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PERFORMANCE INDICATORS FOR REGULATED INDUSTRIES

by W.E. Diewert
Dept. of Economics
Univ. of British Columbia

1. INTRODUCTION

How should a natural monopoly {(such as telephone, electricity, water,
natural gas and some transportation services) be regulated in the interests
of society? This question has been discussed by economists for well over
100 years, but there is still no agreement on how to answer it. Fifty
yYears ago, economists thought that forcing the moncpolist to sell each
product at a price equal to marginal cost would suffice to bring about an
"ideal® allocation of resources.! The deficits that this policy would lead
to for enterprises with large fixed costs were to be supported by the

general taxation powers of the state,

The price equals marginal cost solution to the control of a monopoly was
successfully attacked on a number of grounds: (i) Fleming {[1945; 336) and
Wilson [1945; 456) pointed out that there was no natural index available to
evaluate the performance of managers, or put another way: how can the
regulator know what each marginal cost is? (ii) Wilson {1945; 457] also
raised a problem that was later stressed by Domar [1974; 4]: how can the
regulator motivate the manager of the regulated industry to take the
"right" course of action? (iii) Wilson [1945; 458-459) also noted the fact
that any deficits generated by the regulated industry were to be covered
out of general revenue and this would create a tremendous incentive for an
empire building manager to expand unduly. In the end, political bargaining
would determine the allocation of resources due to the imprecision of the
price equals marginal cost rule in an intertemporal context. {iv) Coase
[1945; 113} [1946; 176] pointed out that the Pigou-Hotelling-Lerner
solution to the monopoly problem would redistribute income to consumers of
products in which fixed costs form a high proportion of total costs. ({v)
Finally, Hotelling [1939; 155] and Coase (1946; 179] both noted that if
taxes on fixed factors could not cover the government's revenue needs, then
covering the deficits of regulated enterprises will have adverse efficiency

effects in the rest of the economy. Thus marginal cost pricing, by itself,
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does not seem to be a solution to the problem of regulating monopolies,
Scott [1952) [1978; 154) noted that the level of profits serves as an
adequate indicator for the performance of a firm that is subject to
constant or diminishing returns to scale (or, in more modern terminology,
we would say that the technology set of the firm is convex). However,
profit is a totally inadequate performance indicator for a firm that is
subject to increasing returns to scale (or more generally has a nonconvex
technology set). Thus Scott [1978; 1551 suggested using the change in
profits {(where inputs and outputs are valued at constant prices) as an
appropriate indicator of firm performance for a firm that has the potential
to engage in monopolistic behaviour. This criterion has the advantage that
it depends only on observable price and quantity data {and not on difficult
to observe things like "marginal cost" or "the elasticity of demand™).

Similar performance indicaters for regulated firms have been developed by

Vogelsang and Finsinger [1979], Finsinger and Vegelsang [198%] [1982]
[(1985]), Tam [1981] [1985], Gravelle [1985) and Sappington and Sibley
{1985} .

Setting price equal to marginal cost is a necessary condition for solving a
somewhat vaguely specified social maximization problem. The new literature
on performance indicators makes further progress by specifying alternative
cbjective functions or bonus functions that a manager of a regulated
enterprise is supposed to maximize (subject to various constraints
specified by the social planner). In most cases, an ideal objective
function is not empirically observable; in such cases, it is necessary to
form approximations to the ideal functions that are observable. The
specification of an approximation for a bonus function is called an

incentive scheme.,

The literature on performance indicators and incentive schemes seems very
promising but there are at least two problems with it: (i) the welfare
measures are either vaguely specified or are based on the Dupuit [1844] and
Marshall [19201 consumer and producer surplus concepts {i.,e,, areas under
market demand and supply curves) and (ii) the schemes are partial
equilibrium in nature. Thus the primaty purpose of the present paper is
the development of performance indicators for firms that are subject to
increasing returns to scale {or a nonconvex technology) in a rigorous

general equilibrium setting.
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We conclude this section by outlining the contents of subsequent sections,

In section 2, we introduce our notation and assumptions that describe a
general equilibrium model of a region that has a public utilities sector
and trades with the rest of the world, taking world prices as fixed.

In section 3, we show how a Pareto optimal allocation of resource may be
characterized. We also define various marginal cost and willingness to pay

functions that will plan a role in our subsequent analysis.

In section 4, we consider various general eguilibrium bonus functions or
performance indicators for the manager of the regulated sector., At first
sight, it may seem that we have handed the manager the impossible task of
optimizing performance over the entire economy, However, this pessimistic
view neglects the fact that since we will assume that the nonutilities part
of the economy Lehaves competitively, market prices summarize the tequired
information about the allocation of resources in these markets in an
efficient manner, a point stressed by Arrow [1964] and Arrow and Hurwicz
[1977]. Thus in sections 5 and 6, we develop first and second order

approximations to our theoretical bonus functions. These approximations

turn out to depend only on observable price and guantity data.

Since most firms produce many outputs and utilize many inputs, our general
equilibrium model contains a rather large number of variables, For readers
who are unaccustomed to dealing with a sea of symbols, we present a
geometric treatment of our analysis {for a special case of very low

dimensionality) in section 7.

Section 8 concludes with some comments on various performance indicators

that have been suggested by other authors.
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2. A REGIORAL GENERAL EQUILIBRIUM MODEL WITH A REGULATED SECTCR

Consider an economy that occupies a definite geographical area. We assume
that there are three classes of goods in this economy: (i) I
interregionally traded goods, (ii) M utility services (e.g., telephone,
water, gas, electricity, sewage, cablevision, postal, bus, rail and air
services, ete,) and (iii) N other domestic goods (types of labour, capital,

natural resource, transportation and retailing services},

There are four classes of economic agent in our regional economy: (i) K
competitive firms, (ii) H households, (iii) one consolidated utilities
sector which supplies the M utility services mentioned in the previous
paragraph in a possibly monopolistic manner, and finally, {iv) a
consolidated government sector which supplies certain public goods such as
defense, law administration, protection services and possibly education and
medical services. The government sector also taxes the other economic
agents and may also provide subsidies and grants. The competitive
producers take prices as given and maximize profits. We assume that these
producers have convex technology sets. Each household takes interregional
and local prices (and commodity taxes) as given and maximizes a utility

function subject to a budget constraint.

There are three sets of feasibility constraints in the regional economy

which correspond to the three classes of goods.

The first such constraint is:

H ah + I

H =h
h=0

(1) e[k o % - E Moo

h=0
where w = [w1,...,wI] >> OI is a strictly positive vector of "world" prices
that the regional economy faces; xk = [x:,...,x:] is sector k's net output
vector of interregionally traded goods for k = 0, 1,...,K where sector 0 is
the public utilities sector and sectors 1 to K are the competitive firms

(if x: < 0, then sector k is utilizing good i as an input);

ah = [a?,...,a?] is the net consumption vector of household h for inter-
regicnally traded goods (househeld supplies are indexed with a negative

0 .
sign) for h = 1,...,H while a is the government's net requirements vector

for traded goods {government supplies are indexed with a negative sign});
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ah = [52,....52} > 0 is household h's nonnegative endowment vector of
traded goods for h = 1,...,H, and ;0 is the government's endowment wvector.

Constraint (1) says that exports minus imports in the regional economy

evaluated at world prices should be nonnegative.2

our second set of constraints is

K k H h H =h
(2) Zk=0 Y - L P * Eh=0 b* > o,
0 _ .0 0. . : .
where y = [y1,...,yM] is a nonnegative vector of public utility services

produced by the regulated sector; yk = [y:,....y;] < OM is sector k's
demand for public utility services vector for k = 1,...,K (demands are
indexed by negative signs); bh = lb?,...,b:]_z 0M is household h's demand
for public utility services for h = 1,.,.,H {household demands are indexed
by positive signs); b0 > 0y is the government sector's demand for public
utility services, and B = [E?,...,B;] > 0M is household h's endowment
vector of public utility services for h = 1,,..,H while 50‘3 OM is the
government's endowment vector (if utility service m cannot be stored, then
5: = 0 for all h). The M constraints in (2) just tell us that the supplies
of public utility services should be equal to or greater than the

corresponding demands by firms, households and the government.

The third set of feasibility constraints is:

K k H h_ H =h
(3) Ek-o z Eh=0 c Zh=0 e > ON

where zk H [z?,...,z;] is sector k's net supply vector for local goods (if
sector k is utilizing good n as an input, then z: < 0) for k= 0,1,...,K;
ch E [c?,....c;] is household h's (or the government's if h = 0) net demand
vector for local goods and services (if household h supplies a type of
labour service that corresponds to good n, then c: < 0), and

E? = [E?,...,E:] > 0 is household h's (or the government's if h = 0}
nonnegative endowment vector of local goods. If local good n is a type of

R -=h ; : .
labour service, then we assume c, = 0 for all h; i.e., labour services
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cannot be stored. 'The N constraints in (3) say that the supply of each

local good should not be less than the corresponding demand,

We assume that the preferences of household h can be represented by a
quasiconcave, continuous, nondecreasing utility function fh defined over a

T+M+H

closed, convex set Qh which is a subset of R for h = 1,...,H.

The technology sets of the competitive sectors are closed convex subsets

k I+M+N

5 eof R for k = 1,....K. The technology set for the public utility

sector is a closed subset S0 of Rlﬂm‘N + We also assume that each
technology set satisfies a free disposal property. We do not assume that
S0 is necessarily convex, since this would rule out the increasing returns
to scale or decreasing cost phenomena that characterize the provision of

public utility services in real life economies,

3. PARETO OPTIMALITY AND EFFICIENCY

Consider the following constrained maximization problem:

k

@ max ooy Ealaelely L@ (k) e s sor

h
a Jb .e X Y 42

ko= 0,000k £0(a" e > ur for no= 2,8 b7 > 0, and

(ah,bh,ch) [ Qh for h = 1,2,...,H; yo_l 0y and yk S_OM, kK =1,...,K}.

in (4), the government net demand vectors ao, bo and c0 are held fixed.

The above constrained maximization problem may be described as follows. We
attempt to maximize the welfare of household 1 subject to the following
constraints: (i) the demand equal to or less than supply constraints (1),
(2} and {3) in the previcus section must be satisfied; (ii) each household
{except of course household 1) must attain at least a prespecified level of
welfare uf for h = 2,..,,H, and {iii} each sector must choose a technologi-

h
cally feasible set of inputs and outputs.

Under appropriate regularity conditions, a finite maximum for the objective

function in (4) will exist; call this maximum uq. The productiocn
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k*

n* *
vectors (xk 'Y ,zk ) for k = 0,1,...,K and the net consumption vectors

(ah*,bh*,ch*) for h = t,...,H that solve (4) represent a Pareto optimal
allocation of resources for the regional economy; i.e., no household's
welfare can be increased without decreasing the utility or welfare level of
one or more other households. In an ideal world, we would like to restrict

attention to these Pareto optimal equilibria.

We shall find it convenient to characterize efficient eguilibria in a

somewhat different way. Consider the following constrained maximization

problem:
K k H h H —=h
{5} max {E}  wex" - E wea + L wea oz {2),{3);
ah,bh,ch,xk,yk,zk k=0 h=0 h=0
«*,y%,2") € ¥ for k= 0,1,k £M@"b%e™ > ux , B > 0 and

@™ e o for o= 1, m ¥ > 0, ana ¥ < 0 for ket,... M.

The uﬁ which appear in (5) are the same asothg uﬁoin {4). In both
problems, we hold government net demand (a ,b , ¢') fixed. 1In problem (5),
we no longer have the foreign exchange constraint (1). However in (5}, we
are now attempting to maximize the amount of foreign exchange that the
regional economy can produce subject to the aggregate demand less than
supply constraints (2) and {3), the technology constraints for each sector
and subject to household h attaining the welfare level u*h for

h=1,,..,d, Note that (5) has an extra utility constraint,

f1(a1,b1,c1) > u*

y that was not present in (4).

1f f1(a,b,c) is increasing in the components of the wector a, then it can

be verified that the solution sets to (4) and (5) coincide.
To make further progress, we make two sets of definitions,

For k = 0,1,...,K and w >> UI, define the sector k restricted profit

function nk by
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(6) nk(w,yk,zk) = max, {wex : (x,yk,zk) e s5) .

If there is no x such that (x,yk,zk) [ Sk, define uk(w,yk,ﬁk) . i. Qur

free disposability assumptions on the sets S imply that n (w,y .,z )} is
non-increasing in the components of yk and zk; see Diewert [1973; 293) for

a proof.

For h = 1,...,H, define the household h restricted expenditure function

eh by

h h h h h h h h h
(M e (u,wb ,c) = min_ {wea : £ {a,b ,c ) >2u..tab,e) el 1.

If there is no vector a such that the constraints in (7) are satisfied,
then define eh(u ,w,bh,ch) = + @, Our assumption that the utility function
fh is nondecreasing in its arguments implies that eh(u ,w,bh,ch) is
nonincreasing in the components of bh and ch; see Diewert [1986; 172) for a

proof.

Now let us fix yk,zk for k = 0,1,...,K and fix bh,ch for h = 1,...,8 and

k § h .
maximize {5) with respect to x , k = 0,1,...,K, and a , h = 1,...,H. Using
definitions (6} and {7), it can be seen that we may rewrite (5) as follows:

k) - A

[ h _h
h=1 e (uh,w,b <)

{8) B{w,u*) = max {r uk(w,yk,z

K
k _k _h h k=0
¥ .2 ,b,c

0 H -t h 0
- wea + Sh=0 wea : {2},(3); b E_OM, h=1,...,H; ¥ > OM and

K
y <0, for X = 1,...,K} .

Problems (5} and (8) may be regarded as central planning problems for the
regional economy. In both problems, the planner attempts to maximize the
amount of foreign exchange that the economy can produce subject to the
constraints of technology and subject to a prespecified welfare level

constraint for each household,

In order to characterize an optimal solution for (8), we make the
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k

somewhat restrictive assumption that the #° and the eh are onge

differentiable with respect to their arguments when evaluated at a solution
o (8.3 et v**,2*"), k = 0,1,...,k and ®B"*,cP*), h = 1,...,H solve

(8).
is satisfied, the Kuhn-Tucker ([1951) Theorem gives us the existence of

Then assuming that an appropriate constraint qualification condition

maltiplier vectors p* and r* such that the following Ruhn-Tucker conditions

are satisfied:

n *
(9 V2 (g

o* o* * *
) e 0y v 2 05 "y ™)k pr = o
k k*  k* k* k k* ke
(10) Vyn (w,¥ 42 ) + p* > Oy i ¥ <0,z ¥ '[VYﬂ (w,y +2 )} + p*] =0,
k= 1,...,K;

h#* h* * * * *x
(11)—Vbeh(uﬁ,w,b © )=p¥< DM;bh > OM; bh -[Vbeh(u;,w,bh ,ch 1+p*] = 0,

h=1,...,H;

K k* 0 H .h* _H =h K _k* 0 _H _h* H =h
* » - - . T X -] - =
120 2220y Tpog¥ =0 =BpeyD B 20,0 PR LB oy bRy bt T (B =0;
* *
(13) Vzwk(w,yk ,zk )} + = DN r k= 0,1,...,K ¢
(14)—vceh(u;,w,bh*,ch*) -t =0, , h= .8
K k* 0 _H h* H -h K k* 0_H h* _H -h
(15) rfzuN;Zk_oz -C -Eh=1c +£h=0° ZpNgr*-[Ek_oz - -2h=1c +Zh=°c 1=0;

k k* k* k k 13 k., .
where Vyn (w,y ,2 ) = [dn /ay1,...,bu /ayM] is the vector of first order
. : . ko,
partial derivatives of % with respect to the components of Yy, etc.
o* _1* H¥* . .
If the solution vectors y ,b ,...,b are strictly positive and the

* *
rreery

(10) and (11) reduce to the following more familiar Lagrange multiplier

1
solution vectors y are strictly negative, then conditions (9},

conditions:

*
Dy k= 0,100 K; h=1,... H.

(16) p* = -Vynk(w.yk*,zk*) -V e tur w0 o

0

When k = 0, -Vynp(w,yo.zo) = " (w,y%,2%) = [p?(w.yo.zo),----pﬁ(w,yorzoilz°n
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is a vector of guasi marginal cost functions for producing marginal units

of the various types of utility services. Thus the first set of conditions
%* *

in (18), p* = po(w,y0 ,zD ), is the counterpart to the familiar price
equals marginal cost rule that occurred in the early Pigou-Hotelling-Lerner
literature. We call these functions quasi marginal cost functions because
they are not egqual to the usual marginal cost functions that occur in the
literature. The true {net)} cost function for sector 0 equals _;0' where
%o(w,yo,r) = maxz{notw,ya,z) + r-z}, and the system of true marginal cost
functions for sector 0 is defined by E(w,yo,r) = —Vr%otw,yo,r). Thisg
distinction between gquasi and true is not a semantic one, since Arrow and
Hurwicz [1977; 81-82] showed that an efficient allocation of resources will

not in general be achieved by marginal cost pricing. This very important

point was elaborated on by Guesnerie [1975; 13-14] and Arnott and Harris

{1977]. Of course, the distinction between gquasi and true vanishes if N=0Q
. - k _k

s0 that there are no domestic goods. For k>0, -Vynk(w,yk,zk) = pk(w,y 2 )

is sector k's vector of producer willingness to pay functions. Alterna-

tively, pk(w,yk,zk) can be regarded as a system of (inverse) demand func-
tions for public uvtility services for k = 1,....K.4 For h = 1,,..,H,
~Vbeh(uﬁ,w,bh,ch) = Ph(u;,w,bh,ch) is a vector of household h consumer

willingness to pay functions for marginal units of the various types of

utility services. Under our hypotheses on the utility functions fh, it can
be shown thats Ph(u;,w,bh,ch) is a system of inverse conditional Hicksian
[1946; 331] demand for public utility services functions (conditional on
ch) for household h.

Equations {(13) and (14) may be rewritten as follows:

* * * +*
(17} * = -vzuk(w,y,k 25N = —Vceh(ui‘;,w,bh ) k= 0,1,...,K; hel,...,H

where r* = [r?,...,rﬁ]. Equations (17) may be intérpreted as follows. For

k k k. _—

K= 0/1,00esK, =V 2 00,y,2%) = (u,v%,2%) is a vector of net quasi

marginal cost functions for sector k for producing extra units of the
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k

various domestic goods (if z < 0 50 that the nth domestic good is being

used as an input by sector k, then r:(w,yk,zk) = -auk(w,yk,zk)/ay: > 0 is
the sector k willingness to pay for an extra unit of this input). For

Bl By =

h
h=1,...,H, —Vce (uﬁ,w, ey = Rh(uﬁ,w,bh,ch) is a vector of household h

conditional net willingness to pay functions for marginal units of the

various domestic goods (if c: < 0 so that household b is supplying the nth
h* h* _
S ) E

domestic good as a type of labour service, then Rﬁ(uﬁ,b
h* h .
+C )/acn_z 0 is the wage rate that will just induce household

-aeh(ug,w,bh*
h to supply an extra unit of this service without causing a change in
household h's welfare level}. Thus in an efficient equilibrium in our
regional economy, for each good n, each sector k will equate the net quasi
marginal cost of producing an extra unit of domestic good n to r; and each
household h will equate its net conditional willingness to pay for an extra
unit of good n to r; also. These conditions (17) usually do not appear in
the regulation of monopclies literature, since most of the analysis has
taken place in a partial equilibrium environment6 which neglected factor

markets and interregicnal trade.

If the reader prefers to work with a model of a closed economy, this can be

accomplished as follows: set I = 1 and w = 1 and interpret the single good

in category one as a domestic numeraire good that is either produced or

utilized by every producer and household, Under this interpretation, the

profit functions nk become ordinary production functions and the

restricted expenditure functions ah = eh(uh,bh,ch) are inverse functions

h h h

for the utility functions u, = fh(a /b ,c7).  The reader should now go back

and reintetrpret the constrained maximization problems (5) and (8).

We conclude this section by providing interpretations for the vectors of
partial derivatives of the restricted expenditure and profit functions with

respect to the components of the vector of interregional prices w.

* *
h ,ch ) is differentiable with respect to the components
*

If eh(u;,w,b

of w, and if a denotes the ah solution to (5} or (7}, then:
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n h h*  h*
{18) a = vwe (u;:wrb G Vo

(Shephard's Lemma).
The derivative property (18) is a modification of a property due originally
to Hotelling [1932; 594] and Shephard [1953; 11); see Diewert [1986; 171].

k* k¥
sz ) is differenti-
*

In a similar manner, it can be shown7 that if nk(w,y
able with respect to the components of w, then the solution vector xk
of interregionally traded goods to the maximization problems defined by (5)
or (6) is equal to the vector of partial derivatives of nk with respect

to the components of w; i.e.,

k* k*

*
{19} x° = ank(w,yk 20 ) . {Hotelling's Lemma).

4, ALTERNATIVE OBJECTIVE FUNCTIONS FOR THE REGULATED SECTOR

Consider an observed pericd 0 equilibrium for our regional economy. Sup-
pose that the firm net output vectors for the three classes of goods
(interregional, public utility, and other domestic) are xko,yku,zko for
k= 0,%,...,K. Suppose that the observed household net demand vectors for

the three classes of good are aho,bho,ch0 for h = 1,...,H. Suppose further
that the period 0 world price vector is w0 »> 0I and that each producer and
consumer is competitively optimizing with respect to the interregionally

traded goods, conditional on their allocation of domestic goods and public

utility services. Thus if we denote the welfare level of household h by

0
Uy, we have

0,.ho h, 0 O,bho’chD

(20) u: = fh(aho.bho.cho) Powea = e (v Y :h=1,...,H and
21) WOoxk0 = Fl,v%%, 250 5 k= 1,k

. 0 H =h =0 _ . H =h =0 _H =h
Let us define a = a - 2h=0a + BEb Eh=0b and ¥ S ¢© zh=0c .

These are net government demand vectors less the corresponding endowment
vectors. We shall hold &, B and y fixed throughout the analysis which

follows in subseguent sections.
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The period 0 allocation of public utility gservices and other domestic goods
is summarized by the following equations (we assume that there are no free
goods) :

ko EH

K
(22) By - Iy b

H
k=0 " Ept® T ¥ T Oy e
We do not assume that resources pertaining to the regulated and domestic
good markets are optimally allocated in period 0. The amount of "foreign®
exchange that the regional economy has produced in period 0 is (we no

longer demand that interregional trade be exactly balanced):

0

(23) £ =X h 0 0 _h0o _hD 0

k. 0 kO sz H ( b .
[ h=1e uhrw ) C ) =W oea .

4
k=0“ {w y - E
The maximal amount of foreign exchange the economy c¢ould produce and still
give each household the period 0 level of utility is given by the solution
to the following constrained maximization problem which is analogous to
(8):

{EK nk(wo k _k

_ ¥ .27) = %
yk’zk'bh'ch k=0

H _h, 0 0

(24) £* = max he=1® (uh.w .bh.ch)

0

Py . 78 K L gH h
Woea : Ek=0y Eh=1b

-B 2-0M HY

0

y >0 ¢

h
M HE 4 iOM' k=1,...,K ; b > OMI h=1,...,H .
& natural measure of the waste of resources inherent in the observed period

0 equilibrium is
25) W, = f* - £ > .
(25) A 0

The inequality in (25) follows from the feasibility of the observed
equilibrium for the problem (24). The waste measure defined by (25) is a

variant of a measure introduced by Allais [1943] [1977].

In principle different regulatory schemes could be judged by the amount of

waste that they engendered. However, we shall use the Allais measure of
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waste for a different purpose: namely, as a bonus or performance
evaluation function that can be used to evaluate the performance of the

manager of a regulated industry.

Consider the following candidate for an objective Ffunction:

{26) Go = 2§=Ouk(wo,yk1,zk1] - Z:=1eh(ug,wo,bh1,ch1) - wo-m
K k 0 k0o kO H h 0 0 _h0 ho 0
- [zk=0” (W ,¥y .2 ) - Eh=1e (uh,w Do) = w o]

We regard the period 0 equilibrium as being fixed. The manager of the
regulated sector is supposed to choose price and quantity vectors for
period 1 that maximize Go. The period 0 egquilibrium is characterized by
the interregional price vector wo, the welfare vector u0 H [u?,...,ug] and
the resource allocation equations (22). We do not assume that the period 0
equilibrium is efficient, so we will sometimes refer to it as the observed
distorted eguilibrium. From (23), we see that the terms in sguare brackets
in (26) add up to fo, the amount of "foreign" exchange the regional economy
produced in period 0. We assume that the world price vector wo and the
period 0 real income vector u® will carry over to period 1 and we ask the

manager of the regulated sector to maximize (26) subject to the following

restrictions:
K k1 H h1
- Lk b - >0
(27) Zk=0Y =1 B> M
K k1 H h1
(28) Zk=oz - 2h=1c -2 ON :

1 h1
yk <0M; k=1,...,R 1 b

1
{29) yO >0, 2 OM' h=1,...,H.

-

It is reasonable ko assume that the manager of the regulated sector can
control the allocation of resources in the M regulated public utility

service markets. If the manager can also control the allocation of goods
in the N domestic markets, then the control variables for the manager are
1 2, k= 6,1,...,k ana ™', M, h = 1,...,H and maximizing (26) with
respect to these variables, subject to the constraints {27) - (29), is

equivalent to maximizing (24) and so the optimized objective function for

(26) will be

Performance Indicators 461

(30} GD = f£* - fu = W

which is the amount of extra foreign exchange the economy could produce,
keeping each household at its period 0 level of welfare. Thus we are
giving the manager of the regulated sector the task of eliminating waste in
the economy for period 1. Note that we are agreeing with Schmalensee
[1979; 8] that the dominant objective of a regulatory scheme should be the

improvement of economic efficiency.

Is it reasonable to suppose that the manager can control the allocation of
goods in domestic markets? The answer is yes if sectors 1 to K and each

household behave competitively and the government eliminates all taxes and
subsidies on domestic goods in the period 1 economy.

chooses his net output vector z01

After the manager
for domestic goods, the market will
optimally allocate domestic resources across the competitive firms and
households, where the optimality is conditional on the choices of the
manager of the regulated sector, Thus in the case where there are no
distortions on domestic markets in period 1, it is perfectly reasonable to
ask the manager to maximize G0 with respect to all quantity vectors
subject to the restrictions (27)-(29).

0

However, it may not be reasonable to suppose that the vectors u” and

0
w will persist in period 1. Suppose that the periocd 1 distribution of

real income ends up being given by the vector u1

t_

H [u1,....u;] and the
vector of world prices turns out to be w = [w},...,wI] > OI. Then

another possible objective function for the manager of the regulated sector

is
e O Y Sl (AE LN L L L s
- [Z§=0nk(w1,yko,zko) - Eﬁ=1eh(u;,w1,bho,cho) - w"d] .

The first 3 sets of terms on the right hand side of (31} represent the
amount of foreign exchange actually earned by the economy in period 1. The
3 sets of terms in square brackets represent a hypothetical amount of

foreign exchange that would be earned in the economy if the distribution of
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real income remained fixed at the actual period one distribution u1, and if
the eccnomy faced the world price vector w‘, but the allocation of regula-
ted and domestic goods remained at their period 0 levels, The manager is

supposed to maximize(31) subject to the constraints (27) - (29).

1 1 0

= GD if w = w 0

Note that G and u1 = u"; thus under static conditions, the

two objective functions coincide.

Note also that the manager would probably prefer G0 as an objective
function, since in this case, he or she does not have to forecast what
world prices w1 and the distribution of income u1 will be in pericd 1. ©On
the other hand, the government would probably prefer G1 as a performance
indicator for the manager, since in this case, the forecast risks are
imposed on the manager. Thus we could view the maximization of

(1/2)(Go + G‘) as a risk sharing arrangement between the government and the
manager.

Unfortunately, each of the two indicators defined above contains terms
which cannot be evaluated using just observable price and quantity data for
the two periods. Thus in the following two sections, we shall impose
differentiability assumptions on our functions and attempt to find
approximations to our theoretical indicators that can be evaluated using

only market data.
5.  FIRST ORDER APPROXIMATIONS

Recall G0 defined by (30}. We need to form approximations for the differ-

1 kK 0 kO k0 h 0 0 ht hl h 0 0 _hO ho
ences nk(wo,yH,Zk }=~m (w ,¥ ,z ) and e (uh,w b e }—e (v w b ,c Y.

We shall assume that the price and gquantity data pertaining to pericds 0

and 1 are observable and we further assume that the functions

t kt kt h, t t _ht ht
ﬂ#(w Y #2 )}y K=0,1,...,K, and e (uh,w b e ), h=1,,,,,H are

differentiable with respect to all arguments for t = 0,1. 1In particular,

we assume that the following vectors of derivatives exist and are equal to
that sector k faces in

t kt
corresponding nonnegative price vectors p and r

period t and Pht and Rht that household h faces in period t for public

utility services and domestic goods respectively:
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£kt kt kt

k
'VY“ W,y +2 ), 1 ke

k ¢
H -Vzn (w .,y ,z

kt t .
(32) p 7 e=0,1; k=0,1,...,K;

ht _ h & &£ ht ht hi _ h_ t t ht ht
(33) B = -Vbe (uh,w b o ), R = -Vce (uh,w e )it=0,1; h=1,...,H,

k1 k1

A first order Taylor series approximation to uk(wo,y $Z ) is:

k1 ki

k 0
(34) © (w ,¥y ,z 0

k0 kO k0 k1
A Y e I R AT A

k
y = wo(w y

0., k0 _ kO,

= wOex K1 kO kKO_, k1 ko

(¥ =y ) - efz" - 2z")

denotes nk(wo,yko,zko) and we have used (21} and (32).

kO ko .
that p" and r are price vectors (excluding any fixed charges) that

h ko
where We assume

sector k faces for regulated goods and domestic goods respectively in

period 0 for k = 1,...,K.

An alternative first order approximation is:

(35) nk(wo,yk1,zk1) - “k(wityk1'2k1) + 7 nk1-(w° - w1,
w

SR 3 P PP R R

- wO'Xk‘l

where we have used the counterpart to (21) for period 1 and Hotelling's

Lemma {19) applied to period 1 data,

A first order approximation to eh(ug,bh1,ch1) is:

{36) eh(ug,wo,bj1.ch1) =eh(ug,w0,bh°,ch0) +Vbeh°-(bh1-bh0) +Vceh°-(ch1—ch0)
- wo.ano - Pho-(bhl-bho) _ Rho.(ch1_cho)
where Vbeh0 denctes Vbeh(ug,wo,bho.chol and we have used {(20) and (33).
ho ho )

Recall that P and R are price vectors (excluding any fixed charges)
that household h faces for regulated goods and domestic goods respectively

during period 0.
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Substitute {36), {35) for k = 0 and (34) for k = 1,...,K into the
0
definition of G, (30), and we obtain the following first order

. 0
approximation to G ¢

(37 @ = WO = x99 _ 2§=1pk°-(yk‘ LN E:=1Ph0_(bh1 - b,
R k0o, ki1 ko B _h0o___hl1 _ ho
= Iy iz z7) + I 4R e e ) .

In order to "simplify" (37), we assume that there are no domestic tax

distortions so that all producers and consumers face the same domestic

goods price vector t* in peried t. Using also (22), we find that (37)

0
reduces to the following first order approximation for G :

kO B

hd
+2h=

k0 :
1P )

k1

0 oty -y )

0 01__00 K
-z

(38) 6% = W2ex® x4 Orz ) Iy 20y

o 00 0 0
Let us analyze the terms on the right hand side of (38). w +x + r ez

is the regulated sector's period 0 net revenue from supplying world and
domestic goods (other than the regulated public utility services) minus
If the regulated sector does not produce any outputs other

0 00
than the M regulated services, then w »x +

input cost.

r *z  is minus period 0 cost
In general, these terms will represent minus the net cost oﬁ

The terms WO'XOT*

tor sector 0.
producing the regulated services vector yoo in period 0.

ro'zOI represent minus the net cost of producing the period 1 requlated

Q1

services vector y  but valued at period 0 prices. Thus woo(xOT-xDO) +

rg 0(201 - zoo) represents minus the change in cost for the regulated

sector, where all inputs are valued at period 0 prices. The term
o0 L (pKiL

public utility services valued at period 0 prices (remember, ykt 5_0“ for

yko) represents the net increase in sector k's utilization of

k=1,...,K by our sign conventions for the treatment of inputs and

hT—bha) represents the increase (decrease if

hi
outputs). The 'term P 0-(b
negative) in household h's consumption of public utility services valued at

< . t
period 0 prices (our sign conventions in this case imply b Z'UM)'

In an entirely analogous manner, we can derive the following first order

. 1 .
approximation to the performance indicator G defined by (31):
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-2
(39) 61 = wlex® x00) 4p1.(z01_;00, gk pk1. (k14K sgi phl, (pyht_pho,

k=1 h=1
Note that the right hand side of (39) is analogous to (38) except that
period 1 prices and tax rates have replaced the corresponding period 0
prices and tax rates. The first two inner products on the right hand side
of (39} represent the regulated firm's cost reduction going from period ¢
to 1 evaluated at period 1 prices, the next K terms represent the net
increase in the utilization of public utility services by the competitive
firms in the economy evaluated at period 1 prices (a measure of producer
benefit), and the last H terms represent the net increase in the
consumpticon of public utility services by households evaluated at period 1

prices [ a measure of consumer benefit).

Recall that if the manager of the regulated sector solves the problem of
maximizing G1 subject to the various rescurce constraints, then the
period 1 economy will be efficient. If we replace the unobservable
performance indicator 61 by the approximation on the right hand side of
(39), then the manager will be motivated to choose his outputs, inputs and
prices for regulated goods in such a way so that the allocation of
resources will be approximately efficient in period 1. The manager is
allowed to set arbitrary prices for the public utility services, but he is

obligated to supply whatever guantities are demanded at those prices,

If instead of using the right hand side of (39) as a performance indicator,

we wish to use it as a bonus function for the manager of the public
utilities sector, then we need only use a suitable monotonic transformation
of the right hand side, so that the required payments to the manager will

not be enormous.

The performance indicators defined by (58) and (59) can be evaluated in
principle using only observable price, quantity and tax data for the two

periods.
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6. SECOND ORDER APPROXIMATIONS

In order to provide second order approximations to our theoretical
performance indicators defined in section 4, we shall proceed in a somewhat
indirect manner. We shall obtain expressions for an average of G0 and G1
that are exactly correct if the profit functions nk and the expenditure
functions ehhave certain functional forms. These functional forms will be
flexible; i.e., they can approximate arbitrary twice continuously
differentiable profit or expenditure functions to the second order.B The
reader who is familiar with the index number literature will realize that
our procedure is analogous to the construction of a superlative index
number formula.? The main difference is that instead of approximating
ratios of functions, we now approximate differences of functions by

empirically chservable formulae.

Consider the following functional form for a restricted profit function w
where we combine our old vectors y and z into the M+N dimensional vector s;
i.e., sT = [yT.zT] where sT indicates the transpose of the column vector

S3

(40) T(w.S) = bew + (1/2) (we8) weBw + weBs + (1/2) (wed)s+Cs

where 6 > DI and b are I dimensional vectors of parameters, A is an I by I
symmetric positive semidefinite matrix, B is an I by M#N matrix of
parameters and € is a symmetric M+N by M+N matrix. Note that we are
assuming that the vector of parameters 6 is nonnegative with at least one
componént positive, Using a result in Diewert and Wales [1985; 20], it can|
be shown that the positive semidefiniteness of A implies that the m{w,s)
defined by (40) is a convex function of w, as it must be in order to be a
valid profit function.

Proposition 1: = defined by (40) is a flexible functional form for any
preass%gned choice of 8 > OI; i,e., it can provide a second ordet

approximation to an arbitrary twice continuously differentiable restricted

Performance Indicators 467
profit function at an arbitrary point w*,s* where w* >> UI. Moreover

the parameters of the matrix A can be further restricted to satisfy the
following I linear restrictions without destroying the flexibility

property:
41) Aw* = 0_ ,
(41) 1

The functional form defined by (40) is a very convenient one for
econometric purposes, since if the restrictions (41) are satisfied, it has
the flexibility property with a minimal number of parameters. Moreover,
linear regression techniques may be used to estimate the unknown
parameters. Finally, the convexity in prices property that a profit
function must satisfy may be imposed globally without destroying the
flexibility of the functional form by using a technigue explained in
Diewert and Wales [1987].

The following two propositions require us to evaluate profit functions at

the deflated prices W' defined by:

~0

(42) wufw0°9 3 ;1 w1/w1-9 H

g > OI .

The vector O = [81,...,611 which appears in (42) can be an arbitrary

nonnegative (but nonzero) wvector.

by (40).

Once 9 is chosen, we use it to define =

Proposition 2: Let the restricted profit function m be defined by (40) and

define the deflated world price vectors Gt by (42). Then the following

identities hold for all vectors su and 313

(43} nw',s") - wwl,s® + wwl,sly - wwl,s?)

0

= [VSu(;O,so) + Vsn(v;‘,s])]-[s1 - 5] and

(44) = Wy sh - v awd,sh .

The proof is by a lengthy series of straightforward calculations, remember-
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ing that wheB = 1 for t = 0,1,
Consider the following functional form for a restricted expenditure

function e where we now define the vector s to be our old household vectors

. T _ T T
b and ¢; i.e., 5 = [b ,c 1:

(45} ef{u,w,8) = bew + (1/2)(w-9)'1w-hw + weBs + (1/2)(ws8)s+Cs

+ weau + (wed)s+cu + (1/2)(w-B)c0u2

where 9 > 01, a and b are I dimensional vectors of parameters, ¢ is an
M+N vector of parameters, A is an I by I negative semidefinite symmetric
matrix, B is an I by M+N matrix of parameters, C is an M+#N by M+N positive

Recall10

semidefinite symmetric matrix and S is a scalar parameter.
that restricted expenditure functions, e(u,w,s), have to be concave in
their price arguments w and convex in their quantity arguments s, under our
assumption that the household's utility function is quasiconcave. The
curvature conditions that we have imposed on the matrices A and € will
ensure that e defined by (45) satisfies the appropriate theoretical

curvature restrictions globally.
The following proposition is a counterpart to Proposition 1.

Proposition 3: e defined by (45) is a flexible functional form for any

preassigned choice of 8 > OI. Moreover, the parameters of the matrix A
can be restricted to satisfy the I restrictions (41) without destroying the

flexibility result.

The following proposition is a counterpart to (43) in Proposition 2 and may

be proven in the same manner.

Proposition 4: Pick & > 0 , define the restricted expenditure function
e by (45) and define the deflated interregional price vectors W by (42).

0 1
Then the following identity holds for all s and s ¢
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{46) e(u1,w1.sl) - e(u‘.@‘ ,so) + e(uo,:qo,sl) - e(uo,:.-o,so)

= (T et wlish) + v ew® w0600 187 - 50 .

Recall definitions {32) and (33). Define the ceorresponding deflated price

and distortion vectors by:

=k £ ~kt _

(47) p =p /w 6, r = /W 0, rt = Ot/wt‘e? E=0,1; k=0,1,...,K:
~ht _ ~hE _

(48) B"t = p"t/wten , BPE = A"Eutee t = 0,1, h= 1.0,

Proposition 5: Let & > 0 be fixed. Let each restricted profit
function u be in the class of functional forms defined by ({40) and let
each restricted expenditure function eh be in the class of functional
forms defined by (45). Assume that the economy's domestic resource

constraints (3) hold with equality in each period. Define the theoretical

performance indicators GU by {26) ({(except use the deflated price vector ;0

in place of w°) and G' by (31) (except use w' in place of w'). Then the
following identity holds exactly:
~0 =1~ ~1. , 01 00, . ~0.~1
(49) & + &' =%y "% e @O (22" a0 Ry ")
s (ph°+ph‘)-¢bh‘-bh°) = 26+

The right hand side of (49) can in principle be calculated knowing price
and quantity data for the economy for the twe pericds. Note that G* is the
average of the first order approximation to GD, {38), and the first

order approximation to G1, {39), except that the prices in (38) and
{39) are replaced by the corresponding deflated prices. Thus there is no
need to belabour the interpretation of G*: the same old cost reduction,
producer benefit and consumer benefit terms show up, expressed at average
deflated prices rather than at individual period prices. If

0 1
u

= u (so there is no change in the distribution of real income) and w‘
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~0 _ =1

is proportional to wo, then it is easy to show that G = G . Thus under

these hypotheses, G* is exact for the common theoretical performance

indicator.a = §° = 61.

In general, noke that G* is defined in terms of observable price and
quantity data. Moreover, G* is exactly equal to the theoretical perform-
ance indicator (1/2) (50 + 51) if the industry profit functions have

normalized gnadratic forms (39) and the consumer restricted expenditure
functions have normalized quadratic forms {45). Since these guadratic
functional forms can provide second order approximations to arbitrary

profit and expenditure functions? G* has a second order approximation

property and thus may be called a superlative performance indicator in

analogy with the index number literature,.

in order to help the reader interpret the rather formidable formula (49),
we present the geometry of a very special case of our analysis in the
following section.

7. THE GEOMETRY OF A SPECIAL CASE

Let I be arbitrary, M= 1, ¥ = 0, K =0 and H = 1. Hence there is an
arbitrary number of interregionally traded goods, one public utility good,
no domestic goods, no competitive firms and only one household.
Furthermore, we assume that the welfare of the single household remains
unchanged and that world prices remain unchanged, so that

u = uo = u1 and w = wo = w1. uUnder thése conditions, our theoretical
performance indicators defined in section 4 collapse to the same thlng, G
say. There are only two functions in the reglonal eConomy, n {(W,¥ ), the
manager's restricted profit function, and e (u,w,b), the single household's
restricted expenditure function. The adding up, constraint for public
utility se:vices.implies that yo = b, where b is household one's demand for

public utility services. Since b is the only managerial choice variable,

let us Smellfy the notation and define m(b) = xo(w,b) and

e{by = e (u,w,b). In period 0, the allocation of the single public ut111ty
1

good is be and in period one, the allocaticn is b . The manager's problem

is to maximize
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(50) G = b)) - etb) - [nD’) - e(b))]

1

with respect to b’ > 0.

If the observed b1 > 0 solves this maximization
problem and the functions 7 and e are differentiable at the solution, then

the following first order condition will be satisfied:

= —'p) =2,

(51) -x'(b")
The left hand side of (51) represents the regulated firm's marginal cost of
producing an extra unit of the public utility service while the right hand
side represents the household's willingness to pay for an extra unit and

331)

1
P denotes the price the household faces in

represents a point on the consumer's Hicksian [1946; (real income

constant) demand curve.

; 2 0 _ 0
period 1 while P° = -e'(b’) denotes the price the househocld faced in period
0.

Since we are assuming that w = wo, it1is harmless to assume that wo-B =
t
w *0 = 1. Under

half of (49) is:

these conditions, the approximation to G defined by one

(52) (1/2) (WO +(x9x9% + (1/2) (%Y e b '-bY)

= b - wp®y + (1/2) %y 1Y)

where the equality in (52) follows from wo-x00= u(b0)= w’-xoo and w1-x01=

1

1 o 0
b} = w *x , using also wo =w .

The algebra above is illustrated in Pigure 1.
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Figure 1.

P,mn,e

Y (Y

-e(b)
(b

The top solid curve in Figure 1 is n({b) while the bottom s0lid curve is
-e{b).
the marginal cost curve, -n'(b}, intersects the Hicksian demand curve,
-e'(b}.

Note that the area under -n'({b} from b0 to 1:'.l equals - {n(b‘) - n(bo)]

. : cos 1
The verticle sum of these two curves is maximized at b~ where

while the area under -e'(b) from b0 o b1 egquals —[e(b1) - e(bO)]. Using
these relations, it can be seen that the thecretical performance indicator
(or measure of efficiency gain) G is egual to the triangular regions T,
plus T where the upper boundary of Tc iz the dashed line. ©On the other
hand, it can be seen that the approximate measure of gain defined by (52)
is equal to Tz plus TP but now the upper boundary of the triangular region
T; is the straight line instead of the dashed line. Of course, if the
expenditure function e is in the class of functional forms defined by (45),
then the triangular regions would coincide. The first order approximation
to G0 {see {38))} can be shown to be Tp + (Po - PT) (b1 - bu) while the
first order approximation to G1 {see (39%)) is TP.

We leave to the reader the task of adapting the geometry to situations
where the manager chooses b1 to the right of the intersection of the
marginal cost and Hicksian demand curves and to situations” where the

technology set is not convex and thus the marginal cost curve can be
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downward sloping. The main impression we want to leave with the reader is
that the quadratic approximations defined in section & are very much better

than the linear approximations defined in section 5.
8. ALTERNATIVE PERFORMANCE INDICATORS

Early contributors to the incentive scheme and performance indicator
approach to the control of monopoly include Scott [1952)], Domar [1974].,
Vogelsang and Pinsinger [1979) and Tam [1981]. 1In our notation, the three
most interesting performance indicators were defined by:

1

53) 1. zwlex! - 2% +pley? - ¥®) +rle2! - 20

Y s

[]1]

1 0 Tt 11 0
5o 1=y - - el - e’ s

(55)

1= a/ae ey - 8% - el el - e® W%

where xt,yt,zt denote the net output vectors for internationally traded
goods, public utility services and domestic goocds respectively for the
monopoly sector in period t; wt,pt,rt denote the corresponding period t
price vectors that the public utility sector faces for the three classes of
goods, and C(yt,wt,rt) denotes the net cost of producing the vector of
public utility services yt in periecd t. IS defined by (53) is our
mathematical interpretation of Scott's {1978; 155] verbal description of
his performance indicator. WNote that our performance indicator G1
defined by (39) reduced to it if H+ K = 1 or if all users of the public
utility services are charged the same price for the same service, IFv
defined by (54) is a performance indicator due to Finsinger and Vogelsang
[1981; 400) [1982; 2B5] [1985; 165].

C(yt,wt,rt)=[wt°xt+ rtoztl for t = 0,1 so that the Arrow-Hurwicz problem

1f w0=w‘ and ro=r1 and

does not apply, then it can be shown that IS = IFV'

indicator IT defined by (55) is due to Tam [1985; 284].

The performance
Sappington

and Sibley [1985) have defined a closely related indicator. WNote that

IT is related to our performance indicator G* defined in (49); in fact

the indicators are identical if: (i) we use normalized prices in (55},
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{ii) H+ X = 1 or all users of the same public utility service are charged

= w1 and ro = :1.

the same price and (iii) wﬂ
The above performance indicators may be subjected to a number of
criticisms. (i) Scott's indicator has no formal economic or mathematical
justification and the other two indicators were justified using a suspect
Marshallian {7920; 487) consumer surplus concept. (ii} Scott's indicator
has only a first order approximation property while the other indicators
have formal approximation properties only under additiconal assumptions. In
contrast, our performance indicator defined by the right hand side of

(49) had a second order approximation property. (iii) Igy and I, are not

T

inflation proof; i.e., they are not invariant to scale changes in the level |

of prices in any period. ({iv) The last two indicators are based on a
partial equilibrium analysis and moreover, they are subject to the
Arrow-Hurwicz cbjection if the monopolist's production possibilities set

has certain types of nonconvexities.

In spite of the above e¢riticisms, it is clear that our analysis owes a

great deal to this pioneering incentive scheme literature.l!

9, CONCLUSION

Much of the literature on evaluating the efficiency of a regulated public
utility monopoly and the literature which proposed optimal regulatory
schemes made use of the consumer surplus concept. It is well known that
the consumer surplus concept suffers from a number of theoretical
deficiencies, particularly when it is applied in a many consumer contexkt.
Thus there appears to be a significant theoretical deficiency in the

literature.

in our paper, we proposed a new method for regulating a public utility
monopoly, one that is solidly based on microeconomic¢ theory. Our proposed
method involved giving the public utility manager the "right® objective
function to maximize. This social objective function is a very broad one;
it is the amount of extra money or foreign exchange that the regicnal

economy that is served by the public utility could earn while keeping each
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household at a specified level of welfare. This theoretical objective

function is a variant of one originally proposed by Allais [1943).

A difficulty with our proposed regulatory scheme is that the theoretically

desirable social objective function is unobservable, However, we provide

first and second order approximations to the theoretical objective function

which depend only on observable price and quantity data. Thus we end up

with a regulatory scheme that is "practical® in the sense that no

elasticity information is required in order to implement it and it should
achieve an efficient allocation of resources {to the second order). Thus
the deadweight loss dgenerated by currently used regulatory methods should

be reduced by our proposed method.

In the course of our derivations, we defined some new classes of flexible
functional forms for restricted profit and expenditure functions (see

Propositions 1 and 3 above) that should prove to be useful in applications.,

Finally, it seems appropriate to conclude by guoting Zajac [1978; 47] on
the significance of deadweight loss due to inadeguate regulatory schemes:

"A deadweight loss to an economist is like an unexploited
energy source to an engineer, 1In both cases lack of tools
or the presence of constraints may thwart the realization of
potential benefits. But the larger the potential benefits,
the more justified is an effort to obtain more flexible or
additional policy instruments to convert potential benefits
into realized benefits, OF course, the obstacles may be so
great that even herculean efforts are insufficient to bring
about the conversion -- a situation of great frustration to
both the economist and the engineer,"

FOOTNOTES

1. See Walras [1980; 83], Pigou [1920: 278], Hotelling [1938; 256],
Lerner [1944; 182], Meade [1945] and Fleming [1945].
2. If the region were indebted to the rest of the world, then the 0 in

(1) ecould be replaced by a parameter b, the amount of world currency

I

i=t"i%ge

3. This means that each producer and consumer either produces or utilizes

required to service the debt. WNotation: wesx = I
an interregionally traded good at the optimal solution.
4., See Diewert [1986; 25].

5. See Diewert [1986; 175]).
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6. HNotable exceptions include Guesnerie [1875], Brown and Heal [1879)
{19801 and Dréze [1980].

7. See Hotelling [1932; 584], Gorman [1968] and Diewert [1986; 142].

B. BSee Diewert {[1974; 113) for the concept of a flexible functional form.

9. See Diewert [1978] and Denny and Fuss [1983a] [1983b].
10. See Diewert [1986; 170-176]).
11, The material in this chapter is treated at greater length in Diewert
j1985].
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