

event of an embargo. This can be thought of as shori-run rather than long-run
stabilization since the program is not intended to change the long-run allocation
of oil.

There are two imporfant considerations in a price support program.

First is the technical question of how to implement the stabilization program.
This includes a host of im?ortant factors. The admissible price variation

must be specified.  The decision must be made to ration supply or supplement
supply with the use of buffer stocks, or some combination of the two. The
buffer stock program, if one is used, should be designed to achieve lowest
costs. For example, for stabilization-against foreign oil supply interruptions,
the optimal mix of storage and shut-in capacity must be determined. |

The second major issue is the separation of short-run from long-run
stabilization policy. Short-run price control is feasible because by
definition it is not necessary to provide for a continual drain on resources
of the regulatory authority. TFor example, the long-run cost of maintaining
a buffer stock must be paid, but it is not necrssary to continually
accumulate or deplete stocks for short-run stabilization. Unfortunately,

it is difficult to discern a long-run stabilizating trend from a string



of random occurrences with zero mean. 1In other words, it is easy to

rationalize a long-run trend toward higher oil prices with the argument
that exploration efforts have been unlucky, and a large discovery is
around the corner. In the case of exhaustible resources, one expects
priée variation (in real terms) in the long-run, and hence short-run
price policy must be adjusted to conform to the long-run trend line. If
this is not done, the regulatory authority places a net subsidy or net
tax on the resource sector, and thus performs a role very different from

that of short-run price stabilization.

We have assumed that the elimination of price fluctuations is
desirable, however, this need notkbe true in all cases. Clearly, there
is a difference between price instabilities and price movements necessary
to equilibrate markets with changing supply and demand. It has been assumed
that stabilizafion policy reduces instabilities without interfering with
equilibrating price movements. In practice, any stabilization program may
have deleterious effects on incentives to provide informstion about future
demand and supply, and on the ability of markets to reach equilibrium. This
trade-off should be explicitly recognized in the design of stabilization
programs’.

Another caveat relates to conditions under which it may not be
desirable to eliminate price instabilities. In the second interim report,
we demonstrated thgt under certair conditions it would pay a monopoly
supplier to randomize prices. Relative to a constant monopoly price, such
a strategy need not lower total consumer welfare. Thus, price stabilization

2/

may not be desirable if the consumer is large relative to the total market.
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Imperfect Competition

The second source of market failure that may motivate price regulation
is the cartelization of resource supply. Of course price control is common
in the regulation of franchised mqnopolies, and much has been written on the
costs and benefits of utility regulation. We consider here the merits of
price regulation as a defense against the monopoly power of a cartel that
is not under the legal jurisdiction of the consuming nation. We have already
discussed one special case of price regulation as a defense against monopoly
power, namely the maintenance of buffer stocks in the event of an export
embargo. Clearly this is a case of monopoly power on the part of the exporting
country.

The first and second interim reports in this program analyzed in
great detail the determinants of monopoly power for a resource cartel such
as OPEC. (See section 3 of the first and second interim reports.) Under
conditions of inelastic;demand, the cartel price was limited by the production
capacity of producers outside the fringe and by the production cost of an
eventual substitute for the exhaustible resource. It was emphasized that
undef conditions of inelastic demand, patent rights may be ineffective in
providing incentives for the development of substitute sources of supply.
The reason is that the cartel will find it profitable to set the price of
0oil just below the price of a substitute source of supply, and if the resource
stock owned by thé cartel is large, the present value revenues from an
alternative energy source may be negligibly small. Of course in a Utopian
economy, it may be desirable to delay the introduction of substitutes until

cheaper sources of supply are exhausted. However, if the cartel succeeds



in maintaining a resource price above the optimal price level, then the
introduction of substitute sources is delayed beyond the optimal date
and the revenues that may be generated by an alternative energy source are
correspondingly smaller.é/ In an extreme case,’the cartel may own enough
of the fesource to effectively eliminate private incentives for the develop-
ment of alternative sources of energy. There are obvious gains to consﬁmers
of the resource ih pursuing policies that force the cartel to lower its
price (provided that the cartel price is indeed above the optimal price).
This can be done by subsidizing the development of substitute sources of
supplytI/ The social gain from such a program is the resulting decrease in
the cost of energy. It is not the promotion of research and development
{neglecting unexpected benefits that may. be derived from the new technology).
It is plain that any price above the extraction cost of 0il can be undercut
by ‘the OPEC cartel. If a sdbsti;ute for oil (e.g. shale oil of coal lique-
faction) could be produced on a large’scale relative to world demand at $10
per barrel, $2 below the current OPEC price, OPEC could reduce the price -of
oil to $9.99 if necessary to preserve a market for its product. By assumption,
this would eliminate the market: for the new energy source. If the substitute
were produced privately, the operation would be a financial disaster, even
if the firm had patent rights on its product. From a social point of view,
the operation was definitely not a disaster, since it succeeded in lowering
the cost of oil by $2 per barrel.g/

The existence of competitive suppliers of oil, cutside the OPEC
cartel, restrains the monopoly nower of the cartel. It is shown in the

second interim report that a competitive fringe will 1imit the resource

price so that it approaches the cost of & substitute source of supply over




time. ~ When the price of oil is low, so’too are the benefits of promoting
the development of alternative energy sources. Furthermore, the analysis
revealed the importance of the fringe capacity on the market pricé of oil.
It is the prospect of high future prices that provides private incentives
for the fringe to expand production capacity; and it is the expansion of
total fringe capacity fhat limits the monopoly price. Thus any social
program to promote substitute energy sources must evaluate time path of
benefits from research and evelopment. In particular, a laissez-faire
policy wherein the competitive producers of oil solve the OPEC problem by
expanding total production could be less costly than an active energy
research program,.  This is a question that demands empirical study.

Assuming the judgement has been made to promote the develbpment
of alternative sources of energy, there remains the choice of the organization
of such a program. The time path of investment must be decided, as well as
the choice of technology. Such a program could be socially managed, supported
entirely by government revenues. It is of more than academic interest to
inquire if a system of incentives can be constructed whereby such a program
could be efficiently decentralized. We have already argued that a system
ofvpatent rights is ineffective in this case. The ownership fight on an
invention is of no value if the market for the invention can be removed‘
through price competition by the OPEC cartel: The problem is stated in this
way to emphasize that patents fail because the market for the patented
product does not exist. This suggests that direct price control may be an
effective regulatory tool.

Let us return to the example where a substitute for oil could be

produced at $10 per barrel, $2 per barrel below the OPEC price. The
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regulatory authority could guarantee a future price of oil of $10 per
barrel. That is, it announces that it will purchase oil from anyone at
$10 per barrel. Of course the contract ﬁould be limited to domestic
‘producers, and conditions of the éontract would be specified to distribute
risk between the government and the producers in‘an agreeable manner.
This contract is actually a revehue guarantee to producers, but it can
be properly considered as a particular example of price regulation.
Given current world oil prices, no one would volunteer to enter in this
contraét. However, if any subsﬁitute could be produced for the price of
$10 per barrell or less, a market for the product is guaranteed.

kOfkcourse uncertainty plays a crucial part in this game.  Suppose an
enormous oil field is discovered, (or there is an unexpected technical
breakthrough), and the world price of oil plummets below $10 per barrel.
The ‘government is committed to ‘a contract at a cost in excess of the world
price of o0il. The original intent of the contract was to lower the price
ofo0il. ~If the price falls for some other reason, the contract has negative
social value, but this cannot be avoided ex ante. Another problem is that
the cost of producing the substitute may have been over~estimated, perhaps
intentionally by potential producers. A possible recourse is a clause to
the effect that the contract will be terminated if the market price of oil
falls below a specified vaiue fof a specified time. An alternative is the
establishment of a franchised monopoly on the substitute product, the price
ofwhich would be regulated to permit a fair rate of return to the firm.
As in the guaranteed price scheme, there is still the potential for govern-
ment subsidy -- Vitness the case of U.S. railroad passenger service or the

Postal Service.
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Risk

The future value of an exhaustible resource depends on events that
cannot be predicted with certainty. This implies that the decision to
leave a barrel of oil in the ground ié an investment decision under
certainty. The return to this investment depends on such factors as the
amount of new discoveries, technical developments and government regulations;
Assuming producers of the resource are risk-averse and the market does not
provide the opportunity to completely diversify investments (because markets
are not complete and the set of feasible trades does not cover all states
of nature that affect the valﬁe of the resource), there may be a market
bias in the utilization of the resource relative to the socially optimal
rate. A detalled analysis of-the direction and the extent of the bias is
presented in section 3.4 of the technical appendix of this repbrt.

To substitute for the absence of forward markets, a regulatory
authority may offer price guarantees to the owners of the resource. One
possible policy consists of the government guaranteeing the resource
owners the expected price at some future date, thereby removing the
uncertalnty facing resource owners. Alternatively, and more in keeping
with policies adopted in agricultural commodity markets, the government
might guarantee not an exact price, but a lower limit to the price.

The direct control of price méy be used to serve geveral possibly
conflicting goals. However, the objectives of stabilization, support of
research and development and the sharing of risk are consistent in that

in each case the need for price control stems from the absence of a
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complete set of markets for the resource. Thus a price control program
designed to serve these goals would operate most efficiently if the
controls modelled the behavior of the resource price that would be

expected if markets for the resource were Complete.
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8. Directions for Future Research

Although we are pleased with the progress made under this contract
there remain a number important directions for future research. ' First, and
perhaps most important, is the actual utilization of our parameterizations.
This would require some detailed econometric analysis, and although Micro-
economic Associates feels hesitant at the present time to undertake this
task itself; it would be willing to work closely in conjunction with either
the FEA itself or another contractor in the empirical implementation and

further development of the parameterizations presented in our three reports.

In our- judgment;. the work on the effects of imperfect competition
is the most ready for immediate implementation and needs the least further
devélopment.

In all the other areas noted, although we have made significant
progress, further work seems called for. The most promising areas,
combining & high likelihood of significant analytic advances with important
policy implications, are the following:

(1) Uncertainty: The analysis in the Technical Appendix establishes
the parameters which determine the’magnitude and direction of the bias in
extraction arising out of the absence of a complete set of risk markets.
However, we have been unable to establish any presumption for under or over
extraction and further work is necessary. In addition an important set of
guestions concerns the value of obtaining better information to reduce
uncertainty about the potential supply of natural resources and substitutes,
about market demand and about other environmental uncertainties. Although in
the present report we discuss the role for goverﬁment collection of information

through indicative planning, much further work remains.



(2) Taxation: The analysis of the distortionary effects of taxation
was more complicated than expected and yielded results (e.g. relating to
the effects of depletion allowances) that were not entirely expected.

Again, although significant results were obtained, our analysis leaves us
convinced that further work is called for. For.instance, tax policy may
effect. not only the rate of aggregate extraction but also the rate of
extraction from any\particular well. This is important, because it will
effect the aggregate supply of oil that‘can be extracted. : An analysis of
this will require more detailed modeling of the process of extraction than
we:have: been .ablée to undertake within the scope of the project.

(3) Flexibilify: Our ‘analysis focused on the implications of the
possibility of an embargo (or a sudden price rise) for the intertemporal
allocation of. a natural resource. The possibility of embargoes also has
important implications for the choice of modes of consumption ‘and production,
i.e. of the elasticity of the demand and supply functions. The analysis
undertaken in conjunction with the second interim report and this report

convinces us that there may be systematic biases in the choice of "flexibility"

the exact nature of which would require considerable further analysis.
(k)  Regulation: The project was concerned with intertemporal
inefficiencies in resource allocation, not static inefficiency. = Yet.
there afe important interactions between the two requiring detalled
analysis of the static inefficiency.: In particular, we were forced to
ignore one important institutional aspect affecting the utilization of

energy resources in the United States: that much of theioil.and gas: is
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consumed by electricity generation which is a regulated sector. Thus;,
this portion of the demand for oil and gas is a derived demand, and a
derived demand not based on competitive markets. What implications this
has remains an open guestion.

A second aspect of‘regulation relates to incentives, e.g. for the
development of lower energy consuming automobiles or expanding the supply
of oil. : Conventional economic¢ analysis argued that prices provide the best
incentives. Yet under a variety of relevant 'second best' circumstances
it can be shown that regulation, or at léast non—linéar pricing, is prefer-
able to pure price system. Do these circumstances obtain in the energy
market? If so, what kinds of regulations ought to be introduced?

A similar question arises with respect to rationing in the event of
a shortage. As we discuss in this report, such price controls are likely
to have significant deleterious effects. Can these be mitigated somewhat
by the careful design of the rationing scheme, and if so, how? For
instance, is a "white market" desirable? It is important that such a
scheme be worked out in detail prior to the imposition c¢f the embargo.

(5) Stabilization: An alternative approach to the threat of
unstable foreign prices which is an alternative to flexibility and inde-
pendence (or perhaps complementary to it) is the utilization of domestic
buffer stocks either helow ground or above. For pblicy purposes, it is
important to know how best to design such a buffer stock scheme, what
rules it should follow. Moreover, there is a trade-off in the degree
of flexibility in, say, demand and the required (or optimal) size of

the buffer stock. There are reasons to believe that the market will not



make the correct decision in: this respect. The appropriate government
policies to counteract these deficiencies need to be developed.’

(6) Technical Change: Again, alﬁhough we feel that significant
progress has been made in the analysis of the market incentives for the
development of substitute sources of energy, much remains to be done.

The modelé we ‘have employed héve not treated uncertainty associated with
research fully. They‘have focused on one dimension of the decision, the
level of invéstment, and not on the choice of research projects (e.g.
whether overly risky research projects are undertaken under partiéular
market structures).

‘(7) Cartels: As we noted earlier, perhaps the most significant
progress made-in- the course of this contract was the analysis of the behavior
éf 8, resource cartél. However, as our géneral understanding of resource
markets increases, we will néed to extend our analysis of cartel beﬁavior,
e.g. to account for thekreaction of the cartel in the effects of policies
on the part of the importing nation.

‘(8) Social Discount Rate: ‘The intertemporal allocation of
exhaustible resources depends crucially on the rate of discount (which, in
efficient equilibrium is the social discount rate). The actual discount
rat¢ wili differ because of taxes, imperfect capital markets (which are
particularly acute for international capital transactions) and problems
of morél hazard and bankruptcy. - The relatiénships between the efficient
and market interest rate (or, more properly, rates) is complex, and although

much research has been directed to this relationship, our understanding

remains seriously incomplete.



The list is a long one. It is conventionally said that all goéd
research opens up more questions than it closes. While this has been our
experience in the course of this project, we feel the results underscore

the applicability of economic modeling in this policy area.
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IT. Review ‘of the Literature on Market Biases in the Intertemporal

Allocation of Energyv and Other Natural Resources

1. FEconomic Efficiency and the Intertemporal Allocatiorn of Resources

1.1 = Introduction

The ‘standard framework for analysing market biases in the inter-
temporal -allocation of exhaustible resources is first to analyze the optimal
intertemporal allocation of resources, then describe the market allocation
of resources, and finally to compare the two. Although this framework
seems perfectly reasbnable, there are a number bf problems ‘associated
with its implementation, which we address in the subsequent subsections.

Ambng these problems, perhaps the two most important are:

1. What is the gppropriate criterion for optimality?

2. What is the appropriate description of the market economy?

The first is concerned with the standard questions of welfare
economics, and the section below is concerned with epplying the "conventional
wisdom" on these questions to the particular questions associated with the
depletion of natural resources.

Conventional welfare economics addresses the allocative efficiency
of a decentralized price system, and the role of government intervention
to correct instances of market failure and to achieve certain distributional
. objectives. 'The need to-distinguish between an efficient and a socially
optimal allocation of resources is clear. A perfectly competitive, static
econonmy with no uncertainty will éustain an efficient sllocation in that
no individual's welfare cen be increased without decreasing another's.

Such a distribution of the products of the economy may, however, be very
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unequal. Optimality is concerned then also with the distribution of the
outpuﬁs of the economy to all members of the society. Normally, efficiency
is considered a necessary, but not sufficient condition for optimality.

The central feature of exhaustible resources is that their current
use denies their primary services té future generations. .  Thus an economic
analysis of exhaustible resources must explicitly consider the allocation

of resources over time.

1.2 Analogies between Intertemporal Allocation of Resources and

Static Allocation

It will be convenient if we divide the literature on intertemporal
resource allocation into that which is concerned with the basic similarities
between the problems of intertemporal resource allocation and static
resource allocation (section 2), and that which is concerned with the
important differences between the two (section 3). Although much of the
literature to which we refer in the discussion below is not immediately
concerned with the intertemporal: allocation of natural resources, this
literature does provide the necessary framework into which such a discussion
must be placed. Although our discussion is divided into.these two parts
mainly on grounds of analytical and expository convenience, the relative
importance of the similarities on the one hand and the differences on the
other between intertemporal and static resource markets has important
policy implications, and there is not universsal agreement about whether,
say, the kinds of remarks made in section 3 should be treated as footnotes
to the basic discussion of section 2, or whether section 2 should be treated
as an interesting but not very essentigl prélude to the core discussion of

section 3.
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1.2.1 Efficiency

Malinvaud [1953] demonstrated that, under certain assumptions,
it is straightforward to extend the precepts:of static welfare economics
to an intertemporal setting.l Since two units.of a commodity delivered
at . a particular time is different from one:unit Qf the ‘commodity delivered
at two different times, the analysis must differentiate i’nputs and outputs
according tQ the ‘date at which:they are made availablé. A similar construct
was advanced by Arrow [196L] and Debreu [1959 ] to e%tend the concept
of decentralized efficiency to the uncertain environments which naturally
arise in an intertemporal economy. Here it is.necessary to distinguish
commodities according to the state of -the world in which they are made
availsble.

1

1.2.2 Distribution

Similarly, there is a close analogy between the problems-.of
intertemporal distribution of income and those of the distribution of
income at any point of time.. Just as there is no presumption in a static
model that the distribution of income among individuals would be . socially

desirable; so too there is no preswmption in an intertemporal model that

the ‘distribution of income among generations would be socially desirsble.

The determination of whether a particular allocation is or is
not socially desirsble depends on two important sets of assumptions:

those concerning the structure of the social welfare function, and those

lSome additional conditions arising out of the infinite horizon must be
satisfied. See Malinvaud [1953] and below.
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concerning the mechanisms by which the market allocation may be altered.
In a static environment, the former is concerned with the strength of the
equalitarian ethic. At the one extreme, Rawls [ 1971 ] has recently
suggested the strongly equalitarian objective of maximiziﬁg the utility
of the worst off individual. This objective function still, of course,
does not resolve the classical problem of interpersonal comparisons; that
is, to ascertain who is the worst off individual requires strong inter-
personal comparsbility. The criterion has been used not only in the static
literature on income redistribution (Phelps [1975 ], Atkinson [1975 ]) but
has also been applied to the problems of intertemporal allocation of natural
resources (Solow [1974 ]). However, there have been many criticisms of
the Rawlsian formulation, some viewing it only as: a limiting case of the more
conventional utilitarian formulation (Arrow [1973 1, Harsanyi [1975 1), others
focusing on the particular problems of applying the Rawlsian formulation to
intertemporal problems (Dasgupta [1974 1, Arrow [1973 ]).

Within the wutilitarian framework, a constant elasticity of

marginal utility formulation,l

lAlthough the constant elasticity of marginal utility formulation is a

reasonsble, easily implementable parameterization, there is not universal
agreement to it. It implies that a 1% increase in income reduces the

marginal utility of income by the same amount, regardless of the level of
income. Kolm [ 1972 ] has criticized this assumption, and suggested that

a constantabsolute risk aversion utility function (an exponential utility
function) is a more reasonsble parameterization. Both of these paremeteriza~
tions have strong implications when applied to risk analysis, and in that
context probably neither are completely acceptsble. (See Cass-Stiglitz [1970 1,
Stiglitz [1972 ]). (On the appropriateness of using parameterizstions
developed for risk analysis to problems of distribution see Harsanyi [1955 1).
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(where u is utility, c¢ dis (lifetime) consumption, -o is the elasticity
of marginal utility) has been found to be a simple, easily implementable
parameterization. It is sometimes ‘argued that a reasonable value of the
elasticity of marginal utility -~ based on the analogy between attitudes

1
towards risk and attitudes towards inequality -- is between 1 and 2.

Atkinson [1970 ] has interpreted the elasticity of marginal utility
as a measure of inequality aversion.  For small variances in the distribu-
tion of dncome, society would be willing to give us a percentage of national
income ‘equal to 1/2 times‘the coefficient of variation squared times the
measure of inequality aversion to be rid of all inequality. Stiglitz [1975a]
has developed a corresponding marginal measure of inequality aversion;
if 1% of the income of each individual were taken away, and an identical
absolute amount given to each individual, in the process: of redistribution,
what percentage of the revenue collected could be dissipated away and still
leave society as well off as before the redistribution? He has shown that
for small variances the ﬁargina; measure is twice the Atkinson total m.easure.2

The second important parameter in the intertemporal soclial welfare
function is the pure rate of ‘time discount. -Although there may be some

evidence that individuals have a positive pure rate of time discount,3

—,

Other approaches to the measure of ‘the elasticity of marginal utility are

discussed in Fellner [ 1967 ]. The early development of this approach is
due to Fisher and Frisch.

2'I.'hese parameterizations focus on the intertemporal distribution of aggregate
consumption. Just as it is important to include differences in leisure in
the measurement of the static distribution of- income, so too here.

See Stiglitz [1975a]. ‘

3Indeed, this provided one of Bohm-Bawerk's three reasons for
a positive interest rate.
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there is no reason that societykought to have any positive discount rate
(as Ramsey argued [ 1928 ]). On the other hand, if there is uncertainty
about the life of the world, then under certain conditions it can’be
shown that the maximizeation of expected social welfare can be described
simply by imposing a discount rate (as Yaari showed for uncertainties of
individuals [ 1965 ]). Dasguptae [ 1973 ] and Dasgupta and Heal [ 1974 ] have
recently applied a similar formulation to a problem arising in exhaustible
natural resources (to be described in greater detail below); in their
formulation, it appears as if the conditions under which simply adding
a8 discount factor is appropriate are very restrictive.

The importance of the precise number assigned to the elasticity
of marginal utility and the pure rate of time discount can be seen easily

as follows:l

Assume that income will be rising at 3% a year over the next
25 years. . Then how much society would be willing to give up today, to

obtain a dollar in 25 years is given in Table 1.

lThroughout this discussion, we have assumed an additive social welfare
function. Koopmans [1960 ] has criticized this formulation, and proposed
a more general stationary utility function. However, no easily implementable
parameterization of this class of functions has been developed.
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Table 1l:: Amount society would trade today for one dollar in

25 years, assuming income is rising at 3 percent per year.

r=6+ okt
y
r = .consumption rate of discount
§ = pure rate of time discount
o = elasticity of marginal utility
y.o = income
(o7
i 2
0 : $.u7 . $.22
§ .05 .1k .06
.10 .ok .02

TABLE 1
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1.2.3 Mechanisms for Altering the Allocation of Resources in a Mixed

Economy: the Second Best Problem

The importance of the second set of assumptions, that concerning
the mechanisms by which society can alter the gllocation of resources,
has been widely discussed in the static litersture, but the corresponding
questions have not been extensively discussed in the dynamic literature.
In the static literature, for instance, the distinection between those
allocations which can only be obtaihed by lump sum redistributions, those
that can be obtained by some income tax structure, and those ‘that can be
obtained by some linear inéome tax structure is well known. Much of the
older literature in static welfare economics had a very unreal gquality
to if, because it assumed that all lump sum redistributions were feasible.
Allocations which are obtained by lump sum redistributions are sometimes
referred to as first best optimum, while those in which such redistributions
are not feasible are sometimes referred to as second (or third) best
optimum (depending on what additional constraints are implied).

The major instrument for the intertemporal redistribution of
income, at least as it has been viewed in the recent literature, is
monetary policy. Under certain reasonable conditions, it can be shown
that monetary policy can attain any (or at least any within a wide range)
of intertemporal redistributions. If this is the case, then an analysis of
the intertemporal allocation of exhaustible resources need only focus on
efficiency questions, and not on distributional issues, leaving those for

monetary policy.



Although it may be feasible for monetary policy. to obtain any
desired intertemporal redistribution, the monetary authorities may not
be centrally concerned with this issue, but rather focus their attention
on short run issues of economic stabilization. ‘In that case, it does
appear necessary for the policy concerning intertemporal allocation of
resources to concern itself with intertémporal distributional issues.

In . short, the issues 0f whether natural resource policy ought
only to be éoncerned with intertemporal efficiency, or also with inter=
temporal distribution are essentially questions of the second best. - The
general question of the instruments by which government can alter the
interteﬁporal allocation of intertemporal resources is a question to ihich

we shall return.

1.3 Distinctions between Static and Intertemporal Resource Allocations

There are important similarities, then, between the problems of
intertemporal allocgtion of natural resources eand the problems of the
static allocation of resources. = But there are important differences, and
although it is importesnt to keep in mind the similarities, the differences

may be even more important.

1.3.1 Over-saving
The earliest noticed potentially important difference between
the efficiency with which markets allocate resources in a static environment

and in & dynamic context arises from the possibility of over-saving, and
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was first noticed by Samuelson [1958]. He pointed out that if individuals
saved for their retirement, and had to hold their savings in the form of
capital, then the interest rate could be lower than the rate of growth,
and thus the economy would be dyna.miéally incyeff':’Lc:'Lent.l However, although
this possibility has been extensively discussed in the literature (see
Cass and Yaari [1966 ], Diamond[ 1965 ], it is probably of little practical
importance, for at least two reasons: first, so long as there is money

(or an alternative, non-produced store of wealth), this particular type of
over~-saving cannot occur. Second, few economies Seemkto have experienced
interest rates for a sustained period anywhere near as low as that required
for over-saving to be considered an important possibility.

In the recent literature on exhaustible resources, it has been
shown that in a competitive economy, over-saving of capital cénnot occur,
but. the possibility of excessive conservationism, i.e., using up natural
resources too slowly, cennot be ruled out. (See Stiglitz [19Tka],

Dasgupta [ 1973 ].)

1.3.2 Absence of Futures Markets

This arises from the second, and probably more important difference
between a temporal and intertemporal allocation of resources, the absence
of futures markets, extending infinitely far into the future. For without

these markets, it is impossible to be sure within a competitive (market)

lThat is, some generation could be made better off without meking any other
generation worse off.. Consider the special case of zerc growth rate. Then,
clearly, if the marginal return on investment is negative, one could reduce
the capital stock today and increase output in all subsequent periods, and
still be better off. The generalization of this principle to growing
economies is discussed by Solow [1962],
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economy that the price for the natural resource or capital goods will be
correct; there is a large variety of initial prices all of which are
consistent with market equilibrium (the return to all assets being the
same) in the short run. In some classes of models, including the simple
natural resource models investigated so far (Stiglitz [1974b]), only

one of these leads to balanced growth; (see also Shell-Stiglitz [1967 13
the earliest discussion of this point is due to Hahn [1966], but in
other models there may be-an infinite number of initial prices, all

of which converge to balanced growth (Shell, Sidrauski, and

Stiglitz [1967]).’

The question naturally arises of whether the problems associated
with the absence of futures markets are any more serious for natural
resources ‘than for other long lived assets. Although there has 5een some
discussion of this question in the literature (Stiglitz [1974b], Nordhaus [1974])
there eappears to be no convincing answer. - We discuss three aspects of this
problem below.

The first concerns the observed relative instability of resource
markets. — Many ‘commodity markets are characterized by large fluctuations
in prices. These fluctuations mey have many explanations. ~They could,
for instance, represent the fluctuations which would occur as a result of
new information about future demends and supplies. Or the instability could
reflect an instability in the short run dynamics of the economy, the period
by period adjustment of the market, not the long run dynamics of which we

have been spesking so far. (In this case, it is not the @gbsence of futures
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markets which is the central feature; on thé other hand, to the extent

that the absence of futures markets forces individuals to rely on expecta-

tions about futures prices, which will in general depend on current prices,
if these expectations are elastic with respect to current prices there will

be some tendency for instability in the markets. Which of these factors,
or indeed, whether some other factor, is primerily responsible for these
fluctuations in prices is a moot question.l

A second aspect relates to the irreversible nature of the
consumption of a natural resource. Mistakes in the kind or amount of

capital goods constructed can, at a cost, be corrected. But once a

natural resource is used up, it cannot be "disused.'" This irreversibility
makes it imperative that the resources be used correctly, and, it is
argued, provides an important argument for conservationism. As it stands,
at least, this argument is spurious; the argument might be correct if we
were to use our entire stock of the resource up, and then discover that it
was necessary for production, i.e., no substitute for it existed and it
was essential in some important production process. But in general, the
views about the future needs will be continuously revised, and as the
stock dwindles, and its price rises it will become apparent that the stock
has no substitute; this will lead to a higher price of the stock, and a
lower level of’consumption. The stock will be conserved for the future.
The cost of the lack of foresight is economic waste, using the resource

inefficiently (i.e., relative to how it would have been used with perfect

Ysee Stiglitz [197h] and Nordhaus [1974].
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foresight), but there is no reason to believe that this cost is of a
different order of magnitude than the costs associated with the inefficiencies
involved in building the wrong amounts or kinds of capital goods.

A third aspect of the problem which has received some diséusSion
arises4from the fact that conservationism entails a reduction in consumption
by the present generation, and an increase in consumption in later generaticns.
Since the individuals who benefit from conservationism are not aliVe now,
there is no way the market mechanism can assure that their interests are
protected, so it is argued. And since the lifetime of the resources
exceeds that of any single individual, no individual within his lifetime
has the incentive tq make . sure that the allocation is correct. These
arguments are also spurious. Investors need not cut down the trees to
realize a return from owning a forest, to give but one example: all they
need to do is sell the trees to someone who realizes that eventﬁélly they
can be cut down. ‘Individuals who assist in the ‘intertemporal allocation
of natural resources, by projecting demsnds and suppiies, obtain their
return from the capital gains they mske on these investments, the difference
between the buying price (today) and the selling price (tomorrow)l in jusf
the same way that an entrepreneur obtains his return from buying in one
market , where the commodity is cheap, and selling in another, where it is
more expensive. - And in this argument, the fact that the individuals who
buy from the speculator at some date in the future are nbt alive at the

time the speculator makes his purchase is irrelevant.

1 .
And e symmetric argument holds for selling short.
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In short, the absence of futures markets means that the analysis
of the optimality of the market allocation of resources cannot be simply
applied to the analysis of the intertemporal allocation of natural
resources. It does not, of course, mean that there is any systematic
biag in the market allocation of resources; to determine this we need
to say a great deal more about the structure of these markets, a question
to which we shall turn in later sections. = It does, however, ralse an
Jimportant welfare-theoretic question in the evaluation of the efficiency
of the market allocation. There is sometimes a tendency to compare

‘the allocation which wouid have prevalied 1f there were a complete set

of markets with that which prevails under an incomplete set of markets,
and, if the two differ, to conclude that our actual market allocation is
inefficient. Although there is a sense in which such a statement is true,
it does not provide us much insight with respect to policy. There may be
good reasons that a complete set of markets does not exist, e.g. the
funetioning of such a set of markets might be prohibitively costly. Thus,
the relevant question from a policy view, is an evaluation of (a) whether
the market attains a constrained pareto optimality, i.e., is efficient,
subject to the constraint that only the given markets function and (b)
whether there are too few (or too many) markets in operations. For .instance,
there isksome argument for indicative planning based bn the gbsence of
futures markets. (See Meade [1970]). These issues will become somewhat

clearer in the context of the analysis of the absence of risk markets, below.
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1.3.3 Absence of Risk Markets

A closely related set of differences between the conventional
static welfare analysis and the analysis of resource markets arises from
the sbsence of a complete set of risk markets.

There are a number of important sources of uncertainty in
natural resouice markets. ‘First, there is uncertainty about the total
stock of the resource (say oil). Secondly, there is technological
uncertainty concerning the costs of extracting the oil (this is closely
related to the first, in that the amount of recoverable oil is a function
of the technology of extracting oil). Thirdly, there is uncertainty
concerning the démand for oil. This is a reflection of uncertainty
concerning the price of presently available substitutes, and uncertainty
concerning the development of new substitutes. These are all considerations
which, to a competitor in, say, the dil industry, become reflected in the
price at which he can sell oil at some date in the future. ©Note that these
are all real, social risks. ~The opportunitycost of using more oil today
is using less o0il in the future; the point is that we do not know what this
opportunity cost really is. No nmxter at what rate we consume oil, there
is some contingency'in which, ex post, the opportunity cost to using oil
todey turns out to‘be very high, and there is some contingency in which
it turns out to be too low. The crucial problem is in the balancing of
these various possibilities.

In addition to these social risks, there are private risks:
an individual who purchases & particular piece of land mey not know

whether there is o0il underneath it, or the costs of extracting it. But
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the discovery or non-discovery of oil-at theat particular location may have
no (or at most a negligible) effectkoh society's view of the total
available supply of the resource. These are private risks, in the sense
theat , in principle;, an individual ecould diversify out of these risks;
that is, in & well functioning securities market , 'since the "event'
"discovery of oil at this particular location" is uncorrelated with the
o¢Curfence of any other event, the ownership shares in this risk would be
sufficiently diversified that all individuals would be risk neutral with
respect to the oﬁtéome. In fact, most of the risks which were discussed
in the earlier literature, arguing that the oil industry was risky,
fécused on these private risks.:

To be sure that one obtains a pareto optimal allocation of
resources requires a complete set of risk markets, as we commented above.
In the absence of a complete set of risk markets, two problems arise:
there will be exchange inefficiency, i.e., the marginal rates of sub-
stitution of consumption in two different stétes may differ for two
different individuals, and the market may not provide the correct signals
(or incentives) for investing in different risky assets. A judgment of
how badly the market does, whether there are systematic distortions, and
how one ought to correct those distortions depends on one's view of the

capital market; a subject about which there is little agreement.

There is one widespread view that for private risks of the kind
described sbove, the market is efficient, that given the diversification
possibilities within the market, the market does act as if it were risk

neutral with respect to such risks.



The evidence on thiskis far from unambiguous, and there are

those who believe that even for such risks, the market scts in a risk

averse manner. One reason which has been put forward for explaining this
is that because of imperfect information and the costs associated.witht
becoming informed, individualsktend to own a relatively small number ofk
‘securities, i.e., they are incompletely diversified (see Stiglitz [1975b]).
As in the discussion of the consequences of the gbsence of a
compiete set of futures markets, one must be’careful to make the appropriaﬁe‘
~welfare comparisons. Even more than there, it is inapproprigte‘to compare
an-allocation with a complete set of insurance markets‘with the allocation
which actually results.k So long as individual enterpreneurs still must
bear the risks, and they cannot diversify out of them, then this risé bearing
. is a real social cost.  The appropriate policy question in that contekt is,
are there institutional modifications which will:-allow & better diversification

of risk.:

There is also considersble controversy on the question df
“.whether the risk»markets; even if efficient in divérsifying risks, provide

the correct signals fof investing, (In this particular context, not-
consuﬁing.oil is eQuivalent to investing,)‘ It was argued in the earlier
literature (e.g., Diaemond [ 1967]) that, even if there were not a complete

rset of futures markets, if firms acted competitively, then, under certain
admitted restrictive technologicel conditions (that the pattern of outpuis
_écross the states of nature remasined unchanged as the investment level changed --
multiplicaxive‘uncertaiﬁty -=. gnd firms had no qhoices other then the

level of investment) the economy would attain a constrained pareto optimum i.e.,
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the decentralized market would attain the same results that a central
planner who’was constrained to distributing output as a.linear function
of the outputs of the different firms Woﬁld obtain. It wes subsequently
shown (Stiglitz [197%¢], Hart [19T4 1) that an essential assumption
in that analysis was that there was only a single commodity, so
relativé prices between commodities did not depend on thé investment
decisions. If there is more than one commodity -- as there must be in
any model analysing natural resources —; then the competitive market
allocation will not in general be pareto optimal.

Whether there is any systematic bias in the market allocation
i; a more difficult question to énswer. For a rather special médel,
where the mean-variance model is applicable (implying either a joint
normal distribution of returns or quadrstic utility function;),
Stiglitz [1972 ] and Jensen and Long [ 1974] nave esteblished that the
market systematically is biased against risky investments, provided that
firms éttempt to maximize their stock market value. Whether this is the
correct objective function of the firm has been a subject of some extensive
debate (Stiglitz [1972a], Leland [ 1974]), but the earlier results of
Stiglitz, that there is some presumption that firms will underinvest in
risky assets, still remains valid provided the typical owner is, over his
lifetime, planning to be a net seller of shares.

There have not been any systematic attem?ts to apply these
general results to natural resources. There is a widespread belief that

because the price of oil is high when there is oil scarcity (a bad state
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of nature from the point of view of society) and the price of oil is low

when there is an oversbundance of oil (a good state of natﬁre from the
point of view of society) returns to speculators in 0il are negatively
correlated with social welfare in general; the consequence of this is to
reinforce the impression that the market will not take the correct actions
with respect to investing~in 0il (ﬁot cbnsuming‘oil).‘ Bui the sbsence of
a systematic analysis of this is one of the deficiencies we hope to remedy

in the next stage of our work.
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2. The Structure of Efficient Allocations of an BExhaustible Resource

In this section we shall ebstract from the distributional issues
raised earlier and concentrate on the behavior of market prices in an
efficient, but not necessarily optimal inteftemporal allocation. . To
simplify matters, we shall postulate a single extractive resource industry,
assume no uncerteinty and perfect capital markets.

A necessary condition for intertemporal efficiency is equilibrium
in asset markets. That is, the sum of rentals plus capital gainé, less
depreciation, must be equal for gll assets, so that all assets yield the
same rate of return, which we call the market interest rate. This is
frequently termed the arbitrage conditionm.

If there were a complete set of forward markets, competition
would equalize rates of return on all assets, and the arbitrage condition
would hold at every point in time. We shall imagine instead that at each
date, t, there are only forward‘mafkets for the next period, which we will
denote by (t + 6). This insures that all prices are known at t + 6,
and all rates of retufn may be determined.

This sequence of markets might be called the myopic economy.

Flow and asset markets clear, so that resources are efficiently allocated
in the present and current investment is divided among competing activities
to maximize return in the‘next period.

We shall contrast the allocation determined by a myopic economy:
with the efficient allocation that would obtain if futures markets were

complete, or the resource were socially managed.
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It.is shown that in the absence of uncertainty, a myopic economy
can be directéd to achieve an efficient intertemporal allocation by merely
specifying the correct initial price of the resource. For simplicity, we
compare the nyopic and efficient allocations for the case of a resource

. . 1
with zero extraction cost.

The - Myopic Economy

Denote by Py the competitive spot price of the resource sitock
at time t. Consider an individual who has Py dollars at time %.
Given the market interest raete;, rt, he may buy, say, bonds and be assured
of (1 + rte)pf dollars at time (t + 8). Since the resource stock does
not depreciate or earn rentals during the period (t, t + 8), the return to
holding the resource is determined completely by its change in price. The
’ forward market for the resourcé stock will clear at the price pt+e for

which
(1) Piyp = (1 + rte)pt .

Taking the limit at 8 - 0, we obtain the movement of the spot

price of an exhaustible resource as?

(2) e rt .

lWe use extraction cost as a generic term which includes all factor costs -
required to produce the resource. :

2A dot over a varisble signifies time differentiation.
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It would not be an exaggeration to regard equation (2) as
the fundamental principle of exhaustible resources. The only way that a
given stock of such a resource can yield s return to its owner is by
appreciating in value. It follows that under competitive conditions‘it
is the réte of capital geins enjoyed by the resource that must equal the
return earned in holding any other asset. The question also draws attention
to the following important feature. Even if rt were constant over time,
so long as it is not zero the spot price of the exhaustible resource
cannot. remain constant over time. Consequently, so long as an economy
possesses exhaustible resources, as well as resources that earn rentals,
one cannot contemplate the existence of steady states with constant factor
prices. Spot prices cannot remain constant over time under any circumstance.
We have derived the arbitrage equation (2) as a cond;tion
describing stock equilibrium in the market for assets. It will prove
instructive to derive it as well as a condition of flow equilibrium in
the market for the exhaustible resource. . For simplicity let us assume
zero extraction costs. Let pz denote the spot price of a flow of the
resource gt t and let pt continue to denote the price of g unit of
stock at t. Assume that there are competitive markets for both the flows

of the resource and its stocks. Suppose an individual owns S units

t
of the stock at t. Then the spot value of his asset at t+ 1is 'ptst'
Under competitive conditions this must be equal to the maximum present

value, calculated at t, that he can earn by extracting the resource over

time. If it were greater, no one would wish to extract. If it were less,
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no one would wish to hold on to the stock at all. Let RT(T > 1)

denote an extraction policy.  For simplicity suppose that the return to
holding the numeraire asset is constant, (r > 0). Given the price paths
pt and pf the owner will wish to select that time profile of extraction

RT which will maximize his present value of profits., It follows then that

[+ 3]

5 -r(T—t)
(3) ptSt = max fprTe dr
(R) t
T
where
(%) | {ern S,

Let R*(r > t) be the solution-to the maximization problem (3). Then

differentiating both sides of equation (3) with respect to 't one obtains

° ° = R %
(5) o PS8y * BBy = .Sy - BeRE -
From (k) we have that ét = -R,. Using this in equation (5) yields
R#
6 D, = = - phy =t
(6) (p, -~ ™) = (p, pt)St

But under competitive conditions the stock price must equal the flow price.

R
t

precisely the arbitrage condition. But it is also clear that with the

Thus pt = p.. . It follows from equation (6) that i)t/pt = r; which is
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price of the resource rising like compound interest at the rate r the
value of the stock (and, therefore, the maximum present value of sales) is
independent of the actual extraction poliéy; as long, of course, as the
entire stock is exhausted over the future. In other words R; is not

uniquely given.  To see this, given that f)t/pt = r,; we have on integration

that p_=p er(1~t) - pRer(T—t)

" ¢ . Using this in the RHS of equation (3)

reduces the equation to

, %
(7) p,S; = ptfRTdT

t
All this is merely a round-about method of saying that if the price of the
resource riges at the compound rate  r, owners of resource stocks will be
indifferent at the margin between extracting (and selling the resource flow)
and holding at each instant. It is then possible to imagine the overall
rate of extraction of the resource Jjust equal to the competitive demand
at the current price, with the result that the market for the resource
flow clears at each instant. We shall confirm this presently. But. before
undertaking to do thisg there are two observations that need to be made.
First, an inspection of equation (2) suggests that even if the entire
time profile of rt is known the arbitrage condition merely dictates the
percentage rate at which the spot price of the resource must change; it
does not provide any instruction for determining the price level at which

to commence.. In other words, we are in need of an initial condition.

Second, even though we have assumed extraction costs to be nil, pt is
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not nil.  That ig to sgy, if the fesource is of use its ‘competitive price
will be positive (and rising of the percentage rate rt)keven though
"production” costs are nil. Stating it enother way, with extraction costs
assumed away, the entire value of a stock of the resource is composed
of the flow of services it '‘can provide. This is why the éompetitive
value of a pool of oil of a deposit of coal is often referred to in the
literature es its royalty velue. It is worth re-emphasizing this point,
and in particular the fact theat under competitive conditions the spot
price of the exhaustible resource rises at the compound rate rt.‘ This
tilt in the competitive price path is an iﬁescapable feature of an exhaustible
resource with negligible extraction costs and, to loock at the matter from
another point of view, a necessary condition for an efficient utili;ation
of the resource. In other words, the fact that the spot price is rising
‘ over time is in itself no- evidence of a growing monopoly power of the
owners of the resource.

"(oPEC supporters)...seem to ﬁe rejecting the play of free market
forces in determining prices. In such a market, the price of & product
is closely related to the cost of producing the last unit of supply that
is demanded by a buyer; No ‘one anywhere in the world is pumping oil
that costs $10 a barrel to 'produce.' The cost of bringing up a barrel
- renges from 10¢ in Saudi Arabia to 60¢ in Venezuela to $3 or so in the U.S.
OPEC's defenders seem to hawe the notion that somehow market forces have
never properiy recognized‘the value of o0il, that iﬁs price salways should

LA
have been higher. < This tosses rational economic analysis out of the window.

Lrime magazine, October 1k, 197L, page 36.
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As ‘we have already remarked, exhasustible resources present several
special feétures that are often overlooked. The foregoing problem is an apt
example of the kind of argument'one must avoid.

Let us now introduce the demand side of the picture.. Suppose
that the: market demand curve  for ﬁhe flow of the resource (Rt) gt t is
given by the funciion D(pt,t). If the resource is a factor of production
like ores and fossil‘fuels, then D 1is 'a derived demand curve. To
conduct thé analysis in the simplest possible manner suppose that the

demand curve does not shift over time and, in particular, that

1
o,

(8) R = D(ptat) =P

t t ?

where

In other words, demand is iso-elastic. Let r be constant ( > 0). Then

integrating equation (II.2) yields
(9) P, = Pye

Notice that = (9) describes the movement of the spot price of the resource.
Since the return on holding the numeraire asset is by assumption r, the
present value pricé of the exhaustible resource is pte—rt = po. It is

constant over time.
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Let us commence at ‘t = 0, when the total stock of the resource

is SO. Competitive conditions prevail and the resource flow market is

assumed to clear at each date.  Using (9) in equation (8)  then yields ~
. 2

(10) | R =D, e

The rate of u’;ilizatibn of the resource falls at a constant percentage rate
r/a. This is so because as the market price rises_ ‘the“current raﬁe of
utilization falls along the demand curve. Now recall ﬁhat we are aiming
here to describe a sequencé of mohentary equili‘bria, where ét each instant
the market fo‘r the resouce flow equiiibrates and where the asset market -
equilibrates as well. If we were to postulate the éXistence of a complete
set of‘compet‘it‘ivek futures markets, then the equilibriumkprice system’w‘ould
certainly satisfy equations (8 ) - ( 10 ). Bbu‘t the arguments leading to
equations ( 8 ) = ( 10 ) have not depended on the existence of a complete
set of forward markets. We have supposed merely that at eachk‘ date both thé
asset market and the market for the flow of thek resourcé eguilibrates. This
obéervation alone should wafih us ~that éuch a coﬁpetitive process may well
misbehave. We can confirm this.

In formel terms one should notice that none of the arguments
establishing the conditions for momentary equilibrium allows us to determine
the ~initia.l price Py- It is as yet an unknown of the problem,  And it
will remain so unless we impose further structure on the ‘construction:

namely, the assumption of a complete set of forward markets. ~But given that
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in the world as we know it, such a complete set of markets does not exist
it is essential tb see the implications of this indeterminacy of po.

Toward this let us integrate ( 10 ) to yield

00 oo o -]; _£t _.l...
(11) | étht épo e ¥ at = >pg

*®
0 Define by as

* fSO .
(12) Py =\

It is then immediate from equation ( 11 )} that if Py = pg the competitive
process will just exhaust the resource in the very long run. The rate of
extraction will be R, = (I'So/oc)e(_r/m)t (see diagrams II.1{(a) and (v)).
But suppose the initial price is "wrongly" set. In particular, suppose

that 1 pg. In this case the price will be "too high" at each date

and consequently the flow of extraction will be "too low" at each date;

"too low," in the sense that the integral of sales will fall short of the
total stock, SO. Such an outcome is patently inefficient, since a marginally
lower initial price would allow the process to yield a higher rate of
extraction at each instant. But what would be the economic motivation for
certain owners of resource to refrain forever from extracting? It is this.
Since any given stock appreciates in value at the rate r a typical
resource owner is indifferent between storing and extracting. Furthermore,

if there is no terminal date for the economy there is no end to the process.

Therefore a typical resource owner may as well never extract. It follows
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Figure 1 Price and extraction paths for different initiael prices,
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thet if Py > pg, in order for the sequence of momentary equilibria to be
sustained, there will always be some part of the stock that never gets
exhausted.l INotice that thig feature would not occur if resource owners

were far-sighted and in particular, if a complete set of futures markefs

were to exist. It gs arising because\we are postulating a competitive

process in which agents are myopic.  Resources owners expecf the price

of the resource to rise at the rate - r at each instant, and their expectations
are indeed fulfilled at each instant. This is why the arbitrage equation

is often termed the myopic:rule.

What if Py < pZ? The situation here is different. The spot
price is "too low," and the rate of extraction is "too high." Clearly
then, were the process to persist the resource would be exhausted in
finite time. The question then is whether the process could persist.
Probably not. If resource owners see the exhaustion of the resource in
sight (i.e., they realize that the resource will be exhausted in finite
time), there will Ee tremendous gains to be ﬁad from hoarding the resource
untilkthe date of exhaustion and selling after this date. But as soon as
traders sttempt to buy up stoeks the spot price of the resource‘would Jump
in value in order to restore the asset market equilibriwm. In other words
such a disequilibrium behavior as we have sketched should get the econémy
off any path that has Py < p*

0
argument ; merely the articulation of a belief that traders act on the basis

. ~This is, of coursz, not a conclusive

not only of price signals but other signals as well. In particular one

would imsgine that if traders recognized that there is positive demand for

lThe possibility of a systematic underutilization of resources salong a
competitive process with no terminal date was originally noted in
Malinvand [1953], Koopmans[1957] and Samuelson [1958]. In a different
context the point was raised also by Stahn [1966].
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the resource fldw even at very high prices, that the current price is

not very,high‘and that the stock is very nearly depleted, they would use
these pieces of information in meking decision. But as we have remarked,
the revefse case (i.e., when Py > pg) could easily persist. Resource
owners would recognize that there will be no "shortages" under the process
in the near future. But unless they are very far sighted they would not
know that a certain portion of the original stock will~ne§er get extraéted{‘

Although extfemely simple, the foregoing example has brought dut an

important form of market‘failure. In the absence of a complete set of
futures mafkets an indefinite sequencé of momentary equilibfia could rather
readily lead to an inefficient outcome, one where the outcome results in

too much conservaiibn, not too:little. The result would not be surprising.
In ordgr to calculabe~thé correct price today one needs to know‘whére the‘
economy 6ught to move to in the long run. In the absence of an announced
target it should not be surprising thdt there are errors all along the way.
‘One way for the entire set of future possibilities to be taken into

aécount at the initial date is for there to be a complete‘set of forward
markets. Another is to contemplate a planning board, announcing national
priceé (or shadow prices) to guide the pace of extraction. Let us look

into this now.

A'Socially Managed Exhaustible Resource

Let R = D(p) be the market demand curve for the resource flow.

Since by assumption D'(p) < 0 we cen invert the function. Thus
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p= D—l(R). Let us write this as p = B(R). The gross rate of consumers
‘ . ‘
surplus at R is by definition [B(R')dR'. The return on the numeraire

~asset is by assumption r (> O).O We shall imagine that the planning

board is concerned with the pace of extraction of the resource (of

size SO at t = 0) with a view to maximizing the present discounted

value of the. flow of gross conéumers' surplu.s.l We are, then, supposing
for vividness that the resoﬁrce is socially managed. The planning problem

then is this:

Choose an extraction path Rt(t > 0) with a view to maximizing

R
I -rt v
(13) fle™ " fB(R")daR' lat
0 0
t
subject to the: constraints St = SO - fRTdT and Rt’ St >0 for t > O,
R 0
Write u(R) = fB(R')dR'. We can now express the objective function as
0
(1) [ u(R)at .
0

Since B(R) > 0 for R > 0 we have u'(R) >0 for R > 0.
Under this interpretation, it is trivial to define 4 Pareto efficient
extraction policy. First, a definition of an inefficient extraction policy.
- For simplicity suppose that we are concerned solely with the class of all

continuous extractidn paths. By a feasible extraction policy Rt we shall

lThe assumptions implicit in this objective are discussed elsewhere in this
report. . Among other things one is supposing that r is judged by the

planners to be the appropriate rate of discount.
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mean one which satisfies the constraints in ( 13 ). It is then natural

to say that a feasible policy R! is inefficient~if there is a feasible

t
policy Rt such thsat Rt 3_3% for all t > 0 end such that for some
finite interval of time Rt > R%. It is equally natural to regard a
policy Rt as efficient if it is not inefficient. Given one definition

it follows immediately that an ektraction‘policy Rt‘ ( 3_0) is efficient
0~ thdt,l But. problem (iI;lS) is not concerned with
0 : L :
only efficient extraction policies, but rather with determining the best

if and only if S

policy. Given that wu'(R) > 0 we know at once that the optimum extraction
policy (if one exists) will in fact be efficiént.2~

| Locating the condition whiéh the optimum extraction pélicykmust
éétiSfy is a simple enough matter. It is the obvious analogue of condition
( 2 ). Let us simplify matters and suppose that along the optimal policy
the rate of extraction is always positive. Then the condition we shall
get is the analogue of ( 9 ), which states that along the optimal path
the marginal social valuation of resource utilization at each date is

constant when looked at from date t = 0. In other words one must have

(15) e R) = (> 0)

But by hypothesis, if R is the rate of extraction, u'(R) 'is the market
‘clearing price for the resource flow. If the planners call forth for s
rate of extraction R , the flow will be sold in the market at the price

u'(Rt). In other words, the present value price of the resource must

lie stress that at this point we are contemplating a world with no uncerteinty. .

21n what follows we: shall not bother with the guestion of the existence of
8 solution.
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remain constant along the optimum extraction path. We are now home. For
writing P = u'(Rt) end differentiating equation ( 15 ) with respect
to time yields the condition i)t/pt' = r which is all very feamiliar. The
remaining bits of the analysis do not bear repeating. Since the optimum
policy must be efficient it must satisfy both equation ( 15 ) and the

condition thdt = 8 There is no indeterminacy in the initial price

0 ‘
level (or equivalently, the initial rate of extraction). This brings us

0"

back to our earlier observation. A complete set of fubures markets,‘or,
alternatively, the conscious efforts of a planning board could in principle
be relied upon to coordinate flows and stocks of an exhaustible resource

in such & manner so as to result in an efficient outcome. But in the
absence of either, a competitive process, even if it were to sustain an

equilibrium at each instant of time, cannot be relied upon to achieve this

result. “Perhaps we should not have expected anything else.

Extraction Costs

It ié time to introduce extraction costs into the picture. Any
reasonable account of the economics of exhaustible resources must allow for
the fact that resources are utilized in the process of extraction. There
are several features to be considered. The first is particularly relevent
for resources such as oil and natural gas, where the recoverable stock
depends on the rates of extraction. If the rates of extraction from a
given field are unduly high, a certain portion of the stock gets dissipated

and cannot be recovered. This would eppear to have occurred in several of



-86-

the oil fields in the eastern states of the U.S. until recently. It is
plain enough that this aspect of extraction costs is difficult to formalize
in a simple manner. A loose approach would be to suppose that the average
cost of extraction is an increasing function of the rate of extraction.
Second, extraction technology would appear to improve with time. Third,
the average cost of extraction from a given deposit would seem to depend
on the stock remaining. - In particular, one would suppose that the

marginal cost of extraction would increase as. the stock diminishes, given
that one is, as it were, digging deeper into the‘grouﬁd with less of the
stock left.

We shall analyze the inflﬁence;of extraction costs in wha£ is
otherﬁisevthe model presented in. the previous section. = For simplicity of
exposition assume that there is a single pool of the resource. Lét C
denote the cost of extracting the resource at the rate R when the stock

size is S. A simple form of such a cost function would then be
(16) ¢ = £(t)R g(R,)G(S,)
where
£(8) 0 , g'(R) >0
and
a'(s) <0 .

Such a cost function needs hardly any explenation. It patently captures

the three features that we have encountered.
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It is simplest to regard extraction éosts as "transport" costs
involved in moving the recource from the source to the market. This‘
alone suggests that the effect of extraction costs is to drive a wedge
between the price of the unextracted resource and the price of the extracted
resource, and in particular, that the latter price is higher. It is then
immediate that the differences between these two prices is the marginal
cost of extraction. Let Py cohtinue to denote the competitive spot
price of the umextracted resource énd let 9 be the competitive spot

price of the extracted resource. Then

= &
(17) a =P, *+ R,

and it is 9 that determines the volume of the resource flow that clears
the market.l Consider now the arbitrage equation.  As before, let r be
the market rate of interest. Under competitive conditions the return on
holding the marginal unit of the stock consists of two components. The
first consists of the capital gains that the stock enjoys. This in fact
constituted the entire return in the model of the previous section. The
second consists in the reduction in future extraction costs due to the
fact that this marginal unit has been stored, and not exfractedi The
arbitrage condition is a statement regarding the equality of these two

rates of return at each instant. That is,

. 2C

. P 35

(18) T T
Py Py

lIn the previous section we supposed that C = 0 and hence 3C/3R = 0.
This implied that qt = Dy -
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From (- 18 '} it is now clear that }.?t/pt < r, and also clear
why it must be so. There are gains to be had in storing over and gbove
Furthermore, equation ( 17 ) suggests that if the

capital appreciation.
marginal cost of extraction declines rapidly over time, because of

innovations in the technology of extraction, it is possible for 9 to
But it does bring out clearly that the

decline over time for awhile.
price of the extracted resource consists of two components: ~the marginal

cost of extraction ‘and the royalty price. Thus, while it is true that

"...the price of (an exhaustible resource) is closely related to the cost
2

of producing the last unit of supply that is demanded by the buyer,"

this "close" relationship is in fact an extremely complicated one and not
much ‘can be ‘asserted without solving these foregoing equations.  In the

absence of extraction costs obtaining the explicit price trajectory was
Not so when extractkion costs functions assume

an easy enough matter.
complicated forms. Imagine then that the average cost of extraction is a
constant, b( > 0). In terms of ( 16 ) this is tantamount to assuming

that f(t)g(Rt)G(St) = b. . From equation ( 18 ) it is then immediate that

P
(19) L=y,
Py

and from equation (II.17) that

(20) q =p, *D

lOne should, perhaps, point out that by "storage' we mean "not extracting."
So:long as there are costs of extraction it never pays under competitive con-
This is because r > 0.

ditions to extract and to store sbove ground.

e
cf. footnote 3.
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From ( 19 ) we have p, = poert and consequently

(21) “ 4 = b + poert .

We need to estimate the "correct" initisl royalty price pg.

Continuing to assume an iso-elastic demand curve it follows that 1

22 - I‘t = -
(22) a b+ pge Rt
and, therefore,
A
a
rt
(23) R, = (b +pye )

For this extraction path to exhaust the resource completely it is required

that

[+]

- —°° r
(24) Sy = gtht = g(b + pye

%y at .
The "correct" initial price pg is the solution of equation ( 24 ). Let

us, by way of illustration, assume o = 1, (the elasticity of demand is

unity). Then integrating ( 24 ) yields

b + p*
= L —_0
(25) S0 = o7 108 P

lFor convenience of exposition we shall continue to assume that there is a
pogitive demand at any price, no matter how high the price. The iso-elastic
demand curve will meet this requirement. Thus in fact R, > 0 for all t

. t
along the competitive path.
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therefore,

(26) p

Using ( 20 ) and ( 26 ) one obtains

(27) qt=b+--—’f-’-e—-—-

(e %-1)

Figure 2
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Equation ( 27 ) exposes the two components of the competitive price of

the extracted resource in an extremely tidy manner. Analytically. the
interesting situation is one where SO is "large." In this case pg

is "small" and consequently a = b initially. The price of the unextracted
resource (pt) rises exponentially at the rate r, but the price of the
extracted resource (qt) does not. 1In fact q_ rises at a variable

I‘t/( Tty < r. 1In other words ,

rate less than 1r, for ét/qt = rpge b + pge
q, does grow, but given that by assumption pg is "small," the royalty
component is negligible during the early years, and the extraction cost
component’ dominates. This makes good intuitive sense. If the stock is
large the fact that the resource is exhaustible is not of much concern.
It is much like a conventional commodity whose unit cost of production
is b. But with time the royalty component begins to dominate, since
. oty P

q, = (ve™ ") /(e - 1) for large t. In other words, with time the
fact that the resource is exhaustible begins to bite, and the production
cost becomes a negligible part of its price. Indeed, in the long run

qt = pt and the spot price of the extracted resource grows roughly at
the rate r. (See diagram 2 ) 1In short, it all depends on how large
the initial stock is. But how "large'" is large? To get a feel for this

brS

note that since (pg/b) = (1/(e 0. 1), (equation ( 26 )), if, say,

brs, > 6 then (pg/b) < 0.01; that is, the initial price of the umnextracted

resource ought to be less than 1% of the marginal cost of extraction.

Suppose, by way of illustration that S_ = 250 (i.e., the total stock is

0

250 times the current rate of consumption of the resource), that
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r.= 0,05 per annum, and that by normalization, b= 1. 1In this case
brS = 12.5. Using equations (21 ), ( 26 ) and ( 27 ) it can be
computed that it will be about 130 years until brS_t falls to a walue
as low as b.:L In other words; the equilibrium price, q‘t’ will roughly
equal: b until the remaihing stock is less than forty times the current
annual rate of extraction.

Now it must be admitted fha’c unchenging demand conditions (as
caught in ( 8 )) are unlikely. One would imagine that, if anything,
demand will grow. - This will work against the orders of magnitude we have
Just presented,‘ in the sense that for a given initial stock the gap between
9 and b will be larger if demand for the resource is assumed to
inérease, rather than stay constant. This brings us back to our ea.r]:ier
observation that the relationship between 9y and the marginal cost of
extraction depends on a number of complicated features.  Roughly spesking
Q- hovers near this cost of extraction so long as the stock is large in
some sense.. Not so otherwise.

Let us complicate matters somewhat and suppose that there are
different' deposits of the same resource; the difference being in unit
'extraction, costs. In particular suppose there are two deposits with unit
extraction costs b, and b, (b2 > bl)'2 Let p,, and p,, De the

spot prices of the unextracted resource at these two deposits, and let

Q¢ and qzt denote their extracted spot prices.  The first point to

Imhese figures are teken from Key and Mirrlees [1975].

2
“One might wish to suppose that the second deposit is less accessible or .
some geological difference that mekes extraction cheaper at the first

deposit. ‘
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note now is that under competitive conditions the two deposits will not
be mined simultaneously over any interval of time. Suppose they were.
Then-owners of the two deposits will be indifferent between storing and

extracting over this interval. Consequently,

(28) —_— = === p
' P1g Pot
But since the two deposits contain identical products, qlt = Uyt - This

implies that
(29) by + Py =D, * D, -

Now equetions ( 28 ) and ( 29 ) are patently inconsistent with one
another. Therefore the two deposits will not be mined simultaneously but
instead will be mined sequentially. The precise sequence is exactly. as
one would imagine;fthe‘better quality deposit will be mined firét until

it is exhausted, and the lower quality deposit will be mined subsequently.
This is precisely what considerations of efficiency dictate. Given that

r > 0 1t makes sense to delay mining the higher .cost deposit. Formally,
the argument runs as follows. B So long as stocks of both deposits are
positive, equation ( 28 ) will hold in order that the asset market clears.
For an initial period (T) +the second deposit will be found unprofitable

to mine. ' That is

(30) q = by * Py b, + P, for 0<t<T .



During this period owners of the first deposit undercut the price of the
second one. The owners of the second deposit store, snd do not find it
profitable to extract, since the market price of the extracted resource
does not cover the higher cost of extradtion (b2). Meanvwhile q, grows
continuously (this follows from ( 28 ) and ( 30 )), and the extraction
rate fal:l.s.l At T the first deposit is exhausted and there is a switch
to the second deposit. The point to note now is that Q must be continuous
at T.  For suppose that at - T the extracted price were to jump to a
higher value. - Then since we are supposing that resource owners would know
of this jump at T, owners of the first é.eposit’ could increase their
profits by ceasiné production just before k‘I' and producing after T.

But by hypothesis they cease operating after T. Consequently there cannot
be a discontinuous increase in the price at T. Nor can there be a
discontinuous fall at T since otherwise owners of the second deposit
would find it profitable to enter production before T. This establishes
the continuity of 9 at  T. ‘From date T the second deposit takes

over and it is as though there is a single deposit. The story from then on
is the same as the one we have already constructed for the competitive
extraction from a single quality deposit.. In parﬁicular for =% z_T

one will have q = q2t = ]:;2 + Poy - The continuity of the market price

for the extracted resource (q_t) at ,T is ‘an extremely valusble piéce

of ‘information. Diagram 3 portrays. the price ti'ajectories. An

important point to bear in mind is that during (0,T), while the prices

l’l'h:i.s last follows ‘directly from our assumption of an unchanging downward
sloping demand curve. ‘
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Figure 3
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of a unit stock in both deposits rise at the same rate (equation ( 28 1)),
the price levels are by no means the same. Even common sense suggeéts
that the unit price of the second deposit will be lower during (O,T).

It is less valuable given that it is costlier to mine. Since deﬁand
conditions are, by assumption, unchanging, the rate of extraction under
competitive conditions is a declining fuﬁction of time. Figure

portrays this.

There is & limiting case of-this model which is of considerable
interest. Suppose that the lower graée deposit contains in effect an
unlimited stock. Controlled nucleaf fusion or solar ehergy would provide
a motivation for our being interested in such a model. Until they come
about, an gpproximation might be provided by the production of energy by |
breeder reactors. In other words, suppose that in addition to a given
deposit of an exhaustible resource (with unit extraction cost at bl)
there is. a known technology for producting a substitute product whose unit

Since the substitute is by assumption &

cost of production is bg}

conventionally produced good its market price under competitive conditions:

is precisely b2. Our earlier discussion will have made it clear what

the price movement under competitive conditions will be. Let Py ~denote
the price of the wnextracted resource and 9 its price after extraction.

Given that bl < b, the deposit will be mixed for an initial period (0,T)

2

while the substitute produbt will not be found profitable to manufacture.

110 effect we are supposing that 8. = », Nordnaus [1974] has christened it

as the "backstop technology." 9
21n order to check thatthis fits in with our discussion so far, note from
equation (27 ) that qa > Db if SO > o,
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Figure b
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Figures '5 and 6 depict the time profiles of the competitive
price and the rate of production of the resource and its substitute.
(T is the date at which the resource is exhausted and the backstop
technology is introduced.)

While exceedingly intuitive, the foregoing result is important
to bear in mind. It reminds us that if the unit cost of extraction is
less than the unit cost of producing & product that is 'more or less a
perfect substitute, then the substitute ought not to be manufactured
initia.lly.l The ‘backstop teéhnolog,y ought to be held in reserve until
the resource is completely depleted. - Of course, under competitive conditions
the backstop technology will be held in reserve until the resource rums
out, because so long as stocks are not depleted resource owners Wi]_.l be
able'to undercut the competitiye price of the substitute product. The
result is of impo‘rta.nce for-eanother reason: it provides us with well-defined
bkounds for the competitive price of the extracted resource, for ;
bl < qt _<_b2. The largér is the initial stock the longer will qt hozver‘
near b, (see ( 27 )) and éonsequently the longer will it be before
the backstop: technology mekes its appearance.

Let us,by way of illustration, see what orders of magnitude

may be involved. —‘Suppose demend is unchanging and iso-elastic and that

1)

the price elasticity is unity. Suppose that sé\ =50 (i.e., total

1We are now making use of the efficiency properties of the intertemporal
competitive equilibrium, hence the term "ought" in the sentence. Furthermore,
we are assuming the production of substitutes can be described by purely
convex cost functions. ~ :
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Figure 5

( b, )




stock is 50 times current rate of extraction) and r = 0.05 per annum.

By normalization set b. =1 .and suppose b2 = lO.l It is then simple

1
to confirm that pg < 0.01 and that T = 180 years. Of course, these

conclusions cannot be teken seriously. If nothing else, demand is expected
to grow, and the numerical results will not be as striking then. But
they do 'suggest that the royalty component of the price of many exhaustible
resources may well be rather small in initial years.

It is occasionally claimed that the competitive price of an
exhaustible‘resource is the cost of producing a substitute produCt. In
a widely read popular report on the recent four-fold price increase of
Arab oil this view was attributed to OPEC defenders:

"Nearly every OPEC member...,‘rejects the notion that the -

price of oil is now too high. ‘'Wheat do they mesan by high?!'

asks Iran's Minister of the Interior... incredulously. He

reasons that the price is about equal to what it would cost

to obtain an alternative form of energy, such as gas pro-

duced from coal. Thus heg... insist(s) that $9.70 per
barrel is a fair price."

In the long run,‘when the resource is near exhauStion, the "argument would
seem reasonable, but not until then. So long as there is a considerable

gép between bl and bz; and so - long as the stock is large, the competitive
price of én exhaustible resource is well below the cost of produciﬁg the
substitute. Any attempt to set the price of an exhaustible resource

roughly equal to the cost of ‘producing a substitute product would result

in excessive conservation.

lThis is not an entirely fictitious figure. $2.00 a barrel is a rough
average figure for extracting crude oil and it is occasionally said ‘
that the cost of producing shale oil is the equivalent of $20.00 per
barrel of crude. 0il shale, while not exactly unlimited in quantity
is pretty much like a backstop technology.

2‘Pime Magazine, October 1L, 1974, page 36.



-101-

Conclusion

Let us sum up:

(1) The competitive (efficiency) price of en exhaustible resource

is the sum of the marginal cost of éxtraction and the price of the
unextracted resource (the royalty price). In particular, the extracted
price exceeds the marginal cost of extraction and is not equal to it.
(2) If the cost of extraction of a resource is independent of the stock,
the réyalty price will, under competitive conditions, grow at a compound
rate. This rate of increase will equal the rate of return on holding,the
numeraire good.

(3) An implication of (2) is that the present value royalty price of a
resource is constant over time.

(1) An implication of (1) and (2) is that the price of the ektracted
resource will grow at a lower rate (and may fall initially) than the
rate of incresse in the royalty price. But in the long run fhe two:
prices will grow at the same rate.

(5)’ If the marginal cost of extraction is a declining function of the
stock, the pefcentage rate of change in the competitive royalty price of
a resource is less than the rate of return holding'the numerair, the
difference beihg the reduction in;fﬁture extraction costs as a result
of storing the marginal uhit of:the stock.

(6) A sequence of momentary‘equilibfia (one along whiéh at each date
both the asset market and the market for the extracted resource is in

competitive equilibrium) cannot be relied upon to ensure an efficient
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utilization of an exhaustible resource. In particular, if the initial
royalty price is set "too high" there’will be excessive conservation. A
fraction of the initial stock wili never get ‘extracted. But the 'marketi
may never discéver its . erroneous ways.

(7) If there is a complete set of futures markets, or if there is a
planning board looking far into the future, such a market failure in
principle can be circumvented.

(8) An iﬁplication of (1) is that if the stock is large an extracted
‘respurce is much like a conventional produced coﬁmodity; in that its

pricé roughly eguals the marginal cost of gxtraction (i.e.s.the royalty
price is negligible). ‘As the stock diminishes, if there are‘no‘subStitutes
in sight the fact that the résdurce is exhaustible becomes ‘important. At
this sﬁage‘the price of an extracted resource roughly equals the royalty
price, which is far in eXcess of the cost of extraction.

(9) The existence of a substitute product for an exhsustible resource does
not imply that the competitive (efficiency) price of the extracted resource
is the‘cost of producing the subsiitute. Indeed if the cost of éxtraction
is less than the cost of prcducing the substitute product the competitiﬁe
price of the extracted resource lies between these cost figures. If~the
kstbck is large the price will be roughly equal td the cost of extraction
(i.e., the royélty price is negligible). It is only when the resburce is
near exhaustion that the price‘rises to the céét of producing the subStitute.
(10) An implication of (9) is that the fact that a substitutekhas been

discovered does not provide an argument for producing it initially. So
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long as the production cost of the substitute exceeds the extraction cost
of the exhaustible resource the substitute ought not to make its
appearance, and under fully competitive conditions it will not make

its appearance initially. The resource and the substitute will not be

utilized simultaneously, but sequentially.
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3. Sources of Market Distortions in the Intertemporal Allocation

of Exhaustible Resources

3.1 Introduction

We are used to thinking of market prices as giving the appropriate
signals for whethér an industry should expand or contract, what inputs to
use ‘in its productive processes, etc. However, the list of necessary and
sufficient conditions for market efficiency is quite extensive, and it does
not require a great deal of investigation to identify areas in which existing
markets for natural resources are imperfect.

There is prébably no sector of the economy which is not affected
to some extent by imperfect markets. To show that market imperfections
provide cause for selective government intervention in natural resource
markets, one must be able to establish that, for some reason, the market
imperfections are zﬁore important, or have more important consequences, in
the energy industry; and that there are specific government instruments
which can be used to alleviate these problems.

We have already noted that efficiency»is only a precursor
for-optimality., and goverhment intervention in efficient markets may be
Justified for distributional objectives. 1In the following discussion, we
shall presume that the private rate of interest equals the social consumption
rate of interest, so that the efficient rate of resource utilizatioﬁ is
socially optimal as well. If private and social raﬁes of time preference
were. different, %his would require that the government exercise the proper
mix of monetary and fiscal measures to equalize the market rate of interest

and the social consumption rate of discount. Conditions under which govern-

ment actions can achieve this objective are discussed in Arrow and Kurz (1970 1.
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We shall also assume that those policies invoked to achieve dis-
tributional objectives preserve efficiency; and we shall abstract from

the existence of any other policies which may result in dead weight loss.

The: presumption of egquality between social and private rates
of interest and the ‘@bsence of distortionary taxes and regulations allows
us to regard market efficiency as a first-best policy objecfive. Having
noted the: conditions for market efficiency in an idealized economy, we
may now direct our attention to determine the adequacy of existing
markets for natural resources.

The - following areas have been identified as potentially important
sources of deviations between social and private returns. We shall
describe the existing literature pertaining to these sources of market
imperfections and indicate,, where possible, the direction of the market

bias relative to the efficient allocation.

3.2 The Value. of Information and Exploration of the Resource Stock

The uncertainties and risks which were a focus of discussion in
section I give rise to attempts to acquire information to reduce the
wmcertanties. The traditional welfare analysis of the competitive economy
assumes that the state of information is invariant, or at least that it
is not affected by the actions of the individuals. The recent studies of
Spence [1973], Rothschild-Stiglitz [1975], Stiglitz N1975¢], Grossman [1975],
and others have established the possibility of non-pareto optimal equilibria
in the presence of imperfect informetion. Several of these studies have also
questioned the appropriateness of the perfectly chpetitive assumptions

in the presence of imperfect information.
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There have been a few attempts, in the works of Peterson [1975],
Gilbert [1975], and Stiglitz [1975d] to apply the general principles to
exploration for new resources.. The approach taken in this section is
first to discuss in ‘general terms the ways in which competitive markets
may fail to properly allocate investment in the generation of information.
We shall then examine the uncertain characteristics‘of the endowment of
an exhaustible naturel resource and consider the social: value of information
about these characteristics. Thirdly, we shall analyze specific instapces
of market failure in the production of information sbout the resource stock.
In this discussion, we concentrate on exploration- -information
concerning the physical characteristics of the resource. Analysis of
uncertainty and the value of information about future demand, import supply,

and technological developments will not be discussed at this- time.

3.2.1 Information and Economic Analysis

The fundamental problem in the economic theory of information
arises from the public good character of information; the use of information
by one individual does not deny its use by others. In fact, like national
defense and electromagnetic waves, information is one of the few pure
publiclgoods. Samuelson [1954 ] has shown that the market price of a pure
public good will underestimate its social value and a competitive market will
underinvest in its production. Indeed, this is the classical argument

for government subsidization of basic research.
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Hirshleifer [1971 ] has argued that the market may, in some
instances, overinvest in research. As an example, consider the stock
mérket. The social value of information sbout a particular security is
the increase in consumer surplus resulting from a change in the
pattern of investment brought about by the information.  If the information
relates to a new technology for producing a substitute energy source, the
social value of the information may be very large.  On the other‘hand,.the
information may be limited to next quarter's earnings of a firm, and will
have littie bearing on future production and consumption decisions, in which
caée its social value is negligible. - The private value of the information
is the speculative gain which may be realized by purchasing securities
whose prices will rise when the information is released, and selling short
over-priced securities. It is clearly possible for the private gain to
exceed the social value of the information, and under such conditions, the
market will provide excessive incentives for the production of information.

Stiglitz [1975e ] has reconciled these conflicting views by
calling attention to an implicit assumption in the Hirshleifer hypothesis;
namely, that an informed individual éxercises monopoly power in the market
for information. Indeed, if two or more informed individuals compete for
speculative profits, they will bid up under-priced securities and bid
down over-priced securities until profits are reduced to zero.

Green [1973 ] and Grossman [1975 ] have carried the argument
further by demonstrating that there need be no direct interaction

between agents, since prices are a natural source of externalities. A
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movement in prices may signal uninformed individuals that the economy has
received somé input of information, and in some situations, the prices may
be a perfect surrogate for the information.

When there is a competitive market for information, and prices
adjust without friction, only the owners of an asset may benefit from
information bearing on the value of the asset, since price adjustments will
eliminate speculative gains. The analogy of the incentives to produce
information with incentives to: produce public goods maykbe miSleading. If
prices‘adjust freely, and an entrepreneur cannot internalize the benefits
of his research,‘thén the market offers no incentive for research, not just
too 1little incentive. Converéely, the dincentives: for research may be
excessive if imperfect market conditions'permit speculative gains.

Information may also take on the aspect of a public inferior good,
and a competitive economy may overinvest in the production of this kind
of information.; For example, information may serve to discriminate one
group from another, and the market-determined investment in discrimination
may ‘exceed the optimal level.

We have ‘identified three problems in the economics of exploration
information:

(1) As a public good, there is insufficient private incentive
for its production.

(2) As a means to appropriate rents by being better informed,
there may be too much private incentive for its production.

(3) As a pure screening device, a means to distinguish a good

or service, there may be too much incentive for its production.
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The nature of the market bias in the generstion of informetion
depends on the specific environment in which the information is produced.
We will assess the market bias in the generation of information concerning
the endowment of a natural resource, and offer réasons to suspect that in
some activities the market allocation of investment in the generation of
information may be excessive, while in 5thers the market may underinvest

in the production of information.

3.2.2 The Social Value of Information about ah Exhaustible Resource

There are at least two areas in which information may increase the
social value of an exhaustible resource.

(1) The total stock of the resource.

This is important in determining the appropriate rate at which the
resource should be comnsumed. If we think there is less oil than there is
in fact, then we will be too conservation minded; if we think there is more
0il than there is in fact, we might consume it too quickly, leaving our
descendants with an inadequate stock of oil. To be more precise, information
bearing on the total stock of the resource as a function of extraction cost
has social value in determining the appropriate utilization rate.

(2) The cost of extraction from a particular tract of land.

This is broadly defined to include the location of resource
deposits, since absence of a deposit may be viewed as existence of a deposit
with an infinite extraction cost. Conceivebly, on the basis of statistical
information, we could obtain a good estimate of the total stock of oil,

without knowing where it is located, or the cost of extraction from any
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location. For instance, it might turn out that 50% of a certain type of
geological ;tructure contains oil, but until we explore a‘particular
geological structure, we do not know whether that particular geological
structure contains oil. If the cost of extraction at each locstion were
known with certainty, the optimal pattern of extraction would entail
extraction from deposits in order of increasing cost.  This is obvious,
since by extracting the cheaper oil first, one can postpone the higher costs
of extraction, and the present discounted value of tétal extraction costs:
will thus be lowered. ' This aspect of exploration can be viewed as
screening different parcels of land, distinguishing those with lower
expected extraction costs from those with higher expected costs.

In the analysis of efficient resource allocation with perfect
information, the rate of change of price conéistent with momentafy
equilibrium depended on extraction costs, and the price level necessary
for intertemporal efficiency depended on the total resource stock. -Given
uncertainty, these equilibrium conditions cannot be assured. Failure to
maintain the extraction path consistent with the true values of these
parameters of the resource stock does not imply inefficiency, since
resources must be expended to identify their actual wvalues.

Consider the value of information on the total resource stock.
Imasgine that the U.S. economy is constrained to follow a policy of zero
imports, and the only source of uncertainty is, say, the amount of oil
which may be off the Atlantic coast. ‘For simplicity, we suppose that there
are only two time ﬁeriods of interest -- now and theﬁ - -and the total

U.S. o0il stock msy be either high if the Atlantic OCS is productive, or ‘

low if it is not.
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The potential of the Atlantic OCS can be "proved," but this is a
costly process. The trade-off between the cost and value of this information
is illustrated in figures 1 (a) and (b). Consumption in the first
period is plotted on the horizontal axes and consumption in the second
period is plotted on the vertical axes. The straight lines indicate that

the resource endowment, either high, S or low, SE’ may be allocated

ha
between the two periods in any proportion. The cufved lines represent

points of indifference between the consumption pairs, (C c.).

1’ 72
Indifference curves farther from the origin represent higher levels of
social welfare.

In the Utopian world of perfect information at zero cost,
consumption could be allocated to maximize welfare contingent on the stock,
e.g., points A, and Ah in Figure 1 (a). In the absence of perfect
information, first-period consumption cannot be made contingent on the
true value of the stock. The optimal plan calls for choice of a consumption
level in the first period such that expected social welfare is maximized.

In general, the chosen C. will not be optimal for either value of the

1
stock. This is illustrated in Figure 1 (a); the points B, and
Bh are the resulting consumption pairs.
There are two components to the cost of information about the
amount of Atlantic OCS resources:
« The cost of advancing exploratory activity that could be
postponed if information were wmnecessary.

« The possible efficiency loss if increase in the pace of

exploration brings diminishing returns.
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Figure 1
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The first cost component clearly depends on the opportunity cost
of capital, and if the discount rate were zero, this cost would be zero.

The cost of exploration can be considered as & tax on the total
available stock of the resource. That 1s, exploration reveals the true
size of the resource, but consumes some in the process. This is illustrated
in Figure 1 (b}, where 8p <Sp end 8p < 8, The points C, eand
Ch correspond to the allocations contingent on Sk and Sﬁ respectively.

Whether the social value of exploration of the Atlantic OCS
exceeds the social cost depends on such factors as the consumption
elasticity of substitution between the different time periods, the wvariance

of estimates in the total resource stock, and the cost of proving the

potential of the Atlantic 0CS.

3.2.3 Market Failure in the Production of Exploration Information

Information which relates only to the toﬁal size of the resource
base is clearly a public good, since the information affects the choices
of all consumers and producers of the resource. Hence the‘private value
of exploration may underestimate its social benefits. Indeed, if the
firm is a price—taker and marginal extraction costs are constant, the value
of information to the. firm is precisely zero. The firm will allocate
production solely as a function of price changes and demand. If the
exploration information generated by the firm does not affect prices,

it will not influence production decisions and hence has no value.
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Exploration may be motivated by potential cost reductions from
locating lower cost deposits and postponing extraction from higher cost
deposits. Cost reduction is a socially productive activity and there is
no evidence of faulty market incentives for this component of exploration.
Market incentives may distort the timing and location of exploration when
kthere are spill-overs in exploration information, and when the sale of
mineral rights provides opportunities to appropriate profits.

Spill-overs in information (both discovery and non-discovery
of oil at a particular location convey information about the probability
of discovery or non-discovery at othér locatiohs) are likely to result in
too little post bidding exploration, unless there is unitized’exploration.
This is 'a consequence of the fact that, unless an entire geological structure
is owned by a single producer (or there is unitization of exploration and
drilling) success or failure af one point conveys information about the
presence of oil at other points. This is an illustration of the public
good nature of information. - The information has a social wvalue, to the
extent that it affects drilling decisions of others, but these social
returns cannot easily be appropriated by the individual drilling the well.
Similariy, the individual has an incentive to postpone his exploration,
(end corsequently extraction) in the hope that someone else will do
/sdme exploratory drilling, the information from which he can "steal."

A simple example illustrates the nature of the problem. We
assume - -there are two contiguous sites, owned by different individuals,

A and B. Each assumes that drilling has a positive expected return.
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However, A is best off, in an expécted utility sense, if B drills first,
and then A does; conversely for B.. If B does no£ drill, A may be
better off drilling or not drilling depending on the cost of waiting and

the change in the costs of drilling. If thée cost of waiting is not very
great, A may be better‘off waiting if B  does not drill, and B may

be better off waiting if A does not drill. Thus, there is an "equilibrium"
with no exploratory drilling the first period. Nonetheless, exﬁloratory
drilling on the part of one firm would be socially prpfitable.

The second source of distortién arises from expenditures to
appropriate rents, perhaps most evident in the closed-bid government
leasing program for outercontinental shelf oil tracts. The goverrment
leasés its off-shore oil tracts with a reservation price, but the reservation
price is sufficiently low that the expected'value of the oil exceeds the
reservation price. Thus, if there were a single bidder, the government
would be giving away scme rents. But to obtain these rents, the bidder
must know what to bid, and this requires that he form an estimate of the
amount of oil. More generally the expected return of the uwninformed
bidders, in an optimal bidding strategy, is zero, but for the informed
bidders it is a function of the number of bidders. If there is a cost of
becoming informed (of going from the "uninformed state' to the "informed
state"”) this will determine the equilibrium number of bidders. But the
expenditure on this explorafory activity is determined not by the social
returns,/but simply by the desire to obtain these rents. Thus, if the

government puts up the tracts for lease at a date earlier than the
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socially optimal date for development, these tracts will be explored too
early; since, clearly, optimality requires that this type of exploratory
activity be postponed until immediately before exploitation of the tract.

Moreover, since the (expécted) returns are a function of the
(expected)‘number of biddefs,’there may be an incentive to explore and
bid on relatively out—of—the—way tracts.

In our earlier discussion, we noted that there was a social
return from screening different tracts of oil by the cost of extracting
the '0il. Assume all oil tracts had exactly. the same amount of woil, énd
differed{gg;x‘by the cost of extraction. Then, whether itiis optimal
to screen depends simply on the cost of screening relatiVe‘toktﬁe present
discoumnted value of the savings from postponing postponable drilling
expenses. |

If there is a market for tracts of o0il, then whether or not it
is socially desirable:to screen according to quality, it may pay for
individuals both to find oﬁt sbout the quality of their wélls {(the cost of
extraction) and to make this dinformation available. Thus, the presence
of the ‘zsset market today for ¢il wells, the 0il from which will‘be extracted
at some datekin;the future, leads both toithe acQuisition of this information
when it is socially inefficient, and even when it is socially;deéirable,
to its acquisition earlier than is socially desirable. (Such might be
the éase, for instance, if it were known that‘the well had a sufficiently
high extraction cost, that it should not be used fdr at least five yéars,

but the magnitude in excess of that amount was not known. ‘Social optimality
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requires that if this well is to be screened for extraction costs, it not
be screened for five years, i.e., the earliest date at which it might be
desirable to extract the oil.)
A second source of distortion in the timing -~ and from é
practical point of view probably the more important source -- arises from
x
the so-called diligence requirements on government leases: owners of the
lease are required to develop the lease within a given period, or else they
lose the lease. Thus, the condition for developing the lease within thét
period is only that the price exceed the cost of extraction which is
obviously not socially optimal. It also means that it does not pay firms
to screen for the cost of extraction, since they will have to develop
thé well anyway within a short period of time.
Note that a resource monopolist would value informaéion on the
size of the total resource stock as well as the extraction costs of deposits.
AIn the next section, we discuss how a monopolist fails to efficiently
allocate the resource. However, it is interesting that a monopolist might
better manage exploration. of the resource; although the monopolist‘s

explorafion pattern is not necessarily efficient because the monopolist's

objectives are not consistent with maximization of social welfare.
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3.3 Imperfect Competition

We have seen that efficient utilization of exhaustible resources
requires that:

(a) the rate of return on resburce deposits equals the rate
of return on alternative assetc, and

(b) the resource stock is exhausted when its price equals the
price of a substitute source of sﬁpply.

This suggests that we examine the effects of imperfect com@etition
in two areas: the market for the exhaustible resource and the market for
substitute sourées of supply.

| The qualitative work of Hotelling [1931], Sweeney [1975 ], and
Stiglitz [1975r] provides a structure for quantitative comparisons of
the ‘intertemporal extraction of resources under competitive and m;nopoly
ownership of the resource stock. They focus on a comparison of profit-
maximizing behaviqr under competitive and monopoly ownership. The effects
of changes in the market for substitute sources is not explicitly considered.

We shall summerize the results obtained under the assumption
that the marginal extraction cost of the resource is constant. ‘The more
complicated case of varisble extraction costs is discussed in Sweeney [ 1975].

The competitor seeks to maximize profits taking prices as. given:

[2+]

m = [{P(t)a(t) ~ Calt)le  Pat
Sabs
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subject to
(2]
(1) fa(t)at < S,
0
where
To= profits
P(t) =  9price at time t
q(t) = production at time
C = unit extraction costs (assumed constant)
T = nmarket interest rate
SO =  resocurce stock owned by the firm

The competitor will choose the production path, gq(t), which
maximizes profits. Assume there are many competitors who face the same
extraction cost, C. Thebmarginal profit of production at time t°'

(in present value terms) is

(2) p(s') - cye T

for each competitor.

If the marginal profit of production at t' exceeds the
marginal profit at any other time, all competitors will choose to produce
their entire stocks at time +t'. This flooding of the market will depress
prices and lower marginal profits. Assuming sufficient price elasticity

and complete futures markets, prices will adjust so that
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1

(3) (P(t") - C)e_rt = constant

for all t'. Differentiating ( 3.2 ), we have
(4)

Equation (k) states that the net rent on resource deposits
must rise at the market rate of interest. Prices in an efficient competitive
economy will adjust so that the net rate of return to holding resource
deposits is the same as the net rate of return on other capital”stocks.

With complete futures markets or perfect expectations, the absolute
resource price le?el will adjust to allocate the entire stock over time,

The analysis for the monopoly allocation is very similar.  The

monopolist seeks to maximize profits given by

m= f{P(a(t),t)Q(t) - ca(t)le at
0

subject to
(5) falt)at < s
— -0
0 i
where:
Q(t) = monopolist's total production st time ¢t
P(Q(t,),t)a(t) =

total monopoly revenue.at time t
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Let
MR(Q(%) ,8)) = g0y [ P(A(E) ,£)Q(t)]
= () (1 + gray ]
where
(a,0) = B9 2P0

own elasticity of demand for the resource.

=

The monopolist's analogue of equation ( is:

(6) WE_oc-F

That’is, the monopolist will control production from the

resource stock so that his net monopoly rent rises at the market rate
of interest.

The magnitude of the monopoly distortion depends on the following

parameters.

a. The magnitude of extraction costs, and the variation of
extraction costs with output and depletion of the resource
stock.

b. The magnitude and time dependence of the demand elasticity.

¢. The market discount rate and imperfections in capital markets.
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With constant extraction costs and constant or increasing
demand elasticity, the monopolist will be more conservation minded than

competitors. This is illustrated in Figure 2.

Q(t)

competitive ‘ monopoly
allocation : allocation

Figure 2
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The project will quantitatively evaluate the distortion due
to monopoly ownership of resource stocks és a function of the economic
parameters specified above. Assessment of distortions for mixed cases
of imperfect competition may be more difficult, but recent results of
Salant [ 1975] and Dasgupta and Stiglitz [1975 ] suggest that quentitative
Judgments may be possible here as well.

The issue of market contreol in the substitutes for exhaustible
resources raises several interesting questions. For example:

(L) Given monopoly contrél of an exhaustible resource, how

does the monopolist's profit-meximizing extraction policy
change with the introduction of substitute sources of supply?
(L&) Are there reasons for thinking that a monopolist has an

incentive to delay the introduction of substitute sources
of supply? |

(£4L) Can one say anything precise about the timing of the
introduction of an innovation under differing market
structures?

To place these questions in & more concrete perspective, we may
consider several issues of current concern in the economics of energy
resources.

(4) The incentives bearing on the OPEC cartel to alter production
in response to innovations in the market for substitute energy
sources. A related issue is the expected change in market
prices upon introduction of the substitute, and the effects

of the price changes on the substitute industry.
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(LL) The possible conséquences of the acquisition pf coal and
uranium reserves and productive capacity by major petroleum
companies. -Would a vertiéally integrated energy company
with monopoly power tend to delay the introduction of coal
and nuclear energy as substitutes for petroleum resources?
[With due conscience, we should comment that the example
we offer is intended to be a hypothetical motive for the
analysis. It is not a presumption of monopolistic
practices in energy markéts.]

(44L) The implication of alternative arrangements for subsidizing
research on shale oii éxtraction teéhnology, such as direct
cgovernment financed reseafch versus patent rights on shale
technology, on the expected time gt which shale oil would
be introduced as a substitute technology for natural crude

oiil.

It is well known (see, e.g., Nordhaus [ 1974 ] and
Stiglitz [1975f]) that under perfectly competitive conditions, producers
will schedule production in order to exhaust supply when the resource

price equals the price of a substitute. Dasgupta and Stiglitz (1975 ]
have extended the theory to consider the effects of the supply conditions

of a substitute on thékprofit—maximizing extraction path of a resource
monopolist.  The substitute limits the monopolist's market power by

placing an upper bound on the price of the resource. As in the static
-cagse, under most conditions the monopolist will extract a given stock

slower than would be socially‘desirable. Of course, this implies that the

monopolist will extract the resource at a faster rate relative to the social
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optimum at future times. This conservative bias delays the introduction
of a substitute source. Note that in the sbsence of set~up costs, there
is no basis for instituting price floors to encourage the introduction of
a substitute.  The substitute should be introduced when its price equals
the resource price determined by the monopolist, and it is in the interest
of the moﬁopolist to exhaust his stock at that time.

| Listed below are the four cases of polar competition in the

supply of exhaustible resources and substitutes.

Ownership Pattern

Resource Substitute Product
Competition Competition
Monopolist Monopolist
Competition Monopolist. ;
N

Monopolist Competition

Dasgupte and Stiglitz [ 1975] have developed a methodology to
analyze the qualitative effects of alternstive institutional arrangements
on:

e The time at which a substitubte source of supply is introduced;

e The price of the substitute source of supply;

« The resource extraction path and price trajectory;

* The effect of uncertainty in the introduction of a substitute

on the resource extraction path.

Consider the allocation of an exhaustible resource with zero
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extraction costs and an inexhaustible substitute with production costs

p under alterﬁative institutional arrangements. Thus we might consider‘
0il as the exhaustible resource and the breeder reactor as an approxi-
mation to the substitute. Figure 3 . gives allocation paths assuming

different institutional arrangements. The methodology for determining

these paths will be discussed in the next interim report.

Curve (a) is the socially optimal extraction policy. The
resource is exhausted at time TS and the substitute is marketed at
price p. Curve (b) corresponds to the case in which a monopolist owns
both the resource stock and the substitute (e.g., infinite patent rights
on the substitute). The monopolist delays introduction of the substitute
until time T » and the price of the substitute is p(l + %) where €
~is the elasticity of demand. Curve (c) is ﬁhe mixed case of mon6poly
ownership of the substitute and competitive ownership of the resource
stock. “This case is intefesting because it sets the stage for. an analysis

of decentralized search for a substitute product with infinite patent

rights.

Py

e

P
0 t
T T
5 m
Figure 3 Resource allocation paths under alternative ; .

institutional arrangements.
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It would appear that there now exists a theoretical matrix for
the analysis of polar casecs of competition in the supply of natural
resources, on which the parameterizations required for quantitative
estimates may be developed. To date, however, there has been little
theoretical analysis of imperfect competition in the demand for natural
resources, and the consequences of oligopolistic competition in energy

markets.
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IIT. Technical Appendix

1. Taxation and Intertemporal Bias in the Allocation of

Natural Resources -

1.1 Introduction

In order to analyze the distortions associated with the inter-
temporal allocation of a natural resource, such as oil, it is useful to
divide the exploration end production process into a number of stages:

1. Pre-bidding exploration

2. Bidding and the award bf leases

3. Expldration of leases

. Development of leases (extraction)

This distinction is useful because different kinds of market
imperfections are likely tokimpinge at different points in this exploration-
development procesé. Some tax provisions, for instance, may primarily
affect the pattern of exﬁloration, others the pattern of development of
known -fields.

It is also useful to distinguish among three possible types of bias:

1. The rate of extraction from a particular well

2. 'The rate of extraction from a’particular field

3. The rate of extraction from all fields (the rate of world

or national consumption)

These distinctions are important for a number of reasons. First,
some tax provisions (or other market distortions) might determine which
wells or fields are used, but not affect the overall rate of consumption
of the resource. Such would be.the case, for instance, if all oil fieids
were identical, there were zero extraction costs, and the government imposed
a constant percentage depletion allowence for a particular set of fields,

which would be removed after a period of years. Prior to the introduction
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of such a tax provision, firms would have been indifferent with respect
to which field they developed. The effect of this provision is to induce
them to extract from this particular set of fields. But the rate of
consumption of oil is wunaffected.

Secondly, in our earlier discussion, we distinguished between
static efficiency and dynamic (or intertemporal) efficiency. In fact,
Just as there are a number of facets of static efficiency, so are there
a number of facets of dynamic efficiency. The one on which almost all
of the literature has focused may properly be referred to as consumption
efficiency. When all oil fields are identical it is the only kind of
efficiency that we need be concerned with. A necessary condition for
consumption efficiency is that the shadow price of the resource (in the
competitive economy, the market price) rise at the rate of interest (the
marginal rate of transformation between output today and output ‘comorrow.).l’2

Thus, this kind of inefficiency is concerned only with the rate
at which oil is consumed, in the aggregate. But there are other possible
soﬁrces of inefficiency. The rate at which oil is extracted from a

particular well may affect the total amount which can be extracted and the

cost of extracting it; as we discussed above, there may be inefficiencies

lThis is only a necessary condition; in addition, we require that the so-called
transversality conditions be satisfied; in this context, this implies that
either the stock of the resource be used up in the limit as t = <. or
that, if there is a produced substitute for the commodity, the stock is
used up at the moment the price equals the price of the produced substitute.

2This is precisely true only if there were zero extraction costs. With
positive extraction costs it is the difference between market price and
extraction costs which must rise at the rate of interest.



-130-

in the pattern of extraction, so oil which is more expensive to extract

is extracted before oil which is less expensive to extract. These in-
efficiencies are associated not so much with the aggregate rate of con-
sumption, but with which fields become developed and the rate at which

oil is extracted from a given field or well.  The cost of these inefficiencies
may be a reduction in the total stock of 0il, or an increase in the present
discounted value of expenditures required to extract the oil. We shall

refer to this kind of efficiency as extraction efficiency.

These distinctions will prove useful in‘developing parameteriza-
tions designed to quantify the magnitude of the intertemporal bias
associated with various kinds of distortions. In this interim report, we
'apply the principles . developed above to the analysis of the distortions

arising from tax policy.

1.2 Tax Provisions Affecting Intertemporal Bias

There are a number of provisions of the tax code which have an
important effect on the pattern of extraction of oil. These include:

(a)v depletion allowances

(b) immediate write-off of intangible drilling expenses

(c) write-off upon sbandonment of expenditures required to

obtain leases
(d) special treatment of capital gains
(e) tax deductability of interest payments on indebtedness

The first two are provisions which are peculiar to 0il and other
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minerals; the latter are provisions which affect other sectors as well,
although their distortionary impact msy, in some cases, be éiéater here
than elsewhere.

There are two ways to proceed with our analysis. We could
consider sequentially each of the stages in the process of exploration
and extraction, and ask how these tax provisions affect each. This would
provide a more systematic and in some sense more logical approach.

The approach that we take is to begin with what appears, at
least potentially, to be the most important sources of bias, and those
which are most easily explained. In particular, we commence oui analysis

with the basic issue of consumption efficiency.

1.3 Consumption Efficiency

As a first approximation, we assume that all oil has the same,
and at each moment of time, constant extraction costs. The assumption is
made so that we can focus on the issue of consumption efficiency, and
avoid the problems associated with "extraction efficiency." The extraction

costs are assumed to decline exponentially at the rate A.

We let
p = price of 0il on the market
pS = the scarcity price of o0il, the rent obtained upon sale
18 = the cost of extraction

Then, clearly,

(1) P=Dp +Dp,
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Let D(g)f(t) be the demand curve for oil.l We assume it is
shifting upwards over time, at on exponential rate. We further parameterize

the demand curve by assuming constant elasticity; we thus write

- q~-l /n emt

In this parameterization, we have made two crucial assumptions: the
elasticity of the demand curve is independent of time, and the: demand
curve shifts uniformly over time at an exponential rate. More general
parameterizations,~‘allowing the elasticity of demand to be a function: of
time, say increasing exponentially, would clearly be manageablé. A
better function than an exponential shift one might entail first an
increase in the demand, then a decrease, e.g. a quadratic function.2

The 'essential difficulty in determining the appropriate parameterization
is that we are required to forecast what the demand curve will look

like in say 50 or 100 years, and there is no a priori reason to believe
either that it will shift uniformly out, or that it will shift out for

a while and then shift in. At this stage of the analysis, it is difficult
to tell how sensitive any results we might obtain would be to the assumed

demand curve prevailing 50 or 100 years from now. ' The answer will require

lIt should be noted that even this spparently general function form is very

restrictive; it assumes that the demand curve shifts in a neutral way, i.e.,
wniformly, over time.
2‘I'hese parameterizations could be formulated

lnp = - acbt)

In q + Inf(t)
wvhere f(t) is some function of time, such as exponential, and

1n p = -%—1:1 q + 1n(at® + bt + c)
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performing some sensitivity tests within the model to be described below.
Then, with no taxation, the price and output trajectories are

described by the differential equations

At

°

(2) p=rp- (r+2ap(0)e

rp - (r + X)pe(O)efAt

D

(3) q = %{m - ]

Given the initial price, po, we can solve this pair of differential

equations for .

(L)

o]
|

= w(t;po)

Q
i

(5) = ¢(t;p0)

We then integrate (5) to obtain

T* T#
(6) [ alt)at = [o(tipydat = s
0 0

where SO is the initial stock of the resource, and T¥* is the date at
which the resource is exhausted. If there were no. substitute for the

resource, and the resource were essential in production, T¥ = o, If

1 s
on the other hand, there exists a substitute, say competitively produced

lIt should be clear that we have aslready made one essential assumption,

that the substitute is a perfect one. More generally, the effect of
substitute will be to reduce the demand for the resource at any level of
price. In that case, the general description of demand provided above
would be applicable.
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at a price Z(t) at date t, with Z' < O, then T* is that date

at which
(7 p(T¥*) = Z(T¥)

Equations (4) = (7) can be solved simultaneously for p(t)
and q(t). For simple forms of Z(t) it is even possible to obtain

closed form solutions. - Thus, if we assume

72(t) = 2z
b, = 0
m=0
we obtain
(8a) P=D et
0
-t =
(8b) g=e " Py "
-
T* P
_ 20 - rnT* -
é’qat— - ( - 1) =8,
- N -N _
Z - *Py = 55T,
S0
A
n

(8c) Py =[Sy + 7]
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The higher S the lower po, and the higher Z, the higher Pgy» 88 expected.

O’
We now turn to the analysis of the effects of taxation. This is

a more complicated question than might appear at first sight. We introduce

the following notation:

tc corporate téx rete
tcg tax rate applicable on capital gains
d percentage depletion allowance

First, consider an integrated exploration-production firm. It purchases
a pilece of land and discovers oil; it holds the oil Ffor some period, and

then sells it. Its net cash flow appears as in Table 1.

Table 1
Date Event Non tax cash flow Tax cash flow
0 Land Purchsase - pL
tl Exploration - < + t,oce
i - - +
t, Extraction P - D, ((a - 1p Py )%,
t3 Sale of Land 0 PLtcg

lWe assume after extraction the land is worthless. Other cases are
easily handled.
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The return from waiting, postponing extraction, is

p(1+ (a=-1)8) -5 (1-t)

and if the firm can borrow with interest deductability, the rate of return

must -be equal to the interest rate:
[ - + -1 - = - + - - .
(9) - op(1 t, dxc) pe(l tc) rip(1 t, dtc) pe(l tc) + thcg}

But now consider a firm which, for one reason or another, must sell its
0il field before extracting from it. When will this purchaser extract

the 0117 ~His cash flow is presented in Table 2.

Table 2
Non-Tax
Event Cash Flow Tax Cash Flow
Purchase of Lease -V 0
Extraction P -P (ap - (p - p 5)t
e e c
Sale of Land 0 ' t v
- cg
We thus obtain
(9*) p(l-t+dt)-p(l-1t)-= -t o+ - -t
p( Jat) - (1-t) = rlp(l -t +as)-p(1-t)+ vtcg] )

Consider now the problem of the marginel owner. When will he sell his

lesse? His cash flow is presented in Table 3.
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Table 3
Non-Tax
Bvent Cash Flow Tax Cash Flow
Land Purchase -Py, 0
Exploration -C +ct
e e ¢
Lease Sale - -
v (v pL) tcg

We assume he has already done the exploration. Then he sells the lease when

(10) (1 - tcg) = r{v(1 - tcg) + thcg] .

Assume that the oil was extracted the moment after sale of the

lease. Then

v(1 - t, )y = p(1 - by ¥ dtc) - pe(l - tc)

g

Hence, assuming ﬁe =t =4d=0

(1 -t + at)

° ° [e] c
V=P 1 -t
C

g

Thus

p(1 -t +at) = rlp(l -t +at) -p(l-t)+ Prtog)
or
(9") 5 p(1 - %) Prbeg ]

= r[p - + ~ .
1+ dt, -t (1 - at, tc)
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Note that if (9") is satisfied, provided 1 is not too high, i.e., the
original owner did not overpay for the lease, the RHS of (9') is greater
than that of (9"}, so it would be optimal for the purchaser to extract
immediately. (9) and (9") are identical, so not surprisingly, vertical
integration has no effect on the rate of extraction.

By examining Tables 1 - 3 we 'can also see the tax consequences
of vertical integration (or disintegration), of the exploration and
production processes. . If capital losses can be written off against ordinary
income while capital gains are taxed at the special capital gains rate,
then it pays to remain integrated if and only if, at v > pL

~v(t -t )+ Pt

C cg

c f-th

c

it always is.:L

The qualitative implications of this analysis cean be summarized
as follows:

1.  ‘The corporation profits tax, without a depletion allowance
and with p. = 0 {(or v = 0) has no effect on the rate of extraction.

2. The depletion allowance, with p, = 0, has no effect on the
rate of extraction.

3.  With 12 >0 (or v > 0), then the corporation tax increases
the rate of increase of prices, and therefore implies that initial prices

today are tco low, i.e., there is excessive consumption of oil.

lIf v <p (The firm has overpaid for its lease), then it is replaced by

tc ; firms are indifferent to vertical integration. This is true if '
céPital gains and losses are treated symmetrically.
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W, The above affect is greater if capital losses can be written off
ordinary income than if it can be written off against other capital gains
(at the margin).

5. With pe > 0, then the depletion allowance increases the
rate of increase of prices, anq therefore implies that initial prices
today are too low, i.e., there is excessive consumption of oil.

The intuitive interpretation of these effects is straight—
forward.

The ability to take a tax write-off on the capital loss associated
with the depletion of a natural resource (of the value of the land or
lease) leads to excessively early depletion.

The argument that the depletion allowance is necessary as a
substitute for deprebiation is specious, if the rights to the oil (the
land on which the oil is located) can be bought and sold and capital losses
and gains on those transactions are taxable or tax deductible.

If there were zero costs of extraction and the capital loss on
the value of land resulting from depletion were not tax deductible, the
depletion alloﬁance would not be distortionary. The reason that the
depletion allowance is distortionary even if pL = 0, is that with &

p ositive cost of extraction, if the rent per unit oil increases exponentially
gt the rate of interest, the price will increase somewhat more slowly than

the rate of interest, and therefore the value of the depletion allowance,
which is based on the price, not the rent, increases more slowly than the

rate of interest; therefore, there is an incentive to extract early.
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In the above analysis, we have identified a number of parameters
which ‘are crucial for the determination of the magnitude of the inter-

temporal bias resulting from the tax system: the size of extraction costs

relative to market price, the value of the original purchase price of
the lease or vla.nd, and ‘the effective corporation and capital gains tax
rates.,
With these parameters, the differential equations (9) can
- easily be solved numerically, and the solutions compared with the
solutiohs for the no-tax distortion case. From this a numerical
estimate bkoth of the change in the pattern of consumption of oil as
well as an-estimate of the social cost of this loss cén be made.
We propose that the following method be used for calculating
the value of the social loss. Let U(q) be the social welfare obtained

from consuming at rate gq. Note that

p = U'(q)

price equals the marginal utility of consumption, if we normalize the
marginal utility of income at uwmity. For a small change in the consumption

profile then

& = fulg + ba)e™™at - fu(a)eat

W fpbeeT g
f pge™T* f pqe—rtdt

the present discounted value of the change in the consumption.
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For larger changes in consumption, we must include a modification
to take account of diminishing marginal utility of counsumption. Let us

approximate

U'(q + Ag) = U'(q) + U'Aq

Ag.
1_
o nq)

where n 1is the elasticity of marginal utility of consumption of the
resource.

Then

2
AW {»laq - n(—%‘l-)- Je T tat
que—rtdi que—rtdt

'If the natural resource is a relatively small component of national income,

then it may be reasonable to estimate n in the following way. Assume an

additive utility: function. Then, n is the reciprical of the price
elasticity. Since for oil, this is believed to be somewhsat less than
wity, it implies that the appropriate value of n 1is slightly greater
than wnity.

The above calculations set out the basic methodology, for
calculating both the amount of the distortion and its social costs. There
are, however, a number of alternative interpretations of the effects of
taxation on the intertemporal sllocation of natural resources, depending
on the tax treatment of sales and purchases of oil. ‘These are set out

in the next section.
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1.3.1 © . " Other Interpretations of the Effects of Taxation on Inter-

temporal Consumption Efficiency

The ‘basic analysis of the intertemporal bias resulting from
depletion allowances assumed that: |

(a) The sale of a natural resource be treated as ordinary income.

(b) The difference between the value of the land containing
the natural resource and the value after the resource has been extracted
can be written off. (In the analysis, we assumed it could be written
off against capital gains; under certain circumstances it may be written
off against ordinary income, in which case we replace tcg by tc
(or tp) the corporate (or personal) tax rate.)

(¢) Because of the interest deductability provision in the tax
code the appropriate opportunity cost of capital is simply the market
rate of interest (see Stiglitz [1975g]).

The first two assumptions are probably descriptively correct,
but represent a significant deviation from how comparable assets are
treated elsewhere in the economy; the difference between the purchase
price and sale price of an asset is ordinarily subjected to capital gains
taxation. " Thus, the sale of oil ought to be treated as the sale of a
(risky) asset which previously had been purchased (i.e. the land or lease
cont?ining the 0il had been purchased), and the difference between the
imputed cost of pulchase (if the piece of land produced 1 million gallons

of oil, and the value of the lease, once the oil is extracted, is zero,

then the cost of a gallon of oil is Jjust the ‘cost of the lease divided by
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by a million) and the sale price minus the cost of the sale (i.e., the
cost of extraction) be subjected to capital gains taxation.  (Such tax
treatment would ensure symmetry of this class of assets with other asset
classes; whether it is efficient to do‘this depends on: an analysis of
the general effects of the favorable treatment of capital gains.)

The effeét of this kind of treatment would be to modify the
equilibrium condition-to |

J

(p - pL))

g

p(1 -t ) -p =xlp-p -t,

where o here 1s the imputed cost per unit of o0il of the original
purchase price of the lease, |

Given the kinds of parameterizations introduced earlier, it is
easy ﬁo solve numerically for the price and quantity paths of consumption’,
and then to éompare that with the pre-~tax path.

Qualitative results appear to be ambiguous.

. 4, -

on  Pe t{pp -p)

5t - 2
cg (1=t )

if

then



so:for small pe, the effect of taxes is anti-conservationist, but
for large P, it is conservationist. ~Other cases may be analyzed
similarly.

The more questionable hypothesis is‘whether the appropriate
rate of interest is that before tax. That depends on the ability of firms
to borrow;(and, given the preferential treatment of capital géins, both
with respect to rates and to ability to postpone the tax, whether they
actually do borrow); if firms cannot borrow at the margin, then the
appropriate opportunity cost of capital may be r(l - tc). Assume that
there were no special treatment of capital gains, and;capitalklossos
could be written off ordinary income; then the appropriate differential

equation is

Then, it is unaﬁbiguously the case that ‘the tax system leads to a too
conservationist policy.. The numerical solution to this differéntial
equation proceeds as earlier.

kIf we combine this with an oil depletion allowance, wWe obtain

ambiguous ‘results:




~1h5<

If P, = 0= p. = 0, the conservationist effect is maintained. For

L
large pe and . d, tax policy may be anti-~conservationist. As we note
below, since during the growth'path ofthe economy, ‘pe will initially

be small and then rise, the effect of taxation may be to initially raise
the price (be conservationist) and then lower its price from what it would

have been, and finally, possibly, raise it from what it would have been.

(FPigure 1).

Tax Distortéd
Price Path

Lp
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1.4 Distortions in the Pattern of Extraction from Known Reserves

In this section of the report,‘we discuss the development of
parameterizations attemp{, to calculate the intertemporal misallocation
of resources resulting from the incorrect pattern of extraction -~ what
we referred to earlier as extraction‘efficiency. We bégin ourkanalysis
with‘a simple model, which we believe would‘provide a first order estimate

of the magnitude of this inefficiency.

1.h,1 ; Cohstant‘Extraction Costs

The -basic simplifying assumptiqn we shall employ is that the
amount of oii to be extracted from é given well ‘is independent of how iﬁ
is extracted, and théx each well is~charaéterized by é given, constant
coét (?er unit 0il) of extraction. The first two tax provisibns referred

kto earlier -- the depletion allowance and the immediaté write off of
drilling expenSes‘——‘can‘be shown ‘to haNe no effect on extractive
efficiency. That is, although these provisions affect the rate at which
oiikis~extfacted, they do not affect the sequence of extraction from
known reserves (later,kwe shall discuss their affects on exploration).

Thére are, hoﬁevér, somekprovisions of the ﬁax céde which mey
have 8 serious effgct on extractive‘efficiency. |

Probably -one of the more*importént sets of distortions arises

from the ‘inebility to write off capital IOSSes on an-accrual basis. Thus,

if a firm has paid too much for a lease, to realize the capital loss
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it must sell the land (lease) and let someone else extract the oil.
If tax considerations were the only relevant determinants, obviously
firms would simply sell the land (lease). The bias in extraction patterns
then arises from the fact that on all leases for which individuals have
overpaid, the purchase price of the lease by the extractor is its market
value, while on all other leases; there is a random relationship between
purchase price and market value, associated with the uncertainty, before
exploration, of the amount of oil at any location and its cost of extraction.
As we noted in our earlier diséussion, the effect of the tax
on capital gains (or more accurately, the write-off of the difference in
the Yalue of the lease before extraction and after extraction), is to
encourage the more rapid extraction of over-priced wells. If all wells
have the same amount of oil, and differ only in extraction costs, and
firms ex ante have the same priors on the probability distribution of
extraction costs, then if they are risk neutral, firms will base their
bids for leases on the mean value. (It is not quite accurate to say that
they bid as if the probability distribution of extraction costs were
concentrated at the mean, since the present discounted value of the rents
from acquiring a lease are likely to be a non-linear function of extraction
costs, particularly with the tax provisions being discussed.) Thus wells
which turn out to have high extraction costs will be resold (and hence
revalued), while those With,low extraction costs will not. As is clear
from equation (9) or (9"), since Py is either a constant or declining
function of extraction costs, the sequencing of extraction according to

extraction costs will be correct.
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Now, however, assume that there are different fields, in which
individuals priors about the extraction costs differ, so that the bids
for leases within the two different fields differ. It will then be the
case that if the two wells turn‘out to have the‘ same extraction costs, they
nonetheless will differ with‘respect to the timing of the extraction.

The 'well in the field with the higher prior expectation of extraction costs
will De extracted after the well in the field with the 1§wer prior expectation
of extraction costs.

A second source -of incorrect timing arises from provisions
felating to the depletion sllowance. - Any binding restriction on the.
applicabiiity of the depletion allowance is likely to result in some
extraction efficiency.  For instance, the recently passed provision leading
to differéntia.l depletion allowances for large and small operators may
or may not have any effect; on the . one hand, it is possible that the only
efféct is a.change in the industrial organization of the sector; the actual
process of extraction (as opposed to exploration, refining, etc.) will be
conducted by small operators, who can take advantage of.the depletion
allowance. Such a view, however, assumes that there are no clear economic
advantages of vertical integration; i.e., firms that are vertically
integrated are perfectly indifferent as to whether they are or are not
vertically integrated. . Such is not likely to be the case, so that some
extraction will continue to be in the hands of the large operators. It
is then clear that of two wells with identical extraction costs oil from

the well controlled by the small operastor will be extracted first.
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Another provision of the‘depletion‘allowance is the limit to

the percentége ofincome that can be taken as a depletion allowance.

Again, thts restriction may not be binding, and have its only effect on

the units in to which the economic activities associated with oil extraction
are organized..  But if the restriction is binding,‘itkObviouslykmay affect
the pattern of extraction, since the marginal depletion allowancekmay in
effect be zero.

A third source of incorrect timing‘arises from the diligencek
clauses in government leases; leasees are required to extract. (at least some)
0il from the lease within a fixed number.of years or at least face the
rigk of loosing the lease. This means that if a lease turns out to have
0il with extraction costs which are high, but still less than the market
price, oil from the well will be extracted; the firm will postpone develop-
ment of the field as late as it can, but even though efficiency would
reéuire still further postponement, the oil is . extracted.

A fourth source of incorrect timing arises for bidding. Our
earlier analyéis showed that a leage which might be economically viable, i.es
frqm.which extraction ought to teke place in the future, might be sold by
the original owner, in order for him to take a capital loss, if he overbid
in acquiring the lease. Restrictions in the ability to transfer title to
a lease might then lead to abandonment of an economicaliy viable well;
and if the lease is not put up for releasing sufficiently soon, this may
lead to postponement of extraction from the economically éfficient time.

Similar effects arise from royalty bidding where royalties are

a percentage of price, rather than net profits. Again, absndonment will



occur whenever the ratio of extraction costs to market price exceeds one

minus the royalty rate (for all dates in the future). This will have o
distortionary effect if (and only if) the lease is not put up for bidding
again éufficiently soon. k | k

The effeét of these (and possibly other) provisions of tax and
leasing pdlicy is that the sequencing of extractibn~from wellskis inefficient.
The‘eCOﬁdmic cost of this misallocation ¢an in principle bé easily calculated;
all we need to do is to compare ﬁhe present discoﬁnted value of extraétion
;cosﬁs under the correct sequencing‘with that under‘the‘actual¢§attern of
‘éxtraction. The data required to make that caléUlation are, however,
prdbably hbt availeble. As a first rough‘estimate, one might proceed

as follows.

Take the distribution of observed extraction costs as béing the
distribution of extraction costs of all wells. Take an esiinmte of the
amount of oil to be extrégted in eaéh of the next q) years (say some
exponential rate df increase in the amouhit of oil consumed). Then, over
that period, one could easily calculate the present discounted value of
‘extraction costs 1if there were no sequencing, i.e., if 5e is the mean

extraction cost, and Q(t) the amount of‘cil‘extracted at time t, then

it is just

(©]

“Ttat

g
o
Oy
[¢]
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Let F(pe) be the distribution function of wells (o0il) by extraction costs.
Then we can easily solve for pe(t), the extraction costs of oil extracted
at time t, assuming that the total stock of oil was just

%o
falt)at ‘
0

from the equation

t
falt)at
9———-—-—)
Ts
falt)at
0

p () = Fi(

We then calculate the present discount value of extraction costs as

I =1t
[p (t)a(t)e  "at

0
These calculations are fairly easily‘performed numerically.

There are three systematic sources of errors in this method.. First, the
present distribution of oil by extraction costs is not a good representation
of the true distribution, since there is some presumption thai although

the economic forces leading to early extraction of cheap oil are incompletely
effective, they still wérk to some extent. ~This means that our procedure
overestimates the amount of o0il with low extraction costs, and accordingly
overestimates the inefficiency present in the market. Secondly, it assumes
that the extraction costs of all oil are known and that all oil has been

discovered. In fact, what needs to be compared is the cost of extraction



from unknown sources. This interaction between exploration and extraction
will be discussed more fully below. ~ Again, thekeffect of ignoring this
“is probably that our procedure overestimates the real loss. Finally, the
finite horizon of our fofmulation probably leads to an underestimate of

the resource cost of having an iﬁcorrect pattern of extraction. But with
reasonable discount rates, this is not likely to be economically significant.

Present research is cbncerned with refining these estimation procedures.. .

Further Work in‘§stinmting the Tax Inducedylneffiéiencies in: the

zgtertegporal~Allocatigp of a Natural Resource.

Work presently under way extends the framework developed in the

preceding analysis in two ways: first, we consider the affect of tax

(and leasing policy) on the pattern of exploration, and the interaction
of this with theipaxtern of extraction. Secondly., the preceding‘analysié
assumed ﬁhat the costs of extraction were a technological datum. —In fact,
there are strong interactions between the rate of extraction, the cost of
extraction, and the total amount of oil extracted. We are in the process
of analyzing the effects of tax and leasing policy on the choice of

patterns of extraction for a given field.
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2., The Effect of Tax Concessions on Energy Conservation

Most ehergy c¢onservation measureé require the substitution of
capital for current enérgy use. Better insulatéd buildings cost more but
have lower energy consumption, machines with higher thermal efficiencies
are typically more sophisticated and more expeﬁsive, and integrated steel
mills which economize on‘reheating steel have higher capital costs.: In
many cases the initial investment decision severely restricts the extent
to which energy can be subsequently economized without completely redesign-
ing or replacing the capital stock, and it is therefore important to ask
whether individuals will choose the socially efficient degree of energy
conservation when they make their investment deciéion, or whether there
vill be a systematic bias towards underconservation.

A generous explanation for the existence of corporate tax concessions
is that they are either designed to mitigate the distortionary impact of
the fiscal system, or to counteract systematic misperceptions on the part
of decision makers. Granting tax exemptions to bond interest payments
and depreciation fall in the first category, whilst the infant industry
argument for tariff protection often rests on the second explanation.

Both: considerations appear to have motivated the suggestion that
investments in energy conservation should attract preferential tax treat-
ment. This papér examines the impact of four concessionary schemes on
investment in energy conservation, namely

(i) Accelerated Depreciation. The IRS code of 195M2/ permitted U.S.

businesses to depart from straight-line depreciation and use one of two
new accelerated methods -~ the double-declining balance (ddb) or the

sum-of-years-digits (syd) methods. In 1971 a further liberalization
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allowed firms to combine these in the most favorable way. In continuous ‘
time the syd method is alwéyS‘more atﬁractive, so the 1971 reform can

be thaught of as mihimizing the errors introduced by making the calculations

on -an annuél basis. We therefore confine our attention to the continuous

time variant of syd. The firm'is allowed to deduct Dt on an asset

whose original cost K was incurred t years previously, where

(1) D, =2K0.4) , 0stst .
t T2 s

The present discounted value of depreciation allowances at the

date of installation is then

. |
kp(e) = £/ (e - t)e e,
20 i
or
~ri
@ =2 - e

In this formula £ is the lifetime over which the asset can be depreciated,

and r is the rate at which the company discounts after-tax profits. Table 1

below gives selected values of ¢ for varying combinations of r ~and R.

Table 1

Value of Depreciation Allowances

r¢ 0.0 0.1 0.25 0.5 0.7 0,9 1.0 1.3 1.5 1.75 2.0 2.5 3.0

p(2) 1.0 0.97 0.92 0.8 0.8 0.76 0.74 0.68 0.64 0.60 0.56 0.51 0.ks .
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Clearly, the shorter the allowable lifetime & the more valuable
is the tax concession, whilst, conversely the higher the money rate of
interest, that is, the higher the rate of inflation, the less valuable
it will be. "Accelerating" depreciation by reducing 2 can therefore
be used to mitigate the distortionary effects of inflation on the current
U.S. fiscal system, as Shoven and Bulow [1975] demonstrate.

(ii) Investment Tax Credit. This instrument allows a firm to

immediately write off a fraction & of the original cost against taxes
without affacting the pattern of depreciation allowances. The fraction
allowable may depend on the asset life, and is currently 10% for assets
with a life of more than T years, 6 2/3% for assets with a 1ife between
5 and 7 years, and 3 1/3% for those with a life between 3 and 5 years.

The effect of the tax credit is similar to an accelerated depreciation
allowance, further concentrating the deductions early in the life of the
equipment. We shall be interested in the sum & + ty¥(2), the present value
of the tax concessions when T is the corporate tax rate.

(iii) Tax Exempt Bonds. The IRS might allow firms to finance a

fraction o of certain categories of investment (such as energy conservation)
by issuing tax exempt bonds paying a rate of interest p and having a
maturity m. This allows the firm to raise capital at a lower cost than

the normal bond rate, R, for if the marginal rate of tax on thcse tax payers

who are indifferent to holding tax exempt and nonexempt bonds is v, then

(3) p=(1-v)R

{iv) Loan Guarantees. The government might offer loan guarantees

for certain categories of investment, under which the government would
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meet any potential bankruptcy liabilities which arise purely because of
these investment expenditures. Lcan guarantees are particularly suited to
cases in which the government wishes to offset pessimism on the part of
firms about the value of investments. Since the government exercises
considerable control over the price of energy (viaktariffs, taxes, price
ceilings, concessions, regulaﬁion, rationing etc.) the government is likely
to have better information about the future, and to be in a position to
offer insurance or reassurance via the loan guarantee. In what follows we
will assume that such guarantees are not needed, or have already been provided,
for we ignore the effects of uncertainty. It is possible. that the loan
guarantee will give the company a higher credit rating on bond issue, and
the effect is somewhat similar to allowing it to issue some fraction of

its debt in tax exempt bonds. The concession will thus not be separately

distinguished in what follows.

The Effect on Energy Conservation

The case for special tax treatment of investment in energy conservation
Mmeasure must rest on either the belief that firms systematically misperceive
the benefits of conservation, or that they fail to allow for externalities.
The most obvious externality is pollution, -gaseous, particulate, or thermal,
air or water born. Most of these depend on the type of fuel and combustion
technology as well as the quantity of fuel ﬁﬁrnt. Subsidizing the reduction
of energy consumed may be a very inefficient method of reducing emmissions,
for it will provide absolutely no incentive to install eny devices which

reduce emissions per unit of energy consumed, such as cooling towers,
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scrubbing stacks, catalytic after burners, etec. ,.nor will it encourage
the optimal choice of fuel. Indeed, subsidizing equipment designed to
reduce pollution emissions is totally ineffective in the absence of a tax
on emissions, for there will still be some cost to installing the devices,
and no benefit to the installer.

There is a completely different kind of externality which may provide
a case for the subsidization of energy conservation, and that arises
vhere future supplies of and/or demands for energy are uncertain. Current
energy cbnsumption decisions may then affect the uncertainty facing other
decision makers, and may alter their decisions. Preliminary investigations
by Stiglitz suggest that competitive markets do not internalize this
externality, but it is far from clear what kind of intervention is required
to improve allocative decisions. In the absence of a well articulated
framework within which to handle this kind of externality it seéms desirable

to concentrate on the effects of misperception as opposed to externalities.

The natural model to use is a vintage capital model, and in earlier
work (Newbery [19761) such a model was used to show that in an otherwise
efficient enviromment (i.e. no taxes or externalities) if firms underestimated
the rate of energy price rise they would underinvest in energy investments.
Here, however, we are interested in modelling the choice of investment in
the presence of potentially distorting taxes, and will therefore use a
slightly different model. For convenience, the main results of the earlier
paper are summarized in the appendix.

An investment K will reduce energy consumption by an amount

E = F(F). As far as the profits of the firm are concerned, it is as though
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the investment produced energy E for sale. The equipment lasts T years
without impairment of efficiency, at which point it becomes worthless. The
price of energy is pt at date t.

The investment is eligible for accelerated depreciation over a lifetime
%, ‘investment tax credit of fraction 6§, and can finance a fraction a ‘with
tax exempt bonds paying p, of maturity m. The profits tax rate is 1.2 1 - 8.

The first question to be asked is whether the firm will choose to
finance the investment out of retained earnings or by issuing bonds (ignoring,
for the moment the case of tax exempt bonds). If R is the bond rate and
r thé rate at which the company discounts profits availgble for retention or
distribution (i.e. profits after corporation tax), then the choice is between
retention (with a cost of $1) or a bond reducing retentions by $6R each year
for m years, with repayment of $1 after m years. The present cost
of the latter is

GR(;—:—E:fE) +e T = QB(l - 4 et
, r . r

If- 6R > r, then this will be larger, and bonds will ﬁever be issued. Since
we‘observe that firms 4o choose to issué bonds, and also finance investment
out of retained profits, it seems that r = 6R. This would be a convenient
assumptisn, since the timing and maturity of bond issues is then irrelevant,
and we shall make it, but it is important to draw attention to thé strengfh
of this assumption. If it is not true (and there is a variety of reasons
and -empirical observations why it may not be true) then we need a more complex
model ‘of firm behavior than is currently availgble. The question of what

determines the cost of capital is complex and is here largely assumed away. ‘
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Given this simplification the firm is indifferent between finance

out of retentions and bond finance, so the present value of investment is

m t
(4a) © V= -K + o8K[(R - p)e T at
0
T t
(4b) +6F(K) [p e "at
- 0
(Le) (s + ()KL

Line (ha) is the present value of issuing tax exempt bonds oK ' and
‘reducipg non tax exempt bonds. by oK, leaving the initial cost X to be
financed by K bonds or retained earnings. Line (L4b) gives net profits
after paying tax at rate 1  on the imputed sales of energy over the lifetime
of equipment T, whilst line (lLe) is'the present value of the tax saved
through‘the depreciation allowances.

If the pfice of energy is expected to rise at a steady rate g (in

terms of money), and if p = (1 - y)R, r = 6R, then

V = 07(K)po(r - &) - K{1 - (8 + 19) - ay(1 - e ™™)}

where

=Xt

1l -8
p(x) = 2

and p 1s the current price of energy. This is maximized with respect to K

when
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(5) R po(r - g) = == (6 + rwé - oy(1 - )

The optimal choice of investment is given by
(6) FXp*¢(r* - g%) =1
where stars denote efficient prices (or, in the case of g¥*, correct
forecasts of future efficient prices). We can now examine the extent to

which allowances are needed to offset tax distortions (in particular,‘e)

and misperceptions»(particularly divergencies between g and g*).

1. No Misperceptions

If r=1r* g = g*, p = p*, then the correct choice of technique
requires the RHS of equation (5) to be unity. As is well known, this

~Will be achieved if:

i

(i) oy =0 i.e. no tax exempt bond issues and

(ii) 6 =0, £ =0 1i.e. no tax credit and instantaneous write off
(p(0) = 1).

In this case efficiency will be preserved as the rate of inflation
varies, providing interest rates adjust%gjlf % >0, then either § or a

must be a function of L, and the system will not be inflation proof.

Misperceptions about Future Energy Prices

To correct for misperceptions about p and/or g, taxes, etc. must

be arranged so that
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"m) - Pa(b(r - g)

{1 1= (tp(r) +8) ~ay(1 - e T pEG(rE - g*) "

It seems reasonable to assume that 8, m and Yy are given, which implies
that any of «, §, or ' &. can be varied to achieve equality in equation (7).
If firms perceive general inflation, but not the increasing réiative price
of energy, then the right hand side of (T) will be independent of the rate

of inflation. Equation (T) can be rearranged thus

(8) aye ™™ (1= o)y(e) = HEE L oy s o

where the RHS 1is independent of the rate of inflation. The LHS can also
be made independent of inflation by setting o =0 and &= 0, that is,
granting instantaneous depreciation and not allowing tax exemp% bond issues.,
If,‘for some reason 2 - &and m cannot be altered, then o should be set

to minimize the sensitivity of the LHS: to wvaristions in r, whilst & is

adjusted to ensure average equality of equation (8). That is
(9) o =18 2

Thus if * = 48%, m = 15 years; 2 = 12 years, r = 8 1/2%, vy = 30%, then
o =0.95. If m= 20 years, L = 30 years, o = 1.45. (Such members
correspond to present U.S. parameteré for equipment and structures
respéctively.) On this basis setting o = 1 could be justified as
minimizing the effects of inflation on tax law (assuming, that is, that

the obvious reform of instantaneous depreciation is precluded):
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The ‘Effects of Price Control
if, for some reason, the government regulates the price of energy
so that P, < pt*, then the simplest method of inducing the correct

choice of investment is to set o = &4 = 0°

p ¢(r - g)
§. =1 = 8{1 -

£ p§¢(r* - g*)}

For example, if Py = pg at some date in the past, and if g¥* = r¥ = r,

and pﬁ = po (i.e. prices are frozen) then

=rT
S - 1 =-e =gt
St 1 6(———;5——~)e

If r = 5%, T‘=kl5 years, 8 =1 -1 = 52%,’theh 50 = 63.4%, 610 = 77.8%.
Of course, if 2‘> 0, (that is, if immediate tax write-offs are not allowed)
then the tax credit & will have to be increased vy (1 = ¢(L)) =and will
be evenklarger than these already large figures.

The implications of price control can be summarized as follows.
If the ratio of market price to sociél opportunity cost (p/p¥*) is kept
constant, and if firms foresee the rising price correctly (g = g*) then

“‘an extra tax eredit
§=1-6(1- éa)

is all that is required. °If producers are misled about g (as they are
likely to be under price control) then the tax credit (or other subsidy for

conservation) will have to be larger, whilst if the market price of energy
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is frozen whilst the cost rises, then the subsidy ¢ will have to change
through time. The problems of altering the tax system to achieve adequate
conservation with price control are formidable, and constitute yet another

argument against price control.

Divergences between Social and Private Discount Rates

The most obvious source of distortion is the tax system which drives
a wedge‘between the rate of return on investment and the intertemporal réte
of substitution. With an interest income tax the rate of return on capital
will differ from the rate of intertemporal substitution, and full optimality
cannot be achieved. It is a moot point whether r is above or below r¥,
If R ;=r*, that is, the rate of investment were optimal, and were bond
financed at the margin, then r < r¥, offsetting the tendancy to underinvest
in energy conservation. Without further work on the relationships between
the social discount rate, the bond rate, and the discount rate used by firms
it is difficult to be sure of the direction of the bias. However, if
empirical work is able to resolve these issues the fofmulae set out above

should prove helpful in any restructuring of the tax system.

Conclusion

The best treatment of energy conservation investments is for the
government to publish best available forecasts about future prices of energy,
to allow instantaneous depreciation of investments, and to bring the firm's
discount rate into line with the social discount rate. Failing this, tax
exempt bonds have the merit of reducing the sensitivity of other allowances
to the rate of inflation, and, coupled with the best choice of initial tax
credit, in principle allow the government to make any desired correction to
misperceptions about future energy prices and inapprqpriate depreciation

allowances.
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Footnotes

The analysis performed in section 3 of the second interim report
suggests that the current OPEC price exceeds the equilibrium price
for a perfectly competitive world petroleum market.

If consumption is too conservative, the market may not signal
long-run disequilibrium if there are no substitutes and an infinite
planning horizon.  The difficulty is that excess supply is not
observed at any finite time.

Forward markets would be of value: in the allocation of risk when
demand and supply conditions are uncertain.

Of course variations in price due to changes in information will
occur. and are not impeded by the existence of forward markets.
These changes occur simultaneously with the revelation of new
information, and do not exploit price variations when forward
markets are complete.

It may pay one country to stabilize its internal price provided the
monopolist still fiﬁds it profitable to continue his random price
strategy.

We are assuming here that the alternative energy source would be
produced at a price below the price set by the cartel, and in
sufficiently large quantities to‘pose a threat to cartel profits.
Alternatively, an optimal tariff program will diminish monopoly
profits and increase consumer welfare (see section3.3. Such a
program may Be pursued independently of policies to promote researéh

and development.
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It may be argued that it is better to "buy American" and the way
around the dilemma described above is to restrict imports. However,
the factors required to produce the alternative energy source have
uses elsewhere in the economy, and the opportunity costs to society
cannot be neglected on the basis of domestic versus foreign production.
Unemployment and foreign-exchange limitations cannot be ignored,

but energy policy is certainly not the most effective instrument

© for dealing with these problems. At best; one might Jjustify a

"Shadow cost" that lowers somewhat the cost of domestic energy
relative to imports, but there are few persuasive arguments for

a substantial cost differential.

The details are culled from Shoven and Bulow [19751.

This is a big proviso. Feldstein, Green and Sheshinski [1976]
analyzed the distortionary impact of inflation on the current tax
system. We are implicitly assuming an inelastic supply of domestic

savings.
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3. Project Independence and Optimal Trade-0ffs in Flexibility

The dramatic increase in the price of Arab crude-oil in'1973 gave
rise to the idea of Project Independence. Unfortunately it was not made
clear precisely what Independence means. It is occasionally interpreted
as g move towards autarky. . But the cost of autarky is high and it is
clearly questionable whether such a movedis optimal. Moreover, even the
demand for autarky is left vague since the timing of such a move is left
unclear (e.g. should there be a great deal of dependence on foreign oil
today and more tomorrow or should there be a little dependence on both
these dates?) Do policies need to be enacted which in some sense"protects”
“the importing. country from possible "embargoes," and if so, what is not
ciear is the nature of such policies? In what follows we analyze this
question by supposing the availability of some simple policy instruments,
such as bérder tariffs and domestic extraction policies.

But before we do this, there are some general points to be discussed.
The sudden price rise of ‘Arab crude in 1973 is usually ‘interpreted as being
a consequence of a recognition on.the part of OPEC that it can exercise
its monopoly power. If this interpretation is correct then the price rise
could be regarded as a once for all increase due to the formation of the
cartel. The movement of the price of an exhaustible resource and the price
of its extraction in a world where there is a dominant extractor with a
competitive fringe was analyzed in detail in our second interim report.

But usually when the fear of possible embargoes is raised it is not to

this foregoing feature that attention is drawn. Rather, what is being
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alluded to is the possibility of occasional threats to the availability of
foreign supply arising out of the formation of the cartel. It is this latter
possibility that gave rise to the demand for Project Independence and it is
this that we shall discuss in this section.

It is obvious that if we adopt a policy of national energy independence,
then the prices charged by OPEC (or an embargo by OPEC) would have no domestic
consequences. The cost of such total energy autark& is high, and such a
policy has few serious proponents. We are thus concerned here with paftial
independence. There are major categories of policies designed to increase
our independence: the first, reduces our total demand for energy, and hence
our need for imports; the second increases our domestic supply of oil. The
formef set of policies makes us worse off (if the embargo or price rise never
occurs), because we consume less oil than we otherwise would; there is some
0il, whose Immediate benefit exceeds its cost, which is not being imported
because, were we to import it‘now, we would be worse off if it were withdrawn.

The trade-offs in the second case are somewhat more subtle: 1if we
produce more oil today, we will have less oil in the future; and thus, if
we increase our flexibility today by producing more, we decrease our flexibility
in the future. This intertemporal trade-off in flexibility seems to have
gone largely unnoticed in the popular literature. It is important: there
is reason to believe that, purely on grounds of flexibility, we consumed
an excessive amount of oil in the 50's; although the oil quotas were
Justified in terms of the desirability of independence from foreign oil,

in fact they have lead to a higher level of long run dependence. In
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addition to these two categories there is a third: without changing levels
of demand and supply today, we could change the elasticity of the demand
or supply curve. In the following sub-sections we propose to analyze

each of these two flexibility measures in detail.

3.7 Flexibility and Intertemporal Supply Allocation

To analyze the optimal intertemporal allocation of oil we assume that

there is a stock of 0il to be consumed this period or next
‘= +
Q Ql Q2

where Q 1is the total (domestic) stock of oil, Ql is extracted this period,

Q

5 is e;tracted ’next. The o0il has constant extraction costs, c; this

period either we can purchase an arbitrarily large amount of oil from the
foreign cartel at .a price p, or it will impose a total embargo. The price
next period will eitherrbe Py (again with essentially a horizontal supply
schedule in the relevant region) or again the cartel will impose a total

embargo (this simplifies the analysis; a partial embargo may also be easily
analyzed). The contingencies of the two embargoes are assumed to be independent,
occuring with probabilities TIl and Hg. We assume the country must decide

before it knows whether there will be an embargo about its extraction policy

this period (and hence how much is to be extracted next period).
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Figure 1

Again for simplicity, we assume linear demand function

I
where Qi

is the amount consumed the ith period. Social welfare is

measured as the sum of consumer plus producer surplus:

= s
max 6 = Hl[(bl

+
1 +r

s.t.

)ay - el + (1 - 1)(p, - clg, +—

2

%

2
- ﬁZ)QQ -«COQ] + (1 - H2)(p2 -c)q, +

A\
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(1) N{(=-=—=) =c+ (1 -1)(p, -¢
1 bl bl 1 1
I, a, Q, (p2 - c)
"Tar g ) el (- M

=0, we obtain the conventional result that we
extract all oil the first period or second as rents are higher the first

period or second -- (pl -c.) >

1) 2P, - 02/1 +r.

More generally, we can rewrite (1) as

- . (p2 - c2)
Pp =& 1+ r
= * -
p, = IL.p¥ + (1 Hi)pi
e 9
p¥ = — - —
i b, b,
: i i

where 5i is the expected price the ith period. Thus the expected price
rises at the rate of interest given the expected confirmation that with
correct anticipation of ‘the probabilities, a competitive market will provide
the correct intertemporal allocation of "flexibility."

The implications for the intertemporal allocation of oil are

straightforward. Let

5 1n Qi b.D,
£, = =~ = L ,» the ‘elasticity of demand,
i In ps Qi ; ,

and

D

D
% (2

s the share of o0il sqpplied domestically.
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Then
; it - =
(2) SRR -\l Bl S
e 1 82(1 + 1) 1+ 7 Py 7

The right hand side represents the marginal cost of flexibility, the cost

of shifting a unit of production of oil from this period to next, provided

the embargo does not . occur. ' Agssume for instance, as in much of the ‘discussions,
that s 2 0, costs of extraction are approximately zero, and price isg

rising at the rate of interest. Then (2) implies that

i

it Lo U
1o~ S5 Hl H2

import shares should be proportional to demand elasticities and inversely
proportional to the probability of an embargo.

Iifr elasticitieé are roughly constant, and Hl = Hg’ this implies
constant import shares. Notice that without costs associated with
flexibility, a slight change in the rate of increase'of oilkprice will lead
all oil to be extraéted this period or next, wheh the value of flexibility

is taken into account, a slight change in the rate of increase of prices

will have only a slight effect on the intertemporal pattern of extraction.

Monopoly

Assume now that the domestic o0il supply is monopolized. - The
monopolist is risk neutral, correctly perceives the probability of an

embargo, and maximizes expected rents, i.e.

. i
2 .
Max Hl(R(Ql) - ch) * Ty (R(QQ) - CQQ)
QQ(P2 - c2)

* (1= 1 py = e)Q + (1 - )55



(R! = ¢ ) D, = C
o i o’ : 27 % . E
(R} - ey T+r A -n )55 - -1 -
where
iy
[ R
R! pi(l E.)
1
i.e.
S P R R
oS - TTEFry TR e, Tl rr)

Again, note that if Hl'= Hg, i.e. equal probability of an embargo, €, =€

1 27

o= = 0, and the "normal" price is rising at the rate of interest then

17 %
the monopolist: allocates 0il intertemporally in the same way that a com-
petitor would. .

But if for instance there is a declining elasticity of demand

(e

53 cl) or T, > Hl (the probability of an embargo is increasing) then

implying a lower price this period, in the event of an embargo, than is
socially ‘desirable; this in turn implies a higher rate of consumption.
Conversely if €2~> €1, Or p2/(1k+ r) < p,- There is some presumption fhat
the price is rising more slowly than the rate of interest (because of

positive extraction costs) but that the elasticity of demand may be
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increasing (because of the development of substitutes). These two effects
offset each other, and hence there is no clear presumption on whether a

monopolist would be excessively conservationist or not.

Conservation and. Demand

Suppose that the long run foreign supply curve for the resource in
question is perfectly elastic at the price p. This is the price in normal
years. We assume it constant because, say, it is the limit pricing behavior
of this cartel. (See our second interim report.) But we assume that
foreign suppliers (the cartel) apply occasional shocks and raise the price
by a éiven fraction 6. Such interruptions are assumed to occur with
probability  II. It»is interesting to consider the socially optimal domestic
policy under such circumstances. For commodities such as oil that are inputs
in production and not direct consumption goods it is important té distinguish
between the long run and short-run derived demand functions. Assume for the
moment that domestic prodﬁctiOn of the resource is nil, so that domestic
demand is met entirely by imports. Let x denote the final consumer
good which yields gross ‘consumer surplus of $u(x). x is produced by the

resource flow, Q, and a stock of capital, K, via the production function
(1) x = x(QK)

The rental on capital is fixed at r, and p is the random foreign price
of the resource. The accompanying diagram denotes the long-run derived
demand curve for the resource as AB. This is the schedule that describes

the demand @ for the resource at different prices for the resource when
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the capital stock can be chosen optimally as well. It is computed from
the solution of the problem
(2) max [u(x(Q,K)) - pQ - rK] .
QK

Notice that in (2) both Q and K are being chosen optimally for every
realization of the foreign price.

In the short-run K cannot be varied. Suppose, nevertheless, that
Q can be chosen. For a given value of K. (say K) there is a. short-run

~ Al
demand for the resource given by the solution. of the problem:-—/

(3) max [u(x(9,%)) - pq - rk]
Q U

A typical short-run derived demand curve is drawn as A'B!', For different
values of ¥ we have different short-run derived demand curves.‘ The

optimal policy is then obtained from solving the following problem:

(4) max El[max (u(x(Q,K)) -pQ -~ rk) ,
: K Q

where E 1is the expectation operator. Problem (L) tells us that Q and

K must be so chosen that

(5) w(x)g5 = p

and

(6) E(w (x(Q,KNZE) = »
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Equation (5) and (6) tell us the capacity, K, that needs.to‘be installed.

That is, the equations describe the short-run derived demand curve the economy
ought to be operating on. It is of course immediate that provided the

private sector;assesses the probability of embargoes in the same manner as

the government does the solution given by equations (5) and (6) is

achieved in a competitive market. Thus, for example, if A'B' (see figure 1)

is the short-run derived demand curve associated with thekoptimum capacity, then

during normal years Q. will be imported (at the price p), whilst in

1
embargo years Q, will be imported (at the price (1 + 8)p).

Note that by the envelope theorem,

= "Q(K;P)

ji.e. the short run loss in utility from an increase in the price from p¥*

to p is

P
Au(t) = [ Q(K,p)dp
p*

The loss in utility changes (is reduced) as K adjusts, eventually

attaining its long run value. Hence the total loss in utility is
fau(t)e T tar .
O B

The transitional loss in utility -- the excess of loss for the incorrect

choice of X is given by

© P
Jau(t)e™ - [ ak*(p),p)dp
0 p¥*
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p(l1+6) B 235;3>K>k\p\\\\\p

Figure 2.

‘lDiagramatically, the extra loss in consumer surplus is the area
betweenkthé short run and long run demand curves -—kareas CDE. Theknet
consumer surplus where "p" had been planned on and p{1 + §) occurs
is the difference between the areas ABC and CDE.

To obtain some insight into the structure of the problem it will
be uséful to parameterize somewhat. We begin with the case where u(x) ‘is
iso-elastic and the production function wu{Q,K) 'is of the Cobb-Douglas
form. . To be specific, suppose

1-v

:(7) ulx) f‘_ T s V> 0 fand v 1

]

ulx)

log x (for this case v = 1)
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The long run derived demand curve for the resource can now be easily

computed. Since (2) represents the optimization exercise Q and X

Y

are chosen so that

(8) aQ[“(l'V)’l]K(l'a)(l"V) -

and

(1 - a)Qa(l—V)K—(a+V(l—a)) =

Eliminating K from the two equationé in (8) yields the equation

T SCR— {1-0)(1-v)
| T (e (1-a)) _p,_r \ otv(i-a)
(9) Q =1L
In other words the absolute value of the elasticity of derived demand for
A,
the resource is a + v(1 - a)/v. It is independent of the price.—jy

The short run derived demand curve is equally simple to compute.

Using (7) in equation (5) yields, as above

(10) aQ[a(l-v)-l]K(l—a)(l-v) =p ,

where K 1is obtained from equation (6). The absolute value of the short
run elasticity of derived demand is 1/[1 - a(1l - v)]. This too is
independent of the price.

We are here concerned with the optimal policy as expressed in (L)
on the assumption that (7) is an appropriate parameterization. If Q is

the optimal import when 5 is the price and Q2 the optimal import

when (1 + 6)p is the price, equations (5) and (6) can be expressed as
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(1 + 8)p

>

Ot
O

Figure k.
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-[(l—a)+a(l+v)]K—v(l~a) -

fu) avey D

(12) GVQQ—[(l—a)+a(l+v)]K_v(l_a) (e 8)3

and

(13) (1 - Mv(® - o) [eSK™] (M)Qi‘ R (O ad R @)K " =

There are three unknowns, Q., Q. &and K and three equations (11) - (13).
: 1 2

The interesting fact though is that on dividing equation (12) by (11) one has

2 (1~0)+a(1+v)
(14) El =1+6 ,

2
and therefore, the ratio of the optimal quantities to be imported in the
two states of nature (i.e. the two possible foreign price levels) is
independent éf I (i.e. the probability of the embargo occurring). Of
course, the absolute import levels do depend on I, but not the ratio. It
is readily seen that this result, the fact that under (7) the ratios of
the optimal import levels are independent if the probability assessment
holds true irrespective of the rnumber of possible price levels the cartel
mey choose from.

The parameterization assumed in (7) supposes unitary elasticity of
substitutions between fixed capital (K) and resource flow (Q). A
special case of considerable importance is not this but one where the
élasticity of substitution is nil. That is, where there are fixed

coefficients in the production of x. Thus x = min (Q,K). A typical
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Figure 5.

short-run derived demand curve for Q ‘then has the form given in Figure 2.
That is, for a given capacity K +the quantity q is demanded inelastically
up to a price 7p  at which point demand gets choked off to zero.

Supposé that the long-run derived demand curve for‘the resource is

linear, and takes on the form

(1) , p=a-bQ .

Figure 3 brings together the long and short run demand curves for the
resource for this special case. If theré is no threat of embargo at all
then the optimum policy (which is achieved under competitive conditions)
is to install capacity at a level i, so that a is the resource requiré—
ment at each period (see figurek3). 1f the embargo does not occur, and

Q - is the quantity imported, then net -consumer surplué is

8 = (%‘--é%)Q frﬁQ .
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If the price rises to (1 + 8)p the economy loses an amount in increased
expenditure on imports of §pQ. It follows that the fixed quantity that
ought to be imported is one that maximizes S - MépQ. (I is the probability

of the embargo). This is readily calculated tc be at the level Q@ given by
(8) a - bl - p = Idp

When there is no embargo (i.e. during normal years) the domestic price of

the resource is p* = a - bQ. Thus

(9) p* - p = T8p .

Thus the domestic marginal value exceeds the import price by an amount

which is the product of the amount of the price rise (6p) and the
probability of the price rise occuring (I). If the private sector incorrectly
believes that 1 = 0, then (p* - 5) represents the tariff that should

be imposed on the import and the resource. If 6 =1 and [ = .2 and
individuals are completely mypoic then‘the optimum tariff rate

(p* - p)/P  is obtained as 20%.

Flexibility with Price Control

If the market price is allowed to freely adjust and if consumers
hold correct expectations about the risks of embargo then no tariff is
needed. If, however, the government does not alloﬁ the domestic price to
rise during the embargo then even if consumers hold correct expectations
they will choose an inadequate amount of flexibility unless a tariff is

imposed.
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Suppose that price control operates as follows:  In normal years
import price is ﬁt, the tariff is Tys and the domestic producer price is
p(1 + 1). Producers supply a constant amount Qp at this price (which, to
simplify the analysis, we shall suppose is invariant to any constant tariff.
This will -hold if, for example, extraction costs are zero everywhere). In
embargo years, the producer price is not allowed to rise, and consumer prices

are set at the average price P,

(Q - Qp)(l + 8)p + Qp(l + 1)p

(64 -

Q

P

With correct expectations consumers choose Q so that
a~DbQ=Ep=(1L-Mmp(l+t)+Tp. The optimal tariff is such that

Ep = 5(1 + T8) from equation (9), so that
1+08=(1-m(1+1)+0(1-8)(1+8)+8(1+1)0
or

1 - 11 - s(1+38))
L+ =77 13 - 9)

where S = Qp/Q, the share of domestic production in total supply. If
§S=1/2, 1 = 0.2, 6§ = 1, then the optimum tariff is 1 = 1/9 or 11%,

instead of the 20% in the myopic non price control case discussed above.

More General Measures of Flexibility

In the previous sections we have been concerned with the costs

associated with the sudden imposition of an embargo or.an increase in the .
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foreign supply price. In the analysis, it is important not to confuse
the deliterious effects of a high price of o0il from the deterious effects
of a change in the price. Schematically, we can imagine the process of
adjustment to a change in the foreign price of o0il as in figure

In the short run, there is a greater loss of consumer surplus from
having the wrong technology, and a greater "transfer" payment to the
foreign producer, both because of the short run supply inelasticity makes
domestic supply smaller and the short run demand inelasticity makes domgstic

demand larger than after full adjustment.

SR ‘demand
LR demand \ / R supply

I
{ SR supply //

\/

foreign
price

bonney  cowed | ey s

| I\

demestic supply Imports

Figure 6.



domestic
supply

Figure T

Returning to equation (5) we can write the level of consumption

a5 a function of K and: p:
Q = Qc(Kc’p) K
Substituting into the utility function., consumer surplus can be written as

u(x(Q(Kc,p)K) - pQ(ij) -r(K = Sc(Kc,p) .

Domestic producer (supply) surplus can similarly be written as
Qg = Q,(K_,p)

Sp(Ks,p)

when KS is the producer capital stock.  The level of Ks and Kc depends

on the long run value of p and the change in p (in foreign supply).
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Thus, we let K_ = Ks(t), Kc Kc(t), and Q; be the value of

imports. Hence

a (K (t), p(t)) + Q. =7 (K (t),p(t))

from which we solve for p(t). Substituting into the expressions for

consumer and producer surplus, we obtain

-1t

8 = [ (K, (£),p(t))e™" + [ (k (t),p(t)e ™ at .

Simple parameterization may easily be developed. The value of
flexibility will be associated with the speed of adjustment of Kc and
KS, the consumer's and producer's short run demand function to then be

- b
a demand function, and the magnitude of the difference between the short

run and long run functions (reflecting the importance of fixed factors in

consumption and production.
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4, Energy Conservation with Durable Equipment and Imperfect Foresight

Here we ignore the tax system and concentrate on imperfect foresight.
If‘investors fail to perceive that the price of energy must rise (at least
when the rental component of the price is significant), then they will
choose equipment which is wasteful of energy, and as a result incur two
social costs ~=- that of having inappropriate captial, and, indirectly, by
raising the demand for energy they will tend to raise its current price
(which will mitigate the tendency to waste) and, if there are non-zero
extraction costs, to raise.the rate of price increases, which will worsen
the inefficiency in the choice of investment. k

Consider a vintage model in which the range of substitution possibilities

at the design stage is represented by the production function

Y= akP*EP1LS s +b4o=1

where Y  is output, K capital stock, E is current energy use, and L
is the other current input labor. Once . chosen E &and L cannot be varied
over the fixed lifetime T of the equipment. The expected price of energy
relative to output is pt at date t, of labor is W£ = Woegt, and the real
rate of interest is constant at r.: The investor chooses K,E,L +to minimize
the present discounted cost of producing ¥:
Min K + E?pte_rtdt + Lwo?e(g_r)tdt
K,LE,L 0 0
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s.t.

AKPEPLC >3 .

Ir ‘pt = poeat, then

E _ ¢lr = g) [o(r* - o* 1-b | 1 =X
wo gt (Sha] o
where E* 1is the efficient level of energy use, associated with correct
forecasts and interest rates, indicated by stars. This formula shows that
if the only source of bias is a low forecast for o the energy use will be
excessive. It is also true that E will rise as r falls, and, to a first
approximation, if rT is not too large,

E

1+ D
A
%

- % _ g - g% l -5
1 7 (r r)T + 5T + = (

a¥ - g)T

Underestimates of g  will tend to lower E, somewhat mitigating the effects

of myopic forecasting.

Correcting the Bias Towards Energy Waste

If the government were convinced that all investors held thé same,
wrong, estimates of o, and if all equipment were equally durable, then the
optimum tax on energy is readily calculated to be at an ad valorem rate

T where
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However, if different equipment has different lifetimes then no
single tax on energy will suffice though the correct choice of K/E ecan
be induced by a suitable combination of taxes on equipment which decrease
with Qurability, and a wmiform tax on energy. Thus the ad valorem tax on

capital would, on the assumption made above, be Tk where

TE 1 - e IT o,
k T -~ T* :
; 1l=-e

with

rT#*

1-e

l+x= o
for some value of T¥, chosen so the distortion caused by raising production
costs ¢ would be minimized.

There are two obvious objections to this suggestion. The more
fundamental is that a wiform tax on energy would not work if investors
hold diverse opinions aboirt s and would not be necessary if they could be
persuaded to hold correct expectations. If reliable information about o
is available, invéstors ml_l find it profitabie to use it , which suggests
that indicative planning is a more'suitable policy to follow.

Secondly, taxes which vary with the durability of equipment can
be expected to aliter the choice of durability. This might not matter if
biased expectations of a lead to systematic biases in‘ the choice of

'du.rability, since we might wish to correct this distortion as well, but
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it appears that & lower forecast for o = can either increase or reduce

durability, lending no support for a téx on capital which varies with its
durzbility. The reason for this ambiguity about the effect on the choice
T durability is interesting, and worth stating.

The higher the forecast values of  «, the more capital intensive
will production be; and, other things being equal, the longer will‘it be
befoie the capital becomes obsolete through rising energy costs. But there
is some incentive to offset this tendancy to incréase durability, since
an early collapse of machinery will permit a change to better practice
technology. Tﬁe actual ¢hoice of durability will reflect a balance between

these two tendancies. The next model illustrates this ambiguity.

Tae Choice of Durspbility

Suppose tke production function‘is again Cobb-Douglas Y = AKaEb.
(o other produciion fumction =2llows the problem to be formulated as a
stationary regeneration problem, though as we are conétructing an example
o an axbiguous irfluence of a on’durability this restriction should not
mattier.) Leﬁ tre ihvestment cost of installing capacity K with durability

T %ve Xg(T), and calculste the present cost at date t of installing and

operating capscity sufficient to produce output Y for T years.

C, = X.&(T) + Ep ¢(r ~ a)
How,

v . ©.D - T8

“t-th ,nt—th ’



SO

c, = Y{k:g('i‘) + ptk;aqs(r - a)} .
Iz

kt - keat ,
then

o ?éabt{kbg(f) + pok—a¢(r - a)}

and the present‘discounted ecst of ‘replacing the capital ‘'stock with current

best produced equipment every T years is

(Pg(1) + p k" %(x ~ o)}

€= iﬁ; T ’l _ e—(r—ba)T
whence
ap,
kg(T) = =2 o(r - a)
and

Ckg'(T) + pbe-(r~a)T e—(r—ba)T

kg(T) + P0¢(r - o(r = ba) °
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BT

If g(T) = e, which seems a reasonable durability function, then for

whilst if ao¥* = v

raT ‘
-1
)

(b + BaT)(g*j;—‘——-

al =1

solves for T#,
Then if r=8=T7%, T= 9.9 and if a = 0.5 T% < T whilst

if a=0.4 T* >10. Thus T ¢ T* dependingon r, B, and a.
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5. Trade Policy and Tmport Tariff

Nearly 50% of the current annual petroleum needs of the United States

are met by imports; and the U.S. is-a major importer by international
standards. - The U.S. therefofe has some monopsonykpower in the wbrld oil
market, and it is natural to ask what is its optimal import policy. Domestic
0il producers are also. large corporations and the government may also be
interested in how best to tax the rental components in their profits.

These ‘two tax: problems have certain similarities,‘but also important
differences, which we discuss in this appendix.

The theoretical analysis of exhaustible resources has to date largely
ignored the "geo-political realities" which so concern policy makers, and
has instead concentrated on the logically prior problem of analyzing
market equilibrium in an autarkic economy (which might be the whole world).
This framework is suitable for the study of competitive equilibrium, and,
~more debatably, monopolistic equilibrium, but is ill-suited to analyze. the
taxation of those exhaustible resources which are internationally traded
between soverign nation-states.

In a closed economy the optimal tax on an exhaustible resource is
a pure rent tax, which is non-distortionary.  We shall show that in some
cases an ad valorem tax on output is equivalent to a rent tax. This
raises the hope that a tariff on the import of an exhaustible resource may
be optimal, but we shall show that in the conventional model of mgrket
equilibrium for an exhaustible resource the problem of finding the optimal
tariff is not well-formulated, and raises fundamental and paradoxical

questions. The problém arises because the importing country cannot enter
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into long term contracts with foreign suppliers, or more accurately, cannot
be bound to such contracts, and can be expected to revise any tax plan it
makes. Producers need to know the future tax intentions (or equivalently
levels of import demand) in order to determine their current supply decision,
but have no rational basis on which to predict the future. Optimal taxation

or rational far-sighted producers is inconsistent.

5.1 The Taxation of Competitive Industry within National Boundaries

It is a familiar proposition of conventional tax theory that a tax
on rent (or pure profits, correctly defined) is non-distortionary. This
is alsb true for exhaustible resources, and the appropriate definition
of rent turns out to be surprisingly simple.

Suppose the cost of extracting x wunits of exhaustible resources
(called oil, for brevity) at date +t, when the remaining stock is S 1is
c(x,S,t). Let the dollar value of consuming at rate x be U(x,t) so
the efficient consumption path solves

T

(1) Max [[U(x,t) - C(x,8,t)]e
0

“Ttat + o(T)

T
subject to x = -5, [xdt < S

]
0 0

and given C__ 2 0, 3C/38 < 0, 3¢/ot < 0. (T may be infinite, ¢(T) = O,
or T may be endogeneous, with ¢(T) determining the present value of

introducing a substitute at T.) Form the Hamiltonian

(2) He'® = U = ¢ - ux
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where pe—rt is adjoint to

the following necessary conditions:

oH
Bx‘; 0
, or during the extraction phase
x 20
U acC
T = 4y = oo
(3a) pEo =it u=cty

where ¢ is the marginal extraction cost, 3C/0x.

ri
. _ =3He ~ _ aC
SO
= de  3C
(4) p—dt+as+r(p—c)

é, and apply the Maximum principle to. find

(x > 0)

With suitable concavity and boundary conditions this will uniquely

determine the price trajectory, and it will be possible to decentralize

production if resource owners are perfectly competitive and perfectly

well ‘informed about future prices.

This can be seen as ‘a special case of

the impact of a rent tax (at zero rate) on such an industry.

If rents are defined as px - C, and taxed at a constant rate 1,

producers will choose X to maximize
P t
(1 - ©)(px - C)e™Frat
0

subject to the same conditions as before.
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(5) He"? = (1 - )(px - C) - Ax
(6a) p=c+y i -

and

(6b) F=me (1o 022

Since if p = A/1 - T the equations are identical to (3), the same price
equation results from eliminating XA, and, if the same boundary conditions

are imposed, we have thus established

Proposition 1: Any constant ad valorem tax on rent defined as

revenue less current extraction costs imposed on a competitive exhaustible
resource industry leaves extraction Pareto efficient.

An excise tax on the output of & normal competitive industry is
distortionary unless supply is completely inelastic, ‘just as monopoly
control of such an industry is distortionary. However, we know that under
some conditions (constant elasticity of demand, zero extraction costs) a
monopolized exhasutible resource may be efficiently extracted and the
monopolist may have no monoﬁoly power. It turns out that for essentially
similar reasons, though under a wider range of conditions, an excise tax
on oil may be nondistortionary. Indeed, in special cases an excise tax
will be identical to a pure rent tax, allowing all the surplus to be taxed

away.
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Let p be the consumer (after tax) price, and P, be the net

producer price, so that the excise tax Te is p - p,- Efficiency

requires

=2, 8, r(p-c) .

(1) 3t 35

Lo K]

If competitive producers are to choose the efficient extraction path

de , aC

(8) n_ 3t a8

e

both trajectories evaluated at the same values of x(t). Subtracting

we have

(9) T o= rr or T = Te_rt ,.

At each moment 'in time the present value of the stock of unexploited
resource must be non-negative if producers are to continue extraction.
Under the assumption made in equation (1) this is guaranteed if

pn(T) > ¢(T), as the following Lemma shows.

Lemma: If C__ >0, 3C/38 < 0, then p(t) > e(t) implies

x(p(t') - c(t")) 20, t' < t.

Proof: Suppose not, then p(t') < c(t') and =x(t') > 0. Reducing
x(t') ~to zero increases S(t"), t" > t', reduces costs, increasing profits.
Equivalently, note that u > 0O, Cxx > 0 are sufficient to guarantee non-
negative profifs, and u measures the value of having larger reserves of

Toil.
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It follows that any tax on oil which satisfies equation (9) and the
boundary condition pn(T) > ¢(T) is non-distortionary. Such a tax has
a constant present value per unit of resource extracted, so the government:
is indifferent to the time path of extraction, and gains nothing from
distorting this path. Unfortunately, the tax revenue may be negligible,
or zero if the date at which the resource ceases to be extracted is determined
by the marginal cost of extraction rising to the maximum demand price.  If
ever it ig efficient to leave some resource unextracted, then the only
non-distortionary excise tax is a zero rate tax; that is, excise taxes are
then necessarily distortionary.

If Cxx = 0, or there are constant marginal extraction costs, then

equation (L) simplified to

* . 9C
(10) P=t r(p - ¢)

and rents, px - C, become (p - e)x. We can now ask when an excise tax
is equivalent to a rent tax, and equation {9) tells us that this can only

be if R =p - ¢ rises at the rate of interest. From equation (k)

. [ 3C
(11) R=rR + v

which establishes

Proposition 2: If marginal extraction costs are independent of

extraction rates, then an excise tax is equivalent to a rent tax (and thus

non~distortionary) if extraction costs are also independent of resource stocks.
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Ihtuitively it is easy to see why, for: if CXX = 3C/88 = 0, the
time path of extraction will not affect extraction costs at each date.
Reducing -all prices by:the same present discounted amount does not provide
any reason fdr reallocating resources over time on either the sales or
cosﬁ side, and since the stock is a constant, overall supply is inelastic,
and so, ‘therefore, is supply at each date. Thus-excise taxes are not
distortionary, aﬁd the present valuekof the o0il field can be almost entirely

captured‘by the government.

5.2 Optimal Tariffs for Competitively Supplied Imports

The préviousksection analyzed taxes when the: government had complete
jurisdiction over producers and consumers. . If 0il is imported from foreign
_‘producers the government's tax pbwers are severely restricted to taxing
imports, or, equivalently, restricting the level of imports. This limitation
éan profoundly aiter the tax problem to the extent:that there may be no
- opiimal tax! The paradox arises in its most transparent form if extraction
coéts are independent of stocks and flows, and if every country has access
tb:the sanme béckstop technology which can provide unlimited supplies of
energy at a constant‘cost p({t). Our country derives dollar benefits U(x)
from the consumption of x wunits of oil, and the demand by the rest of
the world for oil of price p is y(p). The problem is to choose & level
of imports : x, and production z - from fhe backstop technology, to maximize

(20

(12a) W= [{u(x + 2) - px -_§Z}e—rtdt
0
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subject to
(12b) -8 =x + y(p)
(12¢) p=oc+ r(p - ¢) .

Equations (12b) and (12c) describe the supply responses of the competitive
producers who are assumed to perfectly forecast future demands and equilibrium
prices. At some date T stocks of oil S(T) will be exhausted and p(T) = p,
with fhe rest of the world switching to the backstop technology. The

Hamiltonian is

(13) H=(U-px->pzle 0l — ulx+ylp) + rA(¢ + r(p - e))

Maximizing with respect to x, z:

(1ka) : U' <p+ pe’t
x>0

(1hb) U<
zZ 0

-H/3S =p=0 .

If q is the consumption price, q = U'(x), then

(15) p=c+ (p0 - co)ert

Min {c + (qo - co)ert,ﬁ}

2
H
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and the ‘import tax 'q - 'p ‘is a rent tax, which has constant present valﬁe
per unit of import.

Now for the paradox. ~If there were no other consumer, or, if all
consumers formed a cartel and gave tax powers to a central agency, then
the consuming countries coﬁld extract the entire 'surplus from thé cempetitive
producers (assuming they provoke‘no countervailing movement towards produeer
cartelization). If other consﬁmers do not alter their demands y(p) as
our. country varies its demand, then our country has te convince preducers
that it will set ah,initial excise tax 'u, raise‘it at the rate of interest,
‘and cease importing at the point where the consumer price reaches‘the back=
stop price 5. But the import price wiil still be below. p, and it will theﬁ
be rational for the country to change its tax plan aﬁd continue to impoft
;until p’=‘§. In a world in which there are no binding coﬁtracts;for future
delivery there is‘no optimal tariff, because the consuming country will wish
at each date to announce a time path of tax rates (or, equivalently, a time
path of imports) which it will wish to change at the next date.  The problem
of choosing an optimelxtariff is dynamically inconsistent in the Strotzian
sense (Strotz [1955], so the producers have no rational‘basis on which to
Forecast future demands by the taxing consumer.

The result is so surprising and disturbing that it warrants closer
examination. First, let us see quite clearly why, iﬁ.producers believe
what they are told about the tax intentions of the consuming country, the
tax’gggg_rise at the rate.of inﬁerest. Consider two adjacent time periods,

Tt

1, 2, and suppose that everyone is agreed on what is to happen from

ot
i

3 . onwards. Consider an increase in imports Ax -at 't =:1, and a
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reduction in imports  Ax at t = 2, which leaves the future unchanged, and
in particular, p3 unchanged. It must also leave Py and 1 unchanged,
since they must satisfy the price equation (12¢c), or, more basically,
because at the margin producers are indifferent to. an intertemporal swap
which leaves the future unchanged. The value to the consumer of the marginal

change is

(q2 - pz)Ax

AW =“(ql" p,)Ax - T

and the consumer is optimizing if

Lim %% =0
Ax~>0
o or, q-p rises at the rate of interest. Bﬁt it will always be sensible
for the consumer to import at any price below p, if he can do this without
its having been: foreseen. - Producers will realize this, and not believe
that taxes are going to always rise at the rate of interest, so they have
no- 'basis in which to make their price forecasts and hence current supply
decisions. It will not even help for producers to assume that the optimal
tariff is zero (the only tax rate which satisfies condition (15) and allows
imports until p = 5), for the consuming country can immediately invalidate
this belief by imposing a current duty.

The structure of the paradox is akin to the paradox of the unexpected
examination. ' The teacher announces that there will be an examination on one

of the days from Monday to Saturday hext week,‘and that it will be a surprise.
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The students reason that this is impossible, for ‘the exam cannot be a surprise
on-Staurday, so this day is ruled out, in which case the examvcannot be a
surprise on Friday,.... The paradox is that the exam is set on Thursday,
and ig_a surprise. ..In fhe tax paradox the producers reason that the final
tax must be zero, and that it must rise at the rate onkinterest, in which
case all previous taxes must be-zero.  But they won'tkbe; because the
country really does have some monopoly. power.

The paradox seems té érise becéuse we have assumed fational expectations
on: the part of pfoducers and optimizing govefnment. Is there some fundamental

incengistency in.a non-stochastic world between rational expectations and

optimal taxes?

5.3 Optimal Taxes and‘Rational Expectations

Suppose consumers live in a multi-period non-stochastic world in
which it is costless to observe markét behavior. Individuals are rational;
and know the form of government's social welfare functiQn, namely that it
18 some Bergsonian function of individual's revealedkpréferences; Iffgoodé
aﬁd services are non-durable the optimum tax would seem to have the following
structure. Optimize over market responses this period,kand next peri?d collect
the same tax revenue from individuals as an individually specific lﬁmp sum
tax, Mbdify thisklump sum- tax in the light of subseQuent revealed market
behavior. of céurse, this tax will not be lump sum in effect, and might
Just as well have been akfunction of market behavior; since individuals

will never believe that the apparently lump sum tax will not be modified.

If the government could convince individuals in advance that it wouldknot
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change its tax formulse (which on the above argument is reasonable) then it
could collect information, which, if it could convince individuals it would
now use to devise an unalterable Individual lump sum tax, then everyone
would be better off, but this subsequent promise is not believable. Some
paradox is. present, in that individuals will iInitially reason:

"Suppose everyone deduces that the government is

restricted to distortionary taxes which are a

function of market behavior. Then everyone can

optimize in the first period subject to these

assumed unchanging tax functions. But in this

case the government can do better than leave

these rules unchanged, for it can set subsequent

taxes as -Jump sum, and demonstrate that it is

not prepared to change them.  If this is ture,

then' I had better misrepresent my first period

behavior to gain subsequent advantages under

the lump-sum tax regime.,”
It would seem that we have the same paradox of the non-existence of optimal
taxes. But here, the natural solution is that the government gives up any
hope of imposing non-distortionary taxes, and there is an equilibrium in
wvhich consumers expect unchanging distortionary tax schedules, and learn
nothing to causé them to modify this belief. That this situation should
be described as a rational expectations optimal tax equilibrium seems
reasonable, even if the temptation for the government to depart from it
must be severe.

The paradox seems stronger when goods are durable, or when there
are durable claims to future earnings like bonds. Suppose the rational
expectations optimal tax involved no wealth taxation, then it would Dbe
optimal to impose an unexpected capital levy. If this is optimal, then

rational consumers will forecast it, in which case it will not be unexpected

(and thus non~-distortionary), in which case it will not be optimal, so
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it will not be forecast, but then it will be unexpected, and hence optimal.
The circularity seems vicious, and abpears to have the same logical structure
as the ‘card on one side of which appears the sentence: . "The statement on
" on the other side of this-card is false,” whilst on the reverse side is
found, "The statement on the other side of this card is true."

The ‘exhaustible resource is not only durable, but is locked into a
highly structured temporal framework, for information about the past only
affects the future up until the date when the stock is exhausted. The
government .can “punish" misrepresenting consumers by sticking to its
original tax functions for all future time to ensure compliance, but the
producers cannot indéfinitely penalize misrepresenting consumers, as: stocks

run-out in finite time.

5.4.  Possible Resolutions of the Paradox

The problem of ghoosing an optimal tariff for oil imports is similar
to that of choosing a strategy in an n-period Prisoner's Dilemma ‘game. In
this game each of two prisoners must decide between defection (D) and
silence (S). If both choose S both receive mild sentences, if both
defect both receive medium sentences, but if one defects and the other
does not, he is freed and the other receives a particularly heavy sentence.
The cooperative solution is silence, the dominant non-communicating strategy
is to defect. - In the n-period version it would seeﬁ profitable for each
player to play S -to indicate his willingness to implicitly collude but
in period 'n each will fear thaﬁ the other will renege, and will-play  D.

It.is then risky not to play D in 'n - 1, and so on, back to the present.
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If, on the other hand, the game is played forever, or un unknown number
of times, then it pays each player to implicitly collude and play S.

This suggests three possible resclutions of the tariff problem.
If there is no backstop technology, then there is no dilemma point at which
the importer will be tempted to abandon his tax plan. In general this is
unlikely to avoid the prqblem of Strotzian inconsistency, for it seems
likely that the "optimal" ad valorem tax rate calculated for any value of

remaining reserves S will vary with S but under the most favorable

t t’

conditions it does seem possible to find a stationary solution with a

constant ad valorem rent tax, as the following model suggests.

5.4%.1 Model for Stationary Rent Tax

Assume zero extraction costs: p(t) = pert, with p = perT

such that S(T) = 0.
| Demand by the rest of the workd, y(p) = p(t))™%, and by the taxing
countfy x = a(p(t)e)”°, where U'(x) = p¢, ¢ = 1 + tax rate. Suppose
producers assume that ¢ will remain constant, and calculate the present
price p given current reserves S <from .

T T

[(x + y)at, pe' " =3
0

6]
1}

-

—-€
—ertdt - (a + 1) (p—e _37%)

T
S = p_ef(a¢_€ + 1)e P
5 er

or



=210~

(16) p“E - .ifs + 5 -€
a¢ + 1

Now suppose the taxing country deduces the form of equation (16) and
chooses x to maximize instantaneous welfare subject to (16). The

lagrangian is

L = U(x) - px + A(ﬁ-e - p-e + ——§£§——)

xp +1

€
3L gives U' = p¢ =p + — RerSp

9X (a¢—€ + 1)2
. l=g . =¢

%L gives A = _22:2_9___

P e(lp ~ + )
where
(17) w o a8 B erS

| (1+a¢™%)2
or
(18) p=14—t—o0
e(p +p )

We now ask if ¢ could be constant, independent of  S. TFor this
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or
—-e _ bl + & - €¢)
P *YS ) Y = €(¢—l)
But
~€ ers - -
P =TT el +p
(1 +adp )
so in general (with 5 finite) it is inconsistent to assume ¢ independent

of 8. However, if p = », then a consistent solution is possible, provided

(solving for vy)

el - 1)¢° = a
defines the optimal tax rate.

5.4.2 Uncertainty as a Resolution of the Paradox

The second possibility is that the stock of resource is unknown.
Gilvbert [1976] shows that if the probability distribution for remaining
stocks is stationary, fhen the optimal extraction rate will also be constant
(if costs and demands are also stationary). In this scenario a constant
rent tax would be dynamically consistent, for the future will always look
like the present. (To some extent this finesses the problem by making oil
quasi-inexhaustible.)

The third possible resolution, and the one most in the spirit of
conventional tax theory, is to suppose that the producers are uncertain

of future demands, and make possibly probabilistic forecasts on the basis
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of past information, subsequently choosing a supply response to maximize
expected present profits. If the taxing country knows the basis on which
these forecasts are calculated it may then be able to choosé an optimal
import tariff.

The model of section 4.1 is in the spirit, and can be used to find

the optimal tax as a function of remaining stocks:

Max [{U(x + z) - px - pzre Tt
subject to

—E . meE
= (1+ XPE)QE_:;%IL_J.z v(x,p)

0N
i

-(x+y) .

e
i

The Hamiltonian

H=1U-=-px-pz-ulx+y)+ar(s - uix,p))

yields
wx
U' <p+u+ (x4 uy)(—>)
=1
p
and

B pp=aw B MY

In principle these equations can be solved for x, though in practice it

is difficult to find closed form solutions.
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5.5 Conclusions

If exhaustible resources lie beyond the tax Jurisdiction of a
large consuming country then its attempt to tax importé optimally will
have the following results when the resources are produced under competitive
conditions. Taxes will be imposed at a positive rate, lowering consumption,
leading to a more conservative use of resoﬁrces, and conferrring external
pecuniary benefits on other consumers at the expense of reduced producer
rents.  Not only will consumption be intertemporally inefficient ﬁut
production will be inefficient, because rents will not be allowed to rise
at the rate of interest. Producers' forecasts on which they base current
supply decisions will be continually falsified by the tax policies of the
importing country though both producers and the taxing country could be
better off if they entered into binding long run supply contracts. In

contrast, if there exists a supernational tax asuthority which can identify

rents no distortion need arise from optimal taxation.
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6. The Inefficiency Of the Competitive Stock Market and Its Implications

For the Depletion Of Natural Resources

This appendix has two geneses. There has been some controversy
associated with the optimality of the stock market allocation of resources.
On the one hand, Diamond [1967 ] has argued that the stock market is a
constrained Pareto Optimum, that it allocates resources as wéll as . could
a socialist economy in which the government were constrained to sharing
the risks among the citizens by assigning to each a fraction of the‘prof{ts
of each firm (in addition to a fixed sum). It seems reasonsble in evaluating
the performance of a market economy in which there is an incomplete set
of markets that one ought not to compare it (as say Borch has done) with
how a socialist economy with a complete set of markets would have;done;
it is obvious that a market economy would not fare well in such an unfair
comparison. = Thus some constraint on the distribution of risks needs to |
be introduced, -and ‘that used by Diamond seems an appropriate one.

’Ideally, one would like to have a theory which explains. incomplete-
ness of markets; several explanations have been offered associated with
transactions costs and imperfections in information (see Stiglitz [1970],
Grossman [1975]). Then an evaluation of the market economy would entail a
éomparison with 'a socialist economy facing the same transactions technology
or thg same information problems. In. such a comparison, the market economy
might be found deficient with respect to the set of markets which operatef

The discussion of this paper can be viewed as a "minimal” test of the market
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economy: given the set of markets operating does it allocate resources
efficiently; if it does, it still does not mean that one should view the
market economy as being efficient, but if it does not, it clearly can
be viewed as being inefficient. |

Stiglitz [1972](see also Jenson-Long [1972]) on the other hand, has
argued that the stock market is not a constrained Pareto Optimum. Much
of the discussion has revolved around what are the appropriate behavioral
assumptions for. the firm; do firms value maximize and do they believe
that if they double their scale they double their market value. (See
Stiglitz [1970bl], Groséman—Stiglitz [1976]1). For the Diamond results to
obtain, there must be a large number of firms with perfectly correlated
returns; and the firm must have what Diamond calls, multiplicative
uncertainty, i.e., doubling inputs increases output in each state of
nature in proportion. . Under these assumptions, all stockholders will
wish the firm to maximize market valuefﬁ;g;d bankruptcé&lwahich in general
plays an important role) can be ignored.

What I wish to show here is that even under these seemingly
favorable conditions for the market economy, the stock market allocation
of resources is not a constrained Pareto Optimum when there are more than
two outputs. The reason for this is that the constraint on the aistribution
of profits involves prices; although in a competitive economy each firm
will ignore its effects on prices, a socialist economy would not.

The matter may be put another way. With a single output there is
no distinction between stochastic homotheticity for a firm or for an

industry: the ratio of output or profits in any two states of nature
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remains a constant.  With more than one commodity, if a single firm
increases its scale, it may perceive that the ratio of its profits iﬁ any
two states of nature remains constant; but when the industry expands its
scale, the price of the output of the industry may change‘differently
in different states, so that the ratio of industry profits in two different
states changes as the scale of the industry changes; there is private
stochastic homotheticity -- taking prices in each state of nature as
given =- but not ‘social stochastic homotheticity. - The former assures that
firms will wish to maximize stock market value and makes it reasonable
for them to assume that value is proportional to their scale. But the
latter is what is ncesssary to ensure constrained optimality of the market
solution.

Although Stiglitz [1973] and Hart had earlier noted the non-
optimality of the stock market allocation when there were more than one

output, they provided a less complete characterization of the source of

A.5/

it o,

the inefficiency than we are able to provide here.

This brings me -to the second motivation for this paper.

Thé decision to consume 0il (or any other natural resource) today
or to postpone consumption until next period is an investment decision.
It is a risky investment decision, since the return to holding tﬁe oil is
random; it depends on the price next period, which in turn depends on the
amount of oil that will be discovered. It has been argued that because
of the absence of a complete set of risk markets, the economy behaves in
a ‘more risk averse manner than is socially optimal; and because holding

oil is risky, this implies that too little oil will be held over, i.e.
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that the market will result in too fast depletion of our resources. This
argument is, however, unconvinciné on two grounds. . First, if there are
incomplete risk markets, the risks which are borne by holders of o0il --
which in a complete set of markets they might be able to insure against -
have a real social cost; that is, the facf that the risks might, under
some other institutional arrangement, be spread does not alter the fact
that those who hold‘oil, in our present institutional arrangements, are
bearing a risk which affects their expected utility. The conventional
discussions of the issue seem to maké the error of compariné the allocation
of resources with one market structure with the- allocation which would have
emerged with another market structure, a comparison ﬁhich we have argued
earlier is both unfair, and probably irrelevant.

The conventional argument is unpersuasive on a second account:
there is & distinction between consumer risk and producer (or investment)
risk. Because of the variability in the price of oil a consumer would
face risk even were his income (denominated in either oil or "other goods")
constant. Only if an individual were perfectly hedged, i.e. owned, in
each state: of nature, exactly the amount of oil he consumed, would the
price variability be of no concern. In general, both because of differences
in tastes and in risk aversions, individuals will not be perfectly hedged
(either in the market equilibrium or in the optimal allocation of resources).
When individuals are not perfectly hedged, we might think of there being
. two groups, those who own oil (or shares in oil firms) and those who
consume ©0il. If the former are, say, less risk averse than the latter,
then holding o0il is privately more attractive than it is socially desirable,

and there is excessive conservation.
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The Basic Model‘

There are:two. periods and ‘two: commodities. The two commodities are

0il and "other consumption goods." The consumption of "other consumption
goods" the first period we denote by ‘C‘, the second period by C2’ and
we assume that there is a fixed stock of ~C - which can'be consumed in one

or the other period:

(1) C .+ C.=20C .

(In effecﬁ, the marginal rate of transformation of C  Dbetween this period
- and next is assumed to be unity.)

Consumptign of oil the first period‘is denotedkby Qi and is
constrained by the stock of knownkreserVes |

(2) 9 2 .

Next period we can consume that part of known reserves which we
have not consumed this period; in addition, it is known that under certain
tracts of land there is o0il, but the amount there is unknown. - Whatever

is there will, however, be consumed next period. Thus

-Q

() Y

where the 7 above Qd and Q is to. remind us that the variable in

question is random (at the time at which the decisions are being made) and

where Q is total oil stocks and Qd is oil discoveries,
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and Q2 is consumption of o0il next period.
There are three assets in the economy: known oil stocks (Ql),
"other" consumption goods, C, and claims on future discoveries of oil.

J

0° Yé} represent the shares of each of these stocks owned

Let {ag, B
initially by the -jth individual. Thus’, Wé let: C  be our numeraire,
'p; be the price of oil (the first period), and s, Dbe the total market
value today of the unknown future reserves, then the: jth individuals'
initial wealth, Wj, ig given by

= o9 J5 J
(+) W= oo+ Bm ¢ gs)

The price of o0il next period is a random variable, denoted by é. kThe
individual has expectations about ; as well as about é. He allocates
his initial wealth about consumption of oil this period, consumption of
other goods this period, ownérship claims in the safe asset (C), ownership
claims‘in known 0il stocks, and ownership claims on unknown oil reserves,

in order to maximize his expected utility. For simplicity, we assume his

utility function is separable: .

Jrad J 1 Jtnd J
e :
Ul(cl, Ql) EU (02, Qg)

J
(5) U 1+ 2o

1

Jee yd

11

Jead oy 4
Ul(cl, Ql)

where VY is the indirect utility function corresponding to Ug, and YY

is second period wealth. If A is the jth individuals holding of a
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safe asset (with the interest rate equal to r), is his ownership

l‘j

share is known o0il stocks which are not consumed first period, and vy is

his ownership share in unknown o0il reserves,

e

(6) | Y?‘: 23(1 + 1) + sji(él - Q)+ viédi‘ -

The jth consumer

2

(7 maximizes ud
ted, ad, 29, 83, v9y

s.t
i, ad I iadiys s 10
Wl > Cy +pQ +Z2 +pp(Q -Q) +yis
We can immediately write down the first order conditions:
| [
j J
(88.) an = (l + I‘) Evj - Ll + I‘) E 3U2
3oL+ 8 Y 1+ 8 32
BCl ; , 302

the generalization to uncertainty of the familiar condition that the
marginal rate of substitution between consumption this period of "C"

and consumption next period of "C" is equal to one plus the rate of

interest;
aul  sud
(8v) = s =]y
1 1
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the marginal rate of substitution between consumption of o0il and of C
equals the price ratio;
J
3
Ul

(8c) — =

Jo .
BQl

substituting (8a) and (8b) into (8c), we obtain

(8c") pl(l +r) = — .

This is the generalization to the uncertain context of the familiar
condition that the price of a natural resource must rise at the rate of
H
interest. Here, we have the next period's weighted expected price, where
the weights are marginal utilities of income, is equal to today's price
times 1 + r.
Finally, we have the portfolio equilibrium condition
J 24 N
EVY'PQd

(8a) ——=s,(1+7r) .

By 3 .

Y

Note that from (8c') and (8a), the weighted average value of next period's
price must be the same for everyone, as well as the weighted average value

of the discoveries next period:

EVY D

(8e) = pl(l + r) for all |

3
EVY
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EVy B,
(8F) —— = s (1 + r) for all j

EVY 1

Y
The solution to (8) yields demand functions of the form

(9) ¢t = CJ(pl, s, 1+ 1, p; ag, Bg, v?2)

Qi = CJ(pl, s)» 1+ 7, p; ug, 8, Yg)

79 = ZJ(pl, si» L+, p;‘ag; Bg, Yg)

BJ = BJ(Pla Sl’ 1 +7r, p; ch)a Bg, Yg)

y! = YJ(pl, 5,5 1+ T, p; ag, B2, Yg)

o

Market equilibrium requires

(10) z(cj + (1 + r)Zj) =

= C
@ =q 3§
gl = 1
o o1

So far, we have said nothing about how expectations about next
periods prices are formed. Obviously, if individuals expectations are
incorrect, there will be an "incorreet" allocation of resources. We
ask, suppose. individuals could perfectly predict the probability distribution

of prices, i.e. they had rational expectations, would the market yield a
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constrainéd Pareto Optimum. Surely, if the market doeé not work well
with rational expectations, there is no reason to believe that it will
work well with arbitrarily formed expectations} In this sense, imposing
the constraint of rational expectations biases the case in favor of the
nmarket.

In this context, rational expectations requires that the price
next period, conditional on the realization of Qd; be equal to the actual

price, i.e.

(11) E(pla,} = p(a,) var {pla} = 0

where p(Qd) is derived as follows: given the portfolio allocation

decision of the individual, for any realization of Qd’ we have

(12) ve?) = 231+ ») + (e )(q, - 8) + (e,

The consumers demand for oil is given by

. . 3
13 e P
VY (paY

P(Qd) must be such that

e
IgY = & —_ = -0
(14) Q s R
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This model can be viewed in several alternative ways. We can pretend
that there are firms which hold present oil stocks. A firm which "invests"
in 0il by holding an amount é will have profits to distribute next period
;é- The cost of this investment is pé. Thus the firm does face stochastic
constant returns to scale: if it doubles the amount it invests it doubles
its profits in every state of nature. Value maximizing firms will continue
to expand (invest in oil) to the point where the value of the firm is
exactly equal to the value of its investment; for if the value of the firm
exceeds the value of its investment; it believes by doubling its investment,
it doubles its value, and the "net value" (the value of the firm minus its
investment, which is equal to the value of the egquity of the original
shareholders) will be increased.  But as all firms do this, the price
next period (in each state of nature) will go down, and‘the price of oil
this period will increase, until equilibrium is attained.

Since all firms holding oil are perfect substitutes, we do not need
to distinguish among them, and Bj represents the jth individuals share
in the entire industry. Similar remarks apply to firms which invest in
tracts of land under which oil is located.

It is clear in this persepctive, the model is a direct generali-
zation Qf the Diamond model to many commodities, but we have simplified
the technology so that all firms face (what they view as) stochastic
constant returns (rather than the multiplicative uncertainty used by
Diamond). The constraint on the distribution of profits that we have
imposed is identical to the constraints imposed in his model, except that

profits in his model were technologically determined.  In our model, profits




=225

of any holder of oil stocks depend on the price, which depends on the
discoveries of oil (a technological parameter for the exploration industry);
and for the firm in exploration industry, profits:depend not only on the
amount of oil discovered by a particular firm, but élso on price; but price
depends on the amount of oil discovered by all firms.

Alternatively, this model can be viewed as a pure exchange model;
with futures markets for the price and the value of future discoveries of
oil.

We now contrast the competitive rational expectations equilibrium
with a constrained Pareto Optimum, which can bé viewed as the solution

to the following maximization problem.

(15)  max £Adyd = zxjui(ci,Qi)
By P B |
(03,07,X),6%,7 50,3

s.t.

(16) zci + 339 = ¢
zgj:l
By, =1
Q) = £

and where, as before, we assume that price expectations are rational, i.e.

satisfy (11 - 1k), where now



206~

(17)‘ vdo=xd 4 BJ(QI‘- Ql)§ + Yjéd£

We assume, in ‘other words, that the government can allocate purchasing
power the first period (Ci), 0oil for consumption the first pefiod (this
is a redundant ihstrument, if we allow a competitive market the first
“period and trading of . C. . for oil); but that the government‘ié‘constrained
in the‘instruments by which it can spread risk in the same manner that the
market ig, d.e. it can issﬁe non-negotiéble shares in' the unknown oil

- Q is a

_reserves, it can open up a futures market for oil (since o} 1

1
known: constant; the 8j~ represent simply a gamble on the future price
of 0il); and it can distribute a safe bond (XJ).

The first order conditions may be easily written down:

(18b) | & sl

From (18a) and (18b) we immedistely obtain

J
o
eC 3C
(18c) ~§ = é
~ Uy AUy
0Q,  Q

the marginal rate of substitutes between oil and '€ this period must
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be the same for all individuals; this corresponds to condition (8b) for

the competitive economy.

Jevd o Koy K
(184a) ATEV S, X Ev2Y

From (18a) and (18d), we obtain

35U Uk
J T E o=
BV | BV
2 >
._...__%Y__= (l + 5)————;——: (l + 5) j = ngY
oud oud 2] 20
aC, ac, 3C, 3C,

which corresponds to the condition (8a) for the competitive economy;
Jpvd x o k.
(18e) AEVSD = AkEVQYp

which, with (18d) yields

Jx ~
BV EVyD
J k3
EVY EVQ

corresponding to (8c') of the competitive economy.

Similarliy, from the first order condition for Yz we obtain

Jour d sn — 1 Eprd
(19¢) NEVSBQ, = XUEV5 Q.

implying that
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Sl -
EV2pq  EVSpQ

2Y 2Y

(18n) ] = =
EVQY EVEY

corresponding to (8d) for the competitive economy .

So far, all the conditions for constrained pareto optimality
have their perfect analogue in the market economy. But the final
condition, relating to total savings of oil for next period (Ql - Ql)
~is different; for by changing Ql’ aggregate consumption of oil first
period, we change the supply of 0il next period, which has an important
éffect on the price distribution next period, p; this affect on the
the price distribution is what each competitor ignores, but which the
government, in solving the constrained pareto optimality problem, does not.

We thus have , choosing Ql)

0
~ ‘ oU :
. 1., 3 Iz . 1.4p I e 010 _
(181) T+ ng {E[[V,p +Vy BJ(Q1 - Ql) + Yde]dql] + vy Bjﬁ} anA 0

From (18e) we obtain

™M
>
Cote
<<
e
e
™
Cle
f

= 105y 0 75 d
X EV2YpZB

10

i

0
EVEYp

In competitive equilibrium (equation 8c)

3
R B
1+ 6 oyP = 3Q,
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Hence, the market economy is a constraincd pareto optimum if and only if

(using the well known result that Qg = -Vé/VY)

R R P o g 8B5y3y3,0 L
Eaq M IVy + VyBs(Q) - Q) +v,Q,] = -E Gamavya” = 0
where
3o o9 edim - _ U5
(20) A% = Qp - 8°(8 - Q) - ¥'Qy

the difference between the Jjth .individuals second period consumption of
0il and his (implicit) second period endowment of oil. (If the individual
actually stored his own oil and bought his own tract of land with
unknown oil reserves, then BJ(Ql - ﬁl) + Yjéd would be his abktual
holdings of 0il; otherwise we can think of o0il firms as distributing
profits by delivering their oil stocks; the individual could then trade
these stocks. Of course it makes no difference whether the individual
trades the oil for dollars himself or the firm does it for him.)

Aj is, in other words, his net trade in oil second period. If

the individual were perfectly hedged,

A =0

i.e. his purchases this period of oil for consumption next period are
exactly equal to his consumption. Ex post, it has turned out that he

was neither speculating on an increase in the price of oil (he purchased

more than he consumes, Aj < 0) or speculating on a fall in the price of
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0il (he purchased less than he consumes, A > 0).

We immediately obtain the result that a sufficient condition for
the constrained pareto optimality of the market is that everyone is
perfectly hedged (Aj =0 ail j).

From (17), it is clear that
I osad | sadiz Jo = A -
(21) AT = TQn - 1(Q - Q) - Q. =Q,-(Q -Q)-9;,=0

total aggregate consumption second period must equal the supply of oil;
hence, if all individuals are identical, Aj .0, ahd the market is a
constrained Pareto optimum.

An - alternative sufficient condition for the constrained Pareto
optimality of the stock market is that, for each state of nature (realization

of Q,),
Jyd o
(22) AV = A
(Constrained Pareto Optimlaity assures us only that
Jyd =
EATV = BV L)

In other words, if we could make state dependent transfers of income, we
would not wish to do so, then the market, again not surprisingly, yields a
constraihed Pareto Optimum. An obvious case of (22) ﬁrises with constant
marginal utility of income with the constant being inversely proportional

to Ak. This, however, is not ‘a very interesting case, for if all individuals
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consume both commodities, there cannot be constant marginal utility of

income unless, by chance, the equilibrium involves no price variasbility:

avd  avd  avd 5

oy Voy 2Y oY
= + x
dp ap 5yd 9P
J
. 0Q . .
= _yd 2 _ ady J J oadrm J
VY oy m LVoyy * Voyy(BU(Q - Q) + v7q,)

Jyd Rpdpd
Q-Ve REA .
2 Y 2
=4 nJ]

J J
Y Q2
where

VZYYYJ
Rg = 3 , the measure of relative risk aversion
V!
Y

3
3 } 9 1n Q2

n , the income elasticity of demand for oil

9 1n Yj

Since if 4 z 0, for some J, AJ <0, so avi/ap < it nd > 0.
In general, however, (19) is not satisfied, and thus the market

equilibrium is not a constrained Pareto Optimum. A further characterization

of the nature of the biases in the market allocation requires some simplifi-
cation of the model. In the subsequent sections of the paper, we consider
éome special cases in which the nature of the bias may be more precisely

assessed.
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Approximation Formulae for Market Bias

We assume, in addition, that holdings of known oil stocks are in

proportion to holdings of undiscovered oil, i.e. in our notation

(24) gd =3 .

It can be shown that for small variances, whenever condition (8e) is

satisfied, condition (8f) is also satisfied (to a second order of

approximation); fhus, for symmetric distributions, differences between

Bj and yj are a function of fourth order and higher terms; thus for

practical purposes we can impose the restriction B = y. (Alternatively,

under certain simple structures pQ is a linear function of p and

Q., and the market for reserves is redundant. )A 6/
For simplicity, we assume only two groups, denoted by superscripts

A.7/

a and b. Then, for small variations, for (8e) to be satisfied—

a b
v v
(39) e _ .18
vd P
Y Y

In addition, we will assume optimal lump sum redistributions, so
AEVG = (1 - A)EVD

or again, for small variations,

2

(39*) A 2@ - (- A)v (Q) = [(1 - A)V.D ]—-— :

YQQ YQQ
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Thus (19) can be approximated by

a ! b = = b a Ug
(Lo) Ep {VYA - (1=~ A)VY}A = MQ)p(Q[(1 - )\)vYQQ - AVYQQ}—é—

We can rewrite (L0) as

= (4y/p'Q _ b _ a 2
D= (Q)( = )pl(1 A)vYQQ VYQQ]O’Q .

The magnitude of the distortion in Q can thus be approximated by letting

W(QQ) be the value of social welfare as a function of sz

G -4,
(h1) _2__6.._2 - - “‘D'a
i1
s P - T
where Qg is the optimal value of Q2 and Q2 is the value in the

market solution.

Essentially (hO)kmeasures the magnitude of the income effect
(transfer) from the price change induced by additional savings of oil.
Normally, p' < 0, i.e. an increase in the quantity of o0il reduces its
price.. Ascertaining the sign of A and (1 - A)VYZQ - AVS% is more
difficult. We consider here only the case of A = (1 - A).

It is convenient at this point to focus on the special case of

homothetic utility functions. Then
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when

a ‘ :
S, = share of a's expenditure on consumption of oil (second period)

Then, using (31) and (33) we calculate

| Ao_ ¢
(L42) 2 QvR- R

where -

z 1-¢
a _b

op =84 B
4 1-¢

Since Q?(p,Ya) + Q?(P,Yb) = Q2

when Qg is the Jth individual's demand function for oil second period,

S A T G
(43) 5 € -3 Sc] 5, =1
where
§ = YSa + (1 - Y)Sb s, a weighted average of consumption shares
¢ ¢ ¢ in o0il 4
3 1ln . s e
€ = —(5—3;*%)5 5 the compensated price elastlclty
a b
- Qc 8 Qc b . <
£ = =g+ af-e , & weighted average compensated price elasticity
2 2
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Hence

(4y)

(45)

(46)

If individuals are similar, so Sc and R are small, then

(47)
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We rewrite (42) and (43) as

e = - 4
V€+QSC 1 Sa
S .
v C+2V%R=-R
S
(l's)fg_g
VA 55*‘7‘5
Q CSC
) £ _c
R+7T 3

au-égR+%gﬁ

v = Y
2R + 82
=L
S¢
5,
_._ —:—-—RE
\ (1 Sc)S
— . +;a'
Q A1 Sc)R ﬁsc

~ ~
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A
o

- Re

(48) C .
Q 2R ’2R21 - Sc)

If risk aversions are identical and if we have normalized our utility
functions so with optimal lump sum transfers, Y (3) ® Yb(Q), then (46) can

be rewritten

- A - -2 - -
(1 - sc) 3 x 28R * (1 - sc)sc + 2Re(1 -~ 2y)8

But recalling that

A=Q -vQ
a
_8Y
TTPQ T Q
a b a
1—2Y=l+'2—A-2Qc=Qc_Q +.g.é
Q Q Q Q

Thus
(49) A _E} - Sc=f eR]Sc

Q ~ 2RS(1 - Sc - 2F)

The individual who consumes more {relatively) oil acts as if he
were more risk averse; i.e. the other individual speculates on the oil.

We now need to ascertain the sign of
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(52)

(53)

where
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a b a ,
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a
€ =5

beb )

45 A
(54) == - (5,1 - (8 + 80)) - (s°
s _ 582 4 (1 _ v)gP?
(55) Ec-g—hvs(l—Y £ s

_Mys® x P - )s°
T

For similar individuals (small A/Q) with first and second period utility

functions being approximately the same, we obtain

2 2 2
w :-aUl/an +.2 U2/3Q2 5
2 v .

Q82
3Q Y

v

<
—

l1-8) + 8]

€.='8
¢

(We make use of the fact that

o}
1}

pV.

Q Y
S0
UQQdQ = dp[VY + pVYP]
= ap[v (1 - sc) + VYRSC]
(1 - sc) + RsC
QUQQ = VYp P2 Sc

Hence
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a b
v v
a8 - I9%c - 5 )
v v, Q
QO - -Qm _é_ v Y b4
(56) 2. 2:4 19
Qg 2[(1 - Sc) + RSC]Q2

To ascertain the sign and magnitude of (55) we simply substitute from

(4s5), (46), (50), (51), (52) into (53). The expressions obtain appear

messy and not easy to interpret.
The analysis does, however, identify all the important parameters
determining both the magnitude and the direction of the bias in the

intertemporal allocation of oil.



o=
]
~

L

=g
N
~

s
~

240~

APPENDIX

FOOTNOTES

This formulation assumes a constant marginal utility of income.
The formulation (7) would provide a justification for the iso-
elastic resource demand‘curve assumed often’in interim reports

1 and 2. |

The assumption of multiplicative uncertainty is an essential
assumption in the Diamond analysis. Because of that assumption,
each firm can be viewed as producing a composite commodity; the
theorem on the.constrained Pareto Optimality of the market can. be
viewed as simply the statement that, given the set of "composite
Commodities" being produced, if each firm acts as a price taker
with respect to the price of the composite commodity it produces,
then the market is Pareto Optimal. If stockholders (consumers)
take the set of composite commodities produced as given and the
Trice of\each composit commodity as given as well, then clearly
the only way %hat an action of the firm affects their welfare is
through its affect on the valuation of the firm.:  Thus, there is

unanimity among the shareholders both that the firm should maximize

its stock market value, and that a particular level of investment

will lead to the maximum stock market value. (For a more general
discussion of the conditions for unanimity and the conditions under
which the firm should maximize value is contained in Stiglitz [1976a]

and Grossman and Stiglitz [1976].)




-2h1-

In the absence of multiplicative uncertainty, there may be
disagreements both with respect to the effects of any given action
on the market value and on the desirability of firm market value
maixmization. Any given action. of the firm will have an effect
both on the value of the firm and on the consumption (or invest-
ment) opportunity se§ facing the individual even apart from the
affect on the value of the firm, i.e. if there were two securities
and three states of nature, the opportunity set is represented by
a straight line in three dimensional space; with multiplicative
uncertainty, individuals always perceive an action of the firm as
moving the straight line out in a parallel manner (draw the plane
defined by the line and the origin; then draw a straight line in
that plane parallel to the original line) and all agree that such a
Amovement is an improvement; but without multiplicative uncertainfy
the new opportunity set is a straight iine which is not parallel
to the‘origihal straight line. The change is preferred by some
individuals; not by others. The relative importance of the consumption
and #aluation effects depends on the plans of the individuals with
respect to the sale of securities. If, as in much of the recent
literature, it is assumed as a condition of equilibrium than an
individual neither plans to buy or sell shares, then the direct
valuation effect is of no concern (since the price of anything which
is neither bought nor sold has no affect, at the margin, on utility);
but any reasonable model of the stock market involves trade, either

because of life cycle effects, stochastic bpirth and death of firms,



relative marginal effect on profits in different states of nature

individuals might agree on the objective of thé firm, but with

oo

or differential information, and hence to some individuals but not
all the valuation effect will be important; there will not be
unanimity on the policy which the firm ought to pursue.

The market valuation of the firm will in generalkdepend on the
debt~equity ratioc of the fifm, if there is a finite probability

of bankruptecy; thus a change in fhe debt-equity‘raﬁio will have an
affect both oh the value of the firm and on the opportunity sets

facing individuals. This is true even when there is marginal

multiplicative uncertainty, i.e. increasing investment has a

which is independent of the level of investment. In the absence

of bankruptey, with marginal multiplicative uncertainty again all

bankruptcy they will not. See Stiglitz [1970, 1975a].

Hart [1975] provides an example of multiple equilibrium, in which
in one of the equilibrium all individuals are better off than in
another. This is an example of what I have called elsewhere a

structural inefficiency (Stiglitz [1972]); such examples can occur

even with a single commodity as I showed in Stiglitz [1972]. One |
of the Nash equilibria is Pareto Optimal; but there is no way of
ensuring Fhat this is the one which will occur.

Cn the other hand, the inefficiéncy wvhich I notes in Stiglitz
[1973] and which we discuss here is a marginal inefficiency; at the
margin, the private market makés incorrect investment decisions. ~This

would be the case even were there a unique equilibrium.
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A.6/ In this analysis, we employ repeatedly the following approximations:

We take all expansions around QQ(Qd)-

(25) p(Q) = p(@ +p'(a-8) + 2 (a-®°
11 2
- P oy
(26) Ep(Q) * p(Q) + 5
2 .p' 2
(27) GP ~ QGQ
Hence
(28) (@) =5+ p(a-3 +5 [(a-0°- )
(29) Vo = {Vp + v (B(Q - Q) + @ Jp' + Vypy
(30) = -V, {4p' - py}
(where we have used again the fact that Vp = - QCVY)

= _ o o ' 3
VQY VYY{Ap py} VYmp

Y
(31) ——VQ = Alap' - py] - mp"
y .
where
-V
= 1Y
(32) A=
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and

BQC
m ='3Y'
Thus letting
o Y?
&= . S
Y o+Y
we can write
Vé; 1 a
(33) === 2= (Zv-y)R* - v]
¥ YTl

where
Qa
v = RQ g2=-5.0  g-IR
P c @ Y
Similarly
=\ 2
. Venn(Q - Q)
N = 5 ¥QQ
(34) Vy = Vy(@) + Vyo(Q - Q) + —5
| R v.(Qp"  p(Q)V '
(35) Wyp = p@V Q) + [Fp— + —5 B 4 pry 10h
EV.p " | v
Y . (= P g, 2
(36) 5, p(Q) + (5 + p Ty )og
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If this is to be the same for all individuals VYQ/VY must be the same.

(37) pQ = p(Q)q + (p'Q@ + p)(Q - Q) + (P—gﬂ- +p")(Q - 3)°
EV,pQ - " v
(38) E‘iy (@A + (Bt +pt o+ (pra p)—%flog :

Hence to a second order approximation, whenever

By
EVY

is the same for all individuals, so is

EV,pQ

By

AT/ Throughout this section, unless otherwise noted, all variables

are those of the second period.
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7. Imperfect Competition

7.1 The Behavior of a Monopolistic Resource Supplier

In principle the behavior of a profit-maximizing monopolist who
controls the supply of an exhaustible resource is easily analyzed: if
demand conditions permit, he will manipulate the supply so as to ensure
that marginal revenue rises over time at .a rate equal to the interest
rate. The initial price (or quantity) will be chosen so that the total
stock is just exhausted at some appropriate time. The implications of

such behavior in the case of a constant-elasticity demand curve

Q=y® , y>0 , g<o
are well known. - In this case,

(1) wr = 228 _ g 4 Lyp
. 9Q 8

Cases where B > =1 aie uninteresting, as ‘they imply uniformly non-positive

marginal revenue and the non-existence of a best policy for the monopolist.

When 8 < -1,
-—@-z @é:
(2) m-TTEECT

so that the conditions necessary for maximization of the present value

of profits are also necessary for efficient intertemporal allocation.

There may therefore be nothing wrong, in allocative terms, with a monopoly.
Obviously the constant elasticity function is a very special one,

but it is a very éonvenient benchmark: in this role, we shall have
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reason to refer to it again later.. In the meantime, we shall consider
demand functions for which the elasticity varies in a simple and systematic
way along the demand curve. It is clear that in reality we would expect
the elasticity facing a monopolistic resource supplier to vary with price
and quantity, though it is not entirely clear a priori what the nature of
this variation should be.

One could for example argue that as the monopolist lowers his price
and his market expands, this expansion brings him increasingly into compétition
with substitutes for his product.  In the particular case of oil, the argument
would run as follows: as the price is lowered, o0il cuts increasingly into
markets which by virtue of some particular technological or geographical
characteristic had traditionally been the preserve of other fuels. (For
example, electric utilities situated near coalfields might switch to oil
firing.) In such cases, oil's advantage would be marginal and easily
lost by small relative price changes. One would therefore expect the
elasticity of demand facing oil prbducers to rise in absolute value as
their price is lowered and their market share expands.

Although the above is plausible, there is an equally cogent argument
leading to exactly the opposite conclusion. The above argument hinged on
the existence of near-substitutes with which the resource-seller comes
increasingly into competition as the price is lowered: +the alternative
case rests on the fact that as the price of the resource is raised, this
increases the incentive to invent substitutes that did not preﬁiously exist,

or to proceed with development work on potential substitutes whose development
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has been held - in abeyance while the resource price has been low. Again
illustrating the general with the particular case of o0il, the argument
would run in terms of higher oil prices encouraging the development of
shale oil, of dual-firing systems in boilers, and a variety of other
developments which would increase the elasticity facing oil sellers.
According to this argument, then, the elasticity facing a resource-
supplier is likely to be an increasing, rather than a decreasing, function
of his price.

We ‘have established that it would be sensible 1o consider the
behavior of a monopolist facing a demand curve with a variable elasticity,
though as mentioned earlier it does not: seem possible to determine ‘g priori
what the nature of this variation should be. : It will however emerge in
due course that a monopolist will behave differently in the various possible
different cases, so that it is_important in policy terms to differentiate
between them. We therefore present below a number of demand functions for
which the elasticity is a simple function of output, increasing, decreasing,
(or showing both properties). The demand functions involve only two
parameters, and should in principle make it easy to conduct empirical
work designed to Aiscrimina£e between the cases already mentioned. The

first pair of functions we shall consider is

(3) ; P= Ye-BQ Sy s B >0

and

(k) p=vef? v g0
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If n is the elasticity of demand,l/ it is edsily shown that for function (3)

: .
(5) n(Q) = - 59
and for function (L)
62
(6) n(@) = -+ 28+ a1 .

In addition, for form ( 3 ) marginal revenue is given by
(7 M.R. = P[1 - 8Q]
and for functicn (h)

—&

(8) M.R. = P[1 - 5
(8 + Q)

It is convenient to catalogue the properties of these functions.

7.1.1 Case I. P = Yg-BQ: n{Q) = -1/8Q, increasing in absolute value as P

rises and Q falls.
Marginal revenue is zero for Q = 1/8, positive for Q < 1/8 and

negative for Q > 1/B (see figure

P
v n(Q) < -1
M.R. > 0 n(Q) » -1
M.R. < O
. \\\~~
1/8 Q

Figure 1.



There is a "choke price" of vy at which demand falls to zero. This can be
interpreted as a price sufficiently high to cause users to introduce substitutes.

As quantity rises, price falls to zero.

1

+
7.1.2 Case II, P yeB Q: We shall restrict our . attention to cases where

L > 1/2. We have n = —{(BE/Q) +.28 + Q}, so that n is minus infinity

when Q = 0 or Q = +», and reaches a maximum of -48 when Q = B. There

1/8

is a "choke price" vye at which demand falls to zero, and a limit price
Y

1/3)

of v( < ve to which price falls-as output expands indefinitely.

Marginal revenue, given by

1
(
M.R. = vePTO[1 - «———’}————2—]‘
(8 +Q)
falls monotonically from mel/B to ¥ as Q rises. This demand function

thus exhibits both of the characteristics referred to earlier: there is
an upper limit to price, set presumably by the cost of bringing in substitutes,
and the elasticity rises askthis is -approached. - In addition, reduction of
price and expansion of the market also lead to increases in the elasticity,
presumably as more intense competition is encountered.

It can be seen that these two demand functions model‘very naturally
the cases of variable elasticity referred to earliier: 'in either case the
parameter vy has a natural interpretation in terms of the price of substitutes
or a "trigger price" at which substitutes are introduced, and B8 is a

parameter which controls the rate of change of the elasticity along the curve.
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We shall analyze the optimal behavior of a monopolist in the two cases, and
use the results as a basis for evaluating various policy resources designed
to change demand condition%;facing suppliers. We shall also present an
alternative parameterization of demand conditions which will allow the

anglysis to be conducted in slightly different terms.

8Q

The Monopolist in Case I, P = ye_ : Marginal revenue decreases

with output, being negative for Q 3:1/8. A monopolist will thus ensure
that Qt < 1/ for all +t, and will supply a quantity that falls over time,

causing price to rise. But from the facts that

M.R.=P(1+~l—)
n
and
R p, 0y
—= T = o 4 -
P
MR (1 +=)

it is easily verified that ?/P <'r, Price rises less rapidly than along

an efficient path, so that there is excessive conservation.

1

B+Q

The Monopolist in Case II, P = ye ¢+ Figure 2 shows the relevant

behavioral relations:



w =

Ye
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Figure 2.

The monopolist will seek to make marginal revenue rise over time at
the rate of interest.  r, and this requires- falling quantity and rising price.
It is readily verified that for Q > B, so that (1 + 1/n) is falling,
the monopolist would wish to have P/P >7r: at Q= B8, P/P = r, and for
Q <8, ?/P < r, Now it seems likely that a monopolist will not in fact be
able to sustain a policy along which ?/P > r: -stocks of the resource

will offer super-normal rates of return, consumers will wish to buy unlimited

gquantities, and the market will not clear. - If one accepts this argument,
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then the monopolist is constrained to have P/pP < r, in which case P/P=r
for Q> 8 and P/P <r for Q < B. There is once again excessive

conservation.

General Comments on the Case of Inl Increasing with @

It is worth observing that, whenever a demand function has the property
that the absolute value of the elasticity of demand rises with output, thel
~resulting behavior of a monopolist is in some sense extreme. In such a
case there are two possibilities: (1) If marginal revenue is monotonically
declining with output the monopolist will wish to set ?/P > r, and will
be constrained by the effects discussed above. (2) The alternative case

el/BQ

is where marginal revenue rises with output (as for the function P = vy

for which n =-gQ and M.R. yel/BQ{l - 1/BQ}), the equatign of M.R. to
an exponentially-rising shadow price produces a minimum rather than a maximum

of the relevant Hamiltonian, and optimal behavior involves setting output

to its upper or lower bound.

7.1.3 The Effects of Parameter Changes

The demand functions presented are characterized by two parameters,
y and B. We shall argue below that the effects of many policy measures
designed to promote conservation or to increase the flexibility of energy-
using equipment can be interpreted as changes in Yy or in B, or as simple
combinations of the ﬁwo. In this section we therefore analyze the effects
of such parameter changes in some detail.

An increase in Yy shifts the demand curves to the right, raising the

price associated with any given sales volume. The elasticity at any given
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w [

Case 1 Case II
Figure 3

quantity is unaltered (at -1/8Q or -(B8 + Q)e/Q), though of course the
t
elasticity at any given price does change.  In terms of prices, the elasticities

are

np)= - ————0—o Case. T

n(P) = = 2Y Case IT

P P
(log Y) (log‘Y B)

50 that in Case 1 (elasticity falling with market share) an increase in vy
lowers the elasticity in absolute  value at any given price level, and in
Case II the reverse happéns. It is also obvious that in Case I an increase
in Y raises the upper bound on price (the "price of a substitute") and in
Case II raises this and the lower bound (the "competitive price') , as

shown in figure 3.
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In addition, we can see that in Case I the requirement that M.R. > O

imposes an effective lower bound of Y /e

(price when Q = 1/B) on price,

whereas there is no such limitation in Case II -~ though the price is of

course bounded above and below by functions of vy.

the effects of an incrase in vy .

Effects of an Increase in

Table 1

-

Table 1 gummarizes

Case 1 Case IT
Lower bound on price Rises ( = vy/e) Rises ( = vy)
1
Upper bound on price Rises ( = v) Rises ( = yeB)
Elastiecity at given Q Unaltered Unaltered
Elasticity at given P Decreases Increases
Price at given Q Increases Increases
Q at which M.R. Unaltered Not applicable

changes sign
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The effects of a change in B are more complex. In Case I,

= B9 = . L

an increase in B8  lowers the gbsolute value of the elasticity at any given
sales volume, and also lowers the rate at which the elasticity rises as

the price rises. The elasticity at any given price in unchanged, and the
demand curve is shifted to the left, this time with its left hand end point

(@ = 0, P=y) unchanged (figure k).

Figure L
The marginal revenue curve is also shifted to the left:

M.R.

Figure 5
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In Case II,
L 5
P=yef  n@=-rmra

an ‘increase in B -raises the elasticity at any given sales volume. It

also shifts the curve relating n to Q as shown in figure 6:

L™

™ |

Figure 6

The elasticity at any given price increases, the "price of a substitute"

Yel/B falls, and the demand curve is shifted to the left.
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Again, these results can conveniently be summarized in Table 2,

Table 2

Effects of an Increase in B

Case 1 Case 1T

Lower bound on price Unaltered ( = %0’ Unaltered ( = vy)
T

Upper bound on price Unaltered ( = 7v) Decreases ( = Yes)
Elasticity at given Q | Decreases ~ Inéreases
Elasticity at given. P Unaltered Increases
Price at given Q Decreases : ‘ Decreases
Q at which - M.R. e . ‘
changes sign Decreases | : Not applicable

Before moving on to an evaluation of policy measures, we shall for

completeness consider the case of the constant-elasticity demand function:

B

Q=vyP" , Yy >0 , B<O0 .

Clearly an increase in v shifts this to the right: a decrease in 8

raises the absolute value of the constant elasticity but leaves the quantity
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sold unchanged at Y when P = 1. Decreasing B8 thus pivots the demand

curve about (v,1):

Figure 7T

7.1.4 Evaluation of Policy Measures

We shall conduct the evaluation of policy measures in two stages:

(i) Evaluate the desireability or otherwise of changes in vy and
8, and

(ii) Identify various policy proposals with changes in y and B8,
allowing them to be brought within the compass of conclusions in (i).

Examination of Tables 1 and 2 reveals that the following statements
can be made:

An increase (decrease) in vy raises (lowers) the interval within
which price muse move, and shifts the demand curve to the right (left).

It leaves unchanged the interval within which quantities will move.
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An increase (decrease) in B leaves unchanged the interval within
which prices will move and shifts the demand curve to the left in Case I.
In Case II, the demand curve is moved similarly but the interval within which
price moves is shifted downwards. An increase (decrease) in B lowers
(raises) the interval within which quantities will move in Case 1, but not
in Case IT.

An obvious consequence of this is that we can describe an increase
(decrease) in 7y as harmful (beneficial) as it raises (lowers)’the price
to be paid at any quantity, without providing any incentive to the supplier
to raise (lower) the interval within which quantity moves. In Case I,
the evaluation of a change in B ~is less clear. An increase lowers the price
paid for‘any given quantity, which is ceteris paribus beneficial. But it
also lowers the interval within which quantity must move (see figure L
which shows the changes in the operative (M.R. > 0) regions of the demand
curves). This is potentially harmful, though one can show that‘if the effect
of the increase in B is to either lower or leave unchanged the price at
which the monopolist-initially supplies the resource, the gverage price
paid by consumers over the duration of the monopoly will be lower at higher 8.
Although we have been-:unable to establish this definitively, this seems to
be the likely case. We therefore conclude that én increaée in B is

beneficial, and a decrease harmful, in Case I.
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W

Cagse I

Incresse in B8

In Case II, matters are more straightforward. An incrgase in 8
lowers  the price‘ax any output level and lowers the upper bound on price,
leaving the 1ower‘bound unaltered. This must be beneficial from the
consumer's viéﬁpoint.

Having evaluated the desirability or otherwise of changes in vy and
B, we can now pass to the next stage of the analysis and attempt to link
specific policy proposals to certain patterns of changes in these parameters.
It should be noted that the analysis is intended to be illustrative of the

methodology, rather than comprehensive. .1t should also be noted that we are

concerned only to evaluate the sign of gross benefits to the U.S.: no

attempt is made to cost the alternative programs or to consider their world-

wide welfare effects.

A Tax on 0il

Clearly this lowers the relative price of substitutes, lowering the

upper or lower bounds on the price of 0il and reducing the quantity demanded
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at any price. It-is. immediately appafent from Table 1. that this is | .
equivalent to a decrease in y: it will therefore decrease the elasticity

at any price in Case I and increase it in CasekII. From our earlier argu-
ments, it is clear that for a biiateral monopoly such a policy has a bene-=
ficial impact in that it reduces monopoly profits. Howevér, unless the

tax is caréfully designed, the diétortion in the allocation of oil may be
increased. Furthermore, in an open economy, the‘tax is a subsidy to consumer

groups that are not taxed.

Encouragement of Conservation Measures

“In this case the costs of the substitutes for any particular fuel are
Presumably unchanged, but demand is lower at any price. Table 2 'mgkes it

clear that in Case I this can be modelled as an increase in B,'and so. it

1

is on balance beneficial in its impact on import prices. In Case II, such

a move does not correspond exactly to changes in Y. or. B, though is

best approximated by an increase in 8. To model such a change exactly
in Case II it would be necéssary to add a third parameter ¢ “to the

functional form, meking it P = yéG/B+Q.

Convertibility Subsidies

Under this heading we have in mind subsidies embodied in preferential
tax treatment on the installation of equipment which maybburn either Of;
several energy sources. The primary effect of such a move would be to
increase the elasticity -of demand for a particular fuel‘(say'oil)‘at any
given price, and one might reasonably assume that even if quantity were held

constant , elasticity would increase. It is not entirely clearkwhat the

effect of such a move would be on the limits to price, but if the flexibility

of equipment is increased there will presumébly be a reduction in the upper
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bound on price. Inspection of fables 1 and: 2 shows that in Case I'such
é combination of effects is best modelled by decreases in both y "and 8.
From our earlier analysis, the former 'is unambiguously beneficial, and the
latter harmful. This makes the net benefit hard to evaluate: however, as
the main effect is probably to raise the elasticity at any given price
(lower vy), and as a decrease in vy 1is more clearly beneficial than a
decrease in: B is harmful, it seems that on balance convertibility subsi-
dies will-have a beneficial effect in Case I. Such a conclusion should be
tempered by the realization that a sdbsidy might, by lowering the average
fixed‘cost of energy use, raise the demand for energy in general. Such

an effect might need to be offset by a general tax on energy use.

In Case II; matters are still not ciear cut. The effect of the
subsidy is now best modelled as an increase in y and 8, with the former
now harmful and the latter beneficial. The only clue to the net effect comes
frdm the following argument, We expect that the upper limit on price, Yel/ﬁ
will fall, This requirement imposes g lower bound on the iﬁcrease in 8
relative to Y == to Be exact, if 'y and B8 change respectively from
Yy to v, and Bl to 62,

1
82 > Y,

1
(=~ - log =)
By Y1

The fact that the change in £ is bounded below by an increasing function

of the change in vy at least suggests, though no more, that there will be
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cases‘whére the B-effect predominates and the net effect is beneficial -~

subject, of course, to the qualification already made about the effect of

the subsidy on demand. '
It is ‘also interesting to consider the impact of convertibility

subsidies in the context of a constant-elasticity demand function

Q:YPB ’Y’>O s B(O .

They are clearly best modelled as a decrease in B, which pivots the
demand curve clockwise about the point Q = vy, P = 1. For quantities less
than Y, price is raised, and vice versa: the overall impact therefore
depends én the size of the monopolist's stock, being harmful whén this is

less than some critical level, but possibly beneficial if it is large enough.

7.1.5 Concluding Comments on Policy Options and Demand Parameterizations

As stressed earlier, the sbove is not intended as a comprehensive
evaluation of poliéy options, But rather as an illustrétion of ‘the methodology
that could be based on ﬁhe parameterization of demand fﬁnctiqns presented
‘in thé earlier sections.  Obviously other parameterizations could be

developed, and indeed we have on occasions seen the need for a function of

the form

2.
P=y ;eB+Q

Here the extra parameter o would give a further degree of freedom in shifting
the function to model certain effects.  However, the gain in generality is
spurious, -as one can'easily show that all three parameters of this equation

could not be separately identified in empirical work.
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An alternative parsmeterization which merits consideration is the

following:
P=(QO+Q)—B Case IIT
8
P = (;L-+ l) Case IV
% @
For Case III:
Q
= _ 1,0
n 8{Q+l}
M.R. = L 71 -3 &
(Qp + @) 2.1

Figure 9
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We have here a 2-parameter function whose behavior parallels that of Case I

closely, except that marginal revenue is positive at all output levels.

For Case IV:
1.9 . .
n——E{QO**l}
e = (La LB
% @ 2.9
QO

M.R.

Figure 10
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This function models & case not separately identified by Cases I
and II, viz. the case where the elasticity increases uniformly in absolute
value along the demand curve. In keeping with our earlier comments on such
cases, one can verify that along the monopolists optimal depletion policy,
the constraint P/P < r will be binding.

It is clear that much of our earlier analysis could have been presented
in terms of the functions of cases III and IV, and one can readily verify
that few conclusions would differ: the choice is ldargely a matter of

convenience, which will depend on the particular problem in hand.
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T.2 The Profit-Maximizing Cartel

The preceding seétion discussed the profit-maximizing production
allocation determined by a monopolist on the supply of a. resource. - This
is, of course, an-extreme case. "While some resource markets are dominated
by a particular producer or colleétion of produ&ers (for example, the OPEC
cartel), there ar’e’ existing and potential suppliers that act as price-
takers.. This collection of competitive or socially-managed producers we
term the competitive fringe. The set of producers who explicitly consider
the effects of their coordinated supply decisions on the resource price we
term the cartel.

In this section we show that the supply response of the competitive
fringe -can significantly limit the monopoly power of the cartel. Thé
effect of the fringe on the cartél allocation depends on such factors as
the size of the stock owned by the fringe, constraints on the rate of
extraction, and the cost of extraction. The results suggest that in a
market dominated by a cartel, the existence of a fringe leads to allocations
‘that differ dramatically from those that characterize a monopoly on the

supply of a resource.

The following notation is used in this chapter.
Sz(t)t Total exhaustible resource stock owned by the cartel
gt time %, :

Sf(t): Total exhaustible resource stock owned by the competitivé
fringe.

kf(t): Output capacity of the fringe.

Q(t): Total exhaustible resource output (assumed equal to
consumption unless stated otherwise).
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~P(Q,t): Demand price of the resource.

P(Q,t) 3Q(P,t) . i
“Tqlt) ~ e Magn}tude of demand elasticity.

qz(t): Cartel output.

Rt(t): Cartel revenue.

MRz(t): Cartel marginal revenue.

We assume in this section that a perfect substitute is available
at price P with zero development cost. For simplicity, we assume the
extraction cost of the resource is zero {(up to the capacity constraint),

and the market rate of interest is a constant, r.

H
We have argued that the competitive sector will hold back production

if expected capital gains on the exhaustible resource exceed the market
rate of intereSt, and produce at capaéity if expected capital gains fall
short of the rate of interest. The competitive sector will supply at the

rate demanded if capital gains equal the interest rate, or it

He

(t)

oy e wliE— T of

P(t)

An analogous statement applies to the cartel, but with price replaced

by marginal revenue. Cartel production will equal demand if

s

5l

3

ot
i
al

where MR(t) = P{t)[1 - 1/a].
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7.2.1 Constant Demand Elasticity (o > 1 3 a = 0)

For this case, since extraction cost is assumed to be zero,

MR(t) _ P(t) _ -
MR(t)  P(v)  ©

Both ‘the cartel and the competitive sector face the same rate of

return at each point in time, and the same terminal condition:  mnamely,

kP(Q('Ik‘)) = P when 5,(T) =51 =0 .

The price rises at the rate of interest until P(t) = P, and then remains

at P (figure 11).

[
-
|
l

Figure 11
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The effect on the allocation of the resource would be the same
if either the fringe or the cartel's output were constrained by production
capacity. The constrained sector would produce at capacity until demand

fell below the capacity constraint. QIf

P(qi(k)) >P, i=4,f

the resulting allocation would appear as shown in figure 11 except that
both the substitute and the resource would be produced for t > T. If
otherwise, the time trajectory of prices might appear as shown in figure 12.
Of course, if cgpacity is a binding constraint, there is an incentive to

invest in additional capacity.

Pla(k)) —— — — —y

N4

Figure 12
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The important observation, however, is that for this case, where
a>1 =nd a= G, there is no asymmetry in the supply responses of the
éompetitive and monopolistic sector. The cartel is in name only, ‘and has
no distortionary effect on the aggregate allocation of fhe exhaustible

2/

resource .=
While an interesting example, this is not necessarily the central
case. There are finite extraction costs to consider. Perhaps more im~
portant, the demand elasticity may vary over time, and empiriéal studies
have suggested that in recent years the magnitude of the short-run demand

3

elasticity for oil has been signicantly less than one.

2.0 Elasticity greater than unity (in magnitude)and increasing

over time (a >1 3 a > 0)

In the first interim report, we gave a specific example comparing
the socially optimal and pure monopoly . allocations when demand elasticity
was above unity and increasing, and it was shown that the monopolist was

over-conservative. The result is repeated in figure 13.~

Q*(t)

Q(t)

W

Figure 13
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What we shall explore now is the influence of the competitive fringe

on the total resource allocation.

Equilibrium rates of return for the competitive sector and the

cartel are

B(Q) _ r (competitive sector)

oo

(cartel)éj

where

[t}
-
1

o(t)

and
% >0 if & >0 .

Assume no constraints on production capacity. In this case, the

supply response of the competitive sector will constrain the price so that

rgrde
i
]

if Sf(t) > 0. If @ > 0, the cartel's rate of return on its resource
stock exceeds the market rate of return, and the cartel should postpone

extraction to maximize profits.

If 4 <0 (which would be the case if &(t) < 0), the distortion

in the cartel's allocation would be lessened (relative to the socially
optimel norm) by the postponement. The fringe in this case takes away

some monopoly rent by forcing the cartel to postpone extraction. It can
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do ‘this because the absence of any capacity constraint will insure a

competitive rate of return. The result would be as shown in figure 1h.

N

l

Figure 1h

For
: P
tE(O,Tl) R §=r
and for
P_._d
te(’l‘l,Ts) s =T .y

The effect of the fringe on the monopoly power of the cartel depends on

a{t) and Sf. Note that the allocation would be efficient if ¢ = 0

for t :-Tl'
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If the production capacity of the fringe is limited, the cartel can
exercise monopoly discretion from the initial time period. Furthermore,
the result is not symmetric if it is the cartel that is capacity limited
and not the fringe.

Cases 3.2.1 and 3.2.2 are offered for illustration, and certainly
other examples can be developed, but with diminishing returns. We now
consider the case of imperfect competition when a < 1, which in view of

empirical results would appear to be the central category.

7.2.3 Optimal cartel pricing when demand is inelastic (o < 1)

o < 13 no capacity constraint

When o < 1, a monopolist's optimal (constant price) strategy is
to set the market price of the resource just below the price of the substitute
6
source of supply.‘—/ The demand correspondence for the monopolist may look

as shown in figure 15

jas]

G G AGOSTn | GESND  SMGONGIEANS, Sem

Figure 15
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For Q > Q, by assumption. -

. 1.
MR, = P(Q)[1 - =1 <0 .

The monopolist maximizes revenue by producing at the minimum rate
in this interval. For 0 < Q < @, the monopolist maximizes revenue
by producing at the maximum rate in this interval.  Hence the revenue

maximizing production rate for the monopolist is

It is clear that such a policy differs markedly from the socially optima.l
ailocatién, or-the perit—ma.ximizingy monopoly strategy when o > 1. VIn
particular, for o <1 the ’policy is‘independent of the size of'the
monopoly resource stock. However, high prices encourage entry which erodes
profits. The monopolist will choose a price strategy that balances current
profits against increased future competition. The structure of dynamic
limit pricing is developed, for example, in Gaskins ,l/ Phelps and Wintezﬁ-/
and Spence.g/ |

While this may seem somewhat far éﬁeld from the cartel-fringe
problem that occupies us here, we shall show that in fact when o <1,
the optimal ‘cartel policy, assuming no uncertainty and perfect foresight,
is described by a limit price determined by the supply response of the
competitive fringe. The supply response depends on both the total stock
of -the resource owned by the fringe, and the output éapacity of the fringe.
Let us consider first the case in which the fringe is not cozistr;ained by

production capacity.
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We can determine the equilibrium allocation, assuming perfect

foresight, as follows. If at any time,

| rge
A
5

the supply response of the fringe will force the price down to. zero.
Since the supply response of the cartel will insure that ﬁ/P <r (if
ﬁ/P >'r neither the cartel nor the fringe will produce and price will
rise wtil P/P < r), it follows that P/P = r as long as Sf(t) >0
‘and P(t) < P.

It is in the interest of the cartel to choose a pricing policy that
encourages rapid depletion of the fringe stock, since the fringe stands in
the way of monopoly profits. However, the cartel can only do ghis by

choosing a low initial price, P_, and this reduces its own profits in the

0
short-run.

Since it doesn't matter to whom the fringe sells, we may suppose

that the cartel abids by the pricing rule,

“de

3

P(t

(t; =y for P(t) <P

and buys the entire fringe stock at t = 0  at price PO. The cartel

profits can then be described entirely by the choice of PO' The
cartel’s maximum profits are
T rt
7 -r(8, - ,fq(POe )dt)
(9) 1% = max (-P.5_+ P QP e™F)at + LB TTQ(B)[1 - exp| 0 m

‘ 0
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subJject. to

POifi
Let

SO =z SR + sf .
Now

Pt =P,
and

T = %-ln gi

0

Assume akconstant elasticity demand function given by

1
€
~ rt £oem L
(10) Wpe™) = (),
P.e
0
where
e =251
o
Now
1 e
T B B P c 1P
1l - 1y dP €= 1) 1. €
fa()at = fa()-E- = jQ(r) aP = [X(E y & _fe-21)"1 5 |
0 P ap P rP p¥ P P r A op
0 dat 0 0 e 0




Define

Sl =
Then
(11) HE =

Necessary and

1
(12) B,

Now

(13) AP) = (&%=

Substituting (

“ele -

~279-

™
}—l

1 1 1
ele - 128 T e =t
max {—POSf + PO - (PO - P)
P
0
2 1 1
. ) N So _ e{e ; 12 (p € _ = e)
+ TP QP [1 - exp [a(—g)-( 5, - 5,(2,) )11}
sufficient conditions. for a maximum are
1
1) {8 = 51(By))
[{e = 1) + e 216:))
(p) :
S, - S (P €
l. /= -r, QO 170 _ ege - l)
+ ;Q(P)[l - € ( Q(P) )] = I‘Sf + T

ol o

£ - l) = (e - l)E?

13) in ( 12 ) and rearranging terms gives
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-t

-~ 1S (s, -8, (P.))
____i;_i.+ !T [(e - 1) + e~ T=9 Q(P% 9 }1
2 (e - l)g.' B® .
(1)4) PO = _r(so — Sl(PO))
(e = 1) + e -
L Q(P)

Suppose the length of time required to exhaust SO - Sl is

sufficiently large that

(s0 - Sl(PO))
Q(P)

(e = 1) >> e

Then a reasonable approximation. to (14) is

117"

S

(15) po (e - 1)|—=

€ ~ 1)e
0 € =1 o

+ ( =

Compare this to the efficient Pg for the fringe stock S_:

(16) Pg(sf) = (

It follows that

£
Py < P§(sg)

Also, it must be true that

a
PO > Pg(SO)




since the cartel can choose to supply the rescurce at the efficient competitive
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price. For this case, the cartel policed by a competitive fringe with

unlimited production capacity chooses a price path P(t)

follows:

(1)

rate of return on the resource stock.

The rate of change of P(t), P/P

is equal to

However,

described ss

r, the efficient

(ii) the magnitude of the price, P(t), is bounded below by the

efficient price for the total endowment, S

0

, and bounided sbove by the

efficient price for the stock limited to the amount owned by the fringe,

£

avl}

Note that the

of (¢/(e - 1))sf with backstop price P. Because p*

S This is illustrated in figure 16.

P*(sf
v
// 7
P*(S,)
s T -~ 0
\—
/"/
Pﬂ
Figure 16

A2

price leader allocates efficiently for an equivalent stock

P/P=1r for P < B, it follows that

%
< PO(Sf), and
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T
fa(p(t)at > Ss
0

B. In other words, the cartel produces

where T 1is defined by P(T)
some of its own stock during t € (0,T), in addition to all of the fringe

stock.  This is clear from

S._»>.8 for g <™y

The ‘amount -in excess of Sf is just

Los .

£
( - U8, = o 7Sy

e !

Adelmanig/has calculated that the OPEC cartel enjoys a considerable

cost advantage relative to competing suppliers of petroleum, as well as
claiming over one-half of identified free world reserves. Thus it is of

interest to see how the analysis is affected by the inclusion of production

costs. Assume production is constant returns to scale if capacity constraints

are not binding. ' Let

C.

P mit production costs of the fringe.

unit production éost of the cartel.

Cp

We aséume Cf } CKA .

If fringe capacity is unlimited, then, by the previous argument,

the cartel must set prices so that

e

= 1 for P(t) < P .




-283~

The cartel's pricing strategy is independent of CQ, since the
profit maximizing price is P for Cz < P. The derivation of the optimal
cartel pricing strategy proceeds with only minor changes, and the equilibrium

extractions path is as shown in figure 17.

vl

(positive extraction
costs)

Figure 17

It should be stressed that the resource allocation determined in
this section would only obtain in practice if contracts for all future
dates could be made and enforced. For example, if the cartel did buy out
the fringe, it would, if not policed, depart from the agreed upon ex-
traction policy and set price equal to P to maximize profits. If the
ffinge suspected that this would be the result, competitors would not sell
the resource to the cartel in the firét place. However, the cartel can
provide its own guarantee, namely by producing its own stock at the

equilibrium price. The fringe can then schedule production to exhaust .
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stocks when price equals P. If the cost of extraction from the fringe
stock exceeds that of the cartel, production in the agbsence of futures
markets would be efficient since the lower. cost deposits would be extracted
first.

This result depends on perfect information about the remaining
supplies in the fringe; Given the uncertainty in world supplies and the

policy decision of producers it is unlikely that the delicate equilibria

described in this section would obtain. (Nonetheless, the solutions
emphasize the incentives bearing on suppliers of the exhaustible resource.)
Suppose instead that the cartel chose a constant price and the fringe
responds by producing at capacity, at least until it becomes evidenﬁ that
fhe totél supply of thé fringe will be exhausted in the future and the

price will rise suddenly to ‘P, We examine this outcome in the next

section.

a <13 fringe capacity limited

The cartel's profit-maximizing strategy takes account of the supply

response of the fringe. If the cartel sets a price trajectory with

< r 5

rg | O

the fringe will respond by producing at capacity, k Assume the size of

e
the cartel stock is sufficiently large so that the date of exhaustion, T,
is far enough away that rT > > 0. In than case, the cartel maximizes

profits by choosing q, to
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(17) max P(ql + kf)qz R
%y

subject to the constraint that

) <P

P(ql * ki) < .

The cartel could of course elect to set the price trajectory described
in the previous sectiongdj Comparison of the strategies will be postponed
until the end of this section. We will show that the fringe capacity
constraint enables the cartel to increase its profits. However, if the
fringe producers have rational expeétations, and if the fringe stock is
exhausted before the cartel stock, the fringe supply response eventually
will force the cartel to conform to the price schedule descriéed in the
preceding section,

Maximization of { 17 ') requires

q
. L1 1012
Plq, + k1 - A + qu X, 21=0

or

A i a
= +
qﬂ 1-a 1 - w5r o

where A is the shadow price to the cartel of the fringe capacity constraint.

The solution for this policy choice looks as shown in figure 18.



~-286-

N/

Figure 18

The non—monoﬁonicity of the q, is the result of the constraint'that

Plg) + k) <P .

In the absence of the constraint the profit-maximizing 9, would be

proportional to kf, with slope

However, for k_, < k., the cartel is limited by the backstop price P.

f Sl
For this strategy, given ?, the resource price dependence on kf is as

shown in figure 19.
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P(ql + kf)

vl

A4

{2 R 4 N

Figure 19

The dependence of cartel revenues on kf is

] for k., € [0,k

i

R, (ko) = PlafP) -k, el

This is illustrated in figure 20.
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aPQ(p)

\\'d

Figure 20

The cartel could choose either a constant price, or the price policy
discussed in section 7.2.3 Let us suppose that producers comprising the
fringe were myopic in their supply responses to prices set by the cartel.

In that case, the cartel could choose between the following revenue -streams.

7 e e et e

|

Case 3.1

|
!
|

t
Tl T2

Figure 21
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lGiomecs  Qroamdy . Cee @t G

Case 3.2

Figure 22

If the cartel stock were large relative to Sf, the revenue stream
shown above in case 3.2 would dominate that of case 3.1. The reason is that
in case 3.2, the cartel exhausts the fringe as soon as possible. In
case 3.1, the cartel had to buy out the fringe, and does not make up for

this outlay until time T (The purchase need not actually occur, however,

1
the amownt of the purchase is the reduction in cartel profits that result
from produétion by the fringe.) The cartel actually does better in case
3.2, provided it has enough of the resource to spare in the tlurry of
production that océurs before time TO;
’ However, case 3.2 is not an intertemporal equilibrium allocation if
competitors are not myopic in their supply decisions. Competitive producers

or the resource who anticipate the price rise at time T. would hold back

0
supply, and the market price would rise. Let Pl(t) be the price trajectory
for case 3.1. BSuppose that the revenue-maximizing cartel price when the

fringe produces at maximum capacity exceeds Pl(t). Then there would be a



jae]

-290-

period of constant prices as the fringe stock is depleted, followed by rising

prices until the fringe stock is exhausted at P(T) = P (see figure 23).

Vv

Figure 23

Whether or not the resource price exhibits a rising trend in the
immediate future depends in this formulation on. the cépacity limitation‘of
competitive suppliers of the resource. :However, in all cases there is a
tendency for prices to rise eventually toward the cost -of:a substitute
source  of suppiy. The costs of substitutes ultimately determine the ‘monopoly
power‘of the resource cartel. We have assumed in the preceding analysis
that . a substitute was available ét a . constant marginal cost. In the
next section, we examine the returns from development of a substitute for
an exhaustible resource when there are fixed costs associated ﬁith the

substitute production technology.
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Section 3:  Footnotes
Flsewhere in this report we use o for the magnitude of the demand
elasticity. That is, n = -a.
Extraction costs change this result as discussed in the first interim
report, still, the important result is that the distortionary effect
of the cartel is limited when demand is elastic (a > 1).
See, for example, Berndt, E. and D. Wood, "Technology, Prices and
the Derived Demand for Energy," University of British Columbia
Discussion Paper TL-09, May 197k, and Fuss M.. R. Hyndman, and
L. Waverman, "Residential, Commercial and Industrial Demand for
Energy in Canada," Stanford University mimeo, 1976.
Note: we assumed 23P/3t > O.
We shall refer interchangeably to a cartel, monopoly or price-leader
to describe the sector sharing the market with the competitive fringe.
In section 5.2 of this report we show that for some circumstances,
ﬁhe profit maximizing monopoly strategy is to randomize prices.

Gaskins, D., "Dynamic Limit Pricing," Journal of Economic Theory,

1971.

Phelps, J., and S. Winter [1971], "Limit Pricing under Atomistic Competition,"
in Phelps and Winter, (eds) The Micrgeconomic Foundations of Macroeconomics.
Spenice, M., "Entry, Capacity, and Oligopolistic Pricing," IMSSS

Technical Report #131, Stanford University, 1974,

Adelman, M., The World Petroleum Market, Johns Hopkins Press,
19T71.
The only other possibility is P/P > r, but in that case both the

cartel and the fringe will hold back production.
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8. Increasing Returns in the Development of Substitutes

When 'a substitute for an exhaustible resource is available and>can
be produced at constant marginal cost, ?,‘we know from the discussion in
the f;rst interim report that the efficient resource price will rise to
meet P when the resource is exhausted. Furthermore, we have shown that
the efficient allocation is sustained in a perfectly competitive economy
with rational expectations.

Previous discussion has neglected the fixed costs associated with
the introduction of a substitute. In section 8.1, we determine the socially
optimal management of an economy with an exhaustible ‘resource stock {with
zero extraction cost) and & substitute that can be produced at constant
marginal cost P, but requires a fixed cost, A, for its introduction. In
section 8.2 we extend the analysis to congider variable development costs
that depend on the anticipated date at which the substitute will be. introduced.

For an efficient allocation, the subsfitute must be priced at its
marginal production cost, P. This means that if the substitute is supplied
competitively, there are no profits to ‘cover the cost of developing the
substitute technology. If development is socially managed, the government
finances the cost through taxation. Patent rights are relied upon to provide
incentives for decentralized research and development. The patent grants
monopoly power (for a limited time) to the firm that introduces the invention.
In section 8.3, we analyze the profit-maximizing date at which a substitute
would be introduced by a monopolist on both the exhaustible resource and
the substitute source supply. The case of competition for an infinite

patent (i.e. monopoly) on the substitute is the subject of section 8.k,
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In section 8.4 we Join the problemfbf decentralized development of
a substitute source of energy with the analysis of cartel pricing policy.
The cartel limit price depends on the introduction of substitutes. However,
even with an infinite patent, there may be no incentive for decentralized
development because the cartel can price just below the production cost of

the substitute.

8.1 Socially optimal introduction of the substitute

Define:

A: fixed development cost of the substitute for the exhaustible
resource.

v(S,.,T): social value of the exhaustible stock, %}, depleted
over a time horizon, T.

V(P): social value of an inexhaustible substitute with
production cost P,

Let
=T =
(1) W(8,,T) = V(Sy,T) + e T [V(B) - A]
WS(SO,T) is the social return from introduction of the substitute at

date T.

Define h by
(2) v(h) = v(B) - A k.

By construction, h is the unit cost of a constant returns to scale
(CRS) technology that yields the same present social value as the technology

with development cost A and unit production cost B.
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Assume the demand price of thé resource’is given by

(3) P(Q) =% ,

where

Then for o >1,

'l
1f

()

and for o <‘1

k vl

X 8 ——§~
h =P rje-1 e~1
(5) P[l + e < 5 ) A}

The. resource price trajectory that supports the optimal allocation

a g
"

is shown in figure 1

p, TS

t
h

]}

\V

Figure 1 t
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Note that there is an interval of time during which the resource
price exceeds the marginal cost of the substitute, and at time T there is
8 sudden change in the price corresponding to introduction of the substitute.
Suppose, for example, that the current price of crude oil exceeds the marginal
variable cost of shale oil. Given the costs of introducing the shale oil
technology, the analysis here suggests that the price differential is not
sufficient cause to argue that the introduction of shale oil should be

accelerated.

8.2 Endogenous Availability of Substitute: The Socially-Managed Economy

In this section, we consider the somewhat more general case in which
the time at which a substitute may be introduced is a function of the level
of investment. The optimal investment plan when both the entire exhaustible
resource stock and the substitute technology are socially managed is
determined. It is shown that the optimal level of investment may be a
discontinuous function of time.

The socially-managed case is a benchmark for comparison of investment
in substitute development when both the resource and the substitute are
controlled by a monopolist (section 8.3), and when the resource is owned
competitively and there is competition for a patent on the substitute

technology (section 8.k4).

The present social value, gross of development costs, of a resource

stock SO and a substitute introduced at time T is WS(SO,T) defined by

(6) W (8,1) = V(s,,m) + FTu(P)
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For the assumed demand conditions,

E — ——— et
S € 1= ‘ € ~rPefl -} ¢
= {(—) '8 - e — e
(7} W (SO’T) (r) 5, (l e ) e ( = )
Investment in the development of the substitute is determined to

(8)  max (Wo(8_,T(x)) - x} .

X

O’
8.t ‘X_>_O .

where x -is the level of investment in the development of the substitute.l/

First-order necessary conditions for a maximum are
_roy o xm =F
(9) s(l -e ° ) (De “T'(2) sol‘E - re‘r%@.(l_.:_i) =1-2 ,

r P

where A - is the lagrange multiplier for the constraint 'x > 0. Therefore,

1-¢ _(l—e-e)rT di-e
o) 2 SRR ————erT+-1-<€>l—€/l:€)€
. 1l-¢ £ r T! €T \p

Assume T(x) 1looks as shown in figure 2,

. Figure 2 x
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so that T(0) » «. Then for 84 i’s'o, x>0 (i.e., T(x) <«) and A = 0.

o

Therefore, for S, <5

0 0

" 1-e i) 1-¢

_rT P T
(11) 3 lete 1 l-¢ € es 1 -¢€ € € )rT
==& 1-ce A telT= e
0 e(r) T P

Consider the right hand side (RHS) of

T

1 e l-g" ¢
es x 0 [T(x) » =],Ra8 (1) -1(8) e, o

e T T

_ I 1-e 1-¢ rTl—e
| lel—€<l—e€) 1-¢e)\® [T
as. x > o [T(x) -~ 0],RHS (ll)+z(;) - X +.e = i-e
> -o  if T(x) 1is constant elasticity.
If T(x) is constant elasticity, it can be shown that
(a) either there is no x for which the RHS of (11) =0 (® x* = 0 for
all S, > 0), or
(b) there are two values of x. for which the RHS of {11) = 0.
The RHS of (11) 1ooks like (for case (b)):
e N
g 1-¢
o
\ = 1l-g
SO l
| \
0 F X | X /X
min max

Figure 3
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For SO > SO » x¥ = 0. (The constraint «x >0 is binding.)
We can see why this is so by plotting the family of curves

WS(SO,T(X)) as a function of x for different values of S0 {figure L.

s >s3>s§>s

O
o

It is the higher value of x (in the two solutions to ( 11 )) that

maximizes net surplus.
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For §O there is only one value of x that is a solution to (11).

there is no value (e.g., Sg

For. 8. > S

0 0° gbove). I.e., the marginal benefit

of investment is less than one for SO > §O, and the marginal benefit of

investment equals one for S. =8 At this point, x*¥(5.) > O because of

0 0’

the non=-convexity in the benefit function (terms like T'e_rT).aj

0

The optimal investment in the substitute as a function of tc romaining

resource stock, S., is as shown in figure 5.

0
<%
X* g
x¥* e ~a— Point of Discontinuity
0
0 S
0 SO
Figure '5
Also, prices must be discontinuous -- because a continuous price implies

zero investment in the arrival time of the substitute.

8.3 Monopoly vs.Social Optimum

The monopolist's net revenue from the stock SO and the substitute

introduced at time T 1is

Py 1-¢

i c .
(12) Wh8,,2(x) = (1 - e)(5) s 1"'3(1 - e E)g + e Tl o) (l = )
r 0 P

r
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The difference between marginal net monopoly revenue and marginal

social value of investment in the substitute is

{ \ e =, S l‘ere(-e-)ee
(13) Wl - W = & {"I‘P(l—%—) el-(1-ef }-‘ 0___r

>
Since dT/dx < 0, Wo - W> 2 0=
x X
1l-g
l~€ —— 1
(=—=)rT 3 =
1-¢ £ 1l - €
S e S 1= (1= g)
(1h) =2 A W
l-¢ €
T £
- i
o E T

From (11 ) (first order necessary conditon for x¥*), we have

l-¢

1] T A

(15) -2 =Lleyl-ele ,  ((oe)
__Igl—s € T T" P

(l -e €

Substituting (15) in (1L) gives
l-€
"]::'E' (l - 8) € { ( )_]S;]
1~} rov € ell - (1 -=¢

ie e (L-¢) >\ 1

(16) e(r) T +€( 5 ) < . s

or
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(x) o =t
i € —
an ez essfige|Tha-as

Since the right hand side of (17) is strictly positive, and the left hand

side is strictly negative, it follows that
W< WS
b'e X

For all values of SO, monopolist spends less on research for introduction

of substitute than is socially optimal.

(8,4) Competitive Development of Substitute; Socially-Managed Resource

Suppose that the results of investment in a substitute source of
supply is a known function of the investment level, and all firms are
identical. If there were. N firms engaged in development, an equilibrium
would have each firm maximizing expected profits, which must be 1/N of
total profits. However, this is not a stable equilibrium if expected
profits are positive, since an increment of investment by any one firm
would capture total profits. The only equilibrium is one firm engaged in
development, at a level so that profits are zero to forestall entry. The
private incentives for development of the substitute depend on the future
price of the resource. We have assumed the resource has zero éxtraction
cost. Hence the resource can always be priced to undercut the price of the
substitute. In that case, we may suppose that the innovating firm announces
the arrival date of the substitute, T(Xc)’ and resource production is

scheduled so that the stock is exhausted at T(xc).
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Given the announced arrival date of the substitute, T(Xc)’ the
resource would be produced efficiently if owned by competitors as well as
if it were socially managed. However, the results of this section may be
changed dramatically if the resource stock is owned by a monopolist, as we
shall see in the next section.

It is assumed that an infinite patent is awarded to the firm that
develops the substitute (inclusion of finite patent rights is straight-

foreward). In this case, the value of the development program is

S l-c

“rT(% ) L e

(18‘) e ¢ —i—_(l - c)e(—%—;—g-) for e <1 .

For zero profits, the firm will equate investment cost and revenues,
so. that
1 1l-g
-r(x ) 1-¢

(19) x_=e -0 =S C

Let us compare the allocation of investment in development, X,»

with the optimal allocation, x*. For x¥,

_ i 1-e
(20) max WS = max {[(£) 8.1 -e Sle+ T TEEE) E ] x) .
* * r. 0 r.p
X X
For x
C
1 l-¢
, -7 - €
(21)  x_ = e E( - )N(ETE
r P

provided S(T(xc)) =0
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As long as the innovating firm does not have to wait to introduce
the substitute, the firm will ignore the effect of the substitute on the
value of the exhaustible stock. Since earlier introduction of the sub-
stitute may lower the value of the stock, this implies that the competitive
allocation to development may exceed the optimal level.

Define X by

l-¢
~rTe 1 = ¢ €
(22) max [e = (=) - x] = max W(S. ="0)
T P 0
X X
Then
x > x¥
Since
1l-€
£
By = E(LoE
WP = S(is
we have
(23) o Ty o

dx

which determines the optimal investment when the resource stock is zero, and

-rT(x ) 4

(24) e ¢ (1 - ¢)V(P) = X,

for the competitive equilibrium.
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Te see the relationship more clearly, rewrite (22) and (2L4) as:

For X
max [o7TT(R) _ % 1o
% v(p) V(B
For x
c
1
i E)g‘e--rT(xc) i X,
v(P)

The ‘relative magnitudes of % - and X depend on  V(P), €, and the

correspondence T(x); This is illustrated in figure 6.

Figure 6
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In figure 6,

while

Consider the speclal case

e—rT(x) __x
x + 1

L
x_ = (1 - ) (v(F) -1

Now

or
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Ir

\ aw
Bxlx, 70
c
then X > xc,while
dw
Phahiy = ¥
o XC<O x<xc
For (1 - ¢)v(p) <1
dW
lx >0
c
and
X > x
¢
2
For (1 - ¢)%v(F) » 1
dw
wlx <0
¢
and
X < x
¢

Since % > x*, if the "prize"

2

(1 - e)5v(P)
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is sufficiently large, the competitive innovating firm will overinvest in
development relative ﬁo the optimal level.

of course; patent rights are limited in duration, and even with the
patent the firm may not be able to capture the full value of the innovation,
as others will invent around the patent.

These results show that for e < 1, there are private incentives for
the development of substitute sources of supply: however, the market-determined
allocation of investment in research need not be optimal. In principle,
the markgt distortion can be corrected. For the preceding example, this

would require levying a tax (subsidy), 7, such that

2
(25) (1 -¢e)v@ + 1) =1
or
[
I f:e
(26) T=(—) (1-e)® -5
(if SO =0).
For .+ 0,
t=1=-PF
and for € ~ 1,
=P .

a subsidy equal to the unit production cost of the substitute.
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For efficient distribution, the market price of the substitute should
remain at P,

In the next section, we consider € > 1 [a < 1], and show that the
policy implications fof this case can be quite different from those deséribed

above.

8.5 Competitive Development of Substitute: Monopoly—Owned‘Besource

‘This situation is entirely different from the preceding case, for
two reasons. First, if the exhaustible resource isnowned by a monopolist,
the price would be determined by the cost. of a substitufé. If development
of theksubstitute were socially managed, the substitute‘shduld be introduced

if the monopolist maintained the resource price above

qeTy =M+ HEDH A

for the case in which development cbsts are a constant, A, and o <. 1. Thus
h is a limit price for the monopolist. For o > 1, the profit-maximizing
monopolist schedules production to exhaust the stock when the resoﬁrce price
equals h. 1In both cases, the cost of deveioping and ?roducing the substitute
determihes the monopoiist's profit-maximizing priéing strategy. Or, more
precisely, it is the monopolist's perception ofkthe cost of develéping and
producing the éubstitute that determines the monopolist's optimal strategy.
The second ‘difference is tﬁe incentive structure for decentralized
development of the substitute. When o > 1 and a substitute is introduced,
the monopolisﬁ would-lower its price to exhaust the stock when the price

equals the substitute price. When a < 1, the monopolist need only lower '



=309=

its price to Jjust undercut the substitute price. This is illustrated in

figures 7 and 8.

G T S . a > 1

=%}

Figure T

We assume that before the substitute is introduced, there is a backstop

price of h' > h > p. In figureT7, (¢ > 1), the substitute is introduced

at Ts’ and the resource price drops to clear the stock when Pt = p, the
substitute price. In figure 8, (o < 1), the price is h' until T »
when it drops to just below D.
AN
Ev
a <1
P I
T t
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In both cases, introduction of the substitute must wait exhaustion of the
monopolist's stock.

It mgy seem that it is in the interest of the consuming nation to
subsidize research in order to reduce the monopolist's market power. However,
if the cartel knows Dp and A, it can calculate the limit price h. It is
not in the interest of the cartel to price in excess of h. Hence the
consuming public should be indifferent ﬁith respect to development of the
substitute as long as the cartel price does not exceed h. In other words,
development of substitutes reduces monopoly profits.

This assumes that the cost of the substitute is public knowledge.
Jt.is ‘to the advantage of the consuming nation to convince the cartel that
the cost of the substitute is low, since this lowers the cartel's expected
profit-maximizing price. In an atmosphere of mutual distrust, the cartel
might view information as propaganda and price above the announced cost of
substitutes. " Hence it may be necessary for the consuming nation to introduce
the substitute (even though it may not be used) in order to police the
actions of the cartel.

In general, the pricing policy will depend on the state of the sub-
stitute technology. The limit price will be high if the capacity tobproduce
the substitute is dlow, or . if the brice of the substitute ié high.

If expectations are rational, decentralized produéers of the exhaustible
resource (in the fringe) will invest in the expansion of capacity in such
a manner that the cost of imports from the cartel and the cost of capacity
is (efficiently) minimized. |

The cartel will set its price aware of its incentive on the consuming

nation to develop the substitute technology; and conversely the consuming
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nation should organize research to limit the monopoly power of the cartel, as
well as to provide a source of supply alternative to the exhaustible resource.
This is. a complicated problem when one ' takes account of the reactions of

each party to the actions of the other party. However, it is not difficult

to determine the result if we assume that the price of the substitute

depends on the actions of the consuming nation, and the cartel simply

takes the current price of the substitute as given. and prices accordingly.
Then the consuming nation will invest in the development of the substitute

in order to minimize

T

(28)  {p (n(1))a (P)e ™ at + Tv(n(1))e™™T + 1)
0 : ;

where
I = total investment in substitute
h(I) = trigger price of substitute
Let
(29) Se = € f lsf
Now

rt
P, (n(1)) = Py(n(1),5%)e

therefore the objective is

~rT
(30) W= min {P (n(1),5%)8° + S==V(n(1)) + 1}
T T

k]
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with

1"'8

7

S
= o g - 11\€
P o={e =1) Tt (h(I) ) ,-and

e =

n(I)

The optimal level of investment is inversely related to the stock

remaining at time t, Sf(t), as shown in figure 9

It = cumulative ‘investment at time "t

Figure 9 Sf(t)
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It is important to note that given the market power of the cartel,
the value of investment in research on a substitute source of supply may
 be primarily its indirect effect on the cartel's profit maximizing price.
In other words, the substitute may not be actually used, at least for some

time. It's value is the threat of its use against the cartel.
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Section “: * Footnotes

The level of investment, x, represents the minimum of the present
value costs of the time paths of investment that make the substitute
available at time T.

If cumulative resource consumption is significant during the time
required to develop the substitute (see footnote 1), the efficient

level of investment may be a continuous function of time.
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9. Impact of Uncertainty on Resource Supply

9.1 Production Cost Uncertainty

The net social value of the substitute,

1=
£
V(p)=%(l;€) if e <1
e-1
- _E(__ Py E .
I‘(€ 1 ) if e > 1

is convex in p. Therefore, the expected social value of a program with
uncertain production cost exceeds the social value of the expected production
cost.as shown in figure 1. This implies that the trigger price for

an uncertain technology is less than the trigger price for the expected

cost of the substitute.

(v)
V({p?))

Figure 1

P
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We define the trigger price, h, by V(h) = (V). That is, h is
the cost that yields the expected value of the development program.

Bince

(v > v({p?) ,
it follows that

yﬁ <{p

The consuming nation could be better off if the cost of a substitute
- were uncertain than if the substitute were known to have a cost equal to
the mean of the cost distribution. For these results to hold, it is
necessary that both the cartel and the consuming nation share the same
information about the substitute technology:

If it were possible to prevent the cartel from gaining information
about the substitute technology, the consuming nation’could benefit from a
research program. Information aﬁout the cost of developing the substitute
would be valuable to the consuming nation if it could be kept secret.
For example, if research demonstrated that shale o0il would be very expensive,
then research.efforts could be allocated to, say, coal liquefaction. If this
information were communicated to the cartel, the cartel would revise its
calculation of the limit price upwards. If the:information were kept secret,
the cartel would not revise its limit price and thé consuming nation would
be better off. If the research showed that shale oil would be cheap, the
consuming government would elect to mske this information public and the

cartel would be induced to lower its limit price.
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9.2 Randomized Prices and Incentives For Instability

Copper is an example of an exhaustible resource produced by a small
number of large firms for which there is an active futures market, and,
given such an institutional structuré one might have expected a stable price
trend for copper. The firms are large enough to affect the price, copper
is conveniently storable, and if the producers wanted to they could
doubtless speculate in the forward market to stabilize the price.  And yet
the price is very instable. We saw in section 9.1 that consumers gained
if prices were randomized around an unchanged mean, and it is natural to
ask whether a monopolist (or cartel) éould exploit this consumer benefit
of price instability to raise his own profits.

Let us examine the case where the monopolist faces a trigger price
h, below his unconstrained profit maximizing price. If he set; a stable
price higher than h  the consuming country will mske an irreversible
investment decision to produce a substitute, as discussed in section k.

If the consumers can correctly predict the monopolist's behavior and if the
moﬁopolist‘is well informed: about the trigger price then the monopolist's
best non-random strategy is' to set the price marginally below the trigger
price and thus deter investment in producting the substitute. We saw that
the consumers have an incentive to increase the dispersion of possible
operating costs of producing the substitute about any given point estimate,
since this lowers the trigger price, Just as they have an incentive to lower
the monopolist's percéption of the estimated cost of the substitute. The

monopolist has a similar incentive to create uncertainty, for similar reasons.
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Let us define h to be the trigger price .calculated on the assumption that
futures prices are known with certainty, so that the consumer will invest
if he predicts the monopoly price to be constant and higher’than h. 1If
the consﬁmer is led to believe that the future monopoly price is random
with an expectation higher than E, then he may prefer to buy from. the
monopolist at the warying price rather than invest in the substitute, for
since his indirect utility function V(p) (which measures the benefit of

buying at price p) is convex in prices, if p is random
Ev(p) > V(Ep)

If ; is such that v(ﬁ) = EV(pl 5 < Ep, then the monopolist can deter
investment if he can arrange 5 < h.

The monopolist will favor any. costless mefhod of randomizing price
expectations about an unchanging mean, and will also have an incentive to
lower the forecast price. -Consumers will be aware of the latter incentive,
and may be able to correct for this bias in their forecasts, but- it is
not obvious what they can do to reduce the randommess in the forecast price.
If it is sufficiently cheap, we would expecﬁ the monopolist to be a de-
stabilizing speculator in forward markets, or even to surpress forward
markets and disseminate misleading information.. A cartel willkspread
rumors of its imminent collapse and may maximize the publicity‘given to
internal difficulties (providing these are not misinterpreted by the cartel
members). The arguments above suggest that these rumors should not.

necessarily be taken at face value.
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Speculating in- futures markets may. be a relatively  cheap method open
t£o the monopolist of destabilizing pfice expectations, for the valume of
trade conducted at these randomkprices need not be large.  The monopolisf
can also destabilize the spot price, and, in the absence of a futures
market this is the most obvious way he can persuade consumers that prices
are random. Would it pay the monopolist to randomize the spot price?

The. question of the costs and benefits of price stabilization
versus pricekinstability has a iong history, dating back to World War II
when WaugﬁL/ argued against schemes to stabilize prices, and including
Samuelson's~g/ counter claim that the consumer does benefit from feasible
price stabilization. We still lack a complete analysis of price stabili-
zation (see Newberfi/ for recent extensions of the analysis) and it is

worth pointing out that all the results so. far apply to competitive

markets, but it is easy to see why in a technologically certain world with

perfect competition price stability, which is, an hypothesis feasibley is
also desirsble., = Figure 2 graphs the sum of consumer surplus and profitss wip),
as- a function of price for the case where demand is iscelastic and marginal

L/

production costs are constant.—

W(p)

m

Figure 2



it demand is vq = ap_a where o is‘elasticity of demand, then consumer

surplus

- v

D
s(p) = fadp =
D

P
: 1=0
T lp ]p

where D 1is a reference price.

Profit is R(p) = gp - qc - k = ap p - ¢) - k where c¢ is the constant
marginal cost, k is fixed cost. 'Net social surplus is

a 1-0 -0 .
PR ~cp }-K

Wip) = s(p) + R(p) = al

with K another constant.

W(p) has its maximum at the competitivé price p-= ¢ and is
strictly concave there. This is of course a perfectly general result,
independent of the particular demand and cost functions. Artificially
induced price instability will lower the valueof EW(p) below W(Ep)
at  the competitive equilibrium, hence feasible stability‘is desirable.

The reason. for thiqking that this argument may not hold for a:
gonopolistic equilibrium is that V(p) is convex at P the monopoly

price.

2
d Z = aa2p—(a+2){p = 1+ a(:}
o
dp
a*w(p_)
m’ ~(o+1)
2’ - apm . > 0 @
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, Therefore feasible price randomization around an unchanged average price
near the monopoly price raises the sum of producer and consumer surplus,
suggesting that feasible destabilization might pay. This indeed is the case
in some examples, but it does not seem to be generally true that price
destabilization pays. The reason is that for a randoﬁ price strategy to
yield the same consumer benefit as a stable price strategy, fhe average
quantity supplied mﬁst be greater, for consumer benefit is a concave function
of quantities consumed. This raises the average cost of supply to the
monopolist. In other words, it may be misleadiqg to focus on prices

instead of quantities. In the constant elasticity case V as a function

of q 7rather than p has the form

1
a%a l—%
W(a) = =—7a - cq
and
l .
EW @ -(1+%)
. .. & o
2T . <0
dq

.80 W is concave.in g over the entire range of values of gq. Consider
the constant elasticity case with zero prodiction costs for the monopolist.

His problem is to choose p- to maximize Epl-a subject to ES(p) iﬁﬁ, or

1-a | =l=o i

Ep S h - where is the trigger price. The monopolist cannot earn

more than El'a, and if his production costs are nonzero he maximizes profits
by minimizing average supply to yield this revenue. that is, by stabilizing

the price.
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However, under at least some conditions it 'is possible for the
monopolist to increase his profits by randomizing prices. In figure
profits are not concave in prices at the limit price and the convex

combination of prices 1 and Py with an average of h willkyield

L]
o

higher profits than any single price p < h.

Profits
R(p)

P, h 13 P
Figure 3

Actually the monopolist can do even better than this for two reasons. By
randomizing price the monopolist can charge a higher average price than h,
and by éimultaneously choosing Py and Hi, the probability of chérging
P, the monopolist can do better than by choosing first pl,’pz‘and then
Hl, Il

o This will be demonstrated in the example below, after setting out

the problem formally.

Let V(p) %be indirect utility, R(p) profits, then the monopolist

chooses prices p,, D, (pl >h > 92) with probability 1, =T, n, (=1 - 1)
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to maximize expected profits R = ZHiR(pi) subject to the constraint

. Vip.) > V(h) = V say.
i il =
Then
v, - ¥
= $;~:77;— s J#i
2 1
1
an iy
oo,  V, -V,
IR o1l
— _...__< - + i
ap ap Rl R2) HR1
1 1
and
2Boomevt 4 RY O, i=1,2
ap. 1 i i
i
where
R -E, 3R(p, )
k=g 0 5 R =
2~ 1 * P

If the marginal utility of income ) - is independent of p, then V:!L = -Aq, ,
1

and A can be taken as unity.j/ If also there is an interior maximum

In particular, if R = pq - cq, and o = -(p/q)(dq/dp) is the elasticity

of demand, then
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Since pl > Pss al < a2, $0 the demand curve must become more elastic at

lower prices for randomization to pay, a condition which is empirically
Plausible. In the special case of zero opportunity cost, ¢ =0, al = a2
is & necessary condition for o maximum.

The simplest example which illustrates the gains from randomization

is shown in figure L.

Figure L

The demand curve facing the monopolist is

32 - 9q 9

ke
i
fia

w

v
‘w

8 -q a
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and the trigger price h = 5. Costs are zero, and the profit function is
bimodal, having maxima at p = L, ? = 16. In the absence of the trigeger
price’the monopolist would set price p = 16  and earn profits 28 L/9,
whilst if he is constrained to it a cénstant price no higher than h = 5,
then he éets‘ p = b earning 16. A convex combination of these two prices
with Hl =1/9 yields profits 17 31/81 and an average price of S 1/3
and the consumers still prefer to buy from the monopolist. 'However,; if
the mondpolist chooses’prices OA, OB . to convexify the profit fuﬁction

(see figure 3) then P, =15, p, =1 2/3, and with 1. = T/18, average

1
prices rise to 5 1T7/2T7 and profits increase to 17 38/81. But if the
monopolist solves the equations' aR/Bpi =.0, where p; = Ai - a9, then
pl/p2 = Al/A2 = 32/8 = 4, then the optimum requires P, = 2.9. If p, = 3,

t
p, = 12, . = 8/21, the average price rise to 6 3/7, and profits to 19 L/9.

1

Thus the best randomized strategy is considerably better than naive randomizing

strategies (of choosing combinations of the two local profit maxima, or

convexifying the profit function), and is itself considerably better than

a constant price strategy whichkyields some 80% of the average random profits.
This result appears to be quite new and very unexpected. We have

shown that under some circumstances it will pay a monopolist to randomize

his price and destabilize the market, and that more generally he Jbenefits

by increasing the uncertainty about future prices where consumers face

irreversible investment decisions. The resulﬁrshould!be‘distinguished

from two other cases in which random prices may be profitable. The first is

where both consumer and monopolist are uncertain about the other's best



strategy, and each chooses a mixed strategy as the best game theoretic
solution. Here the monopolist knows exactly what the consumer's response
will be, and the consumer knows the monopolist's strategy. In the language

0f oligopoly we have a determinate Stackleberg equilibrium rather than

indeterminacy. The second is Salop's noisy monopolist, who randomizes price
discrimination.— . Here there is an intertemporal price discrimination, but
the -consumers ‘are assumed homogenous, have no search costs, and- sare not

separated into:-distinct submarkéts.

Finally, we . can ask what the government's policy towards a randomizing
monopolist should be. If storage costs are high so buffer stocks are pre-=
cluded, then the government can oniy stabiiize prices by regulation, with
the regulatory agency making profits or losses as priceé fluctuate below
or above the average. The strategy would lower the monopolist's average
profit, byt will ‘only ruin consumer welfare if, as in the numerical example,
the profit function were bimodal. Since this is not necessary for randomization
to be profitable, there is no guarantee that consumers will benefit from
regulation. Moreover, if the price instability were partly or wholly caused
by environmental unéertainty, then consumers stand to lose by having the
price regulated.

:If, on the other hand, storage costs are low consumers may benefit
from creating é buffer stock (though the monopolisﬁ's behavior would then
change, and we would expect him not to find randomization profitable).

The distribution of benefits from operating a buffer stock in the presence

of environmentally caused supply uncertainty is discussed at some length in
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1/

Newbery.— We conclude that whether price stabilization is desirable or
not will depend on the source of the instability, whether bufkfer stocks can
be carried sufficiently cheaply and such factors as the elasticity of
decision and the nature of the risk, whose quantitative importances are

8/

analyzed in Newbery.—
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of course'there aré other sources of uncertainty in the development
of substitutes, in fhe bahavior of the cartel, and more generally
about the level of future income and hence demand. The effect of
uncertainty about the cartel's behavior is diséussed later, whilst

some of the other issues have been addressed in earlier sections.
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Parenthetically we should note that the increased cost of providing
the flexibiliﬁy may take the form of a higher average rate of con-
sumption of energy, and hence a grealter average dependence on and
vulnerability to foreign suppliers. But it may also take the form

of more flexible capital equipment and not increase average dependence,

We hope: to look at both cases to see if they systematically differ.
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10. The BTU Tax

The incidence. of a BTU tax would depend on the manner in which. the
tax is administered. There is no single homogeneous source of energy.
Energy sources differ in ease of transportation and handling, combustion
temperature ; emissions, alternative uses for chemicals, etc. Consumers
differkin their preferences toward these attributes of energy sources.

Thus the ‘incidence of s tax dn the best output of an energy source would be
the aggregate of responses by diverse consumers to the diverse sources and
uses of‘energy resources.

This complexity immediately raises concern over the efficiency of
such ‘a tax. if the market price-of an energy resource differs from its
sociai value, it is‘unlikely that this difference would be apportioned equally
over the many different sources of energy and their uses. Furthermore,
consumerékmay value differently the extent to which the market pricé
differs from the socially optimal price.’ We shall discuss some of the
general effects of a BTU tax and raise some of the issues associgted with

its lack of specificity in what follows.

10.1 Intertemporal Shifting of the BTU Tax

In a static analysis, the incidence of a tax depends on own and cross-
elasticities of demand and supply. However, the central issue in the allocation
of an exhaustible resource is thejtradé—off between consumption now versus
consumption in the future. Consequently, analysis of the dincidence of a tax
on an‘exhaustible energy resource should address the effect of the tax on

the pattern of energy use over time.
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We neglect for now the difficulties of determining the tax incidence
on different grades and forms of energy,'and assume there is only one energy
good, e.g., 0il of a particular viscosity, sulfer content, etc. This may
be extracted from an exhaustible stock at zero cost, or producea without
limit at cost ?.*E/ We kﬁow from the discussion in the first interim<
report that in the gbsence of uncertainty the price trajectory corresponding

to an efficient allocation of the resource would be as shown in figure 1.

Furthermore, the allocation generated by a perfectly competitive economy is

efficient.
P
P = -

Figure 1

A constant absolute BTU tax will, among other things, distort the
intertemporal pattern of energy use in a closed economy. An equilibrium will
still require that the net rent on exhaustible resource stock rise at the

market rate of interest. However, with a BTU tax, the price consumers pay
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will differ from the price paid to the producers of the exhaustible resource.

Since there is only one energy good in thisvexaméle, a BTU tax is equivalent
to 'a tax per uniﬁ of the resource (e.g. per barrel of oil).

Let x denote the tax per unit of energy, V(t) the rent on a unit
of the exhaustible resource, and P(Q(t)) thevprice consumers are willing to

pay for Q@ units of energy.. The .allocation will be independent of whether

pProducers or consumers pay the tax, since in either case
P(Q(t)) = V(t) + x '

Suppose only the exhaustible resource is taxed. The equilibrium

price trajectory after imposition. of the tax is determined by

is the size of the resource stock,

S

W
here 0

Q(t) = PHV(e) + x]

and T is defined by

‘P(T) = B
The after tax price trajectory may look as shown in figure 2.
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0 'I‘l t
Figure 2
The tax induces an allocation that is too conservative relativé to
the efficient allocation. ~In particular, the time at which the resource
in figure 1.

is exhausted, T., exceeds T

1 0

If consumers pay the tax, the price producers receive {s P(t) - x.
- If producers pay the tax, théy receive P(t) per unit of energy. The tax
increases the qost to consumers of energy from the exhaustible resource, and
lowers rents on the resource.  Thus the tax may have importanﬁ distributional
effects. Indeed, an argument for an energy tax is to reducé windfall profits
that accrue to owners of ‘an exhaustible rescurce.  However, the BTU tax
is not a profits tax. A pure profits tax would tax only the rent component
of the supply price, and hence leave supply and demand unchanged. The BTU
tax essentially increases the cost of producing the exhaustible resource.
This changes the private rate of retum onk the resource and alters the
marke’t allocation. |

In this example, the substitute is not taxed. Thus there is no change

in this market, except that the substitute is introduced at a later time.
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When energy is purchased for consumption, it may not be. feasible to
identify its source -- i.e., the exhaustible stock or the produced substitute.
In such a case it would be preferable to tax the producer, since to do. other-
wise would effectively tax the substitute source as well.

Suppose.the BTU tax were carried to the extreme and applied to both
sources of energy -at fhe same. rate. - In that event, it would be immaterial
‘whether the tax is applied to the producer or the consumer. The after

tax price trajectory would be as shown in figure 3.

X

Figure . 3

Taxation of the substitute source increases the private rent on the
exhaustible resource, relative to the previous exa.mple.‘ Consumer costs are
increased, and the substitute igs introduced at a date later than Tl'
‘ There\is a special case worthy of consideration. Suppose there are

fixed costs in the development of substitutes, and the substitute is produced
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under the protection of a patent, so that P exceeds the production cost.
A tax on the substitute would decrease revenues. If, ag a result, total
discounted revenues fell short of fixed costs, the substitute might not be
introduced at all. This should dramatize the importance of tax specificity.
A general BTU tax could have perverse effects. By reducing the incentives
to develop substitute sources of supply, the BTU tax can exacerbate enhergy
scarcity.

It should be clear that in a perfectly competitive economy with no
uncertainty, the BTU tax can have at best & positive impact on the redistri-
bution of income. However, this would be at the cost of a less efficient
allocation of energy over time. Of course the world is not predictable and
the economy is not perfect. We consider below the effect of a BTU tax when
there are market distortions. But first let us examine a difficulty that

arises when we relax the assumption of a single energy good.

10.2 The Choice of Tax Base

When there is only one energy good, the BTU tax can be considered as
either a tax on BTU's or g tax on units of the good. When we consider
different energy forms, and different grades of energy sources, the choice
of what to tax is more difficult. Suppose the tax is on the heal energy
actually produced by the energy source. This would be quite diificult to
monitor, but let us neglect that problem. In this case, more efficient use
of a resource would imply a higher tax per unit of the energy source (e.g.

per barrel of 0il). Thus the tax would discourage efficient energy use.
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Suppose, instead, that the tax is added to the price of each source
of‘ energy independent of its use.  Clearly, the tax would have to differ
for each type-and grade of enérgy resource, reflecting the -characteristic
heat value of the source. ©Presumably the tax would be lower on  unprocessed
ores and poorer grades of a resource. ‘Thus there is a potentially serious
accounting problem. If the tax rate on different energy forms deviated from
a uniform rate on a BTU basis; there will be an incentive to substitute fuels
that are taxed at the lower‘rate. Furthermore, the tax rates would have to
be revised to reflect technical progress in the use of specific fuels.
The multiple uses of fuels present additional difficulties. Should oil
used {;o manufacture drugs or synthetic proteins be taxed at the same rate

as. 0il used for space heating?

10.3 Imperfect Markets

Assuming the problem of defining the tax base has been brought under
control, let us consider the incidence of a BTU tax in an economy with
sources of market failure.  We will argue that market ixﬁperfections often
Justify corrective taxes and subsidies.:  Unfortunately, the BTU tax
is not specific enough to improve the market allocation. The opposite
extreme of a tax or subsidy for every source of market distortion would be
prohibitively expensive to administer. The art of regulation is to choose
the set of instruments that achieves the greatest welfare gain net of
administration costs.

In the following pages we. describe the impact of the BTU tax on the
sources of intertemporal allocative distortions identified in thé first

interim report éj
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10.3.1 Imperfect Competition

We have emphasized in this report that the magnitude of the distortion
from imperfect competition depends on the size and production capaéity of
actual and potential competitors.  However, the direction of the distortion
caused by imperfect competition is unambiguous. Price—setting behavior
results in a allocation that is too conservative.  This implies that in
imperfectly competitive markets the current price ig higher than.the efficient
price. Hence a BTU tax only magnifies the monopoiy distortion.

The tax may be effective in reducing monopoly or cartel revenues.
However, as we havé shown in the preceding section, the tax must be selectively
applied to be effective in reducing monopoly rents. If applied to all
sources of energy, monopoly rents may not be  reduced significantly, while
consumers would‘be worse’off. If apﬁlied only to the resource.supplied
noncompetitively, monopoly rents would be decreased.

Power of taxation is clearly limited in open economies. A consuming
nation can tax its consumers, but its ability to tax foreign producers or
consumers is limited. The tax would reduce consumption in the country of
origin, and lower the price for cher consﬁmers. To effectively tax monopoly
revenue, consumer countries would have to coordinate tax policies.  Such a
union would be quite fragile, since each country would be tempted to break
away and eﬁjoy the low market price resulting frém.the coordiﬁated tax

policies of the other countries.—ij

10.3.2 Uncertainty

There are a number of issues to consider under the general heading

. of uncertainty. We will begin with what appears to be a persuasive, though
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not. convinecing, -argument. for the BTU tax.

Forecasting Error

We have shown ‘that the efficient price 6f an exhaustible resource
contains g éomponent that‘isythe‘factor‘cost of extraction, and ‘3 component
that is the scarcity value of the stock.  The later rises over time at the
market rate of interest. ‘Thus, on the average the market price increases

at an increasing rate over time (see figure k).

>
e
Figure k |

If consumers simply extrapolated future rates of priée increase on
the basis of past rates, their forecasts of future prices would be systematically
low. This may be compdunded by stoéhastic price variations. Since consumers
éxpect future priées that are too low, current consumption will be excessive.
For example, consumers may invest in energy inteﬁSive machinery that is not

profitable given the true price trajectory.  Yet thekvariable costs of the

machinery may be low enough to continue operation at high fuel prices.
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A tax could conceivably correct this distortion. - However, there are
important caveats. First, the argument about price extrapolation is not
very convincing. One could make a case that consumers over-react and expect
future prices that are too high. Second, the tax must be linked to the
scarcity value of the energy source. This means it must be different for
alternative energy sources. Furthermore, a constant tax will not correct
the forecasting error. The tax must vary over time, first increasing and

then decreasing as the rate of energy price increase stabilizes.

Imperfect Capital Markets

The absence of insurance may imply that the market rate of discount
is high relative to the socially optimal rate (although this is a debatable
point). The high rate of discount implies that exhaustible stocks are
exploited at too rapid rates. The BTU tax at a constant level causes the
market allocation to be more:conservative.

Once again, there are problems with such a tax. The tax would have
to be selectively applied on the basis of resource scarcity. Hence a general
BTU tax would be inefficient. More important, if the market interest rate
is too high, it is too high for all economic allocations. Therefore, a

much better alternative is the proper exercise of monetary policy to reduce

the market rate of interest to its optimal level.

Security

The market can adapt to supply interruptions provided market prices

are permitted to reach their equilibrating values. In the event of an
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embargo or war, price rationing is likely. ' For this reason, the market
may maintain insufficient reserves to meet such contingencies and the rate

&/ (There is also the possibility

or. resource utilization may be excessive.
of market bias resulting from incomplete markets and differentiated producers
and consumers. The direction and magnitude of this bias has not been
determined as yet.)

A tax may be appropriate to correct the bias resulting from supply
insecurity and rationing. The tax must be related to the degree of riskiﬁess
in supply.  In fact, what is needed is not a tax on supply from an uncertain
source, but rather a portfbiio tax on imports. Fér example, suppose oil is
imported in egual amounts from countries A and B, both of which are risky
sdurces.';Yet suppose A and B are mortal enemies, if A interrupts supply,

B will not, and conversely. Clearly, this negative correlation reduces

total risk.

10.4 Conclusion

This  has not been an’exhaustive analysis of the BTU tax. There are
many. other factors to consider, particularly with regard to administration
of the tax. However, we hope we have demonstrated the potential pitfalls

of such a tax, and the desirability of more carefully designed measures.
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Section 10: Footnotes

The assumptions of zero extraction cost and finite cost of producting
a perfect substitute can be relaxed with little change in the analysis
of the tax incidence.

This neglects some important sources of static distortions such as
pollution externalities. Similar comments apply to the effect of the
BTU tax on the static allocation,; although this is not the focus of
this study. The BTU tax does not account for the different environ-
mental impacts of alternative enefgy sources, and thus fails to
improve substantially upon the market allocation of pollution.

On the othér hand, a tax on energy imports wéuld be a very simple tax
to administer. Since many countries already tax energy imports, a
unified tax policy for consuming nations would not require a change
in policy for all consumer governments. Furthermore, once a tax is
implementgd, it becomes a source of revenues that governments might
find difficult to relinquish.

Consumers have an incentive to maintain reserves. However, there are
economies of scale in storage that would not be fully exploited by

decentralized consumers.



