Abstract

This paper outlines a conceptual framework for
dealing with non-~efficiency objectives in the pricing
of publicly controlled natural resources. A general
equilibrium model is developed and issues of model
specification and solution are discussed. Finally,

a numerical example serves to illustrate some of the
important economic interactions which the model cap-
tures. :

THE PRICING OF PUBLICLY CONTROLLED NATURAL RESOURCES:
A GENERAL EQUILIBRIUM APPROACH
by

*
Thomas W. Hertel

July 1982 No. 82-21

Contributed paper accepted for presentation at the
annual meeting of the American Agricultural Economics
Association in Logan, Utah, August 1-4, 1982.

*Ph.D. candidate, Department of Agricultural Economics,
Cornell University.




INTRODUCTION

Despite a decline in absolute allegiance to efficiency considerations
among many resource economists (Castle et al. 1981, p. 463), a majority of the
applied work on the pricing of publicly controlled natural resources retains
cconomic efficiency as its focus. This work is typically partial equilibrium
in character and has generally highlighted the benefits associated with mar-
ginal cost pricing, perhaps adjusted in 1ight of sécond~best or dynamic con-
siderations. However, existing price structures often differ markedly from
these recommendations, There are many reasons for such discrepancies. This
paper focusses attention on the impact which alternative pricing schemes have
on non-efficlency objectives.

A familiar example of inefficlent natural resource pricing.is provided
by the current allocation of water within agriculture and between the farm
and non-farm sectors Iin the Western United States. LeVeen and Stavins (1981,
p. 6) note that water prices in California range from $2 per acre foot, in the
case of some agricultural users, to over $100 per acre foot for urban, resi-
dential consumers. A similar, but less obvious resource pricing problem con-
fronts New York in the allocation of inexpensive, state-owned hydropower.

- Historically, most of this natural resource has been sold to a subset of residen-
tial customers as well as electricity intensive industry. The latter sector

has been attracted to the state largely due to this resource availability.

Recent increases in petroleum prices have resulted in rapidly rising electric
prices for customers relying on oil-generated power. Subsequent inequities

in electric rates have prompted the Chairman of the publicly owned utility

to propose a major reallocation of hydropower in the state (Dyson, 1981).



The purpose of this paper is to outline a conceptual framework which will
facilitate the analysis of non-efficiency objectives as well as guidé additional
~empirical jnvestigation into these natural resource pricing probleﬁs. Empha-
sis is placed on a general equilibrium apprbach in deference to extensive work
in the field of public finance which illustrates that, particularly in the case

of partial factor taxes (subsidies), partial equilibrium analysis can lead to

seriously faulty reSults.l/ After a brief disﬁussion of the underlying method-

ology, issues of model structure, numerical specification and solution are dis-
cussed, and a simple numerical illustration is provided. Efforts are currently
underway to employ this type of model in the analysis of New York's hydreallo-
cation problem.

THE STATE'S PLANNING PROBLEM

Following recent developments in the pubiic economics literature, the
state's planning problem may be conceptualized as a two—step process. The
first step involves determining the optimal, social welfare maximizing alloca-
tion of factors and commodities. The second step utilizes models of producer
and consumer behavior to identify a pricing scheme which will guide the decen-
tralized economy to this optimal outcome. Elsewhere (Hertel, 1981a) the
author has devéloped a simple illustration of this planning problem for a one
sector economy which controls the allocation of a natural resource. As long
as the social welfare function 1is devoid of any distributional component {(i.e.
it depends only on the utility of a representative consumer), the solution of
this problem leads to a marginal cost pricing rule.

Using the simple exawple as a baseline, minimal conditions for desirable

departures from marginal cost pricing may be examined (Hertel, 1981a). Omne

1/ Harberger's appllcation of a simple general equilibrium model to the analy-
sis of the corporate income tax is the "classic'" in this area (Harberger,
1962). It illustrated that such a tax may well be bornme by all capital in
the long run, as capital shifts to the non-corporate sector im an attempt
to equalize after tax returns.



such set of conditions involves intrpducing representétive consumers from each
of two substate regions into the social welfare function. Further, assume that
the two regions have substantially different endowments of an aggregate {(capi-
tal/labor) factor of production, and that the poorer region is specialized in
the production of a resource intensive good. Ideally the solution of this
extended planning problem would involve efficient pticing of the natural re-
source, using lump sum transfers to accomplish an "optimal distribution of
income between the two regions. However, in practice the range of instruments
available to state policymakers is severely limited. Depending on the parameters
of the problem, it is conceivable that the state might choose to price the
natural resource below marginal cost in order to encourage output and incomes

in the lagging region. Furthermore, if differential pricing of the resource
input were administratively feasible (e.g. electricity), policymakers may choosé

to "subsidize" its use in the resource intensive sector (the lagging region),

while charging a higher price elsewhere.g] Tn short, departures from marginal

cost pricing may be desirable for achieving non—efficiency objectives when

policy instruments are limited.

While the formal planning problem is a useful intellectual construct, it
is of little empirical value as long as we cannot agree upon a social welfare
function. Proceeding in a more practical vein, we may adopt the notion of
‘targets and instruments from the macroeconomic theory of policy. For example,
a state might consider directing its resource pricing instrument towards the
achievement Qf a single objective (e.g. attracting capital or increasing employ-

ment). In the context of a 2 x 2 general equilibrium model, Mieszkowski (1966)

2/ A desire to diminish regional disparities has been reflected in many of the
arguments in favor of the sale of inexpensive hydropower to electricity
intensive industry in parts of Upstate New York.



examined the cost (excess burden) associated with subsidizing ocutput in one
sector of the economy, and concludes that, in a competitive economy, a produc-
tion subsidy dominates the factor subsidy. In the case of New York, this would
imply that its hydro—resoﬁrce should be sold to both sectors at opportunity
cost, with the proceeds being employed to subsidize output in the desired sec-—
tor. McClure (1970) employs a similar model to derive results which allow us
to compare the effectiveness of altermative subgsidy schemes in attracting fac-
tors of production to a particular region (state).

It is quite 1ikely that the state's planning ﬁroblem cannot be reduced to
a question of optimizing over one or two objectives. In this case it 1s impor-
tant to investigaté the entire range of output and incidence effects resulting
from alternative price structures. Qualitative results for the simple 2 x 2
model are concisely stated in Jomes (1965). In the case of partial factor
taxation, changes in the factor price ratio are made up of output and substi-
tution effects. TIf the resource intensive sector receives the input subsidy,
these work in the same direction, serving to raise the return on resources
relative to other primary factors. However, even in this simplest of general
equilibrium models, we find that there is little more that can be said without
further knowledge of the model's parameters. Additional factors of production
rapidly increase the number of interactions, and hence parameters, which must
be accommodated. Of particular importance in determining fhe incidénce of a-
partial factor tax are the elasticities of substitution in production. Ex-
tending the model to allow for three primary factor aggregates (e.g. resources,
capital and labor), we move from one elasticity of substitution per sectof to

- . . 3 .
nine Allen partial elasticities of substltutlon.—/ Thus empirical results

3/ In a separate paper (Hertel, 1981a), the author has worked with a three fac-
tor model to derive a qualitative expression for changes in the wage-rental
ratio in response to partial factor subsidies on the resource input. This
work indicates the important role plated by the relative sizes of the Allen
partial elasticities of substitution between capital and resources on the one
hand and labor and resources on the other.




soon become the only practical alternative.

ITMPLEMENTING THE MODEL

Model Structure: The qualitative results cited above are quite useful in guid-

ing us so that we may capture the essential general equilibrium implications
of alternative resource pricing decisions whilg retaining a computationally
tractable model. 1In defining the sectors of sych a model we note that it
is important to identify substantial differences in out-of-state tradeability
of commodities, factor iﬁtensity,'as well as factor substitutability. In this
paper these distinctions will be illustrated using'three sectors. They will
represent resource extensive/tradeable (T); resource extensive/non-tradeable
(N), and resource intensive/tradeable (I) commodities respectively.é/ Factors
in the model are delineated to facilitate consideration of supply response,
interstate mobility and substitutability. Three primary factors of production
are utilized here: capital (Xy, labor (L), and resources (R).éj Intermediate
goods are also an important component of the empirical problems discussed above
(e.g. primary metals and chemicals in the case of New York). Inclusion of the
latter leaves us with'six factors in each of three productive sectors.

There are both theoretical and empirical issues involved in specifying the
production functions employed in this model. Current data avallability, parti-

cularly at the state level, forces us to resort to input-output tables in acco-

6 . .
modating intermediate goods.—/ Clearly the attendant assumption of fixed

4/ Fiper distinctions may be introduced by adding more sectors. This does not
complicate the model conceptually, it merely increases the computational
effort required to solve the model . :

5/ Any of these broad factors can be -further disaggregated for purposes of a
particular application. In the case of New York's hydroallocation problem,
the "resource' input becomes an energy aggregate. The assumption of two—
stage optimization (Fuss, 1977) permits energy to be further broken down inte
electricity, natqral gas, petroleum and coal inputs.

6/ In those cases where recent 1-0 tables are not available for the state, na-
tional production technology may be imposed on the economy at a very disag-
gregate level, followed by aggregation using employment data to arrive at the
appropriate gsectoral composition (Boisvert and Bills, 1976).



technological coefficients is unacceptably restrictive for thg full production
structure. For example, qualitative results referred to above indicate the
important role played by the elasticities of substitution among primary faétors
in determining the incidence of alternative subsidy schemes. Therefore we em~
ploy the concept of a primary factor aggregate: Ni ='Ni(R,K,L) which exhibits
constant returns to scale. This may be estimate& using a flexible functibnal
form (e.g. translog) which permits a wide range of factor subst;tutability.
Thus we have the following production structure for a given sector (e.g. I):
I = min[ (R, Kps L)y Mapglys MaggTp Yaylpl-

Proceeding with the simple three sector aggregation described above, we

may now introduce a complete general!equilibrium model. This is presented below.

(A) 1Intensities and Prices

- = a P+ +a P +a P +a P +a P

(W-(3) Py o= apPp T ag P T AT Tty ayifn ¥ 21T

(4)y-(12) aij = Bcj(PR, PK, PL)/aPi i =R, K, L aTj’ aNj’ an constant;
j=7T, N, L PT, PI exogenous.

(B) Commodity Demands

i T
- ES] + . =
(13)-(16) D, = D" (P Bs Pps P, BpR + PK pT); i=1, T, N, R

(C) Accounting

L - = T
(17)-(22), (R, K, L, T, N, I} = intermediate demands + final demands + net
1 exports (TE and IE).

Fquations A gescribe the relationships between intensities and factor prices.
These are inéependent of output levels in this constant returns to scale eco-
nomy. The first three conditions reflect competiﬁive commodity markets (zero
profits)-zj The next nine equations describe the relatiomships between variable

input-output coefficients and primary factor prices. Cost minimization by

7/ Alternative assumptions about the determination of output levels and prices

" 4in selective sectors, are possible, in which case profits and losses are per—
mitted and the relevant zero-profit condition js dropped. (See for example -
Hertel, 1981b.)




firms in all three sectors jmplies that these aijfs‘will equal the partial
derivative of each.sector's unit cost function with respect to the appropriate
factor price.

The relationship between equilibrium prices and intensities on the one
hand, and production, consumption and net export levéls on the other, depends
on the degree to which state prices are determined exogenously (by the rest of
the nation). In particular, if we fix three priées (e.g. prices of tradeable
commodities and capital) we can solve for tﬁe endogenous prices and intensities
(equations A) independently of output levels. This is an illustration of
Sapuelson's Non-Substitutability Theorem (1966), 1If we fix one additional price,
equations A will be overdetermined and we will force the economy to specialize,
as one of the tradeable sectors is driven out of business. In the case of our
simple model, we will assume fixed factor supplies with only Pr and Py (trade-
able prices) being dictated exogenously. This leaves us with four unknown
prices and only three equations. Thus intensities and prices will depend on
levels. The equations in section B comprise the commodity demand conditions.
Note that some of the resource is delivered diréctly to final demand. Finally
we have the market clearing conditions which provide us with six equations and
only five unknowns. This balances the discrepancy in section A, leaving us with
‘a total of 22 simultanedus equations in-an equal number of unknowns.

Numerical Specification --= Calibration vs. Econometric Estimationm: Before pro-

ceeding with our simple illustration, a brief discussiomn of some of the major
issues involved in the nuﬁerical specification and solution of applied general
equilibrium models is in order. The first attempts at this sort of modelling
(e.g. Fullerton et al., 1978) utilized a technique which is known as calibra-
tion of the model. The researchers assumed (1) that the economy, as observed
at some point in time, was in equilibrium, and (2) that the behavior of




individual actors in this neoclassical economy could be adequately modelled
using fairly simple functional forms for utility and production fumctions. For
example, if the economy is assumed to be Cobb-Douglas, then a unique set of
parameters may be inferred from the "equilibriﬁm" observations. If it is CES,
then independent estimates of the elasticitieslof substitution are required.
'Becauselof the arbitrary nature the "equilibrium'" assumption, the reliability
of a calibrated model in predicting the impact of sector-specific policy inter-
ventions has been justifiably questioned.

This author prefers to utilize the information in historical observations
via econometric estimation of the relevant parameters in the model. Clearly
there is no guarantee that the resulting equilibrium will reproduce observed
prices and gquantities. As such, the model is most helpful in understanding
changes in the composition of a giﬁen level of economic activity, as opposed
to forecasting macroeconomic aggregates. Ideally, estimation should take ac-
count of the simultaneity inherent in the entire ﬁodel (Mancur and Whalley,
1981). This is rarely feasible and ome is forced to resort to "piecemeal
estimation.

There are two sets of concerns which we confroﬁt in attempting to solve
such a model. The first has been dealt with at length in the literature on
general equilibrium theory, and involves questions of existence and uniqueness
of an equilibrium. At this stage our model is fully neoclassical and this
should satisfy the necessary conditions for existence. However, uniqueness of
this equilibrium cannot be guaranteed and must be considered on a case by case
basis. Secondly, W; face the computational problem of solving a large, non-
linear system of eqﬁations (presuming thalt an equilibfium does exist). Alter-
native solution strategies and algorithms are detailed in Adelman and Robinson
(1978, Appendix B). In the {1lustration below, Newton's Method is successfully

emploved to solve the model at very little computational cost.




An Illustration: By way of illustration let us assume that the primary factor

aggregatiop functions are Cobb-Douglas, as is the aggregate utility function.
Table I provides a complete set of parameter values for such an economy. Note
that the resource intensive sector (I) is also extremelylcapital intensive (e.g.
primary metals and chemicals in New York's hydropower problem). The non-trade-
able sector (e.g. services) is the most labor intensive, while the tradeable,
resource extensive sector lies somewhere in between. Two alternative scenarios
are examined. The first is the baseline (no subsidy) case, where each sector

is charged the same price for the resource. The second case illustrates what
happens when the resource intensive sector is charged one-half the price paid
for the resource by the otﬁer two sectors and consumers. Both the partial, and
£he general equiliﬁrium implicatiohs of this factor subsidy are examined. The
former are the direct result of assuming the supply of primary factors to sector
I is perfectly elastic. This prevents the subsidy scheme from affecting factor
returns elsewhere in the economy.

Table II presents the simulation results. The first round effects of the
partial factor subsidy stem from the change in relative factor prices facing
sector 1., Because the primary factor aggregate is Cobb-Douglas the resource
input substitutes equally well for both capital and labor. Holding PK and PL
constant, this results in equiproportional (19%Z) drops in the intensity with
which capitaliand labor are used. This is where the partial equilibrium analy-
sis ends, since it assumes that state factor prices are unaffected by sector
I's factor demands. Our general equilibrium model captures the second round
effects which occur as sector 1 bids the limited resource input away from other
uses. Subsequent rises in the unsubsidized cost of R to other sectors induces

them to employ it less intensively.




TABLE I, . PARAMETERS IN THE ILLUSTRATIVE ECONOMY.

Primary Factor Shares Budget Shares Interindustry Table
(Share of the Cobb-Douglas aggregate) (Fixed 345 s}
Sector (To)
I T N T : .5 T N I
. T 2 .3 L4
Primary ¥ .6 . .3 .15 KN :+ .35
L 1 6 .8 . , I s o1 (From) ] .2 .1 .1
Factor o, I .05 .02 .01
E .3 1 .05 Bt .05
_ _ _ [
Fixed Factor Supplies: K =L = 100, E = 65; Exogencus Prices: m..w = vH__ = 2.7
TABLE II. STMULATION OUTPUT -~ EQUILIBRIUM VALUES TFOR ENDOGENOUS VARIABLES.
Prices and Iatensities Levels
No Pareial Equilibrium General Equilibrium Yo General Equilibrium
Subsidy Subsidy (% change) Subsidy (% change) . Subsidy Subsidy (% change)
mm 0.52 0.52 (1)) 0.59 (+#13) OQutput I 36.83 50.82 (+38)
WH 0.72 0.72 (0) 0.63 (-13) T 30.86 20.88 {-32)
ww.\mq.. 1.38 1.38 (0) 1.07 (-23) N 37.72 38.46 +2)
ww 0.59 0.59 ) 0.99 (+67) Consumption I 2.98 3.03 {+2)
Prt 0.59 0.295 {-50) 0.495 {(-16) T 29.82 30.31 (+2)
Py 2.36 2.36 Q) 2,28 -H K 24,10 25.35 +5)
31 1.59 1.28 (-19) 1.41 (-12) E 27.35 16.73 (-39)
arq 0.19 0.15 (-19) 0.22 (+16) Ket Exports 1 31.19 45.46 {+46)
apy 0.69 1.21 (+75) 0.84 {+22} T -31.19 =45.46 - (=46)
gy 0.91 0.81 (-11)
arep 1.31 1.51 (+13)
apr 0.26 0.16 (-39
. 0.30 =17
2 0.36 3 ( )
&y 1.39 1.49 (+7)
a 0.11 0.06 (-46)
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The foregoing discussion considered only prices and intensities. However,
the partial factor subsidy also has an impact on output levels and hence the
composition of the state's economy. In particular, production in sector I ex-
pands at the expense of output in the other tradeable sector {(T). Since the
former is extremely capital intemsive, its growth places additional demands on
the state's capital market, with the opposite being true.for labor. The net
lresult is that the equilibrium price of capital rises by 13%, while the price
Bf labor falls by 13%. This change in the wape-rental ratio is one example of
the general equilibrium incidence implications of resource pricing which are
not captured in a partiél equilibrium setting. Additional dimensions of the
incidence issue may be addressed upon further disaggregation of the model.

The ghange in relative factor prices 1s reflected in the new equilibrium
factor intensities. As a result of the subsidy scheme, capital is used less
intensively in every sector, while labor intensities have all increased. The
latter result stands in marked contrast to our partial equilibrium prediction
that labor intensity in sector I would drop by 19%Z. The partial equilibrium
predictions for sector I's resource intensity were also significantly in error,
as they did not account for the fact that the price of the fixed resource (PR)
would be bid up by 67%.

In sum, this paper has demonstrated the feasibility and possible benefifs
of a general equilibrium approach to state-level natural resource allocation
problems. Empirical application of such a model requires, at a minimum, fur-
ther disaggregation of sectors and factors of production, introduction of flex-
iple functional forms for producer and consumer behavior, consideration of
variable factor supplies, as well as critical examination (and possible relaxa-
tion) of the assumptions of perfect competition. The value of the proposed
methodology will ultimately be determined by the degree to which such efforts

are successful.
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