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CAPACITY UTILIZATION UNDER
REGULATORY CONSTRAINTS

Kathleen Segerson and Dale Squires™

Abstract—This paper presents a methodology for predicting
the effect of quota-type regulatory constraints on capacity
utilization for a multiproduct profit-maximizing firm. The
approach builds on recent advances in the use of virtual prices
to mode! the effects of rationing. This allows the effects of
regulatory constraints to be examined ex ante. The methodol-
ogy is illustrated through a case study of the imposition of
output quotas in an open-access marine fishing industry on
the Pacific Coast of the United States. The results suggest
that, for certain species, output quotas can cause strong
disinvestment incentives.

1. Introduction

EASURES of capacity utilization (CU)

have been used for many years to analyze
the current status of the economy, the expansion-
ary or contractionary forces on investment and
inflation, and productivity movements. Tradi-
tional CU measures were based on the notion of
maximum possible output. Recently, economists
have developed measures derived from the eco-
nomic theory of the firm and based instead on a
notion of optimal output (Berndt and Fuss, 1986;
Hickman, 1964; Klein, 1960; Morrison, 1985, 1988;
Segerson and Squires, 1990a). These measures
assume that some inputs are quasi-fixed and that
capacity utilization is determined by the level of
the quasi-fixed input(s) relative to the level of
output.

Previous studies of theory-based CU measures
have generally assumed that the industry under
study was free from regulatory constraints. An
exception is Morrison’s (1988) study, which ana-
lyzed (among other things) the effect of
pollution-control regulations on capacity utiliza-
tion in the U.S. and Canadian steel industries.
The analysis is retrospective, however, since it
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studied the impacts of regulations that were al-
ready in effect.

In many cases, it would be useful to be able to
predict the effect of proposed regulations on ca-
pacity utilization. Such prospective or ex ante
analysis would provide regulators with useful
information regarding the likely effect of alterna-
tive policies on investment incentives. For exam-
ple, regulatory production limits on a single
product (such as quotas) may cause multiproduct
firms to change the volume and mix of their
production, which could in turn change invest-
ment incentives.! Likewise, input use restrictions
could affect both output supplies and the de-
mands for unregulated inputs, thereby altering
investment incentives. Predictions of these
changes would contribute to designing more ef-
fective public policies regulating capacity and in-
vestment.

If the impacts of regulations on supply are
important, output choices must be endogenous in
the models that predict those impacts. Previous
studies of CU have treated output as exogenous,
however, focusing on cost-minimization as the
behavioral objective of the firm.?2 Thus, to be of
use in predicting the effects of regulatory con-
straints on investment incentives, the standard
CU measures must be modified to reflect an
alternative behavioral assumption, such as profit
maximization.

The purpose of this paper is to present a
methodology for predicting the effect of quota-
type regulatory constraints on capacity utilization
for a multiproduct profit-maximizing firm. We
develop the methodology in the context of a firm

'In addition to a change in the mix of regulated and
unregulated products, if thé production limit is applied to a
product class, which actually entails several variants of 2
product, quality upgrading could result, i.e., firms could also
adjust their product mix within the category of regulated
outputs. We are grateful 10 an anonymous referee for noting
this possibility.

An exception is Squires (1987). See further discussion
below.
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that faces possible input or output quotas. Our
approach builds on recent advances in the use of
virtual prices to model the effects of rationing
(e.g., Neary and Roberts, 1980). We then illus-
trate the methodology by predicting the effect of
output quotas in a multiproduct fishing industry
on the Pacific Coast of the United States. In the
context of our example, a special case of profit
maximization, namely, revenue maximization, is
assumed, since for many fisheries all inputs are
effectively fixed in the short run.

Although implementation of the methodology
is developed through a case study of a marine
fishing industry, the approach should be widely
applicable to analyses of CU for any industry
with profit-maximizing multiproduct firms facing
input or output constraints. For example, it could
be applied in the context of agricuiture where
farms face potential water rationing or restric-
tions on the use of chemical fertilizers or pesti-
cides or potential output quotas to regulate pro-
duction.? Alternatively, in the context of interna-
tional trade, it could be used to analyze the
effects of export quotas or voluntary export re-
strictions. Other possible applications include the
impacts of policies that would ban the production
of a particular output or use of a particular input
(for health or environmental reasons) and fiscal
policies that might result in credit rationing.

II. Measures of Capacity Utilization

Capacity utilization measures have only re-
cently been developed from the theory of firm
behavior (Klein, 1960; Hickman, 1964; Morrison,
1985, 1986; Berndt and Fuss, 1986).° For single
product firms, the primal measure of CU is de-
fined as CUY = Y'/Y*, where Y’ is actual out-
put and Y* is the long-run equilibrium output
level under cost minimization, i.e., the output
level at which the short-run and long-run average
cost curves are tangent. CU can be equivalently
measured in terms of the cost gap that exists
when Y’ is not equal to Y* (Morrison, 1985).
This dual CU measure contains information on

3 Constraints have been used in many other industries as
wsll. inciuding trucking, railroads, airlines, and banking.
An alternative approach, based on the concept of maxi-
mum output, has been used for many years. For a discussion,
sec Morrison (1985).

the difference between the current temporary
equilibrium and the long-run equilibrium in terms
of the implicit costs of divergence from long-run
equilibrium. It is defined as CU€ = C*/C, where
C is the firm’s actual cost and C* is its shadow
cost.

CU has traditionally been measured for
single-product firms. Segerson and Squires
(1990a) considered CU measurement for multi-
product firms and found that the extension of the
single-product primal measure to the multiprod-
uct case can be problematic because a scalar
measure of output does not generally exist’
However, a dual measure of CU for the multi-
product firm that is directly analogous to the
single-product measure can be easily defined.

Measures based on the assumption that the
firm’s objective is cost minimization are particu-
larly well-suited when production strategies strive
for economies of scale arising from high-volume
focused production of standardized goods in an-
ticipation of a stable market demand. These mass
production firms may be concerned primarily with
costs in order to meet competition from low-cost
producers (Abegglen and Stalk, 1985; Dosi, 1988;
Skinner, 1985). If production is not fixed, how-
ever, choice of output levels must be considered.
This consideration seems particularly important
for multiproduct firms, which often seek to adjust
their product line in response to a shifting, more
disaggregated market (Abegglen and Stalk; Dosi;
Stalk, 1988).° In addition, it is a potentially im-
portant component of a firm’s regulatory re-
sponse.

If muitiproduct firms choose output levels to
maximize profit, then the shadow value of the

3 A consistent scalar measure of output in multiproduct
firms exists if all outputs are homothetically separable from
inputs. In this case, a direct analogue of the single-product
primal measure of CU can be developed for the multiproduct
firm. When the technology is not homothetically separable,
Segerson and Squires (1990a) suggest two alternative ways of
defining a primal CU measure. However, since both make
restrictive assumptions, namely, that outputs move along a ray
(giving a ray measure of CU) or that only one output adjusts
(giving a partial measure of CU), we have chosen to focus
here on dual measures, which do not require these assump-
tions.

¢ Industries where such firms are likely to be important
include mini-mill steel, machine tools, metal working, medical
equipment, high-end apparel, and increasingly, automotive
production.
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quasi-fixed input’ (Z) will be the change in re-
stricted profit resulting from a marginal change in
Z, i.e., the derivative of the restricted profit func-
tion (H) with respect to Z (Lau, 1976). A dual
CU measure can then be defined in terms of the
profit gap (rather than the cost gap) that results
from being out of long-run equilibrium (Squires,
1987).% In particular, we can define CUS = §/5*,
where S is the actual profit and S* is the shadow
value of profit. Thus,

H(P,W;Z) -W,2

H(P,W;Z) - WFZ

(W —W;)Z
H(P,W;Z)~ WS

cUS =

¢))

=1+

where H(P,W;Z) is the restricted profit func-
tion, $* = H(P,W;Z) — W}Z, P is a vector of
competitive prices for M outputs, W is a vector
of competitive prices for N variable inputs, W, is
the market or rental price for Z, and W7 = H,.

III. The Effects of Regulatory Constraints

Given data on variable input and output prices
and the level of the quasi-fixed factor, the re-
stricted profit function can be estimated and used
to calculate either of the two alternative dual
measures of CU discussed above. If the firm was
not subject to any regulatory constraints during
the sample period, these measures provide infor-
mation on investment incentives in the absence of
regulation.’ In this section, we suggest a method-
ology for predicting how a regulatory constraint

7 We assume throughout that there is a single quasi-fixed
factor. Although the definition of CU can be casily extended
to include multiple quasi-fixed factors, its interpretation be-
comes unclear in this context since it is possible to have
CU = 1 even if the actual prices of the quasi-fixed factors do
not equal their shadow values (e.g., if there are offsetting
effects). The implications of this for investment incentives are
unclear. Finally, the model of a single, aggregate quasi-fixed
input has been used clsewhere (Diewert, 1974; Kirkley and
Strand, 1988) and is appropriate for our case study. For these
reasons, we consider only this case in our conceptual model.

8 This suggests that theory-based measures of CU are not
unique, but instead depend on the underlying behavioral
assumption.

? In general, when capacity utilization exceeds one, there is
an incentive for the firm to invest, i.c., increase the level of its
quasi-fixed factor. Likewise, capacity utilization less than one
implies disinvestment incentives. This interpretation assumes,
however, that output is expected to remain at its current level,
i.e.,, that the current output level is not the resuit of a
temporary variation.

subsequently imposed would affect those invest-
ment incentives through changes in CU.

We consider first the case of an output quota,
where the output of some product, say Y,, is
restricted to be less than or equal to some exoge-
nous level, y,.'"° Because the estimated restricted
profit function is dependent on prices rather than
output levels, it is not possible to incorporate the
output constraint directly into the CU measure.
However, as noted by Weitzman (1974), primal
and dual production constraints are theoretically
equivalent in a static, full-information, determin-
istic setting. Thus, through the use of “virtual
prices” (Neary and Roberts, 1980), the quantity
constraint can be transformed into a price con-
straint, which in turn can be directly incorporated
into the CU measures.

More specifically, the effect of the quantity
constraint on CU can be determined by calculat-
ing the new shadow price of the quasi-fixed input,
i.e., the shadow price with the regulation, and
using this new price to calculate a post-regulation
CU measure. If the production constraint is bind-
ing and the demands for all other products are
perfectly elastic,!' then the shadow price under
regulation can be calculated as foliows:

(a) derive the supply function for the regu-
lated output from the restricted profit
function H(P, W; Z) using Hotelling’s
Lemma, i.e, Y¥ = H,, where Y*(P,W; Z)
is the profit-maximizing level of output 1;

(b) given the prices of all other outputs and
the variable inputs and the level of Z, find
the level of P, for which Y;* = y,, which
gives the virtual price p, corresponding to
the quantity constraint; and

(c) calculate the post-regulation shadow price
of Z as H, evaluated at the price vector
(pys Pyy ..., Py, W, Z).

This new shadow price for Z can then be used to

1% We assume that this quota is strictly binding, i.c., that in
the absence of the quota“the chosen level of Y, exceeds y,.

! This assumption is appropriate in many applications, in-
cluding our empirical example. If demand were not perfectly
elastic, imposition of the quota on one product could change
other product prices through shifts in their supply curves.
Predicting these other price changes would require informa-
tion about the demands for these products.
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calculate the level of CU that would exist under
the regulation.'?

It should be clear that the effect of an input
restriction could be found in an analogous way,
i.e., by deriving the corresponding virtual price
for the input constraint (the price at which the
unconstrained demand for the input equals the
restricted level) and evaluating A, at that virtual
price and all other actual prices.

Note that, in calculating the effect of input or
output constraints on CU, we hold the quasi-fixed
factor at its actual (i.e., pre-regulation) level. This
should not, however, be interpreted as suggesting
that the firm could not or would not change the
level of its quasi-fixed factor in response to the
regulation. On the contrary, given regulatory lags,
it is likely that the firm would be able to adjust its
level of Z in response to the regulation, prior to
deciding on the levels of its outputs and variable
inputs. Nonetheless, it is appropriate to hold Z
constant in the above calculations, since it is only
by assessing how actual costs (or profits) compare
to their shadow values at the current level of Z
that we can determine the impact of the regula-
tion on the firm’s incentives to change that level.!

Finally, the above methodology allows the
long-run equilibrium level of the quasi-fixed input
under the regulation to be determined. Since the
long-run equilibrium level is the level at which
the shadow price of the input equals its actual
(market) price, its level under the regulation can
be determined by solving

Hz(pl’Pz"""PMYWYZ)=WZ for Z.

IV. An Application

One multiproduct industry for which policy-
makers often consider the imposition of regula-

12 Note that, when the profit-gap measure is used to predict
the impact of the regulation on CU, the restricted profit
function H(P,W, Z) should also be evaluated at the virtual
price for the regulated output.

We emphasize this point since one reviewer of an earlier
version of this paper seemed to suggest that holding Z con-
stant in the calculation of CU was inappropriate if the firm
ocould adjust Z in response to the regulation, suggesting that
our methodology is applicable only to unanticipated regula-
tions imposed immediately, i.e., before any possible adjust-
ment in Z. As stated in the text, however, it is not the actual
adjustment of Z that is of interest, but rather the incentive for
adjustment. That incentive can be determined from our
methodology even if the firm anticipates the regulation and
actually responds to it prior to choosing its output and vari-
able input levels.

tory constraints is the fishing industry. It is well
known that the open access nature of the fishing
industry can lead to over-exploitation of the re-
source stock, excess investment and reduced har-
vests and incomes (Gordon, 1954). Possible policy
responses include license limitations, which re-
strict the number of vessels with access to the
resource, and harvest quotas, which limit allow-
able catches.! Since most fisheries are character-
ized by multiproduct production, regulations
keyed to a single species will have spillover effects
on other species. Efforts to enhance the stock of
one species might lead to pressures on other
resource stocks. These combined direct and indi-
rect effects of the regulations could either in-
crease or decrease investment incentives as re-
flected in CU. Information on how CU is affected
would help regulators design policies consistent
with overall objectives relating to resource use
and investment (Young, 1988).

The above methodology was used to study ca-
pacity utilization in a trawl fishing industry on the
Pacific Coast of the United States. This industry
is comprised of many multiproduct firms, ie.,
relatively small and unspecialized vessels that are
diversified in their product mix. At the beginning
of each fishing trip, vessel operators key produc-
tion directly to the market (without stockpiling
products in anticipation of future demand), given
vessel and resource abundance constraints and
relative prices. In addition, inputs on the vessel
are largely fixed because boats are away at sea
where input levels cannot be readily altered. Thus,
a special case of profit maximization, namely,
revenue maximization, is the appropriate behav-
ioral objective for a fishing trip once a resource
stock area has been determined (Kirkley and
Strand, 1988).)5 Furthermore, since vessel size or
capital stock is fixed at the trip level and largely
determines the level of other inputs over this
short production period of one to four days, the

4 Other policies, such as individual transferable quotas
(ITQs), may be more efficient as means of maximizing social
welfare (Waugh, 1984). However, the actual choice of policies
is usually dominated by biologists, who may have objectives
other than efficiency and tend to prefer quotas or caps on
harvest rates. We thus analyze quotas here not because they
are necessarily efficient but rather because they are often
used in practice.

13 See also Squires and Kirkley (1991) for a discussion of the
use of revenue functions to model fisheries’ production tech-
nologies.
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input bundle can be specified as a single, compos-
ite input, proxied by vessel size.'®

In the special case where all inputs are quasi-
fixed (so that variable costs are zero), the cost-
based measure of capacity utilization takes a par-
ticularly simple form, namely,

2

where W} and W, are the shadow and actual
prices of the quasi-fixed input, respectively. In
addition, it can be easily shown that the elasticity
of CU with respect to F, depends directly on
the product-specific scale elasticity!” (e;; =
d n(Y;)/d In(Z)), weighted by the ratio of rev-
enue from output i, P,Y;, to the shadow cost of Z,
W}Z (see Segerson and Squires, 1990b). Thus,
the larger the contribution of Y, to total revenue
and the size of this revenue relative to W} Z, the
greater the sensitivity of CU€ to a change in P,
Furthermore, a large scale elasticity implies that
CU€ will be sensitive to changes in the price of
product i. These relationships will be useful be-
low in interpreting the differences in the effects
of quotas on different products.

CUS = Wy /Wy,

A. The Empirical Model

The revenue-maximizing vessel-level produc-
tion process for each fishing trip can be modeled
by a nonhomothetic generalized Leontief revenue
function. With symmetry imposed, so that a;; =
a;; for i not equal to j, it is written (Kirkley and
Strand):"®

R(P;Z) = ¥ La,[PP]’Z + La,P2
i i

+X X b,DPZ
ik

+2 Y8y ERZ, (3)
il

where D, is the k™ of two home port dummy

' More formally, we assume Leontief separability of all the
inputs over the short production period. Any input variation is
likely to be unplanned and not systematic. See Kirkley (1986)
and Kirkley and Strand (1988) for a discussion of this assump-
tion.

7See Kirkley (1986) for a discussion of product-specific
scale elasticities.

'8 Diewert (1974) and Laitinen (1980) provide further devel-
opment of the revenue function. Kirkley and Strand (1988)
provide one of the first empirical applications.

variables for Brookings and Crescent City and E,
is the /™ of three quarterly dummy variables for
winter, spring, and fall. The area durnmy vari-
ables account for spatial variations in access to
resource stocks, species abundance, and port ef-
fects on prices. The quarterly dummy variables
account for intertemporal vanations in the tech-
nological constraints of weather and resource
abundance. Z represents the capital stock or
composite input, measured by a vessel’s gross
registered tonnage (GRT). Note that the pres-
ence of output cross-price interaction terms in (3)
allows for the possibility of jointness-in-inputs,
which gives rise to economies of scope.’®

Input-compensated, revenue-maximizing prod-
uct supply equations Y*(P;Z) are given by
Hotelling’s Lemma (McFadden):

dR(P;Z) /3P, = Y*(P;Z)
= Z_aij[Pj/Pi]

172
/Z+a,-22

+ Y b, D.Z+ Y 84EZ.
k 1
(4
Linear homogeneity in prices is automatically sat-
isfied with this functional form.

The shadow price of the quasi-fixed factor is
given by

dR(P;Z)/3Z = W}

L Za,pp]"

]

+2Y. a,PZ
i
+ 2 Y buD.P.
ik

+ Z ;gilEIPi' &)

This shadow value depends upon the product
prices P, and the level of the quasi-fixed input,

¥ In our application of the model, we used a likelihood
ratio test to test for nonjointness-in-inputs throughout the
product set. The null hypothesis was rejected. For a more
detailed discussion of jointness-in-inputs, see Baumol, Panzar
(and gVillig (1982), Squires (1987), and Kirkley and Strand
1988).



CAPACITY UTILIZATION UNDER REGULATORY CONSTRAINTS 81

Z. If the model extended beyond a single year,
the impact of exogenous technical change could
readily be included.

The impact of changes in product prices upon
W7 can be evaluated by the elasticity of W} with
respect to changes in the price of F,, i.e.,

dIn(Wyr)

~———— =R,.-P./R
d In 1_)’ Zi :/ z
- 1/2
= [a,.,-P,- + ZO.Saij[P,-Pj]
7

+2a,P,Z + Y b, D,P,
k

+ Y g,EP || W5. (6)
I

The above system of supply equations was esti-
mated for a group of vessels in a deep-water
fishery off Northern California and Southern
Oregon using data for a year without regulation,
1984.2 All vessels were at least 75 GRT. There
were a total of 444 observations or fishing trips on
the 14 vessels. Six categories of fish were speci-
fied as outputs: Dover sole, thornyheads, sable-
fish, other flatfish, other rockfish, and a residual
category, all others. In the “other” categories,
individual species were aggregated using Divisia
indices.

The input-compensated product supply func-
tions given in equation (4) were initially estimated
by ordinary least squares. Heteroscedasticity was
found of the form discussed by Parks (1971), in
which the error variance is proportional to the
squared input level Z. Each equation was subse-
quently divided by Z. The system of supply equa-
tions was then estimated by Zellner’s seemingly
unrelated regression procedure and iterated to
convergence, with results equivalent to maximum
likelihood.?!

The estimated parameter values of the input-
compensated supply equations are presented in

mAltematively, we could have estimated both the revenue
function (3) and the supply functions (4) jointly. While this
would have increased the amount of information used in the
estimation, it would have increased the computational costs.
Ln addition, unlike with the translog and normalized quadratic
forms, with the generalized Leontief joint estimation is not
nccessary to recover all of the parameters of the objective
function. Thus, following Kirkley and Strand (1988), we esti-
mated only the supply equations.

2 The functional form is assumed 1o be exact rather than an
zpproximation, and the errors are from optimization rather

table 1.222 Table 2 reports the corresponding
own-price input-compensated supply elasticities
evaluated at the observed sample mean. These
elasticities are nonnegative for all outputs except
sablefish, which is negative but statistically in-
significant. In addition, the revenue function is
increasing and concave in Z at the sample mean.

The own- and cross-price supply elasticities
reported in table 2 are uniformly inelastic. Both
substitute and complementary relationships are
exhibited, although many cross-price supply elas-
ticities are statistically insignificant. This suggests
that these firms have relatively little ability to
adjust the mix and volume of production in the
short run in response to exogenous changes. Some
adjustment is possible through changes in fishing
location and speed and depth of net tow, but in
general the product mix is determined by re-
source abundance, and most importantly, diffi-
culties in locating the unseen resource. The prod-
uct-specific scale elasticities reported in the last
row of table 2 are all positive and generally
inelastic, and are largest for Dover sole, thorny-
heads, and other rockfish.

Finally, the effects of product price changes on
the shadow price of the quasi-fixed factor are
reported in table 3. These shadow price elastici-

than approximation and apply only to the input-compensated

supply functions. The problem of zero outputs also arose in a
few instances. This creates a limited-dependent variable prob-
lem, which may cause bias and non-normality of the residuals.
The procedure of Lee and Pitt (1986) can solve this problem
by using virtual prices, but is not computationally feasible with
the number of variables in this study. While a Box-Cox
transformation could be used, we elected not to use it because
it assumes a particular form of non-normal disturbances prior
to transformation. All estimates instead substituted the small
value of 0.1 in when necessary. Sensitivity analysis suggested
that the results were relatively robust to the choice of this
value. Further reductions to 0.01 and 0.001 reduced the log
likelihood value by 0.0996% and 0.246%, respectively. Changes
in parameter values were less than 5%.

2 The explanatory variables in table 1 correspond 1o the
original (uncorrected) form of the supply functions in (4).
Thus, the coefficients on Effort correspond to the price effects
for i not equal to j.

The generalized R2, which measures goodness of fit for
the entire system of equaiions, was calculated for the system
of equations prior to the heteroscedasticity correction. It is
computed as 1 ~ expl2(Lo — L,)/N}, where Ly(L,) is the
sample maximum of log-likelihood when all slope coefficients
equal 2ero (unconstrained) and N is the sample size (Baxter
and Cragg, 1970). The calculated value of 0.99 indicates a very
good fit. However, since this statistic is typically high, it should
be interpreted with caution (White et al., 1988).
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TABLE 1.—PARAMETER EsTimaTES OF INPUT-COMPENSATED SuUPPLY FUNCTIONS

Quantity Supplied of:
Exogenous Dover Thorny- Sable- Other Other All
Variables Sole heads fish Flatfish Rockfish Others
Price Ratio + Effort (a;;)
Dover Sole 97.27 1.88 ~455 -1.59 -2.03 0.65
(11.78) (1.98) (4.82) (0.87) (2.69) (1.18)
Thornyheads 19.17 725 -0.15 ~10.45 —-047
4.49) 2.27) 049) (1.84) (0.85)
Sablefish 3743 097 —-1.80 -2.07
(7:62) (0.88) (1.93) (1.06)
Other Flatfish 10.15 0.03 0.14
(1.13) (0.35) (023)
Other Rockfish 74.86 054
(17.21) (0.34)
All others 10.45
(1.55)
Other Exogenous Variables
Effort Squared -0.18 0.02 -0.13 -0.04 -0.09 -0.03
(a;) (0.08) (0.03) (0.03) (0.01) (0.13) (0.01)
Brookings —28.98 11.53 8.10 243 2717 -0.04
Dummy (b,;) (1.23) 3.03) (3.05) (0.76) (11.68) (1.00)
Crescent City ~12.60 513 -1.03 -1.65 6232 -2.09
Dummy (b;5) (7.26) .97) (3.02) (0.76) (11.60) (1.08)
Winter Dummy 15.03 152 354 1.54 —8.58 -1.78
(g.4) (8.12) (3.30) (3.37) (0.84) (12.97) (1.10)
Spring Dummy 3.63 -193 ~-0.99 0.31 3.90 -1.51
(g:2) (192) 3.21) (3.28) 0.82) (1267 aon
Fall Dummy -17.88 ° 1.63 ~2.88 -1.21 —1059 —-0.69
(83 @7 (354 (3.62) 0.91) (13.93) 1.19)
Note: Generalized Leontief functional form. Symme(ry in pnces has been d. Lis zed dard ervors
calculated by the delta method are given in p: i quired estimation of supply

per unit of Z, but the above exogenous variables refer to lhe form in (4).

TasLE 2.—ParTIAL EQUILIBRIUM PRODUCT SUPPLY AND SCALE ELASTICITIES

Quantity Supplied
Price Dover Thomy- Sable- Other Other All
Change Sole heads fish Flatfish Rockfish Others
Dover Sole 0.037 0.046 -0.118 -0.191 -0.033 0.130
(0.038) (0.048) (0.125) (0.104) (0.043) (0234)
Thomyheads 0.014* 0.021 0.185* -0.018 —0.165* -0.09
(0.001) (0.025) (0.058) (0.058) (0.029) (0.166)
Sablefish -0.030° 0.149 -0.018 0.099 —-0.024 —0.364
(0.001) (0.047) 0.132) (0.089) (0.026) 0.177)
Other -0.013 —0.004 0.027 0.095 0.001 0.031
Flatfish (0.007) (0.013) 0.025) (0.076) (0.006) (0.050)
Other -0.014 -0.204* -0.037 0.003 0.216* 0.086
Rockfish (0.017) (0.036) (0.040) (0.033) (0.035) (0.054)
All Others 0.004 -0.008 -0.039 0.013 0.006 0.190"
(0.007) (0.015) 0.020) (0.020) (0.004) (0.053)
Quasi-Fixed 0.766* 1.125 0322 0012 0914* 0.56.
Input (0.158) 0.674) (0.191) (0.401) (0.448) (0.183)
Note: Calculated at obserwed sample mean for Eureka in Li ized dard errors lated by

delta method are given in parentheses.
* Statistically significant at 1%.
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TaBLE 3.—SHADOW PricE ELASTICITIES

Dover Thorny- Sable- Other Other All
sole heads fish Flatfish Rockfish Others
0.4875 2248 0517 .0007 2252 0103

Note: Calculated at obscrved sample mean for Eureka in the summer following equation (6).

ties, calculated from (6), are all positive, indicat-
ing that CU€ will increase with increased prod-
uct prices. Because the shadow price elasticities
are all inelastic, the effect of changes in individ-
ual product prices on the firm’s implicit marginal
valuation of its quasi-fixed factor will be compar-
atively small. This is consistent with the small
own- and cross-price elasticities discussed above.
In addition, the small elasticities imply that
changes in product prices would be expected to
cause relatively small changes in CU. The two
species with the largest expected changes are
Dover sole and thornyheads, since these have the
largest shadow price elasticities and two of the
largest revenue shares.

B. Estimates of Current Capacity Utilization-

The shadow value of the quasi-fixed factor was
used to estimate actual capacity utilization for the
trawl industry in 1984. Both the cost-gap and the
profit-gap measures were calculated. Under 1984
resource conditions and prices, the following esti-
mates were obtained:

CU¢ = 1.017
and
CUS = 1.028.

These measures are close to one, indicating that
the industry was essentially in long-run equilib-
rium in 1984. Thus, the output vector and the
capital stock level were sustainable, given the
resource stock and market conditions, since no
incentives for changes in the capital stock existed.

The hypothesis of long-run equilibrium is fur-
ther supported by a comparison of the actual and
optimal levels of Z. Departures between actual
and optimal levels of a quasi-fixed factor can be
tested by the significance of departures between
its service and shadow prices (Kulatilaka, 1985).
If the null hypothesis W, = W is not rejected,
then the firm is in full equilibrium, i.e., CU = 1.
Following Kulatilaka, we used a ¢-test to test the
null hypothesis of full equilibrium, where the

calculations are conditional on the observed sam-
ple means. The rental or market price of Z (W)
used was the 1984 capital services price in units
of gross registered tonnage of the vessel per trip.
The values were derived from vessel acquisition
prices obtained from confidential financial state-
ments.?* The shadow price of Z (W}) was from
equation (5), using the observed value of Z. The
estimated t-statistic was 0.06, suggesting that ef-
fort was at its optimum, full-equilibrium level.
Thus, the results of this test are consistent with
the CU estimates obtained above.

C. The Effect of Output Quotas

The effects of alternative output quotas on the
cost- and profit-gap measures of CU were evalu-
ated in the following manner. The estimated sup-
ply curves at the point of means were used to
calculate the virtual price that would correspond
to a given quota on output Y; at the individual
vessel (firm) level for each fishing trip if all other
product prices remain unchanged. Specifically,
the virtual price p; corresponding to the quota-
constrained output y, was solved from y; =
Y*(P,, ..., Py, Dy Pipys- .., Pys Z), where
Y;*(-) is the estimated equation (4) for product i.
The virtual price was then used to calculate Wy
using equation (5). The new CU€ and CU® mea-
sures were then calculated.

The effects of an output quota upon the cost-
and profit-gap measures of CU are reported in
table 4. All measures were evaluated at the ob-
served sample mean, and quotas for each output
were progressively set as 10%, 20%, and 30%
reductions of the unconstrained sample mean
production levels.” While the effects on the cost-
and profit-gap measures are qualitatively similar,
they are more pronounced for the profit-gap

2 The use of confidential financial data raises questions
about replicability of the reported results by other re-
searchers. While these data are not (and cannot be made)
public, the authors could make arrangements for replicability
if necessary.
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TasLe 4. —Economic CapacrTy UniLiZaTioN MEasURES WiTH QuTPUT QUOTAS
OQutput Dover Thomy- Other Other All
Quota Sole heads Flatfish Rockfish Others
10% Cost: 0.5805 0.8091 1.0123 0.8814 1.0042
Profit: 05331 0.7150 1.0264 0.8015 1.0088
20% Cost: 0.5688 0.7975 1.0123 0.8703 1.0040
Profit: 0.5263 0.7028 1.0263 0.7869 1.0084
30% Cost: 0.5648 0.7946 1.0123 0.8641 1.0038
Profit: 0.5239 0.6999 1.0262 0.7790 1.0081

Note: Cailculated at observed sample mean for Eureka in the summer. Output quota corresponds to percentage

reduction from mean production.

measure. This should not be surprising since CU*
reflects the effect of the quota not only on shadow
costs but also on revenue. This additional rev-
enue effect reinforces the effect of the quotas on
shadow costs, thereby increasing the investment
incentives or disincentives beyond the levels im-
plied by CU€. This suggests that using the cost-
gap measure of CU for firms whose output levels
are endogenous may understate the actual expan-
sionary or contractionary forces of the regulation.

In terms of product-specific effects, as antici-
pated, the products with the highest shadow price
elasticities, Dover sole and thornyheads, had the
largest reductions in CU in response to the quo-
tas. Since the own-price product supply elastici-
ties were highly inelastic, a comparatively large
implicit price decrease was required to support
each quota, contributing to the large reductions
in CU for Dover sole and thornyheads.

Output quotas in this industry are counted on
to smooth production of overexploited resource
stocks over the entire year, thereby maintaining
year-round production, while not limiting the
number of firms in the industry. Our results sug-
gest that for most species quotas impose only
minor implicit costs to firms in the form of im-
plicit taxes and reductions in the firm’s implicit
marginal valuation of its quasi-fixed factor. For
these outputs, quotas should not create disruptive
capacity imbalances and disinvestment incentives.
However, quotas on Dover sole and thornyheads
are likely inadvertently to reduce rates of capacity
utilization enough to induce disinvestment and
ultimately exit of some firms from the industry.
Since those firms exiting the industry may be
among the more efficient, another form of regula-

B The effects of an output quota were not evaluated for
sablefish, because its own-price supply clasticity was negative
(but statistically insignificant).

tion to reduce their production rate may be pre-
ferred.

V. Summary

This paper has developed a methodology for
using CU measures to predict the expansionary
or contractionary investment tendencies that
would result from the imposition of input or
output constraints such as quotas. The methodol-
ogy uses the concept of virtual prices to translate
a primal constraint into the corresponding dual
constraint. This allows the effects of regulatory or
other constraints to be examined ex ante, ie.,
before they are imposed, so that concerns about
these effects can be incorporated into policy de-
sign.

The results are presented using two alternative
measures of capacity utilization for multiproduct,
profit-maximizing firms. The two are based, re-
spectively, on the cost and the profit gaps that
result from being out of long-run equilibrium.
Although the two measures provide equivalent
qualitative information about the existence of in-
vestment incentives or disincentives, they differ in
magnitude. To the extent that output adjustments
are an important component of regulatory re-
sponse, the profit-based measure, which incor-
porates endogenous output choices, seems to
capture more accurately the magnitude of the
incentives that would exist as a result of the
regulatory constraint.

The methodology for predicting the effects of
constraints on investment incentives or disincen-
tives is illustrated through a case study of an
open-access marine fishing industry on the Pacific
Coast of the United States. The results indicate
that output quotas may help allocate production
over the entire year for most species when they
face excessive exploitation, but that for two of the
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outputs, Dover sole and thornyheads, even seem-
ingly generous quotas can create disinvestment
pressures severe enough for firms to exit the
industry. In this case, should reductions in indus-
try capacity through disinvestment be desired,
other forms of regulation and disinvestment in-
centives allowing efficient resource reallocation
may be preferred.?
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