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INTRODUCTION

Comparisons in the @erformance of countries, sectors
or firms within a sector are a common occurence. The‘broblem
with most'comparisons is that the framework within which such
comparisons are meaningful is not properly specified. A recent
example would be the conflicting claims made by the IREST in a
1978 bulletin and by Bell Canada in a recent newsletter to their
customers. The IREST guoted a German source which ranked
Canada elghth among ten Western nations in terms of cost of
telephone services to the customers. Bell Canada used a
United Nations (1978) source to indicate that Montreal was
the cheapeét of a whole 1list of major cities of the Western
World.

Comparisons are particularly tempting when oﬁe is
looking at productivity performance, however there, as much as
anywhere else, one can find the temptation to make superficial
comparisons. A recent example would be Caves, Christensen, and
Swanson (1980)'s attempt to assoclate the observed productivity
difference between U.S. and Canadian railroads with the
regulatory process without either modelling or quantifying it.

It is the object of this paper to present a formal
framework to analyse the difference in total factor productivity
between two firms. Thé paper starts from the model developed
by Jorgenson and Nishimizu (1978) and from the TFP analysis
developed in Denny, Fuss and Everson (1979). It draws heavily

from the first synthesis of those two approaches presented in Denny,




Fontenay and Werner (1980),t It utilizes Fuss and
Waverman (1978) together with recent research dqne,for the
Department of Communications by Corbo et al (1978), Corbo
et al (1979), Corbo and Smith (1979), Corbo, Breslaw and
Smith (1979), Breslaw and Smith (1980) and finally by
Breslaw (1980).

In the second chapter, total factor productivity is
introduced and the underlying assumptions are analysed. In
the next chapter, the Denny, Fuss and Everson TFP decomposition
analysis is presented and expended to cover fthe short run
problem. The striking feature of this approach is that it
makes it possible, 1in principle, to decompose an observed
productivity growth in terms of the contributions of scale
effeets, non-marginal pricing effects, rate of return regula-
.tion constraints and short run constraints. As noted by
Gollop (1980), this analysis goes a long way toward bridging
the gap between the Kendrick-Denison approach and the
Jorgenson~-Griliches (1967) one. Jorgenson and Nishimizu
(1978) expanded the total factor productivity analysis to the
comparative analysis of productivity and Denny, Fontenay and
Werner (1980) generalized the approach by removing such constraints
as constant return to scale (CRS),... The last chapter
presents and develops these results and'shqws how the observed
difference in productivity can also be decomposed in scale
effects?... This analysis requires the use of econometrics to
disentangle the various elements in broductivity differences.

Even though Fontenay (1980) indicates that index number methods
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may be properly abplicable to @rocesses which ére not CRS, they
cannot be used for TFP decom@osition. This is a major problem
in telecommunications since few adequaté‘historical series are
available to do any econometrics7

Last of all, it should be notéd that we start from the
assumption that the data have already been reconciled between
the firms to be compared. Even though data reconciliation is
not the object of this paper, it must be emphasized that a poor
reconciliation would destroy the validity of the proposed
approach and that the task of data reconciliation is certainly
more formidable than the proposed analysis.
‘ We do not address the probiem raised by the comparison

of more than two firms.




TOTAL FACTOR PRODUCTIVITY

Introduction

Total factor broductivity.(TFP) is the ratio of total
output to total input, i.e. if total outbut is denoted by Y
‘and total input by X, then

TFP = Y
X

The relationship between TFP, the output Y and the
input X can be illustrated by a simple example. Let's assume
that the only input is labour, i.e. X = X where X is a quantity
of labour service, and that there is only one output, i.e.
Y = y where y is the quantity of that output. Then to any’
level of input x will correspond a maximum level of output y
beyond which one cannot produce on a continuous basis'and,
equivalently, to any level of output y will correspond a minimum
quantity of labour x needed to produce it. The relationship
between the output and the input is the production function:
vy = £x)
which is 1llustrated in Fig. 1, on the assumption df CRS.

Figure 1: Total Factor Productivity of a CRS Process
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It should be noted that, as TFP oorresponds to the
sloﬁe of the broduction function in the examble, it 1s constant
and indeﬁendent of the level of broduotionf Furthermore, by
a simble rescaling of elther the outbut, or the 1nput; or
both, the TFP measure can be made to take any value. To
‘avoid this problem, 1t is convenlent to measure the inputs and
outputs as index numbers. In addition, it is convenient to
scale the input and the output to be equal in the base year.

In practice, we expect to have a production process
which shifts through time -due to the impact of technological
Change, i.e., we expect the relationship between Y and X not
to be time-invariant, but dependent upon some technological
variable t which could .simply be time or, alternatively, some
measure of technological development such as, say, DDD (direcf.
distance dialing); Let's ‘assume the production process is
described by

Y = T(t)f(X)
where T(t) is some monotonic function of t, then, if the
function exhibits CRS as 1n Figure 1,

TFP = k.T(t)

i.e., the TFP measure is proportional to the contribution of
the technology.

In practice, more than one input will be needed to pro-
duce more than one-output, and the filrst problem which arises
is that of the aggregation of each of the inbuts and of the

outputs resbectively to obtain X and Y.. In fact, we shall see




that there might not. exist an aggregation which can be

analysed in the economic context of the production function.

Hypotheses .
In this section, we shall expand on the preceding

introduction to investigate the assumptions which must be made

to analyse within the context of production theory TFP measures.

We shall, nevertheless, ignore for the time being, the fact
that more than one outpuft is being produced.

(i) The output y is produced at some time t from a
set of inputs (Xj; j=1,2,..,m). By this it is assumed both
that given the set (Xj) of inputs, no more than y can be
produced by the given firm at that given $time, and that given
y and given any input %, lgfgm, and the subset of input

quantities (Xj3 J=1,2,...,m; J # %), at present x, of input

2
% 1s necessary. ‘

(ii) The relationship between the maximum output which
can be produced, y, and the minimum quantity of inputs needed
to produce it (Xj) is dependent upon a "technological" variable
t. which could be time or some ofther measure of technology such
as DDD (direct distance dialing),...(Breslaw and Corbo, 1979).

(iii) The relationship between y, (xj) and t is the
production function:

F(ysxl,xz,,f.sxm,t) = 0

(iv) The production process is positive linear homo-

geneous (PLH) with respect to the inputs, i.e. given t = to

1
!
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any level of technology, A any bositive constant, yl.the level
of output which results from*anzincfease by a factér.A of all
Inputs., such that ‘

F<ykﬁkxlﬁkxz’ff')xxm’to) = 0
then | ’

Yy T AY
1.e. the output increases 1n the same prdportion A as all the
inputs. In other words, there 1s CRS.

(v) The productlion process 1s separable, 1.e. that, as
technologlical change occurs, there 1s an aggregate level of
input X which is independent of the level of technology such
that _

y = T(6)X(xy5 =1,2,...,m)

(vi) Producers are profit maximizers.

(vil) There is perfect competition.

It should be noted that, in the absence of institutional
barriers to competition, the last hypothesis can be derived
from the others since independently of the number of producers,
given the optimizing behaviour as specified in (vl), PLH. ensures
that an entry 1s always posslble, regardless of the size.

Now the function X 1s an aggregator function of the
inputs, Xj and it is a natural choilce for ?he aggregate input.

Since its scaling is arbitrary, in terms of the comments made

in the previous section, it is natural to set T(to) = 1, and
XO = YO.’ Then
TEP, = ‘t/%0
t %
t/70 .




Now, by PLH and Euler's theorem,

. - m
X(x,3 j=l,2,¢4.,m) = I X.X.
(x5 J=1,2,...,m) s X%

where X. = 3X/3x.
J J

Then, as a result of profit maximization and perfect
competition,

T(t)Xj = wj/p

where p is the price of the output y

Wj that of the jth input.

Assuming that p, = p,, since, then, wj,t = T(t)wj,O’
TFP, = PeY/Po¥ g
: ' m m

X W s X / X W

j=1 9297395 52175 0%5 0

i.e. the TFP measure is obtained as a Laspeyres index of output
Vdivided by the Laspeyres index of inputs.

It is easy to see that the TFP measure thué introduced
will not fluctuate very much with fluctuation in the production
process. . To emphasize the fluctuations, one usually looks at
the total factor productivity growth.

If the rate of change in a variable z through time is
denoted by %, then

TFP = ¥ - X
and, if we return to the production funct;on, totally differen-~
tiating it, we .obtain

m

v, = T(t) + I s. b’
£ j=1 90 J,t

-y Sy o o @ S W
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where Sj & i1s the share of the exbenditures spent on factor
.t : _

m
S. = . LX. x
i.t = (S5 J,t)/j~

S. X,
l( J,t J:t)
In other words; a natural aggregator for the growth

rate in the input, % given the earlier hypotheses, is the

J,t’?
Divisia index of inputs:
. m '
X, = X s, .X.
€ 5=1 J.t7,t

Moreover, under the above set of hypotheses, the techno-
logical contribution T(t) and the TFP measure are one and the
same. In most of the modern literature on total factor produc-
tivity, because of the possibility that the productlon function
may be non-separable, hence that there does not exist an '
aggregate input and an aggregate output which are, in terms of
production analysis, 1ndependent of one another, the attention

has centered on the contribution of the technological variable

t rather than on the ratio of output to input.

Multiple Output Processes

Whille,in the introduction, we talked of output and

input aggregator functions respectively, in the preceding section,

we considered only the single output production function. We

may now generallze the approach to the multiple output production

function.

Let (yi; i=1,2,...,n) be the set of outputs produced from
the set of inputs (Xj3 j=l,2,.f.,m) such that, given any %,

lghgn, (yi, 1=1,2,...,n, 1#2) and (Xj)’ ¥, 1s the maximum




- 10.

quantity of the output 2 which can be broduoed under the
existing technology, and, given any k, lgkgm, (yi) and

(xj, J=1,2,...,m, j#k), Xy is the minimum quantity of the kth
inpﬁt necessary for the associlated broduction ﬁrocess under
The existing technology. The production process can be rep-
resented by a production function:

F(yi,xj,t; i=1.,2,...,n, j=l1,2,...,m) = 0

The separabillity hypothesis implies that thére exist
functions Y, T, and X such that '
Y(yi; i=1,2,...,n) = T(t)X(xj; j=1,2,...,m)
" Scaling T(t) such that T(to) = 1, it is natural to take
Y and X as outputs and inputs aggregator functions, hence to
define total factor productivity as
TFP, = ;E;;g
(A0
CRS implies that X(ij; j=l,2,...,m) = AX = AY and that
AY = Y(Ayi; i=1,2,...,n) for all positive scalar A. By Euler's

theorem, then,

Y(yi; i=1,2,...,n) = I Y.y.
where Yi = BY/Byi

Perfect competition and profit maximization, in this

---ii--i-'ﬁs-i-n-i-au-.ii-
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context, imply

py = (Y5/7,) i

1l
[
-
S
>
“
o

r.

T(t)X,Y
J (£)X5%1

Cs
H
=
"
[\S]
v
[
=

The rate of change in TFP is given by
TFP = ¥ - X
where Y and X are derived by totally differentiating the

aggregator functions Y and X so that

=3

Y= I s

121 i,691,¢

where si & is the share of the revenues received from the ith
-]

output.
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DECOMPOSITION OF THE TFP MEASURE

Introduction

The theory of TFP measurement presented in the preceding
section is not without serious problems when applied to most
sectors, and certainly to the Canadian telecommunications
‘sector,

Accumulated evidences force us to questlion and even
reject assumptions of separability, of P.L.H., of perfect
competition .in the factors market,... Furthermore, most
carriers, and, at least ail federally regulated carriers are
in principle regulated in terms of an allowed rate of return,
even though it is not yet clear whether the rate of return (ROR)
- regulation is an effective and binding constraint (Breslaw,

Corbo and Smith, 1979). Either in place or in addition to an
ROR regulation, one can observe quasi-universally at least
~some price regulation; thus it seems reasonable to propose thaﬁ
the carrier sets its basic local rates so as to maximize profits.
Rather one can propose that basic local rates are set by the
regulators (Corbo et al, 1979). PFinally, it is known that
telecommunications carriers work in terms of constrﬁction plans
defined over many years and that unless drastic changes
appear - as the increase in the price of fuel for electric public
utilities - the carriers.have much less flexibility to modify
their production process in the short run than in the long run.
.Even when we accebt the neo-classical theory of production

as a tool to analyse TFP measures, all of the above factors

an o8
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contribute to the observed TFP measures. In other words,
those measures are more than a residual since they include
elements which can be explained and guantified in terms of
specific factors which have nothing to do with the efficieﬁcy
by which the firm is using 1ts resources or with the techno-
logical contribution of recent innovations. Thus, othef
things being equal, if the gquantity demanded increases over
time,.say simply thfough population growth, and if at the same
time, there is a scale effect in the production process, a.
THFP growth will be observed which, in fact, results éolely from
the fact that a growth in output can be generated through a
less than proportional growth in input.

In themselves, those factors do not invalidate the TFP
measures, however, as the measure is typically developed for
some well-defined purpose, a proper guantification of those
factors will generally be essential. Hence, it will matter
to the regulator whether, say, the observed higher productivity
of a carrier is solely due to its scale.

In this chapter, various factors which can contribute
to generating growth in TFP will be analysed and an efficiency
measure which abstracts from these various factors to associate.

productivity growth to technological change will be developed.

Scale
In a previous section, Figure 1 had been introduced to
present the concept of TFP. It can be reintroduced in a modi-

fied form here to illustrate the impact of economles and
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diseconomies of scdle, i.e. that of the abéenoe of PLH. In
Figures 2 and 3, production functions are introduced which are
similar to the one 1introduced in the section "Hyﬁothesesﬁ
but for the_presence of economies and diseconomies of scale
respectively. They could be represented by functions such as

2
1 = T (8)X]

2y
i

o
[»]
jo}
2]
i

1
= z
Tz(t)X2

The TFP measure had been associated with the slope of
the production function, however it is more properly associated
with its average, i.e. with the slope of the line which goes
from the origin to a given point on the production function.
Once the PLH assumption is removed, it is eaéy to see that the
TFP measure 1is a function of the input lebel (hence of the
output level). In Figure 3, for instance, we may consider two
dictinct points on the production function, (Ya,Xa) and (Yb,Xb)
such that Xb>Xa' Then 1t is easy to see that the TFP measure
corresponding to (Ya,Xa), TFPa, will be greater than that which
corresponds to (Y,,%,), namely TFP,.

In fact

TFP2 = YE/XE

and, by substitution,

.
- -2
TFP2 = Tz(t)X2

It is observed that the THP level in Figure 3, TFPE, is
inversely related to the input level X2.

Figure 4 provides a simple illustration of the importance

of disentangling, within a TFP measure, the scale contribution

; |
~ .l- -
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Figure 2: TFP and Increasing Return to Scale
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Figure 3: TFP and Decreasing Return to Scale
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assoclated with a movement along the production surface from

the standard increase in efficiency associated with technological

progress, hence with a shift in the production surface. In

Figure 4, we consider a given level of technology ¢t two

1°
distinct production functions, one with PLH and one with
economies of scale, and two distinct points on tﬁat last
equatlon, (Y_,X.) and(Yb-,Xb) such that X, >X_, and such that
(Ya’Xa) is a point on the production function with PLH. It
follows immediately that only with an increase in the technology
from ta to tb would the PLH production function shift upwards
and pass through (Yb,Xb). Now the naive TFP measures associlated
with both points will be TFPa and TFPb respectively. However,
while, if the process exhibits scale economles, the increase
from TFPa to TFPb is not associated with any.structural change
but only the result of a higher output level, the passing'from
TFPa to~TFPb is solely the result of a structural change in
terms of technical progress which has increased the efficiency
of the process, when that process is PLH.
‘ Most recent results tend to confirm the presence of

scale effects in the Canadlan telecommunications sector. Thus
Corbo and Smith (1979), Denny, Fuss and Everson (1979), Breslaw
and Smith f1980), all find some increasing return to scale
.for Bell Canada while Bernstein (1980) obtains relatively
éimilar results for B;itish Columbia Telephone.

The relationshiﬁ between the growth in TFP and the
growth in technical developmeht has been established by Denny,

Fuss and Everson (1979) as

-k .

‘- l. v-
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TFP = ri?(t) - (1 - e)i{

where X is the Divisia index of the inputs, i.e.

. m
- X = ¥ s.x.
j=1 Jd J
m
S. = w.x./ I W.X.

wj is the price of the jth factor

€ is the scale elasticity which is none other than the
inverse of the output elasticity éf cost.

Given the production function in Figure 2,

TFP = Tl(t) + Xy

Multiple Outputs and Scale

- In our analysis of scale effeéts, we had restricted
ourselves to one ouﬁput—one input processes. However, most
if not all processes do utilize more than one input and produce
more than one output; thus, the analysis will standardly
differentiate between at least labour, capital and material.
This feature has a cruclal impact on the analysis of scale
since, through time, those factors have not generally increased
in the same proportion. This is in fact expected since,

through time, such elements as the scale of production, the

relative prices of the factors, the nature of technical change,...

are likely to create an incentive for management to modify
the mixture used in productlon. The net effect of these
elements is that there will normally not exist a well defined

input expansion path, a problem which did not exist when only
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one input was considered. The most standard approach consists
in defining an arbitrary exbansion path, and the simplest one
consists in expanding all inputs in the same proportion. This
was the ébproach considered in the preceding chapter. This
approach also implies that the cost of production will increase
by exactly the same proportion, as long as there is perfect
competition in the  factors market. Then we may measure the
8cale elasticity as the inverse of the output elasticity of
cost. This definition, however, is more general since a propor-
tional change in the total cost need not imply a corresponding
proportional change in all inputs. In fact, 1f, given the
production function

y = F(xj,t; j=1,2,...,n)
one starts from the cost function

¢ = gly,wy,t; j=1,2,...,n)
which is defined as

g(y,wj,t; j=1,2,...,n) = ﬁ%h{wjxj; F(xj,t; j=1,2,...,n2y}
J
This alternative approach to scale implies that the optimal path
in terms of the input prices, WJ, rather than the proportional
path in the input space will be selected. This alternative
approach is evidently more attractive for most applications since
it is also the path which would be selected by the optimizing
producer.

For many years now, researchers have considered multiple

output production processes to analyse Canadian telecommunications

(Corbo et al, 1978; Fuss and Waverman, 1978). In general,

om 8
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the production function will be of the form

F(yi,x t; 1=1,2,...,n, j=l,2,.f.,m) = 0

j°

Now. to apbroach the-scale problem, not only "is it
necessary to define the path~in the input space in terms
of which scale will be considered, but we must also define the
path 1in the output space. One logical extension of the
approach.standardly adopted in the one output-many inputs case,
and the one considered earlier, consists in defining paths in
both the input and output spaces'corresponding~tb proportional
increases of all inputs and proportional increases of all
outputs. Then the scale effect is simply measured as the ratio ©of
the proportional increase in outputs with the proportional
increase in inputs. |

Evidently this approach to the scale problem suffers from
the deficiency of tﬁe corfesponding definition in the one out-
put situatiqn. However, we may observe that the scale measure
in terms of the cost function can also be generalized. Let the
cost function: be

C = g(wj,yi,t; i=l;2,...,n, j=1l,2,...,m)
and let us consilder a proportional increase in all outputs for
a given set of factor prices, then we may define the scale
elasticity as the inverse of the sum of the output elasticity

of cost, i.e. as
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and as, by assumption, we have selected the output expansion

path such that, given any two outputs3 Vi and Vg s
Mnﬁ_=dMyg=dhw

n
danC = I €
dny i=

An alternative approach, assuming a competitive output
‘market would have been to start from the revenue function,

R = h(pi,xj,t; i=1,2,...,n, j=l,2,...,m)
Then the scale elasticity could be defined as

the input elasticity of revenue, i.e. as (Anx/dAnR) where

m 4
dinR = ¥ €5 .
Bnx g1 Ned
dmn% = dinx J=l,2,...,n

This consists 4in selecting as a path in the input space, a
proportional increase in all inputs. The path in the output
space will be the one the revenue maximizer would select.

Logically, the next step would consist in going to the
profit function. However the profit function implies profit
maximization under perfect competitioh in both the output and
the input markets, hence eifher a non-identified solution,
given PLH, or a given optimal level of production. In either
case it does not enable us to define an expansion path since
at best only one point 1s defined under the technology tT.

To return to the interdependence of scale and TFP in
the context of the cost function, assuming that

C = g(wj,y,t;.j=l,2,.f.,m)

Denny, Fuss and Everson (1979) have shown that, given berfect

!
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competition and profit maximization

T(t) = —ec’ye(t)
where 0(t) = (3g/d3t)/C
and that
D = g o=l
TFP = -0(t) + (1 Ec,y)y

Given the multiple outputs situation they have shown

that
. . n .
TFP = -0(t) + {(L - % &_ )Y}
i=1 ©2%
In terms of the revenue function, the equivalent results
are
. . _ m .
TFP = I'(t) - {(1L - I €R )X
: ‘ j=1 sd
where R = h(pi,xj,t; i=1,2,...,n, j=1,2,...,m)
r(t) = (sh/at)/R
. n m-
The coefficients (1 - I €5 .) and (1 - Z e, ,) will be
i=1 C,i i=1 R,J!

zero whenever there is CRS. If, however, there are increasing
(or decreasing) returns to scale, then TFP will include a

component which is fully explained by the scale of production.

Marginal Cost Pricing

The results obtained in the previous section depend

'cruciélly upon the assumption of marginal cost pricing in either

the input or the output market. Thus the relationship which was
established between TFP and -0(t) was based on the equality
TE = Y

. n n
¥ =
where Y* .E (EC,i/ E €
i=1 =
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i.e. on the equality, given i=1,2,....,n,

- Ps¥y = Bog
. n
PiY; Z e

n
n
=1 i=1

. C,1
i 2

s L et

Since €a s = 3C
Byi‘

.Z;, we must have for some constant vy,
C

p; = Y(gC )
I

i.e. the price of every output must be proportional to the
marginal cost of that output. As long as the producer faces
no constraint while maximizing revenues, he will automatically

fulfill this condition. However, available evidence would

suggest that this is not the case in Canadian telecommunications,

thus Corbo et al (1979), Breslaw and Smith (1980) and others
have consistently confirmed a contention made by Bell Canada
that the price elasticity of demand for local service is very
low and that it is much lower than the marginal cost of that
sefvioe, while the price of message toll is not very different
from its marginal cost. It follows that, as far as many
Canadian telecommunications carriers are concerned, the proper
relationship betwee (t) and TFP would be

TFP = -0(t) - {(1 -

nms

' .* ; - '*
eC,i)Y } o+ (¥ Y¥#)

i=1

t
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Rate of Return Regulétion

Again it is Denny, Fuss and Everson (1979) who have
introduced the'imbact of the rate of return regulation in the
TFP analysis. It can be modelled in terms of the Averch-

Johnson model (1962) by defining the Lagrangian:

n . m-—1. n m-1
L= 2 p;y, - Z w,x, —rK - A{ 2 p.y, - I w,x, - sK}
s=1 1 g=p a0 i=1 1 gm0
- Y{F(yi,xj,t; i=1,2,...,n, j=1,2,...

where K = X

Profit maximilzation yields the pseudo-prices

p§ = (1-)) py = Fy . i=l,2,...,m
Y
w§ = (1=)) ﬁj = Fj j=l,2,...,n
Y .
r¥ = r-As = Fy
Y

Fuss and Waverman (1978) have defined a cost function
g¥ in terms of those input pseudo-prices and the corresponding
optimal output levels, yi:

C¥ = g¥(wi,r¥,y¥,%)

The scaling of the production function is arbitrary and
it can be selected such that vy = 1. Then, using the regulatory
constraint,

C¥ = C - A 2 1P

C is the total cost in terms of the observed variable,
and to C corresponds a new cost function in terms of observed

variables:

»m)}
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¢ = g(Wj,r,S,yi:tS- i=1,2,...,n, j=l,2,-v.'.A_,m~l)

The cost function can be estimated directly, and Fuss

and Waverman show that the following pseudo quantities are thus

defined:
gy = (1=2) Xy j=1,2,...,m-1
g, = K
gy = -AK

Defining the technological contraction of the cosgt

function as 0(t), then

. n . m-1
~0(t) = {2 ey ¥; - XP - AL 2 sw, + G)sl
1=1 Vo7t =197 ¢
. . n a . e
TFP = -0(t) (1 - I e, j)Y* + (Y-Y¥)
i=1 “ot
m-1
- A{ I s.Ww, + th)é}
j=1 JJ C

Short Run TFP Analysis

Telecommunications carriers, like most public utilities,
have construction programs which cover many years, and, unless
some drastic shift in relative input prices occur as in the
case of the oil crisis, they will not be able to adjust rapidly
to changes in prices. It is reasonable to assume, therefore,
that in the short run certain factors such as capital should
be considered as fixed. To describe the short run behavior of
the carriers, one should adopt the variable cost function,

V = k(wj,yi,K,t; j=1,2,...,m-1, i=1,2,...,n)

L

{
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where V 1s the variable cost, i.e.
m-1
V= X W.X,
j=1 JdJ
If this cost function is defined in terms of the pseudo—
prices, as in the preceding section with the rate of return

regulation, then it can be denoted by

VE = k*(wf,yi,K,t; J=1,2,...,m=1, i=1,2,...,n)

To it will correspond a cost function in terms  of the observed
prices '

V = k(wj,yi,K,t; J=1l,2,...,m=-1, i=1,2,...,n)
with V¥ = (1-A)V

The technological contraction is now.solely in terms of
variable factors. It will be denoted by é(t). é(t).cannot be
meaningfglly related to the total cost fuiction even though it

can be trivihlly related to the total cost itself since the

contribution of the fixed factors is independent of time:

9V = ac
3 at -
and
6(t) = 1 aVv
V 3
= (£)3C
V ot

In any case, if some factors are in fixed quantities,
then we must distinguish between the short run and the long

run THFP measures:
. n m
TFP. = L s8.¥. - I S.X.
Loy d j=1 474
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. n | m-1 -
TFP, = I S.,y. - I S.x,
S . i‘i j=1'J J

where §j are the variable cost shares.

Since s. = (V)S,
J = d

then
° . 1'1'1""1
TFP, = TFP. + (V-C) L S.X%.
S L Nl 5=1 &3

The same general relationship will hold for 6(t) as

for 0(t) and between TFPS and 6(t) in the short run as between
TFPL and 6(t) in- the long run, namely

. n a

-0(t) = I .y. - (1-A)X
(t) izlevblyl ( )Xg
. . m—1
where XX = I S.Xk.
j=1 Jd J

. . n o e .
TFP, = -0(t) + (1- I ¢ )Y+ (Y-Y ) + AX
TS =1 Vol

S
i

where €y .1 is the ith output elasticity of the vabiable cost
F] N
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COMPARATIVE ANALYSIS

Introduction

In the brevious chapter, following the apbroach of
Denny, Fuss and Everson (1979), the TFP measure was analysed
and decomposed.in terms of elements which could help explain
it. The major element is evidently the scale effect; other
elements are the impact of the price and/or the rate of
return regulatory constraint and finally whether the analysis
is a short run or a long run TFP analysis.

In this chapter, we will be concerned with the compara-
tive analysis of productivit& between two carriers.
Immediately it becomes clear that the previous analysis is
crucial. In the traditional productivity anaiysis of
Kendrick and Denison, the emphasis was on the diversity of
forces which contribute to the observed productivity growth;
the limitation of the analysis is that the productivity
measures developed are of limited use since very little can
be said with respect to quantifying and explaining observed
differences. In the modern analysis pioneered by Jorgenson
and Griliches (1967) total factor productivity is associated
with technical change in a production function context. The
shortcoming of such an analysis follows from the kind of
assumptions which are requiredT As we saw in the second chapter,
two of these assumptiéns are perfect competition and positive
linear homogeneity. . The more recent trend has led to some
sort of synthesis of those two apbroaches. " While the production-

cost function framework is maintained, hypotheses regarding
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scale effects, competition,...are tested in terms of a more
general model and the observed TFP is. explained in terms of a
variety of faétors in addition to technical change. This
recent step has extremely important consequences for an inter-
firm comparison since observed differences in measured TFP
can be associated to factors other than the rate of technical
change.

In this chapter, we shall present the Jordenson-Nishimizu
(19785 model and expand it along the approach adopted by Denny,
Fontenay and Werner (1980) to show how one could quantify the
impact of various factors on the observed TFP of various firms.
In practice, the TFP measure as such is not used since it
implies a comparison of one given firm's performance between
two periods of time, and in its place a DFP measure is intro-
duced. The DFP measure is there to quantify the difference
‘between two firms' performance at one given time period.
Evidently, it is possible to express the change through time
in the DFP measure in terms of the difference between the two

firm's TFP growth:

: . 2 .1
= - 1
DFP, - DFP, _, = TFP_ - TFP, + 17
, - 2 _ 1y 1 &2 1 2,1
where DFP = (znyt Qnyt) ijl(sjst + sj’t)(ﬁnxj’t 2nxj’t)

as introduced in this chapter.

The superscript indicates the firm

h
s

it denotess the cost share of input j in the hth firm
] : : .
in period ¢t.

Z is a residual such that

S G e S8 wa A8
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1 2 2 1
(Sj,t-l - sj’t)(znxt_l - znxt)

2 1 2 1
+ (Sj,t—l - sj’t)(znxt - gnxt_l)
however the residual Z does not appear to have any intuitive

meaning.

The Difference in Total Factor Productivity (DFP)

It seems too restrictive to assume that various firms,
even in a giveh sector, will follow the same technology. Hence,
in Canada, while B.C. Telephone decided to bypass the cross-bar
technology to go directly from step-by-step equipment to
electronic equipment, Bell Canada has invested significantly
in the cross—bar type of central offices. On the other hand,
it seemé unlikely that two firms which are in the same sector
would not have a great degree of commonality in t%eir tech-
nology.

It is convenient to approximate the true process of
production of a carrier by a flexible functional form, which
will be'assumed, with little loss of generality, to be a trans

log production function. Denoting the output of the carrier h

by yh, we have

n n
Znyh = ag + z allnxg + % ay .(2nx?)2
i=1 i1=1 —*7
n n B t2
+ I I o mx.mx. + o + Lo
i=1 j=1 ij i~ t t,t
i#J
0
+ I oy tthznx
i=1 72
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The other carriers can be assumed to have processes which can

also be-approximated by translog functions. In the most

general situation, it could be that the coefficients Oy o and
3

0. are deﬁendent upon the firm, i.e: that

i
n n
Rnyh = ag + I a?knx? + % 3 a? i(%nx?)g
i=1 i=1 —°
n n _
+ I T a? .Rnxglnx. + a?th + %ag t(th)g
i=1 j=1 sd 3
i#]
n
+ 3 a? tthﬁnx?
i=1 —?

However those translog functional forms are second order
approximations te the true form, and it seems reasonable to
‘assume that the difference between firms will show up only in

its main component, l.e. in the first order approximation

n
n 1" s
g + izlaiznxi +att . Then we would write
n n n
JLnyh = (ag + Z a?%nx. +'a2th) + I )3 Gy .Rnxiﬁnx,
i=1 i=1 g=1 27
1%
n n
%2 o, ()P4 Lo, oM 4 ko (8P)°
4=7 Io1 1 j=1 i,t i t,

Evidently, to the extent that there are series suffi-
ciently long and to the extent that processes are sufficiently
well behaved, it would seem to be possible in principle to’
start from the most general'form to test whether the firms
differ solely in terms of the first order approximation. If

the hypothesis were to be accepted,'there appears to be no

\- -
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further problem. However, 1t is not clear that a rejection
of the hypothesis by such a test would rebresent a valid test,

especlally if the two firms, as 1s generally the case, are in

different regions of the broduction sbace. The inabplicability '

of such a test follows from the fact that (i) the forms are
assumed to be local second order approximations of the unknown
true forms and, if any statement is to be made with respect

to both production processes at the same time, that (1i) the
approximation must be made over a region which covers at least
the firms being compared. In other and simpler words, 1f the
various firms' production processes .differ 1in all of their
coefficients, as.in the second example above, theré is no
regularity between them and hence comparisons are not
meaningful.

To test the approximation which allows differing first
order components, it 1s necessary to assume that at least one
coefficient is independent of firms considered. That could be
Gps Ogs Og g or any of therlai, the n(g—l)<ﬁ’j, or/and the

Na.

. The choice is arbitrary.
i,t

Hence, in the rest of our analysis, it will be assumed
that the second-order part of the approximation is common to
all carriers which are being compared, i.e. that the third

form applies.

Without loss of generality, we can assume that there are

only two carriers, i.e. h=1,2. Then we may rewrite the

coefficients o as

T
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i

1 2
%9 = % %y = % * By
1 2 .
e = O = . -+ =
aJ uJ aj aJ BJ Jg=1,2, !
1 2 _
ap = O ap = oL F B
or still that
off = a, + 8,D 2=0,1,2,...,m,5; h=1,2

where D is a dummy variable taking the value zero with h=1 and
one with h=2.

Then the translog can be rewritten as
m Com

iy = (ag + T o mxl 4o th H D) + % 2 o (nx)?
0 4= 97 £ .70 P I J
J—l J_l
n n n
+ I Za; mximxl + %o, t0nxD o+ one,  (87)2
i:l J';-_-l lSJ 1 J J'=l J, . J t’
1#]
n
+ I B Diuxl
i=1 9 J

which corregponds to the second order approximétion of the
production function

yh = f(x?,th,D; j=1l,2,...,m)

With the constraint that BO,O= 0.

This is the form hypothesized by Jorgenson and Nishimizu
(1978) and by Demy, Fontenay and Werner.(1980).

In the Jorgenson-Nishimizu method, the difference in
efficiency between any two carriers is estimated through index
numbers, and 1t is shown that, if fthat difference is denoted
by DFP,

m
DFP = (&Lyg - ﬁuyl) - 32 (s%+s§)(ﬂyx§

- ﬁmX§)
j=1 4

g ey N o9 o s &8
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where.s§ is the cost share of the jth input in the 2th firm,
2=1,2.
It is shown that

DFP = %(dlny2 + dinyh)
ap an

(dlnzh) measures the change in output, given production in
dD

firm h, when one marginally converts the production process to -
that of the other firm, ﬁhe'input level being held constant.

The interpretation of DFP,.however, raises serious
problems. -First of ali, there have been various approaches
to the treatment of technology in the modern literature, the
two main trends consisting of eithér taking the tecﬁnical
change to be a residual modelled in terms. Qf‘a time trend or
in attempting to model specific characteristics of the network
as being that technical contribution. In telecommunications,
The latter approach appears to be dominating (Corbo and Smith,
1979), whereas in most of the other domain, the time trend is
the most common indicator of technology. It should be noted
that, in fact, there is no conflict in using both simultaneously
since'even though wvariables such as DDD are likely to have had
significant impact on the technological development of the
telecommunications sector, a lot of other factors have also had
their impact. The practical problem, in econometrics, is the
constraint in terms of available degrees of freedom imposed by
the number of available observations.

If t is a time trend, then, since one would normally

compare the two firms at the same period, 1t would not show
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up in the comparison. However, if t stands for some other

1

variable, such as DDD, it is unlikely that t°=tT and 1t can

be shown that DFP will also include the factor

{%(dznyg + dznyl)(tgwtl)}n The original model lmplies that,

at®  agt

in general, even if the two firms have available to them the
same level of technical development, i.e. 2=tl, they still
are not on the same production hyperplane.. Thilis could be
assoclated with such features as regional terrain,... Hence,
even if varlous services were demanded in the same proportion
in B.C. Telephone's territory, as in Bell's territory, the
presence of‘the mountains in B.C. may imply that glven today's
technology, a different process is selected. On the other
hand, if t 1s taken as an unspecified residual, since 1ts
scale is arbitrary, it can always be défined to take the value
zero 1n one firm and one in the other. Then DFP becomes the
simple measure of TFP growth when passing from the technology of
firm 1 to that of firm 2. 'This approach, implicit to the
Jorgenson~-Nishimizu method, does not enable us to study the
possibility that the techhology available to one firm is not
avallable to the other, since the two contributlons cannot be
disentangled.

The problem of measuring the efficiency levels can be

approached from the dual side using the cost function, (Denny, de

Fontenay and Werner). Under certain reguiarity conditions, given

a post minimizing firm, to the production y = f(xj,D,t; j=1,2,...,m)

.
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corresponds a cost function g where
C = g(wj:y:D,t§ j=1323°":m)
Supposing that g is approximated by a translog cost

function, a theorem proved by Diewert (1976) will yield:
2

2 ol oL 2,01 P - 1 2 .1
inCc—gnC- = % 3 (s.+sj)(£nw. znwj) + 2(ec’y+ec,y)(zny my ™)

j=1 9 J

2+3gnct) (p2-pl)

1

+ %(amc? + aencl)(£°-t1) + 3%(34nC
3t at 502 3D

A logical measure of the differene in efficiency would
be (-H) where

H= %(aznce + 82nCl)

5D° 5Dt

Then it can be seen that whenever the two firms face the same
prices on the factor markets, then (znw§=znw§) and the first
set of RHS terms disappear. Similarly, if the two firms use
the same technology, tg-tl,and the third set of RHS terms also
disappear. Then

(-H) = 1(e2

2 ) (2ny°-231) - (2nc? - anc?)
N

1
+e
C,y
If, to be able to use the index number approach, we
assume PL , then

2—anyl) - (anc®-gncl)y

(-H) = (2ny

Hence, by following the cost function approaéh, i.e. by
using the hypothesis of cost minimization, we are able to
isolate in our new measure of the difference in technical

efficiency, that part which is due to the differerce in the

factor prices:

m
3z (s?+s%)(ﬂnwg—£nw%)
jz1 4 IT
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from that part which is due to the difference in technology:

1(0an.C% +38nCT) (62-t1)
ot t

from the difference in the ability or capacity to use the
known technology:‘

(muyz-mmyl) -

(m.c2-m.ch)

It is now necessary to relate the new measure of produc-
tivity difference (-H), to degenson and Nishimizu's DFP. The
original model was ’

y ='F(xj,D,t; Jj=l,2,...,n)

If, for instance, we take D to be a technical level wvariable

scaled so as to take the values 1 with firm 2 and 0 with firm

1l, then
' m dx.
dy = 3 P.Y%j + Py + F.dt
dp  j=1 97ap aD

where FD = 3F/3D

Following -the approach of Denny, Fuss and Everson, we

may define

B = Fply
then E =5 - gt %
Y7 Fe,y
~ m
where X = I s.%
j=1 9K
y = (dy/dD)/y
ij = (dﬁ/dD)/xj j=l,2,...,m

and where we have assumed (dt/dD)=0.

Defining DFP such that DFP is its local approximation,

i.e. DFP = y-Xx

it follows that
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-
X
e,y

DFP = E + (1-
If now we start from

C = g(WJSyQDSt; J‘=l,23"79m)

we can derive by the same procedure

m
gc = 1 g+ sg.dy + gy + gat
dD j=1 97dD 3y ap ao

Since

m m
1.dC = % s.%. + I s.w.
¢da g=19J 49 =1 JJ

if we define (-H) such that

~

H = (3g/3D)/C
then

(=H)

i
9]

= 2

C,y

(—ﬁ) €

i.e. that the (-H) derived from the cost function can be (i)
estimated by index numbers just as E

2

m
(=H) = (fny —lnyl) + (2nC2—2nCl) - % I (s§+s§)(2mw§—2nw§)
=1

J

~

(ii) compared to E since

(-H) =

~

EC,yE
while (iii) providing a further decomposition through its use
of the cost minimization hypothesis.

Finally in a scenario where the firms not only face
different technologies (dt/dD#0) but where they also face a
different physicél environment (3F/3D#0), following the Denny,
Fuss and Everson approach, we can define

(~0) = -(3g/at)(dt/dD)/C
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to obtain

(-H) = DFP - (1- F - (-0

(-H) (1-e; )T - (-6)

Given a scenario where the two firms operate on the same
production hyperplane (9F/3D=0) while facing different factor

market prices due to their different geographical locations

(-H) = DFP ~ (1-g; )§ - (=0)

DFP = (1-eq )F + (=€)

If indeed there is PLH, then we would expect

DFP = -0

Finally, whenever the two firms face the same technology
(dt/dD=0) but a different physical environment (3F/3D#0), the
last term (—5) disappears and

(-H) = DFP - (l-¢

Marginal Cost Pricing;,Rate of Return Regulation and Short Run
Analysis

It is an easy matter to expand the result of the previous

chapter on the decomposition of TFP to the comparative analysis
since D can be seen as a technological variable properly
scaled. In fact, a%l the previous results can be transposed to
this new problem.

First of all, the multiple output situation is'a straight-
forward generalization, and? given |

o i g(wjﬁyi,t,D; i=l,2,...,n, j=1,2,...,m)

(-H) = %

F. - X - (-0
j-leC’JyJ (-0)

v

,
T G R O W v
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~ m m
s * / . . th
If we define Y¥* as {jil(ec’y jilsc’a)?J}: en
~ ~ ~ ~ m ~
(-H) = DFP - (Y-Y#*) + {(1- L eq JY¥} - (-0)
. -og=1 VeY .

The analysis of the previous section still holds if  there

is marginal cost pricing, (Y-Y¥)=0, and if there is constant |

: m
return to ray scale, (1- I e, ,)=0.
j=1 C,J X

Similarly the rate of return regulétion is also a
straightforward generalization with D being an argument of F
in the Lagrangian, of g¥* and of g.

Following the same approach as presented in the last
chapter, one obtains
_? £ %*} + (—é)

DFP = (-H) + (Y-Y¥*) + {(1-
. J=1

i’

m-1 .
+ A{jilsjwj —(smK/C)s}
where A is the Lagrange multiplier of the rate of return
constraint,

Sj is the cost share of the jth factor
W, = (3w./3D)/w.
3 ( J/ )/ 3

§ = (3s/3D)7/s
Finally, fiven that in the short run, capital is a fixed
factor, the variable cost functions k¥ and k will have D as an

argument. We can define

.3V
3D

.3V.dt
5t dD

D
1]
<l <je



40.

Then it can be shown that

o~ ~ ~ ~ ’ n ~ ~ ~
+ +
DFP = (-HS) + (Y-y ) + {(l_iilev’i)y }f (-0) + AXS

where DFPS = Y - X

]
~ m—~1
X, = I §,X., S, being the variable cost shares,
S j=1 Jdd J
~ 4 n n
YT = I (e / I e )y
i=1 v,1i 1=1 v,i71i

€y .1 is the varlable cost elasticity of the ith output.
3 .

Through the last two expresslons, it only remalns to
analyse and quantify the impact of a set of specific factoré
which contribute to the observed difference in total factor
productivity. Those factors are (1) dif@erence in non-marginal
cost pricing 1i.e. (%—%*)#O~and (§—§+)#O, (11) short and/or

n n
long run scale economies, i.e. ( I €0 F#l) or (L v (A1), (1ii)
i=1 o+ 1=1 Vot

difference in the use of the available technology, i.e. (-0)#0

and/or (-6)#0, and (iv) the rate of return regulatory constraint,

A#0.

-y on s BB
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CONCLUSION

In this paper we have integrated the Denny, Fuss and
Everson TFP decomposition'analysis with the Jorgenson-Nishimizu
method for interfirm combarisons of total factor productivity.
That way, we have been able to show that the conventionally
measured Jorgenson-Nishimizu measure of difference in total
factor productivity can be decomposed and explained, either in
a short run or in a long run context, in terms of (i) departure
from marginal cost pricing, (ii) non-CRS, (iii) effective rate
of return regulation and (iv) differing level of technical
knowhgw in addition to (v) the difference in the capacity and
ability to use the existing technology because of the physical
environment in which the firms operafe.

It was also shown that the Jorgenson-Nishimizu measure
need not to be solely one of differenp/ apaclty and abllity
but that 1t could also be related to the fact that the f;rms

do not face the same factor prices, eéeven under perfect

competition. Again, this could be due to geographical

constraints.
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