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Abstract

Multiple output models of Canadian telecommunications production are
estimated under different equilibrium specifications. A specification
test is conducted between the short and long-run equilibrium models and
the Tong-run equilibrium is rejected. In order to capture the nature of
the disequilibrium a dynamic cost of adjustment model is estimated for
Bell Canada. There are significant adjustment costs and it is estimated
that for $1.00 of capital expenditures it costs the carrier an additional
$0.30 to install the new capital into the production process.

Returns to scale, productivity growth and price elasticities are
estimated from the dynamic cost of adjustment model. 1In this context
there are significant economies of scale, with returns to scale estimated
to be 1.50. Scale economies appear to be robust across equilibrium
specifications. The average annual productivity growth rate is estimated
to be 1.32, which is greater than the estimates from long-run equilibrium

models, and consistent with estimates for total Canadian manufacturing.



1. Introduction*

Econometric analysis of the multioutput technologies pertaining to
telecommunications services has generally maintained the assumption that
carriers are in tong-run equilibriun. This assumption implies that all
factors of production can be costlessly adjusted so the carrier
instantaneously determines iong-run factor demands. The major purpose of
this paper is to test the assumption of long-run equilibrium for Canadian
telecommunications,

Models incorporating various equilibrium specifications are
estimated for Bell Canada. Three equilibrium specifications are
investigated. The differences in equilibria centre on the role of
investment in equipment and structures. It is assumed that a carrier
must incur adjustment costs in order to change it's capital stock. In
this way capital is distinguished from the other factors of production.
First, a short-run model is estimated where the demands for the
non-capital inputs are conditioned on the existing capital stock, which
is fixed due to the existence of adjustment costs. Second, a long-run
model is estimated with no adjustment costs so that capital appears as
any other input. Third, a dynamic cost of adjustment model is estimated,
which generalizes both the short and long-run models. In this model the
demand for capital and non-capital inputs are determined and are
influenced by adjustment costs.

The surveys by Fuss [1983] and Kiss and Lefebvre [1986] show that

the vast amount of appliied research relating to telecommunications



production by Bell Canada and AT & T has been in the context of 1ong-run
equilibrium. Recently, for AT & T in a single product framework
Christensen, Cummings and Schoech [1983] have estimated a short-run
equilibrium model. In addition, Schankerman and Nadiri [1986] have
estimated and tested a short-run equilibrium model and have accepted the
latter over the long-run equilibrium specification. There have not been
any multiple output models for AT & T which have relaxed the assumption
of long-run equilibrium. For Bell Canada, in both single and multiple
output contexts the long-run equilibrium assumption has been maintained.
In this paper both short-run equilibrium and dynamic cost of adjustment
models are estimated for Bell Canada.

In section 2 of the paper the theoretical development takes place.
The dynamic cost of adjustment model is derived and the short and
long-run equilibrium models are shown to be special cases of the former.
The empirical implementation of the models occurs in section 3. Included
in this section is the test pertaining to the nature of the equilibrium
and the indicators showing the deviation between the short and long-run
equilibria. Sections 4 and 5 describe the estimates of returns to scale,
productivity growth and factor substitution, Llastly, there is a summary

section.



2. Theoretical Development

The purpose of this section is to develop the theoretical model
which forms the basis for the estimation of the models of production,
The production technology of a telecommunications carrier can be

represented as

(1) T(y(t) ,K(t),v(t),1(t),A(t)} = 0

where T is a transformation function, y is an g-dimensional vector of
outputs, K is an m-dimensional vector of quasi-fixed factors, v is an
n-dimensional vector of variable factors, I is the vector of additions to
the quasi-fixed factors, and A is an indicator of technological change.!
The presence of the vector of quasi-fixed factor additions (or the gross
investment vector) implies that there are adjustment costs associated
with changing the quasi-fixed factors. These costs are internal to the
production process and are manifested by the foregone output when
resources are diverted from output production to quasi-fixed factor
installation (see Treadway [1971], Mortenson [1973] and Epstein [1982]).
The accumulation of the stocks related to the quasi-fixed factors is

governed by
(2) Ki(t+1) = Ii(t) + (l-ai)Ki(t) i=1l,eee, m
where 5, is the depreciation rate on the ith stock and Q < 8, < 1.2

In this dynamic cost of adjustment model, the objective of the

carrier is to minimize the expected present value of the costs of hiring



the variable factors, purchasing and installing the quasi-fixed inputs.

These costs are denoted by,

3) 2 E(t)alt,s) [ (s)v(s) + pj(s}1(s)]

where a(t,s) is the discount factor between periods t and s, w(s) is the
vector of variable factor prices, pi is the vector of quasi-fixed factor
acquisition prices and E{t) is the conditional expectations operator.
The carrier minimizes (3) by selecting the variable and quasi-fixed
factors subject to equations (1) and {(2) given prices, outputs,
technological change and discount rate. The expectations operator is
conditional on current information concerning the future values of the
exogenous variables. The superscript T relates to vector transposition.
The problem facing the carrier can be solved in two stages. The
first stage relates to the determination of the variable factor demands
conditional on the quasi-fixed factor demands (and thereby on gross

investment levels). Variable factor denands are determined from

n

v—
(4) c = wlel(y’K’v2”"’Vn’I’A) + zj=2wjvj .

where 61 is the first variable factor requirement function and it is
derived from (1) by solving for Vs and ¢" represents the variable cost
which pertain to hiring the variable factors and installing the
quasi-fixed factors.3

Minimizing variable cost by selecting the variable factor demands

yields demand functions for these factors which depend on the variable



factor prices, output quantities, quasi-fixed factors, gross investment
flows and the rate of technological change. This, in turn, implies that

the minimized variable cost function can be written as
(5) ¢’ = ¢'(w,y,K,1,A) .

Moreover, by an application of Shepherd's Lemma to the variable cost
function (as opposed to the total cost function) variable factor demand

functions are,4

ac
(6) v, = (w,y,K,1,A) J=1,000sn .
b aw,
N
Equation set (5) and (6) constitute the solution to stage one of the
carrier's production problem. This stage can be defined as the short-run
equilibrium relating to the variable factors of production,

Stage two of the problem pertains to the determination of the
quasi-fixed factor demands. This stage encompasses the dynamic features
of the model because the stocks of the quasi-fixed factors are
accumulated through time, It is important to notice that the variable
factor demand functions (equation set (6)) are not independent of the
intertemporal aspects of the model, because they depend on the
quasi-fixed factors. Thus as the quasi-fixed factor demands change
through time the variable factor demands are also affected.

The solution to the second stage is derived by substituting the

variable cost function and the stock accumulation equations into the



expected present value of the costs of production and adjustment (namely

(3)), which yields

@0

(7) Iy E(8)alt,s)[C (uls) ,y(s) K(s),

K(s+1) - (1,-6)K(s),A(S)) + p1(s)(K(s+1) - (1_-8)K(s))] ,

where Im is the m dimensional identity matrix and 6 is the diagonal
matrix of depreciation rates for the m quasi-fixed factors. The solution
to stage 2 involves the selection of the quasi-fixed factor demands
through time by minimizing (7). The quasi-fixed factor for any period

{s+1) is determined in period s and based on information in period s.

The conditions characterizing this solution are

v v
(8) G(t,s)(ac (S) + pI(S)) + E(S)a(t,s+1) oC (S"’l) _
ol (s) K (s+1)
J j
acv(s+1)

(1'53') - ij(5+1)(1"5j)) =0 lyeessm,

,n.l,“t

wr &,

an(s+1)

Equation (8) points out that a telecommunications carrier sets the
discounted cost of increasing a quasi-fixed factor in period s {which is
known in period s) to the expected discount cost-reduction from having
the larger quasi-fixed factor in period s + 1, The marginal cost in
period s consists of the marginal cost of adjustment and the marginal
cost of acquisition, which is denoted by the purchase price. The

expected marginal cost-reduction in period s + 1 consists of the decline
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manner as the short-run except with aK(t) = 0 and the other variables in
equations {10.1), (11) and (12) assumed to be changing at a constant
rate. The long-run price elasticities are presented in Table 7. In the
lTong-run the own price elasticities were still inelastic but with the
disappearance of adjustment costs the factors became relatively more
elastic since it was less costly for Bell Canada to adapt to changing
prices. This result was especially true for labor and capital.
Materials was the most price inelastic factor of production in the
long-run. This finding is different than that obtained in the short-run
where, on average, the own price elasticities were quite similar. The
own price elasticities estimated in the long-run equilibrium models
surveyed by Fuss [1983] and Kiss and Lefebvre [1986] show that the
capital elasticity is at the high end, the materials elasticity at the
Tow end and labor elasticity in the middle of the long-run findings.

The cross price elasticities are also presented in Table 7. In the
Tong-run capital and materials and capital and labor were substitutes.
This finding is generally consistent with the short-run results.
However, in the long-run labor and materials were complements, which was
the converse to the short-run case. Capital adjustment costs affected
the interrelationships between the variable factors of production, As
capital become relatively more flexible due to the adjustment costs
becoming zero, the variable factors changed from substitutes to
complements. Generally, the long-run equilibrium models find that
capital is a substitute for the other inputs, and that labor is a
.substitute for materials. This latter finding is consistent with the
short-run result estimated in this paper but not in the.1ong-run where

1abor and materials became complements.
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Table 7: Long-Run Factor Price Flasticities

Factor Price Factor Demand Year Elasticity
Labor Labor 1955 -0.8309
1962 -0.7875
1970 -0.7409
1978 -0.7631
Labor Materials 1955 -0.1032
1962 -0,1202
1970 -0.1300
1978 -0. 1256
Labor Capital 1955 0.7211
1962 0.6033
1970 0.5016
1978 0. 5493
Materials Labor 1955 -0.0757
1962 -0.1091
1970 -0.1302
1978 -0,1208
Materials Materials 1955 -0.2650
1962 -0.2942
1970 -0.3152
1978 -0.3051
Materials Capital 1955 0.2148
1962 0.2531
1970 0.2567
1978 0.2574
Capital labor 1955 0.9065
1962 0.8966
1970 0.8711
1978 0. 8839
Capital Materials 1955 0.3682
1962 0.4144
1970 0.4452
1978 0. 4307
Capital Capital 1955 -0,9358
_ 1962 -0, 8564
1970 -0.7583
1970 -0. 8067
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6. Conclusion

Short and Tong-run equilibriun models of multioutput production were
estimated for Bell Canada., A specificétion test was conducted and it was
found that Bell Canada was not in long-run equilibrium, In particular,
the hypothesis that capital could be treated as a variable factor of
production was rejected. In order to model capital decisions a dynamic
cost of adjustment model was estimated. The cost of adjustment parameter
was significant. Bell Canada had not adjusted to its long-run
equilibrium level of capital. Indeed, it was estimated that for every $1
of capital expenditures it costs Bell Canada an additional $.30 of
adjustment cost in order to install the new capital into the production
process. The capital stock for Bell Canada was approximately 10 per cent
below its long-run level due to the existence of adjustment cost.

Returns to scale and productivity growth were estimated within the
context of the dynamic cost of adjustment model. Productivity growth
estimates were grater than those obtained from the static long-run
equilibrium models and appear to be more in line with estimates for
Canadian manufacturing as a whole. The common average annual rate of
output growth due to technological change for Bell Canada was 1.32 per
cent, while for manufacturing the estimate of the growth rate was 0.95
per cent. The scale elasticity obtained from the multiple output dynamic
cost of adjustment model was consistent with those estimated from the
multiple output static models. The average scale elasticity was 1.50,

Increasing returns to scale for Bell Canada appears to be robust across
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equilibriun specifications of factor demands within multiple output.
frameworks. Furthermore the results clearly showed that increasing
returns to scale arose because of the samll effect that toll output
exerts on variable production cost. A 1 per cent increase in toll output
generates only a 0.05 percentage increase in variable production cost
while a 1 per cent increase in local output causes cost to increase by
more than 1,20 per cent.

Ad justment costs also affected the substitution possibilities
between the factors of production. In the short-run labor and materials
were substitutes, but in the long-run when adjustment costs are zero
labor and materials became complementary factors. However, in both the
short and Tong-runs capital was a substitute for both Tabor and
materials. Factor demands did respond to changes in their respective
factor prices. The price effects were highly inelastic. 1In fact with
nonzero costs of adjustment the price elasticities for each factor
averaged approximately -0.20 per cent, which were significantly more
inelastic than those obtained from models maintaining the assumption of

long-run equilibrium,
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The transformation function is increasing in outputs and the
additions to the quasi-fixed factors, and decreasing in all the
factors., In addition the transformation function is concave in the
outputs and inputs.

The stocks are in fixed proportion to the services for the quasi-
fixed factors. The problem of quasi-fixed factor utilization is not
addressed in this paper as usual in models used to estimate the pro-
duction structure of a telecommunications carrier.

The right side of equation (4) pertains to variable production costs
(which are the costs of hiring the variable factors) and the costs of
adjustment (or installation). However, because both K and I are
given in the first stage of the problem then adjustment costs are
also exogenous in this stage., The notation (t) is also suppressed
unless ambiguity arises.

The variable cost function is increasing in the variable factor
prices, output quantities and gross investment flows, and decreasing
in the quasi-fixed factors. The function is also concave and homo-
genous of degree one in the variable factor prices, concave in the
gross investment levels and convex in the quasi-fixed factors.

The general model is not dependent on the assumption of a
non-stochastic discount rate. However, to characterize the envelope
condition in the usual manner it is necessary to divide each of the
tuler equations by the discount rate. This operation can only be
carried out if the discount rate is non-stochastic. It is assumed
from now on that the discount rate is non-stochastic.

The other conditions (see Footnote 4) on the variable cost function
are not imposed.

Since depreciation is constant the gross and net investment are in a
fixed proportion to each other. The empirical results were not
affected by the use of net rather than gross investment.

. The rental rate defined in the long-run equilibrium by the right side

of {(9) is a special case of wk(t). In the long-run equilibrium
E(t)pl(t+1)/pl(t) = 1+g. Thus in the long-run _
w ()=p (1)L (1+r) (1+e)-{1-6) (1+6)I=p (t} (1+6) (r+s) which is pre-

cisely the right side of (9).
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In equation set (10), (11) and (12) there is no need to estimate
equation (10.2) since the only parameter in this equation is also in
(12). Hence no new information is added by including (10.2). Thus
the system to be estimated is {10.1), (11) and {12).

The error term in the variable cost function can also represent
technology shocks. However, if the errors in the labour share or
capital demand equations then the error in the variable cost function
must be correlated with the variable factor prices and capital. In
this case consistent estimation of the equations becomes much more
difficult.

The expected rate of inflation was calculated by Fuss and Waverman
[1980] as the difference between the Government of Canada savings
bond rate and the real rate of return of 3 per cent. Strictly
speaking this may not be consistent with the present model. In this
context the expected rate of inflation is forward looking., However,
the components of the rental rate were not available to us to permit
a modification of the formula. Although we did re-estimate the model
using the rental rate in Kiss [1981] which was defined in a manner
simitar to that in Fuss and Waverman except that the expected rate of
inflation was assumned to be zero, In fact, the estimation results
were hardly affected by the difference, The rental rate from Fuss
and Waverman only extended to 1978. In 1979 we used .2374 which was
based on a moving average.

The binary variable entered as 1nA=B where B=1 from 1958-1971 and

0 everywhere else. The model with this variable outperformed models
with a time trend, the percentage of telephones with access to direct
distance dialing, the percentage of telephones with access to modern
switching facilities or with an index of the last two variables.
Performance of the models was based on the satisfaction of the regu-
tarity conditions relating to the variable production cost function.

The definition of the scale elasticity does not imply that the quasi-
fixed factors are at their long-run equilibrium magnitudes. The
quasi-fixed factors are evaluated at their short-run equilibrium
Tevels, 1In addition the definition of scale elasticity is con-
ditioned on holding adjustment costs fixed.

The definition of PG, is conditioned on holding adjustment costs
fixed. In addition, PGy=PGv-SE. These definitions of productivity

growth are consistent with any scale elasticity and not just constant
returns to scale (see Caves, Christensen and Swanson [1981]).

This method is consistent with Diewert's [1976] quadratic approxima-
tion 1emma.





