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ABSTRACT

A cooperative oligopoly model is developed where the production
function of each firm is of a Cobb-Douglas type augmented for
discrete and continuous, embodied and disembodied, exogenously
determined technical change. Firms are divided into two groups
depending on whether they have adopted the latest major process
innovation or not. The econonomic rate of return to revenue is a
function of collusion; the latter is parameterised and exogenous.
The relation among relative market shares and relative
technologies and rates of return for every ¢two firms is
established at the firm level while at the industry level the
relation among the Herfindahl index, the ratio of the rates of
return and the ratio of the technologies of the two groups is
established. An analysis follows determining the circumstances
under which the ambiguity between the market power and the
differential efficiency hypotheses can be resclved by using either
firm level or industry level conclusions. Two different versions
of the model are considered: a) Capital adjustment is
instantaneous and costless b) The cost of gross investment is a

function of its own size.
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CHAPTER 1

INTRODUCTION

1.1 A summary of the existing 1literature on the market power

varsus the differaential efficiency hypotheses ambiguitx;

The 1literature on the conflict between the market power
versus the differential efficiency hypotheses may be classified
into two categories. The first category tries to establish if
there 1is any relationship between performance and market
structure. It also seeks to describe the nature (causal or
simultaneous) of this relationship. The empirical findings in the
literature for the U.K. are quite divided as to whether in fact
there does exist a statistically significant relationship between
profitability and concentration. There is also contradictory
evidence as to if this relationship is positive or negative. The
second category focuses on identifying the nature of this
relationship. Two different interpretations are offered for the
existence of a positive and significant relationship. The so
called collusion-profitability school (Bain, (1956), Collins and
Preston, (1969)) argues that the higher concentration is, the
higher tacit or explicit collusion will be. This will lead to an
abuse of market power which will raise profitability above the
competitive levels. On the other hand, the differential efficiency
(Demsetz, (1973)) states that a positive correlation is reflecting

the superior efficiency of some firms which are rewarded with high



profits and high market shares.

The first category consists of articles which are concerned
with the construction of static, dynamic or simultaneous equation
models. Within such frameworks it is attempted to establish a
relation between profitability and concentration, either of a
theoretical or/and of an empirical nature.

Static models are usually one-period, profit maximising,
Cournot or co-operative frameworks. Typical examples are the model
by Cowling & Waterson (1976) and its later modification by Clarke
& Davies (1982). In this second article the ambiguity as to
whether collusion or efficiency is responsible for superior
performance and high seller concentration is clearly demonstrated.
In particular a theoretical relationship was established, which
demonstrated that concentration (as measured by the Herfindahl
index of concentration) is positively affected both Dby
differentials in efficiency among firms (measured by the
coefficient of variation of marginal costs) and by the degree of
collusion within the industry (measured by the elasticity of
conjectural variation). In a subsequent empirical paper by Clarke
et al (1984) an attempt was made to first estimate this degree of
collusion, and subsequently to test whether this was positively
determined by concentration. More importantly, this article was
one of the first steps towards intra-industry and time series
analysis studies, regressing average margins against market shares
employed from the census size distibutions for the period 1971-77.

Dynamic models tend to be profit maximising models over an



infinite period horizon. The control variables in such models are
the different types of expenditure that correspond to the price
and non- price strategies the firm pursues in order to restrict
potential entry and determine the stream of its profits. Using
optimal control techniques, the optimal path for the firm’s
control variables is determined under the restriction of a
function for the market structure (the state variable), which
contains the variables that determine its evolution (Jacquemin
(1971)). The sensitivity of the market structure to these
variables determines the true degree of monopoly power the firm
posesses because it describes the effect that different forms of
firm conduct have on the long run market structure. The advantage
of these models is that they investigate the feedback of the short
run market power or differential efficiency to long run market
structure. Therefore, they explicitly contribute to the question
of endogeneity of the market concentration and its validity as a
causal determinant of profits. More specifically, this refers to
the market power abuse interpretation. The argument is that it is
conduct that affects concentration rather than the opposite. As
Jacquemin writes:

"...Different forms of market conduct have the capacity to produce,
either directly or as side effects, gradual changes in the
structure of industries. According to such an approach, the more
substantial is the market power of a firm, the more the market
Structure must be viwed as a strategic variable to the individual

firm, not as an exogenously determined parameter. In the so called



‘market structure-conduct-performance’ pattern, the causal
relation can run from conduct to structure to performance."

The nature of the differential efficiency pattern is naturally not
affected by the above argument since it is by definition that
market structure and profitability are jointly determined through
superior efficiency.

The need for models in which the concentration variable is
endogenous triggered the development of simultaneous equations
systems which incorporated an explicit concentration equation. For
example, in Martin (1979) a dynamic concentration equation is
included. This equation describes how concentration gradually
approaches its long run equilibrium level following a partial
adjustment rule. More generally, in simulaltaneous equations
models (Geroski, (1982)), entry conditions, cost and demand
conditions and industry concentration are considered to be
mutually interacting and jointly determine industry profitability.

The second category mainly consists of articles which shift
the focus of interest away from the industry level towards the
firm level of analysis. The logic behind this shift is that the
relationship between profitability and concentration (whether
positive or not) contributes nothing to the resolvance of the
differential efficiency- market power hypotheses ambiguity. The
reason a positive relation reveals nothing has been already
discussed in the opening paragraph and is in fact what triggered
the ambiguity in the first place! On the other hand, a negative

(or stricly speaking non-positive) relationship can either mean a
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more pro-competitive behaviour within the more concentrated
industries or that the firms within such industries opt for a
quiet life. Obviously, this second view has to be ruled out since
the concept is based on managerial theories of the firm rather
than on a profit maximising behaviour framework. However, some
comfort can be drawn from the fact that according to an empirical
study conducted by Clarke (1984) for the period 1970-76 in the
U.K., profit margins were found to be more volatile in more
concentrated industries. This argues against the possibility of a
cosy arrangement among firms. Sticking with the first
interpretation, which is compatible with the profit maximising
condition, to the extent that concentration is the result of high
collusion, a negative relationship points to a negative connection
between profit;ability and collusion. This means that the latter
has a pro-competitive impact, implying the rejection of the
collusion-profitability hypothesis. Yet, the very same argument
can apply for refuting the differential efficiency hypothesis.
Therefore, whatever the sign of the relationship between market
structure and profitability, the ambiguity between the two
hypotheses can not be resolved since these have not been expressed
in a way that makes them mutually exclusive at an industry level
of analysis. Consequently, Demsetz offered an alternative way of
approaching the subject. According to his theory, the effect of
collusion is a public good while the effect of efficiency a
private one. Therefore, the former benefits =-in terms of

profitability- small and large firms equally, while the latter
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guarantees high market share and rents for those who posess it.
Firms who do not posess it suffer from a combination of 1low
profitability and market share. Therefore, if the differential
efficiency hypothesis is correct then the profit rates of small
firms in highly concentrated industries should not differ from the
profit rates achieved by small firms in 1less concentrated
industries. If the collusion profitability hypothesis is at work,
then the profitability of small firms in highly concentrated
industries should exceed the profitability of small firms in less
highly concentrated industries. Based on this Demsetzian
perception, Harris (1988) argued that if firm profitability is
positively related to the firm’s market share and non positively
related to the industry concentration, then this is sufficient for
rejecting the collusion hypothesis when there 1is no product
differentiation in the market. Note however that the Demsetz
theory is actually totally contradictory to the seminal versions
of the collusion-profitability school which explicitly rejected
the argument that market concentration would increase the

profitability of all firms; see more on this in the next section.
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1.2 Re-stating the two hypotheses within a new model.

In the model cosidered below, innovation as well as collusion
are treated largely as exogenous to the industry and the benefits
of both are considered to be private goods.

Innovation is exogenous as in the Demsetz model. Therefore,
as in Nelson and Winter (1978) the =regime of Schumpeterian
competition is reversed by having the causal linkage running from
the pace and pattern of innovation to the level of concentration.
This argues that successful innovators are rewarded with a
relatively higher market share as compared to that of their
rivals. Relatively higher profit rates may also be the reward of
success if the adopters conjectures (implicit colllusion or/and
tacit collusion) ensure that they produce at a level of output
where their marginal costs are lower than the marginal costs of
their competitors. However, the model also allows for the
possibility that the conjectures of adopters will be such that
they will determine an optimum level of output for these firms at
which their marginal costs are higher that the marginal cost of
the laggard firms. Obviously the probability of something like
that happening is higher the smaller the gap in productivity
between the innovators and their rivals is.

The exogeneity of collusion has already been discussed in the
beginning of this chapter when refering to the work of Jacquemin
and the endogeneity of the market structure.

The fact that the only form of innovation in the model is

13




reduction in the production cost of a single, homogeneous product
is not as restrictive as it may at first appear. Nelson and Winter
(p. 530) argue that such a "..model can equally well be
interpreted in terms of product innovation. In this alternative
interpretation, product improvement involves an eguiproportional
increase in the effectiveness of the product in every use; when
such an improvement can be achieved with a smaller proportional
increase in unit production cost, there has been an effective
reduction in the cost at which ’efficiency units’ are produced. To
put it in another way, the firms in the model may be thought of as
producing physically heterogeneous products that embody varying
amounts of a single Lancasterian ‘characteristic’ per physical
unit. The demand curve of the model is then to be interpreted as
the demand curve for the characteristic, and prices of different
products will vary in relation to the amount of the characteristic
they contain. Thus, mere physical heterogeneity of the products of
different firms does not necessarily render our model
inapplicable. And, to the extent patterns of that buyer preference
among products are dominated by the variation in a single quality
dimension, the ’‘cost reduction’ approach may, at a minimum, be a
useful approximation"

The model is based on the two distinct theories of innovation
developed by Schumpeter. In his later work he maintained that the
large existing enterprises within an industry are the engine of
technical change. This suggests that innovation will be more

intensive the larger the firms are. This contradicts his earlier
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work, in which he described the outsider, newcomer innovator
enterpreneur as the main motive behind technical change. (For a
distinction between these two see Winter (1984), pp.294-297) His
later work is closer to the Demsetz theory although, as already
mentioned, causality in Schumpeter is reversed since for
Schumpeter it is the large enterprise which causes innovation and
not vice versa. This obviously contrasts with his early work in
which he argues that there is no reason why superior efficiency
should be connected with a higher market share. In the model to be
discussed each industry’s firms are separated into two groups
using as a criterion whether the firm in question has adopted the
latest available production technique. Each innovation may
originate either from an industry other that the one in which the
innovation is applied (innovative entry and transfers) or from
already existing firms within the industry in which the innovation
is applied. According to empirical findings by Geroski and
Steward, 1982, (more on this paper below) "...entry innovations
are somewhat more "technologically important" than the rest, and
this feeling is strengthened by noting that 36% involve a new
product or process...".

Turning now to the assumption that not only innovation but
also collusion is a private good, this is in direct contradiction
to Demsetz. He considers collusion a public good and accordingly
bases his resolving of the ambiguity on this supposedly public
nature of collusion. This model rejects the Demsetzian conviction

of collusion benefiting small and large firms equally; instead it
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agrees with what Martin (1988) wrote:

“...Failure to find a positive effect of market concentration on
the profitability of smaller firms is taken as evidence against a
" concentratiom-market power" relationship. But seminal versions
of the concentration-market power hypothesis suggested that
concentration would allow the exercise of market power primarly
by large firms....

A finding that <concentration benefits primarily the
profitability of larger firms would confirm these versions of the
collusion-profitability hypothesis, which sSuggests that large
firms are more profitable in concentrated industries because
industries become concentrated when it is efficient to organise
production in large units. The efficiency-profitability hypothesis
has not been advanced in a way which distinguishes it from the
collusion-profitability hypothesis....The "efficiency" and "market
power"  interpretations of a positive effect of market
concentration on price-cost margins are complementary rather than
mutually exclusive."

On this basis, the argument by Harris is incorrect since a
negative (non positive) relation between concentration and
profitability combined with a positive relationship between market
share and profitability suggests only that it is large firms that
reap the profits of monopoly power. The fact that this monopoly
power is a private good no longer resolves the ambiguity because
it can be either collusive practices or superior efficiency that

are resposible for the existence of large dominant firms,.
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More interestingly, if the negative (non positive) relation
between concentration and profitability is combined with an also
negative relation between profit rate and market share then again
the ambiguity is not resolved. If large firms own their bigness to
superior efficiency then this may or may not 1lead to higher
profitability depending on the conjectures of the firms. The
definition of collusion in this model is broad since this may be
either in an explicit and/or in a tacit form. Collusion is
expressed in terms of what each firm conjectures that the degree
of sensitivity of total output with respect to a change to its
output is equal to. In other words, the collusion measure is
constructed by parameterizing the elasticity of the total industry
output variation for each firm (which is discussed in detail in a
later chapter) and treating it as exogenous to the model.
Consequently, when it is said that a firm is more collusive than
another firm this translates as the former firm having a higher
elasticity of total industry output variation (henceforth, ETIOV)
than the latter. How does the above affect the interpretation of a
negative relation between profitability and concentration combined
with an also negative relation between market share and
profitability? If collusion is in the form of conjectures
expressed by ETIOV, then since conjectures are always positively
related to profitability then the ETIOV will also be positively
related to profitability. To the extent that this happens through
an indirect route it means that collusion (ETIOV) affects market

structure (creating dominant firms with monopoly power) and as a
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consequence profitability is affected. If this is true however,
then it is not possible to have a negative relation between market
share and profitability. Therefore when this relation is negative,
this signals that ETIOV affects directly profitability and not
through the route of increased monopoly power; a fact that negates
the collusion hypothesis. To the extent that efficiency leads to
growth but not to relatively higher profit rates, it implies that
the large innovative firms have unfavourable conjectures that do
not permit them to translate their superior efficiency into higher
profitability. That however does not deny the differential
efficiency hypothesis, it just means that efficiency is rewarded
only in terms of growth and not in terms of profitability, since
profitability is seperately determined through other direct or
indirect sourses which are ultimately linked to the conjectures a
firm bears.

Given the above arguments let us formalize the framework and
define the hypotheses within it. Two distinct models are to be
developed; the criterion fog defining each one is the degree of
flexibility of the capital. In the first model there is no capital
adjustment cost and each firm adjusts its capital and 1labour
inputs instantaneously. Therefore the long run profit maximisation
model degenerates into a single period model. In the second model
the cost of gross investment measured in efficiency units is a
function of its size, making it necessary for the firm to
explicitly 1look to the future. This implies a non trivial

maximisation of the present value of its future stream of profits.
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Although there is a stable long run equilibrium level of capital
stock (towards which the firm moves either instantaneously or
through a flexible accelerator model), this will be shifted by
unexpected discontinuous jumps in the level of technology. In both
models firms have constant expectations regarding the market
conditions and the objective is to establish a relationship
between the Herfindahl index and the ratio of economic profit
rates of the two groups of firms.

It shall be demonstrated that at the firm level under certain
conditions superior efficiency, even if combined with a higher
degree of collusion, is not always linked to a higher market
share. In such a case the DEH is rejected at the firm level. For
example, several studies based on a data set for the U.K. compiled
at the Science Policy Research Unit identifying more that 4000
major innovations over the period 1945-83 (Geroski and Steward,
(1986), Pavitt et al, (1987), Geroski and Pomroy, (1988)) have
noted a suprisingly large percentage of major innovations for
small firms in very innovative, skill intensive industries. This
challenges the Schumpeterian presumption that 1large size is
necessary to faciliate innovativeness which had an effect on the
European policy for supporting the creation of large firms in high
technology industries. Note however, that in the model the case
for superior efficiency does not require (as the Demsetz theory
does) higher profitability and as a side-effect a higher market
share. It merely requires that the more efficient firm will have a

greater market share than the less efficient firm. Whether this
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superior efficiency will be rewarded by a relatively higher
profitability depends on how the output decision of the firm will
be affected by its conjectures. Therefore the differential
efficiency hypothesis does not necessarily require greater
profitability for the more efficient firm. Provided that certain
conditions are satisfied, this will result in a negative relation
at the industry level between profit rates and concentration.
Consequently, the differential efficiency hypothesis in the model
(henceforth, DEH) is an augmented Demsetz theory capable of
explaining both a positive as well as a negative relation between
performance and market share. It should be stressed that this
model DOES NOT interpret greater market share as evidence of lower
cost; it merely states that given lower cost, if this is rewarded
by a greater market share then the DEH is to be accepted (or more
properly not rejected) at the firm level. On the other hand, if
the relatively more efficient firm has a lower market share the
differential efficlency hypothesis is to be rejected. Also, the
model demonstrates that higher collusion is not always associated
with a greater market share; if collusion is high, small firms may
be attracted into the market and the market shares of the
incumbents may actually decline. However, collusion in my model IS
NOT a public good as Demsetz argued; it is more likely to benefit
large firms in terms of profitability. But if small firms are more
collusive in their behaviour than large firms are, then even if
large firms are more profitable the market power hypothesis should

be rejected; it is not via the abuse of market power that these
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large firms achieved this higher profitability. Consequently, in
our model a greater market share -not a higher profit rate- is the
crucial measure for rejecting or accepting the market power
hypothesis (henceforth, MPH) at the firm level.

So at the firm level of analysis, the criterion for accepting
or rejecting the differential efficiency hypothesis is whether a
difference in efficiency between two firms has as a consequence a
higher market share for the relatively more efficient firm (if it
is not , then we shall reject the DEH). At the industry level the
criterion is whether an increase in the differential efficiency
between two firms will lead to an increase or a decrease in
concentration. Geroski and Pomroy’s empirical findings suggest
that the introduction of innovations has a deconcentrating effect
possibly because the small innovating firms grow at the expense of
the large laggard firms. In terms of this model, such a finding
implies the rejection of the DEH at the industry 1level since
higher concentration can not be explained in terms of superior
efficiency.

The market power hypothesis is to be accepted (rejected) at
the firm level if the relatively more collusive firm (in terms of
ETIOV) has a higher (lower) market share. At the industry level
the market power hypothesis is acceepted (rejected) if a further
relative increase (decrease) in the ETIOV of the firm which
already had the higher (lower) ETIOV between these two firms will
lead to an increase in concentration.

The decision not to wuse profitability as the crucial
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criterion in the model is based on the fact that "...The
"efficiency"”" and "market power" interpretations of a positive
effect of market concentration on price cost margins are
complementary rather than mutually exclusive" and therefore
incapable by definition of resolving the ambiguity between the two

hypotheses.
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CHAPTER 2

SETTING THE ENVIRONMENT OF THE MODEL

In the first section of this chapter the rules for seperating
each industry into two groups are set out. Then the variables
included in the production function are introduced and discussed
in detail. In the second section alternative measures of capital
are constructed by incorporating wholly or partly technology into
the capital stock variable. In the third section the cost function
for each firm is derived by using profit maximising model which
assumes competitive behavior. In the final section a summary 1list
of the variables defined in this chapter is given since these are

going to be used repeatedly over the rest of the thesis.

2.1 The division of an industrg in technological terms.

The firms within an industry will be divided into two groups,
adopters (group A) and non adopters (group NA). The adopters’group
consists of these firms that apply the best (in terms of output
productivity) production method. The total number of these firms,
Ni, is a function of imitation and innovation. On the other hand,
Nt-N: denotes the number of firms that have not adopted the best
available technique at time t.

A firm, or a group of technologically cooperating firms,
introduces a major innovation at time t. Automatically, N: will

become equal to the number of firms that simultaneously introduced

the innovation. If this latest innovation is fully protected by a
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patent, then N: will not change until a new innovation occurs,
when it will become equal to the number of firms in the group that
introduced this new innovation. In this model technological lead
changes hands over time as innovating firms can originate either
from the former non-adopters group or from the former adopters
group or from firms that have just entered the industry (entry
innovations).

N: does not refer to a single innovation but rather to a
sequence of innovations. This implies that many imitation
procedures, each corresponding to a different innovation, can go
on simultaneously within the industry. Once a new innovation
occurs the process of imitation for this specific innovation will
commence either immediatelly, or after the patent protection
period is over. This process will spread the new technology among
the firms in the industry. This does not necessarily mean that the
imitation process for the former technique is abandoned
altogether; lack of information among different firms, the fact
that the new innovation may involve only minor cost reductions, or
more importantly complete patent protection for the latest
innovation, might have as a result the phenomenon of some firms
adopting earlier techniques.

Alternatively, the division of the industry may be viwed in
terms of cost. Aci denotes the average of the unit costs of the Nﬁ
firms which produce using the latest (lowest cost) production
method at time t. The term "average" for AC? is used to stress

that the wusage of the same production technique does not

necessarily imply uniform unit costs for the group of firms that
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applies it. This will vary from one firm to another, e.qg.,
depending on the level of output each firm produces (existence of
scale economies), absolute capital advantages (advantages of a
firm in raising money in imperfect capital markets) and
differences in the prices of raw materials each firm faces
(control over the inputs). In this model only scale economies are
explicitly incorporated into the cost function. Equivalently, ACI:A
denotes the average unit cost for the Nt—Nﬁ firms that do not use
the best (in terms of cost) production method at time t. The
difference between ACiAand Aci will be the source of excess
profits for the adopters’ group.

To illustrate the above arguments, suppose that the best

available production method at time t applied to firm j’s capital

stock may be represented by the following function:

where th represents the quantity of 1labour and Kjt is the
quantity of capital measured net of both physical and technical
(embodied and disembodied) obsolescence. This means that we take
as a unit of capital a unit of investment which embodies the
latest technology available at time t. Thus the contribution to

K as measured here, of one unit of investment at time s < t is

it!
less than one full unit both because that investment has
deteriorated physically and also because it is technically less

efficient than one unit of investment at time t (Nelson, (1964)

footnotes 13 and 18). This point will be further expanded in

25




section 1.2. Q?t is the output produced by a firm j (j= 1,2,...N€)

belonging to group A at time t. The time dimension 1is also
seperately included in the production function to account for

technical change. If we assume that the above function is of a

Cobb-Douglas form then :

a b a b

= ‘ I .
(Kjt) (th) onj At At (Kjt) (th) jea (2.1)

A v,
t V5

-

Aé is an index for organizational technical change, in other
words of all disembodied technical change concerning improvements
either in the combination of existing inputs or in the quality (in
terms of eduction, age and sex) of the labour force and other
economy-wide contributions by government sponsored, academic and
independent research. It encompasses all past and current
innovations by former and current technologically leading firms.

Let,

Aé = exp(yt) (2.2)

where y is the rate of disembodied technical change which depends
on the average managerial performance of the group. Managerial
skills are considered as an additional input in the production
function of the firm. The difference between this input and the
other two is that while both the magnitude of capital and labour
are determined by the firm the degree of managerial competence is
not. One can not ’‘increase’ or ‘decrease’ the latter as one

pleases; therefore it may be reasonably argued that it enters the
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production function in an exogenous fashion. Although successful
managerial practices can always be copied by rivals, the ability
to cope with change is not. It 1is this ability, which an
individual either has or has not, that determines to a large
extent the rate of imitation. Differences among firms in
managerial ability are accounted for by the firm specific effect v
which is described below.

Aé’ is the index of the ’quality-of-capital’ technical
change, the part of technical change which refers to all

improvements in the quality of capital given its age distribution.

Let:

A’’ = exp(alLt) (2.3)

where L is the average rate of quality improvement of new
machinery in the industry being considered. Differences between
firms in the rate of qualitative capital improvement are accounted
for in the measure of capital K, which is net of obsolescence i.e.
differences between firms as far as the synthesis (age
distribution, since capital is of more than one vintage) of their
capital is concerned have been incorporated into K.

Ao is an index for the productivity induced by that part of
technology which 1is considered as constant by all the firms.
Unexpected, discontinuous, discrete jumps in Ao, o =1, 2, ...
(i.e. from Al to A2 say) constitute the source of the

disequilibrium force Schumpeter described (creative distruction)

and may be perceived as representating the major innovations
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within each industry.

vj reads as a time invariant variable that exhibits how
efficient a firm belonging in the adopters’ group is when it comes
to applying major innovations. Jumps in v’s imply Jjumps in firm
specific differences in managerial ability; these jumps are

independent of jumps in Ao' Defining ij=ln(vj) we have,

Uj = exp(ij) (2.4)

Ao is not productivity actually realized by any firm in
particular, it just denotes the potential maximum in productivity
the latest major innovation offers. Ao times Uj gives Ab" the
realized productivity for firm j. This realized productivity is
always below the currently available maximum potential
productivity, i.e. ij's, VjeA, are negative and consequently Aoj
< Ao. Contrary to the neoclassical view, such differentials will
persist in the long run. The disequilibrium Schumpeterian forces
of technical change put firms into a situation where they have to
face discrete, unexpected advancements in technical knowledge.
Firms incorporate these advancements into their isoquant curves,
each with a different degree of success depending on its
managerial ability of adopting new methods of production. If the
best available method of production did not change then these
differentials in the adoption of this technique would gradually
converge. Furthermore, through imitation all firms within the

industry would adopt this technique. Subsequently, in the abscence

of cost advantages profits in the long run would converge towards
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the normal competitive rate. So the classical model is just a
special case of the Schumpeterian model. But as a general rule
differentials persist and it is only the identity of the firms to
whom these differentials correspond that changes. Managerial firm
specific deviations from the productivity potential A0 within
group A may also reflect the fact that in a discrete time model
two different firms both recorded as being in the adopters’ group
for a given period may well have introduced the latest technique
at different points within that period. Therefore, that proportion
of output recorded as having been produced in that period by a new i
technology differs from firm to firm. Since the model to be
developed 1is in continous time, it is constrained by the
simplification that during each very small time interval 38t the
whole of the firm’s output has been produced by using the best
technology available during this infinitesimal time interval.
Differences among firms due to the fact that this is not entirely
correct are subsumed in vj’s.

To summarise the "growth of total output productivity”

(Nelson, p.583) is going to be equal to:

8(Atv,)

——EE—A— onj(y+aL)exp[(y+aL)t]

A v = A v.expl (y+ar)t] = ytal (2.5)
t73 0]

This includes alL which denotes advances embodied in new capital
and y which does not. Note that onj is not included in this term.
This has happened because during an infinitesimal time interval Ao

is constant since it consists of discrete, distant in time
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innovations and therefore the probability of a Jjump occuring
during 8t is zero. These discrete innovations are unexpected both
in their timing as well as in their magnitude. As a result they do
not have any impact on the formations of expectations by the
firms. 1Instead they are perceived as isolated, permaneng;
once-and-for-all jumps which may well be revolutionary, major and
highly significant, but nevertheless not the sort of changes which
firms can reasonably bet on their timing and magnitude.
Consequently, the growth in total factor productivity is viwed as
the result of a continuous chain of minor innovations. A permanent
change in the values of y and/or L reflects a permanent change in
the rate of continuous technical advancement characterising the
industry. The production function for firm j, jeA (omitting the
time subscripts from the output and factor variables) is:
Q? - Atvj(Kj)a(Lj)b (2.6)

The implicit assumption that makes possible the separation of
an industry into two groups is that technical change (embodied or
disembodied) does not alter the shape of the production function.
If this did not hold it would not be possible to rule out the
possibility of having two production techniques of which the one
is superior to the other within certain ranges of output and
inferior within others. This means that total cost curves should
not have any points of intersection i.e. no ‘switching’ is
permitted. Restricting all production functions to be of the same

functional form ensures that.
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In this model it is assumed that the series of major
innovations given by o0 = 1,2.. m have all been granted patents for
some specific period of time. (In U.K. when a patent is granted it
is valid -as long as renewal fees are paid- for sixteen years.)
This is based on the wide spread belief that patents are used to
protect major innovations rather than mere improvements in
production techniques (Stoneman, (1987)). However, there are
objections as to how effective a measure of major innovations
patents are. As Griliches et al (1988) argue, patents may be more
of an intermediate output rather that a final output of superior
products or production processes. Patents are applied for at an
early stage of the inventive process. So there is ambiguity as to
whether the invention will actually turn out to be a "winner"
innovation. Obviously this uncertainty will be resolved during the
first three or four years of the patent’s life. Therefore renewal
data on patents may prove very useful in constructing more
accurate measures of patented output since they are an index of
the quality of the patent which can supplement the quantity based
patent count data. These more accurate measures may then be used
to ensure that each subsequent innovation will be strictly better
in terms of productivity as the restriction A1 < A2 <...< Am
requires. It is assumed that for as long as a new technology
reigns it is going to be pefectly protected by a patent. The
innovators have an interest to do that since as their innovation
is the best within the industry, their returns from this patent
justify payment of the annual renewal fee.

Each patent within group NA will become available to all of
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the firms within the group as soon as the time for which the
patent was valid expires or even before that if the patentee
judges that the returns from his patent no longer Jjustify the
payment of the annual renewal fee. The annual returns from patent
protection decay very quickly over time, with rates up to 20
percent a year as Schankerman and Pakes (1986) write. Of course
some non adopters may choose to adopt none of the available
production techniques if they expect that the discounted future
returns from adopting the production technique do not cover the
costs of embodying it.

While for group A the index measuring the potential
productivity is Ao' for group NA the index is Bo and it measures
the potential productivity accruing from the most efficient (in
terms of productivity) innovation among the innovations that are
available to Eil the firms in group NA, i.e. the innovations that

are no longer protected by a patent. Let To denote the time gap

0-1
between two consequtive jumps in technology, i.e. the time that
elapses before Ao—l jumps to AO. If technology say 0 = m is
overcome by technology 0 = m+l, potential productivity in group A

will jump from A to A . (A, < A_ < ...). Then let t denote
m m 1 2 o-1

+1
the time that elapses after innovation m+l has occured (in this
case o=m+l) and before innovation m (0-1=m) becomes available to
all the firms in group NA because its patent either expired or was
not renewed. Then it is assumed that a) Tg_l is sufficiently large
so that there 1is always time for innovation 0-1 to become
available before innovation o+l occurs and therefore t04<1§_1 b)

major innovations are protected by sufficiently lengthy patents to
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guarantee that the life of a patent will always be greater than
the time gap between two innovations, which implies that to-1> 0
and Ao is always larger that Bo' So when innovation m+l occurs, Ao
jumps immediately from Am to Am+1 while Bo remains for a time

equal to Am (it had assumed that value before innovation m

-1
occured) and after a period equal to tm it jumps to the value Am.
In other words a jump in Ao will always be followed by a jump in
Bo after to_1 time has elapsed.

Let V denote the gap in potential productivity between the

two groups. When t < to_1 this will be equal to:

vV = B = 3 >1 (2.7)

When t = t01’ V becomes equal to:

= = > L7
v B a 1 (2.79)

The justification for using such oversimplifying assumptions
is that the model is not interested in the workings of innovation
in itself, but rather on the the impact of innovation on
productivity and how this is gradually ’passed on’ to the market
structure. More simply, what is pursued here is the original
Schumpeterian version of creative destruction which postulates a
long term impact of innovation on industrial structure. In this
thesis this long term impact is isolated and investigated while

taking the shorter term effects of structure on innovation as
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given. (See Baldwin and Scott, (1987), section 3.3 on the post
1960’s reformulated version of the Schumpeterian hypothesis.)

The role of v’s in group NA is exactly the same as the role
of v’s in group A and the former shares the same properties with
the latter, i.e. they are time invariant and jumps in their values

are independent of jumps in Ao. Defining wM =ln(vl) we have,

1

vl = exp(le) (2.8)

where le’s are negative and therefore Bol=Bov

1<Bo. Note that
differences in productivity among firms in group NA owing to the
fact that in this group, unlike group A, firms use different
innovations, are accounted for in the capital stock measure Kjt
and not in the v’s. The former includes the embodiment effect of
all major discrete innovations and minor continuous technical
improvements by accounting for the age distribution of the capital
stock of firms.

To avoid overlapping between the two groups the following
restrictions are imposed to hold for the gap in realized
productivity for all jeA and 1eNA at all times, irrespective of

whether potential productivity in group NA has yet Jjumped

into its new value or not.

>1 (2.9)

Another important issue is what exactly a and b stand for in

our model. These are the static output elasticities with respect
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to capital and labour respectively. In other words they account
for how changes in the magnitude of these inputs- but NOT on how
changes in their productivity - will affect output. If in our
model capital was not clear of technical obsolescence then in the

"growth of total factor productivity”™ the part that needs to be

8gjt
ot

embodied would not be equal to ‘aL’ but instead to aL(l-

ag.

Jjt
where 3t

is the change in the average age of capital within the
8gjt
ot

for the change in the gap between average quality and the quality

time interval 8t (Nelson, p.586). In other words, -L accounts

of new equipment between time t and time t+8t. As a result a

static model would overestimate ‘a’ and will also mislead us to

believe that ‘a’ varies through time and among firms, while in
ag,

it
a

reality it is the dynamic part aL which has not been
accounted for, that is resposible for this variation. Therefore in
our model ‘a’ is uniform between firms and stable through time

since the differences in the age of capital have been already

incorporated in K,

3 For this reason, it is henceforth assumed

that the static output elasticities given by ‘a’ and 'b’ are

uniform among all firms and time invariant.
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2.2 Definitions of the capital input.

Let us now develop in more detail the various definitions of

capital to be used throughout this thesis. Commence by defining

Ct, the capital in physical units:
t
Ct = I Isexp[—S(t—s)]ds (2.10)

0

where Is is gross investment in physical units at time s, where s
. . . . E ., .
< t and 8 is the physical rate of depreciation . Jt is defined as
capital in efficiency units:
t

JE = I I exp(Ls)exp[-&8(t-s)]lds (2.11)
t 0 s

where L is the rate of capital augmenting technical progress and
Isexp(Ls)exp[—a(t—s)] denotes how much the amount of investment
made at time s is worth at time t using time’s 0 investment units.
Ji will be capital in full efficiency units including both
embodied and disembodied technical change:

t
g = I I expl(1+ —X—)slexp[-8(t-s)lds (2.12)
t 0 s a

Finally, Kt denotes capital in reverse full efficiency units and

is equal to:

t

- - &y (t-
K, _o'[ I_exp[-(&+L+ ——) (t-s)]ds (2.13)
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This explains clearly the argument that Kt incorporates the decay
of capital due to continuous technological improvement.
Consequently, (2.6) may be rewritten as follows:

a b

A F
th = Abexp(ij)(th) (th) @

a b

t
A _ v -&(t-
th = Abexp(ij) 0IIjsexp[(L+ 2 )slexp[-8(t-8)]ds (th) (2.14)

where the term in the brackets is capital in full efficiency
. 1
units, J?t. Further modifying the above relation we get:?

t a b

- - ¥y (e-
th = Aoj exp[ (aL+ y)t] 0IIjsexp[ (8+L+ 2 ) (t-s) lds (th) (2.15)

Therefore the term in the brackets in the relation above is Kjt'

capital in reverse full efficiency units. If we combine (2.14)

with (2.15) we get:

1As long as the production function is homogeneous, we can embody
the disembodied rate of technical change. This means that:
A E
., = A +uM,1f L,
th oexp[yt UMJ] 2(th, ]t)
If the above production function is homogeneous of degree u then
this implies that:

A y E
th = AojexP[[—E—u]t]fZ(th’th)

y E vy F E
= -— R —_ A = f R L-
oyt |ee[[)e] s e (2)e]ge] - 2 20
where now labour is measured in efficiency units incorporating the
disembodied technical progress. However, in the special case of a
Cobb-Douglas production function because of its multiplicative
form, this disembodied technical change has to be embodied in

either of the two inputs or to be split between them. In no way
does this special formulation implies a loss of generality.
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F Y
th— KjtexP[[L+ 3 ]-t] e (2.16)

Pl exp(-8t) [F1. - X
th exp ( at)of Ijs exp[(L+ 2 +6]s]ds (2.17)

Differentiating (2.17) with respect to time we obtain:

35 =exp [—- +ile]e1,, - &% o (2.18)
3 it it )
=1, - &J, (2.19)

F \ . \ .
where Ijt is the gross investment at time t in full efficiency
units. If we differentiate Kjtwith respect to time we get:

= - e
= Ijt [L+ +6)K, (2.20)

Consequently, (2.19) and (2.20) give the capital accumulation
equation for capital in full efficiency wunits and capital in
reverse full efficiency units respectively. It will make no
difference for the oligopoly model with no adjustment costs
(developed in the next chapter) whether Kjt or J?t is used as a
measure of capital. But when developing the oligopoly model with
adjustment costs, if these adjustment costs were expressed as a
function of Kjt instead of Jgt then, as it is easily demonstrated
in the appendix of the chapter developing this model, the

adjustment costs would tend to zero as t-w. Consequently, the

adjustment costs model would degenerate into a no adjustment costs
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model.

2.3 Profit maximisation under perfect competition.

To derive the total, average and marginal cost function for
each firm in each group we shall use a profit maximising model in
which competitive behavior is assumed, i.e. each firm believes
that the price will not change in respose to a change in its
output. Then let the present value of the future flow of profits
for firm j, jeA, be equal to:

o
IoeXP(-ht)Hjtdt

Firm j wishes to maximise the above function subject to the two
conditions given by the production function and the capital

accumulation equation respectively:

A a b
th = Atvj(Kjt) (th)

where h is the market interest rate. The corresponding Lagrangean

function is:
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q is the price of new investment in physical units and w the

price of a unit of 1labour. The first order conditions (with

respect to L and I) are

Q.
p b[ Zt] - (2.21)
Ly
- - — * =
exp ( ht)qt At 0 (2.22)

and using the Euler-Lagrange equation:

*A
° Q't
A{ = exp(—ht)pa[ 2 ] + [L+ —%— +6]A: (2.23)
K
jt

Differentiating (2.22) with respect to time gives:
O* - _ _0
At exp (-ht) (-q_+hq )

Substituting for X: and N: in equation (2.23) gives:
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q. has to be equal to ctoexp[[—g- + L]'t] where . is the price of
gross investment in full efficiency units. If qt was more or less
than ct°exp[[—§— + L]'t] then as it is demonstrated in the
appendix of the chapter on the oligopoly model with adjustment

costs, the price of new investment would tend to zero as t w.

Therefore,

oYy .
p —= = exp[[L+ —X—]t] [(h+ 8)c. - ¢ ] (2.24)
o a t” t
it

Relation (2.24) gives the marginal productivity of capital. The
R.H.S. of the above relation will be henceforth summarised by r
which is the user cost of capital in reverse efficiency units?

It is now possible to re-write the profit maximization
problem as:

0
a b
foexp(—bt)[pAtvj(Kjt) (th) - ijt- rtKjt]dt

The first order conditions are:

* a _* b-1

PA v, b (K ) (L) = w (2.25)
* a-1 _* b

PR vy a (KT (L) = (2.26)

2

Unless otherwise explicitly stated, it is assumed throughout the
thesis that firms have constant expectations regarding h, y, §, L,
w and p.
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Dividing (2.25) by (2.26)

*
K
W b jt * _ w a *
- 2 — @ Kjt - 5 th (2.27)
t L,
Jt
then :
a
* * b _* a w a
Qe = B tVy(lye) (Dyy)d ['r_t —5—] @
o o1 1 . a
* a+b a+b, *A a+b t b Ja+b
Lie™ B¢ vy Q) ["w— T] (2.28)
*
Substituting for th into (2.27) gives
o1 1 _ b
* a+b atb  _*A a+b t b a+b
Kie = B¢ vy () [T T] (2.29)

Consequently, the total cost of producing the profit maximising

*A_
output th is equal to:

_ 1 _ 1 1 r _a_
A a+b atb, _*A a+b t b Jatb
TCoe =W A vy Q) [_w‘ T] +
1 _ 1 1 r _ b
a+b a+b 6 _*A a+tb t b atb
+ — —
r. At vj (th) [ " 2 ] S
1 _1
A *A a+b a+b
cht = kjt (th) (At) (2.30)
a
a @ atb aib aﬁb - aib
where, D = (—B_) [—_B—]' kt =D rt w and kjt= kt vj

Analogously, the profit maximising solution for the NA group gives
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the following total cost :

NA *NA a+b a+b
cht = kjt (th ) (B,) (2.31)

the implicit assumption being that the adopters group, A, is

facing the same cost conditions with the non adopters group, NA,

in terms of capital and labour inputs. Rewriting (2.30) we have:
-S *A S

A
TCjt = kjt (At) (th)

where S= 1 . The weighted average is:
a+b
A -S A
TCt = (At) TQt (2.30a)
A S+
*A
A LRy (940
where TQ_ = . Also,
t Q*A
t
A -S *A S-1
ACjt = kjt (At) (th) (2.32)

The weighted mean unit cost for the adopters’ group is equal to:

A _ -5 __A
Act = (At) AQt (2.32a)
S
*A
A r k't(Q’t)
where AQt = ————2—;32—— .Correspondingly,
Qt
-S *A S-1
MC.t = 8 kjt (At) (th) (2.34)
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and by summing and dividing we obtain the weighted mean marginal

cost for the adopters
A A
MCt =S5 Act

It is obvious that,

Following exactly the same reasoning,

NA -S , *NA S
cht kjt (B.) (th

Weightening up we obtain the mean:

NA -S NA
TCt = (Bt) TQt
NA *NA S+1

NA E k.t(Q.t )
where TQ = J J . Also

t *NA !

t
NA ~S, 6 _*NA S-1
cht— kjt(Bt) (th

The weighted mean unit cost for group NA is:

NA =S NA
ACt = (Bt) AQt
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NA S

NA ) kjt: (Qng)
where AQ = *Ni Similarly,
t
NA -5, *NA S-1
MCjt =S kjt(Bt) (th ) (2.35)

and the weighted mean marginal cost for group NA is:
NA NA
MCt =S ACt (2.36)

It should be stressed that since according to the first order
profit maximising condition marginal cost should equal marginal
revenue, then when competitive behavior is assumed marginal cost
will have to be equal to the homogeneous price. Therefore, each
firm will produce up to the point where its marginal cost is equal
to the price, i.e. each firm will supply the amount of output for
which his marginal cost becomes equal to the marginal cost of all
other firms. Then we have the following cases (Varian (1984)):

a. If S = 1 then since marginal cost is no longer a function of
the firm’s output, by comparing relations (2.34) and (2.35) it is
easily concluded that the price will in the long run equilibrium
will be equal to the constant average cost of the adopter firm
with the highest firm specific deviation. Only the firms that
manage somehow to meet that average cost condition will be able to
survive and profits for them will be equal to zero.

b. If S < 1 then because p = MC < AC this is incompatible. Either
some firm will hold out until other firms leave the industry and

then start to behave as a monopolist or some sort of collusive
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outcome will result among firms with the highest possibility of
surviving. In any case the competitive behaviour under such cost
conditions is not sustainable.

c. If § > 1, or in other words when static returns to scale are
less than one, then one may look at each firm as playing two
roles. It is both the owner of some innovation and a producer. In
his role as the owner of an innovation he considers selling or
renting his innovation to a producer. Then, in his role as a
producer he determines his optimal supply of output, and thus his
optimal profits, counting the rent on the innovation as a fixed
cost of production. Consequently, the total profit of firm j will

be equal to the most anyone would be willing to pay to rent 3j’s

*

J
of output for firm j. As for ch, while it includes capital costs,

*
innovation which is equal to p Qj— TCj. Q. is the optimal supply

it does not include the rent on the major innovation the firm
uses. Moreover, since p = MC, j= 1,2,...,N, the economic rate of

return is equal to:

*
pQ.-TC. p - AC S AC - AC

J* b _ = = l-a-b (2.37)
PO, P s AC

Therefore, the economic rate of return each firm earns is uniform
across all firms and depends on the static-returns to scale. When
S = 1 this is equal to zero, when S < 1 it is negative, and when S
> 1 it is positive. The curiosity of having decreasing returns to
scale even when innovative entry is possible can be explained

using the same method with Varian, p.20. Define a new production
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function F(AO,J which 1is characterized by a constant

F
5t t3e!
returns to scale technology and where Ab is considered to be a

"pseudoinput". More specifically this production function is equal

to:

) = (Ao)l'a'b(aF y3 @, )P (2.38)

e L jt jt

F
F(Ab’J' jt

Jjt

The decreasing returns to scale production function is equal to:

F F .a b
f3(th,th) = (th) (th) (2.39)
As a result,
F a b F
J, L, J, L,
F - Jjt Jt - Jjt Jt
F(Ao,th,th) Ao[ Ao ] [ Ao ] Aof3[ Ao ’ Ao ] (2.40)

1f Ao is fixed (and it is mistakenly perceived as such by the
firms) and the the units of measurement used are such that Ab is
fixed at 1, then we have exactly the same production function fé
that we had before. Hence, the original decreasing returns to
scale production function given by f3 can be thought of as a
restriction of the constant returns to scale production function
F(A ,J°_ ,L. ) for A =1
o't Tit o ™"
To summarise, the model of competitive behaviour is
over-restrictive for two reasons. First, there are limitations as
to the values a+b can take. In particular a+b can not be larger

than one. Second, for a+b less than one, even if one accepts that

this is possible using the reformulation suggested above, the
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different level of profits earned by each firm solely depends on
the differential efficiency each firm enjoys. As a result no
ambiguity exists since by definition the MPH can be rejected in

favour of the DEH.

2.4 Summarg of variables.

A: group of firms applying the best available major innovation.
NA: group of firms applying any other innovation except the best
major innovation.

Nt: total number of firms in the industry at time t.

Ni: total number of firms in group A at time t.

y: rate of continuous disembodied tecnical change.

L: rate of continuous embodied technical change.

Ao: index for the potential productivity of the best available
innovation (group A).

Bo: index for the potential productivity available to all firms in
group NA.

t _: time elapsed after a new major innovation occurs before

0-1

potential productivity in group NA jumps form Ao__2 to Abqf
rglz time gap between two major innovations.
A
o) .
vV = : gap in potential productivity between the two groups.

B
0

vj: index of how efficiently a firm in either group applies a

major innovation.
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Aoj: realized productivity for a firm j, jeA.

Bol: realized productivity for a firm 1, 1le€NA.
v,

A% UJ : gap in realized productivity between two firms j and 1, jeA

1
and 1eNA.
It: inveétment in physical units at time t.
Ct: capital in physical units at time t.
Ji: capital in efficiency units at time t.
Ii: investment in full effciency units at time t.
Ji: capital in full efficiency units at time t.

K : capital in reverse full efficiency units at time t.
c,.* price of investment in full efficiency units at time t.

= C exp[[—%— + L]t]: price of investment in physical units at

e t
time t.
r, = [(h+6)ct —ét]exp[[—g— + L]t]: user cost of capital in reverse

full efficiency units at time t.
TC, : total cost function at time t.
AC, : average cost function at time t.

MC : marginal cost function at time t.
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CHAPTER 3
THE GENERALISED CO-OPERATIVE, FREE OF

CAPITAL ADJUSTMENT COSTS MODEL

The competitive behaviour model developed in the previous
chapter is by definition inappropriate for discussing the
ambiguity between the MPH and the DEH. The model assumes a priori
a pattern of behaviour, i.e. the price taking one, as a result of
which the MPH is ruled out while the DEH is the only possible
alternative. Total profits are equal to the return on the major
innovation each firm uses while the uniform economic profit rate
solely depends on the static returns to scale characterising the
production of the particular product. The model defined below is a
general model incorporating different possible types of behaviour
with the economic profit rate being a measure of this behaviour.
Moreover, this model explicitly allows for average and marginal
cost to be a non trivial function of output when a+b # 1. The
latter is in contrast to Cowling and Waterson who ignored the
dependance of average and marginal cost on output by simply
restricting their model to a+b=1. In the first section the basic
components of the model are set forth, and the assumptions about
the firms behaviour are discussed in detail. In the second section
the task of distinguishing between the MPH and the DEH at the firm
level 1is undertaken. For the purpose of this the reader is

reminded of the principles followed in this model for rejecting or
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accepting either of the hypotheses . The theoretical validity of
these was discussed in the second section of Chapter 1. These
principles are applied in a step-by-step procedure identifying in
which cases the ambiguity is resolved at the firm level. In the
subsequent section an analogous analysis at the industry level is
undertaken. In the final section, a brief discussion of the
possibilities for empirical application focuses mainly on the
shortcomings in the availability of data for identifying the

adopters and the non adopters group in each industry.

3.1 Setting up the model.

The key assumption in this model is that the installation of
new capital is both costless and instantaneous. Consequently, the
long run profit maximisation is identical to the short-run one.
The profit function for each firm j within an industry i is of the
form :

00 00

Iex -ht “' dt = Iex _ht L= ‘l'(:. dt =

00
= Iéxp(-ht)[ijt- ijt— rtKjt]dt

where T is the user cost of capital as defined in Chapter 1. The
first order conditions for the firm to maximise its profits,

suppressing the time subscripts for simplicity’s sake, are:
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80 aQ 8L
L. 00 % 01%
80 4Q Q P 8L, P
Define e—:/ 0 3p ~a"\tQ? absolute value of the elasticity of

)

demand §nd wj—(1+hj)—6— as’' the elasticity of total industry output
variation (ETIOV) measuring how elastic the firm believes that
total industry output is with respect to a unit increase in its

own output. Then the above relation becomes:

1 6Qj W
(1= egwj) BLj - P ®
89,
j _ oW
O‘j —6_L,- = ——p (3.1)
J
and similarly:
aQ, r
J _ t
0j 6Kj S (3.2)

Yy

e

where Qj is the profit maximising level of output and ¢j=1—
Unless otherwise stated, in our work wj will be treated as a
parameter determined through the way firms form their conjectures
as explained in more detail later. For the time being it is
sufficient to say that our specification of conjectural beliefs by

parameterizing wj differs from the specifications used so far in
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the previous 1literature, which have parémeterized instead the
following quantities:

I) The conjectural derivatives of the form

N

a%e
- l#jl

aQ,
QJ

(3.12a)

Aj being the expectation of firm 3j about its rivals output

responses.

II) The elasticity of conjectural variation, equal to

N
T o
v, = (3.12b)
] s,
i e
j#1
Q.
where, Y, = v, + J (1- v,).
J 0 J

III) The relative conjecture, (Martin, 1989) i.e. the percentage

increase in j’s rivals output as a response to a unit absolute

change to j’s output:

N
ore;
o, 1#3 - (3.12¢)
Q.
23 ¥o,

j#1

Since 0j must always be positive1 we have that:

The firm will never produce for 1levels of output where the
productivity of labour or capital is negative.

53



1+ Aj < ¢ — (3.3)

From the Cobb-Douglas production function it is derived that:

9, y

3L = b T (3.4)
J J

- 8qQ, Q.
J _ J

3K, a 3 (3.5)
J J

By substituting (3.4) and (3.5) into (3.1) and (3.2) respectively

the following are easily deduced:

il
|
=

.bpQ. 3.6
03 PQJ ( )

I
=~
]

c.apQ., (3.7

J P J )
Also by dividing (3.6) by (3.7) relation (2.27) is deduced. As
a proxy of the profit rate, the profits to sales ratio (nj) is

equal to:

.~ TC, ,— 0.bpQ.- ¢.,apQ.
L. ij j _ pQJ 3 pQJ 3 pQJ .
j PQ. PQ.
J J
n, = 1- o, (a+tb) (3.8)
J J

Schmalensee (1987, 1989) discriminated between accounting and
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economic rates of return by defining the first as the rate that
includes in profits the return on capital while the latter does
not. In this model both labour and capital renumeration is NOT
included in profits. However, the ‘rent’ from the major innovation
the firm uses is included in the profits. In this sense, "j is a
quasi’ economic profit rate. What relation (3.8) states, is that
this ‘quasi’ economic return is a mere proxy of the collusion

parameter ¢j. The higher wj is, the higher mw, is going to be. 1In

3
other words whether the firm will be in a position to extract the
rent that corresponds to the major innovation it uses depends on
how <collusive (in terms of the ETIOV) this firm 4is. The
profitability measure used varies considerably among the different
empirical studies. However, the common characteristic in all of
these studies is that accounting data on profitability are used to
measure the economic profit rate. For U.S. what is normally used
is the accounting rate of return on assets, while for the U.K.
data limitations forced British studies to wuse either the
accounting rate of return on revenue (as in Cowling and Waterson)
or value added minus employee compensation on value added (as in
Hart and Morgan, (1977), Clarke et al, e.t.c.).

Price cost margins (or in other words the Lerner index) is

equal to:

- MC, .~ MC.Q, .~ S AC.Q,
P i_ pQJ JQJ _ pQJ JQJ
P - PQ. pPQ. i
J J
PMC, = 1- 0, (3.9)
J J
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Therefore PCMj is going to be equal to nj only in the special case
where the static returns to scale are equal to one. Using (3.8)
the weighted average of profits to revenue for the industry as a

whole can be calculated:
N Qj N Qj
n = Z[‘a—"j] = Z[—Q—[l- o‘j(a+b)]] (3.10)

Analogously, the weighted average of the profits, PCM, is equal

to:

3 3 1- ¥

3
2

[
™~

i

— 0, (3.11)

Q J

In the special case where 0j o for all firms we have that:

1 -o(a+b) (3.10)"

El
]

PCM =1 -0 (3.11)°

Different assumptions about the way firms form their
expectations will result into different values of wj’ the ETIOV of

a firm j. The conjectural derivative for a firm j, j € NA is equal

to:

NA
A A 62 QNA
TYh
Ay = NA + I?IA = aNAA ; ¥ %Na, Na, | (3.12)
j an an /A3 ,NA, ]
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where O a A represents the expectation of a non-adopter firm j
Ay ]

as to the total output reaction of group A to a change in its
output and . 5 the expectation of a non-adopter firm Jj as to
the total output response of the other non-adopters to a change in

its output. In a similar fashion for a firm jeA the conjectural

variations are:

NA o ay oP
Lot
A, = Y + x =aANA,+aAA (3.13)
J an an ] ] . lj

It shall be assumed that within each group firms jointly
maximimise their profits as a whole and then distribute them in
such a way that they all earn equal price cost margins (and
subsequently equal mn’s). The above assumption is described in the
diagram below where for simplicitly it is assumed that there are
just two firms in group A, 3j and 1, and also atb < 1. The joint
profit maximising output is the point where the aggregate marginal
cost curve for group A (derived by horizontally summing up the
individual marginal cost curves) intersects the conjectured
marginal revenue curve (depending on wA) of group A. Each firm
will then produce that quantity of output at which its individual
marginal cost 1s equal to that of the group at the group’s
aggregate profit maximising level of output QA. Combining this
with (3.9) implies that o's (and consequently ¥’s) have to be

group uniform. Exactly equivalent things hold for group NA. When
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RICE

the industry is in equilibrium (which we shall determine later in
this section as a consistent conjectures equilibrium) the price
determined in this way for each group will be equal to p=£f(Q)

where f is the function of the actual demand curve and Q (Q—QA+

NA . s
Q ") is the sum of the group profit maximising output levels.

A
PR\CE MC ) PRICE
——————— P
!
:
Qj OVTPUT oyTPOT
FIGURE 1

Since there is perfect collusion within each group this means
that each firm believes that all the other firms within its group
will react to output changes so as to maintain their market

shares. Consequently:

A
60‘;‘ Q)
— = — vy, lea (3.14)
a™ :
QJ QJ
A
anA QI; .
= —= Vi lema (3.15)

Summing (3.14) for all 1leA, 1¥#j and (3.15) for all leNA, 1l#j we
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get respectively:

A
A
Lo A
1#5 Q
AA G -~ a ! (3.16)
Q.
J
NA NA
Lo NA
1#3 Q
%va,Na, g " NA~ A ¢! (3.17)
Qj Qj

Combining (3.16) with (3.13) and (3.17) with (3.12) we obtain

respectively:

A o? P o?
Yoo= (14A,)—— = — e NAj-—Q—- (3.18)
J Q ’ ’ Q
NA NA
Q. NA Q.
WP e g — =2 44 3 (3.19)
J Q Q NA, R, j 2

Since yY’s are group uniform parameters, the following will hold

for group A and NA respectively:

1 aANA ]
— = = J v 3, lea (3.20)
Q. a,NA, 1
3
A
Ql
aNAA.j
i VY j, leNA (3.21)
. NA,A, 1
J .
NA
Ql
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Consequently, the ratio of the market shares of two firms which
belong in the same group is inversely related to the ratio of the
corresponding conjectures of these two firms concerning the output
behaviour of the other group.

The between group’s conjectures are assumed to be exogenously
determined, of an implicit nature and consistent. The consistency
assumption means that after some short validation procedure there
is convergence towards a 1locally rational equilibrium (as
explicitly defined in Ulph, 1981) where each firm’s conjectures
about the other group’s reactions are perfectly correct locally.
Since each firm uses a reaction function which is a best reply to
the reaction function of the rival group (in other words each firm
is not just correct about the level of the other group’s reaction
but also about the function according to which it is acting, i.e.

.the possibility of "being right for the wrong reasons" is ruled
out) in this equilibrium no firm has an incentive to change its
output. Therefore the equilibrium is a Cournot-Nash equilibrium in
conjectures. (Consistent conjectures equilibrium.) Neither group
expects the output of the other group to remain 1literally
constant, so it does not make sense to talk of each firm as taking
the other group’s output as given. However, it is part of each
firm’s belief that if he decides to make no change in its output,
the other group will hold its output constant as well for as long
as the equilibrium exists. This part of the firm’s conjectures
will by definition be confirmed in the equilibrium.

The non adopters group is informed of the existence of a new
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technology but wunsure of the true characteristics of this
technology unless it has already adopted it. The fact that the
birth of a new technology becomes common knowledge is justified by
the rationale that the adopting group firm has an interest in
letting the rest of the firms know of its good luck since this
will affect their output responses. In the case of a patent,
things are even more simple since by law the characteristics of
the patented innovation are fully known to the laggard firms but
it is illegal to copy them. This common knowledge affects the
reaction functions of both groups and - by definition of the
consistent conjectures - their conjectures as well. For the output
share of each group to remain constant after an increase in the
technology gap between two groups the ratio of the ETIOV’s (or the
ratio of their respective o¢'s) of the two firms should also

increase (decrease) by a sufficient amount so as to offset the
A

impact of on the output shares. Instead of explicitly

0

allowing for this positive relation between the technology gap and
the gap in the ETIOV’s for a given output distribution, it shall
be left to the model itself to implicitly demonstrate this. For
this to be possible it suffices to assume that the ETIOV’'s of each
group are given parameters for any firm joining this group. More
simply, the identity of the f£firms adopting a certain form of
behaviour changes as firms move from the one group to the other.
In other words, it does not matter who the king (peasant) is, but
once a king (peasant) he is expected to behave 1like a king

(peasant). Moreover since ¢'s in this model are the parameters
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used for measuring the behaviour of the firms (just as Cowling and
Waterson used as a measure the conjectural derivatives, Clarke and
Davies the elasticity of conjectural variation and Martin the
relative conjecture) then relation (3.8) implies that m’s are a
mere proxy for the behaviour of each firm. In other words by
definition the higher the ¢ of a firm is, the lower its profits to
revenue ratio is going to be and vice versa. That explains why the
market share rather than the profit rate is used in this model as
a criterion for attempting to resolve the ambiguity between the
two hypotheses.

It shall be demonstrated that by using the assumption of
group-uniform ¢/s it is possible to derive a testable expression
at the industry level revealing how the Herfindahl index is
related to nAand nm& the profits to revenue ratios of the two
groups. But before doing that, a firm level analysis will be
undertaken in order to determine under what circumstances it is
possible to resolve the ambiguity between the MPH and the DEH at

the firm level.

3.2 Firm level hypotheses discrimination analgsis.

As it was argued in Chapter 1, at the firm level of analysis

the criterion for not rejecting the DEH is whether a difference in
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the efficiency between two firms has as a consequence a larger
market share for the relatively more efficient firm. Analogously,
the criterion for not rejecting the MPH is whether the relatively
more collusive firm (in terms of the ETIOV) has a relatively
larger market share.

For applying these rules it is first necessary to rewrite the
Cobb~-Douglas function wusing relations (3.6) and (3.7). For
simplicity, it is assumed that rt=exp[[L+—§—]t][(h+6)c] i.e. the
price of gross investment in full-efficiency units (c,) is

t
considered to be constant (c).

P @ p b
, = G,lo,aQ,—— o.bQ,— &
QJ J[ J QJ r] [ J QJ W]
1 a+b
l-a-b_1l-a-b
=¥ G o, (3.22
QJ t ] J )
1
2 b a b 1-a-b = Atvé for jeA
where ¥, =Ja b P 2 and G, J
t rt w ey _

Btngfor jeNA

As it shall be demonstrated in the next chapter, relation (3.22)
can also be derived by generalising the Cowling and Waterson model
to allow for increasing and decreasing returns to scale. By
dividing relation (3.22) for firm j with the same relation for
firm 1 - where by definition j is always technologically superior

to firm 1 - the following relation is obtained:

1 a+b
. G, y1-a-b c a+b-1
=

(3.23)
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The above relation will be analysed for the cases a+b>l1 and
a+b<l in turn. (The case of a+b= 1 will be treated seperately in

Chapter 4.) By definition the following hold:
A A
> 1 for jeA, 1leNA where V is either equal to

(¢} 0-2
A

(a) V =

in accordance to relations (2.7) and (2.77)

or equal to
0-1

respectively.

b) Vv =1 for j, 1 belonging in the same group.
G,

c) GJ =V vjl.> 1 for jeR and 1leNA according to relation (2.9).

1
(d) vjl > 1 for j, 1 belonging in the same group if J is
the relatively more efficient firm in applying major innovations.

Begin with the case a+b>1. Returning to (3.23) this may be

re-writen as:

1 a+b
. G, ya+b-1 o a+b-1
+ =) - = .
Ql Gl cj
Q
3 -f -f
—_ (M, = (x,, 1
Ql ( jl) ( 13)

Sy ] 1
where Mjl = —EI_ = ijl>1 according to (c), xlj= oj , f£= T:E:E_<o
and f. = 2t =f-1<0. When o, < o, (Y, > Y i.e the relativel

1- I-a-b : i 1 'Yy 1t y

more efficient firm has a relatively higher ETIOV as well) for Qj
to be larger than Ql' or in other words for the DEH to be accepted

it is required that:
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(V)f(vjl 13
However, since the firm with the relatively higher ETIOV (firm j)
also has the relatively greater market share the MPH can not be
rejected (is accepted). As a result for this case neither of the
two hypotheses can be rejected in favour of the other. Turning now
to the case where the more efficient firm has a smaller market
share which in terms of our theory translates as rejection of the
DEH for this pair of firms, since Qj < Ql we have:

£

f £
(V) (v,.,) < (xlj) 1

jl
Since firm j which is the relatively more collusive (in terms of
ETIOV) has a lower market share the MPH is also rejected. This
implies that the combination of both higher collusion and
efficiency does not necessarily guarantee a higher market share.
The DEH is rejected (and so is the MPH) regardless of the fact
that the more efficient firm will have a higher m than the less
efficient firm since this is just a mere reflection of the ETIOQV.
The rejection of both hypotheses means that for this case the firm
level of analysis is not adequate for explaining market shares
either in terms of the DEH or in terms of the MPH. As it will be
shown in the next section, such cases may be dealt with at the
industry level. The criterions for accepting the DEH and the MPH
at the industry level will prove sufficient for resolving the

ambiguity. So for a+b > 1 and xlj > 1 there are two possibilities:
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either both hypotheses will be rejected or both hypotheses will be
accepted.

Now turn to the case of a+b > 1 and xlj < 1. Then the above

inequality will always hold since by definition V vjl > 1 and 0 >

£>f Therefore, under these circumstances it is not possible to

1

have Qj > Q The less efficient firm will always have a larger

1
market share and therefore the DEH will always be zrejected.
Moreover, since the firm with the relatively higher collusion (as
measured by ETIOV) has a higher market share the MPH is accepted.
Therefore the ambiguity in this case is resolved with the DEH
being rejcted in favour of the MPH.

For the case of a+b<1 (f>f1>0), if cj<0 for Qj to be larger

ll
than Ql it is required that:

Notice that for this case when Qj > Q. (and therefore the DEH is

1

accepted) for the same reasons as in the case at+b > 1 and x., > 1,

1]
the MPH will also be accepted. Also, as before, if Qj < Ql then
both hypotheses are rejected. Consequently for a+b < 1 and xlj >1
either both hypotheses will be accepted or both hypotheses will be
rejected.

For a+b < 1 and xlj < 1 the more efficient firm will always
have a higher market share (since the above inequality will always

hold) and therefore the DEH is to be accepted always. Moreover,

the firm which is relatively more collusive is the firm with the
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relatively lower market share. Consequently, under these
circumstances the MPH is always rejected in favour of the DEH. The
DEH is accepted, this time regardless of the fact that the more
efficient firm has a lower m than the less efficient firm (since
wj < wl). While in such a case the Demsetz hypothesis would have
been rejected, our DEH will not be rejected because as already
explained in the introduction, it is more broadly defined and
capable of explaining a negative as well as a positive relation
between market share and profitability. Since neoclassical theory
is unable to account for decreasing static returns in the long run
it is also unable to incorporate this last case where the DEH
clearly prevails over MPH hypothesis.

To summarize, at the firm level, when the more efficient

firms are the more profitable ones (x > 1), the analysis should

13
be done at the industry level if one wishes to resolve the
ambiguity. When the more efficient firms are the less profitable
ones (xlj < 1) then if a+b < 1 the MPH is rejected in favour of
the DEH while when a+b > 1 then the DEH is rejected in favour of
the MPH. For a+b < 1 , the firms that enjoy no cost advantage are
more collusive (and thus more profitable) but do not wish to use
their oligopolistic practices for obtaining a higher market share
since average costs are an increasing function of size. On the
other hand, the firms that enjoy genuine cost advantages can
afford to sustain a higher market share since although at+b < 1

their productivity is relatively superior to that of the laggard

firms, i.e. for this case innovativeness is the cause of large
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size as Demsetz argued. For a+b > 1, the laggard firms which are
also relatively more collusive as reflected in their ETIOV make
sure that they gain a greater market share since this will have a
negative impact on their average costs. Moreover, while the more
collusive firms are dominant in terms of size, the engine for
innovativeness are the small firms. In other words for a+b > 1 and
x < 1 the industry is characterised by small innovating firms,
thus rejecting the Schumpeterian assumption of large innovative
firms and justifying the need for anti-trust policy. In Chapter 4,
after the derivation of relation (3.22) from the generalised
Cowling and Waterson model, the four cases described in this

section are diagramatically illustrated.

3.3 Industry level hypotheses discrimination analysis

It shall be now demonstrated that the cases for which the
ambiguity between the MPH and the DEH was not resolved at the firm
level (the MPH and the DEH were either both accepted or both
rejected) can be resolved at the industry level. The DEH is to be
accepted at the industry level if an increase in the technological
gap between the two groups will lead to an increase in the level
of concentration. The MPH 1is accepted if a further relative

increase in the ETIOV of the group which already had the higher
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ETIOV should lead to an increase in the level of concentration.

For applying these rules it is first necessary to establish a
relationship between concentration on the one side and the gap in
technology as well as the gap in ETIOV’s between the two groups on
the other side. By squaring (3.22) we derive:

0% (¥)26.,)% ()20 (3.24)
J t J J

Combining (3.22) and (3.24) we can now obtain the Herfindahl index
N
of concenration (where ) denotes the summation over all firms in

the industry):

(3.25)

If it is assumed that the ¢'s within each group are uniform

then we may set that cNA = on. (where 0?=02= =0iA ‘

0§A=0§A=...= Gﬁ?&A). Such an assumption will imply equal profit

rates within each group suggesting, as already discussed in
section 3.1, the formation of a cartel in which each firm produces
up to the level where its profit margins are equated to the profit
margins of the other members of its group. This implies that for

firms within the same group since x

= +b >
13 1, when a+b 1 then Qj <

Q. (DEH rejected) and when at+b < 1 Qj > Ql (DEH accepted) while

1
MPH is inconclusive at the firm level. Within each group for a+b >

1 the more efficient a firm is, the less it it will produce and
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exactly the opposite when a+b < 1, for it is in this way that the
explicit collusive aggrement of equal mw’s within each group will
be satisfied. Moreover, when there are no firm specific effects
within a group, then each firm within that group will have an
equal market share as (3.23) indicates.

The assumption of group-uniform o¢'s has the advantage of
making our model considerably more simple for the task of
establishing inter-industry relations while retaining freedom to
account for fairly diverse paterns of behaviour since A’s and v’'s
are free to vary among firms.

We can now derive a new expression for m by incorporating the

uniformity assumption into (3.10):

A NA
= —%— nA + g nNA «(3.26)
)\ NA ,
M= 1- OA (a+b)[—g— + g x] ©(3.26)

n = l-oA (a+b) x1

where nNA is the uniform profit rate for group NA, nA is the

QA 1-nNA

uniform profit rate for group A, x,= —6—(1-x) + x>0 and x= ———.
1-w

Using the group uniformity assumption (3.25) may be rewritten

as:

70




2f1 A 2f 2f. NA 2f

@™ LEy) + (x o ')

H = > =
f A f NA £
A 1 A 1
(c) Z(Gj) + (x 0) Z(Gl)
A A 2f
-2£, 2€ F(v))
Wx vV w3 7E NA _ 2f
T ) T W)
1 1 -
A A b 2 B f 2
-£. £ F(v)) T(v))
14 x v o—— 3 1
NA B f
) (v))
—2f1 2f
1+ x v C1
C (3.27)
2 73
-fl f
1+ x v 02
A 2f A £
A A NA 2f
v, v, B
Lt J) Ll J) E(vl)
where € = x_2f ¢ 2 T ma_ & O3 T 7 Lz with Gy
Z(vB) Z(vB) Bt
1 1 Liv,)
C2,C3 being always positive and additionally 03 being smaller than

one. Furthermore, C4 is defined as:

a 2f NA £
Z(v?) Z(v?)

A f NA 2f
LWy L)

It is now possible by partial differentiation to examine the

effect on H from a change in the technological gap between the two
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groups and the effect of a change in the gap between ¢'s of the
two groups the signs of which are the criteria in this model for

accepting or rejecting the DEH and the MPH respectively.

=2f 2f-1 -£_ £

1 2
8H ) (2 £ x v c )C3(1+ X v C2)
av _fl £ 4
1+x v 02
-fl £ 2f
) 2 |1+x v C2 f x V 02 1+x C1 C3

Consequently, for gg to be positive when a+b<l (f,f1>0) it must

be the case that:

-2f1 2f-1 -3f1 3f-1
+
2 f C1 C3 x v 2 £ C1 C2 C3 x v
-fl f-1 -3f1 3f-1 since f,f1>0
-2 f C2 C3 X v -2 f C1 C2 C3 X \' >0 &
-2f1 2f-1 -fl f-1
Cl C3 X v -C2 C3 X \Y >0 &
f f
C4 vV > x
£ 5 om
Therefore, for a+b < 1 when 04 V< x 3V is negative and when
f £
1 &8H -
> .
C4 \'% b4 v is positive
For o to be positive when a+b < 1 it is required that:

ox
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-2f1-1 2f —3f1—1 3f

-2 fl C1 C3 X v -2 f1 C1 C2 C3 x v +
-f -1 £ -3f1-1 3f since f1>0
2 f1 02 C3 X vV + 2 f1 C1C2 C3 b 4 v >0 &
-2f1—1 2f —fl-l £
—Cl x v + C2 X vVv>0 @
bl f
C4 VvV < x
£ 5 am
Consequently, for a+b < 1 when C4 V> x £ is negative and
f £
1 H . (o
when C4 V<x 3% is positive.
For gg to be positive when a+b >1 (f,f1<0) it is required
that:
-2f1 2f-1 -fl £f-1 since f£f<0
2 £ C1 C3 X \Y -2 f 02 C3 X v >0 @
—2f1 2f-1 -fl £-1
C1 C3 X A -02 C3 X v <0 &
f f
C4 vV < x .
£ 5 o
Therefore, for a+b > 1 when C4 vV > x £ is negative and when
f £
< . itive.
C4 \Y X v is positive
For gi to be positive when a+b >1 (f,f1<0) it is required
that:
=-2f_-1 2f -fl-l f since f1>0
-2 fl Cl C3 X vV + 2 f1 C2 C3 b 4 vVv>0 &
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b f
C4V >x1

f £
Consequently, for a+b > 1 when C4 V < x 1 gi is negative and
f f
6H -
> .
when C4 \Y X % is positive

The above results are particularly interesting because they
demonstrate that at the industry level the effects of V and x on H
are always of an opposite sign. This suggests a positive relation

between V and x confirming the prediction in section 3.1 which

A
argued that an increase in B will have to be met by a decrease
o
@A
in Ty if the distribution of output shares is to remain
o
unchanged.
. 8H 6H . . .
The signs of v and % serve as the criteria by which the

DEH and MPH respectively should be rejected at the industry level.

8H
v A

positive sign means that the differential efficiency hypothesis

It is rather easy to interpret a positive or a negative

is correct since a higher concentration is the result of an
increase of the gap in efficiency between the two groups. A
negative sign suggests that an increase of the gap in efficiency
has a negative impact on concentration and therefore high
efficiency can not serve as an alternative interpretation of high
concentration as Demsetz argued. How are we to translate the sign

84 . .

an This depends on whether x is larger or smaller than one.

For x 2 1 a positive sign implies that a relative increase in the

of

ETIOV of group A (and consequently an increase in x) which already

has an equal or relatively higher ETIOV (and, by definition, an

equal or higher profit rate) than group NA increases
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1 - —yY
. . . e A NA
concentration. In more detail, since x = —————— 2 1, Y = Y
1 A
1 - P

and since an increase in x translates as an increase in wA and/or
a decrease in wNA, this implies that an increase in x means an
increase in the divergence between the ETIOV’s of the two groups
in favour of the group with the already higher ETIOV (when x > 1).

If an increase in the divergence of the ETIOV’s brings an increase

. . sl H .

in H (in other words a positive gx ) then the MPH is to be
accepted and if this increase brings a decrease in H (i.e. a
negative gi ) then the MPH is rejected. On the other hand when x

< 1 then a positive sign denotes that an increase in the ETIOV of
group A, which is the group with the relatively smaller ETIOV
(and, by definition, the one with the lower profit rate) will

result to an increase in concentration which is in contradiction

1
l'e‘l‘NA A _ NA
to the MPH. In more detail, since x = ——— < 1, ¥y < ¥
1 A
-y

and since an increase in x translates as an increase in wA and/or
a decrease in ¢NA (for a constant elasticity of demand), this
implies that there is a convergence between the ETIOV’'s of the two
groups since there is move in favour of the group with lower
ETIOV. If this decrease in the differentials in the ETIOV's
between the two groups results to an increase in H then the MPH
will be rejected. On the other hand if this decrease brings a
decrease in H as well then the MPH will be accepted.

The above interpretations can now be applied to the industry

£ b
level results. When a+b > 1 and x = 1 if C4 V> x then gs is
negative, which denotes that the DEH should be rejected while gi
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is positive, which means that the MPH is not contradicted and

should not be rejected. On the other hand when atb > 1, if x 2 1
f £
and C4 V< x then MPH is rejected in favour of the DEH. When a+b
f £
> 1 and x < 1 if C4 vV < x then neither MPH nor DEH can be

rejected and a hybrid model with both forces at work seems

f £
appropriate, while if C4 vV > x both hypotheses are rejected.
t 5 oH
For a+b < 1 and x 2 1 if C4 V > x °, the positively signed A
confirms the DEH while MPH is rejected on the grounds of a
oH £ 5
negative Tn and if c4 V < x © then DEH is rejected in favour of
£ £
the MPH. When a+b < 1 and x < 1 if C4 vV < x 1 both the DEH and
£ f
MPH are rejected while if C4 V> x 1 again neither the MPH nor the

DEH can be rejected.

To summarise, at the industry level when x = 1 the market
power hypothesis and the differential efficiency hypothesis are
mutually exclusive, while when x < 1 ambiguity exists since both
or neither of the two hypotheses can be rejected against its
alternative.

It is useful to contrast the above conclusions with the firm
level conclusions of section 3.2. For a+b < 1 (where f, f1 = f-1
are both positive) when ambiguity exists at the firm level because

x =z 1 then this can be resolved at the industry level: if the gap

in efficiency between the two groups is sufficiently large and/or

NA

the gap between the group ¢’s { g ] sufficiently small (i.e. the
c A

gap in the conduct between the two groups, T is sufficiently

f f
small) for C4 V to be greater than x . then the MPH is rejected in

favour of the DEH. On the other hand, if the gap between the group
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efficiencies is sufficiently small and/or the gap between the
NA b
group o's [ g ] sufficiently large for C4 V to be smaller than
c
f1
X then the DEH is rejected in favour of the MPH. In the opposite

case, i.e. if a+b < 1 and an ambiguity exists at the industry
level because x < 1, then this can be resolved by using the
results derived at the firm where MPH is always rejected in favour
of the DEH. For a+b > 1 (where f, f1= f-1 are both negative) when

ambiguity exists at the firm level because x 2 1 this is resolved

at the industry level: If the gap in efficiency between the two
A
o

groups is sufficiently small and/or the gap between the
o
f

group ¢'s sufficiently large for C, V to be larger that x 1 then

4

the DEH is rejected in favour of the MPH. On the other hand, if

the gap in efficiency between the two groups is sufficiently large
0NA

A ] sufficiently small for
-

and/or the gap between the group ¢'s [

b3
C, V to be smaller than x 1 then the MPH is rejected in favour of

4
the DEH. However, when the ambiguity is at the industry level
because x < 1 then this can be resolved by simply refering to the
firm level results which conclude that the DEH is rejected in
favour of the MPH.

Consequently, it seems that when the adopters profit rate is
equal to, or higher than, the profit rate of the non adopters (x
1) using the industry 1level conclusions is the correct tactic
while when the adopters profit rate is lower than the non adopters

profit rate (x < 1) using the conclusions derived at the firm

level conclusions seems more appropriate. Table 1 provides a
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summary of the industry level conclusions when x = 1 and of the

firm level conclusions when x < 1.

TABLE 1

Rasolving the ambiguitg between MPH and DEH

at+b > 1

f £
If C4V >x 1 accept the MPH-reject the DEH

Else reject MPH and accept the DEH.Ambigui-
ty resolved using the industry level resul-

ts. +

DEH rejected-MPH accepted. Ambiguity reso
lved using the firm level analysis conclu-

sions. }

atb < 1

£ £
If C4V >x 1 reject the MPH-accept the DEH
Else reject DEH and accept the MPH.Ambigui-

ty resolved using the industry level resul-
ts. 4

MPH rejected-DEH accepted. Ambiguity res
x <1 olved using the firm level analysis conc

lusions. }
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As a final point in this section it would be interesting to
see whether the possibility of a negative relationship between
market share and firm profitability at the firm level can also be

a possibility at the industry level as a negative relation between
an
ax

be first calculated by utilising relation (3.26) while it is

T and the index of concentration. In order to do this shall

assumed for simplicity that r (and therefore O'NA) is constant.

l_uNA
on on 6[1_ X ]
gz anA ax
A A
1 NA QA A 8 g NA 8 g
= 5 (1- w ) 3 + 7 A - = ®
X an an
A
on 1 A QA A a —g
% = > (1- m ) 9 + (M- ) A (3.28)
X on
on
As relation (3.28) reveals the sign of 3% depends on x since

A NA A NA
when x > 1, m > m , whereas when x < 1, m < W . Moreover the

A
‘ o=
sign depends on a+b since when a+b < 1, 2 is negative

on

since, ceteris paribus, an increase in the ETIOV of one group will
decrease the output of all the firms in this group when a+b is

less than one. On the other hand when atb is larger than one then

A
al-2—
S is going to be positive. Therefore it is going to be
én om |
possible for % to be negative either when a+b > 1 and x < 1 or
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when a+b < 1 and x > 1. If either of these two combinations holds

A
a|l2— A an
A _NA Q Q . .
and |(m -1 ) > —— then — will be negative.
A Q ox
on
o 8H
If it is possible to have £ positive when £ is negative

and vice versa, then obviously this means that there can be a
negative relationship between H and n. Looking at the conditions

which determine the sign of gg—, this is clearly possible. For

example if both a+b and x are larger that one, then gg— can be

f £ £ f
either positive (when Cq(V) >x 1) or negative (when 04(V) <(x) ),

while

gz can only be positive. More importantly, the sign of the
relationship between H and m reveals nothing about the rejection
or not rejection of either of the two hypotheses. In other woxds,
this sign adds nothing to the resolvance of the ambiguity between
the market power hypothesis and the differential efficiency

hypothesis.

3.4 Estimation possibilities and data limitations.

If one wishes to determine which of the four possible
conclusions apply for a particular industry, two conditions should
be satisfied. First a model at the industry 1level is required

f

which permits the estimation of C4V and atb as two separate

parameters. Second, data should exist that make possible the
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calculation of x. Knowledge of x is essential for deciding whether
the firm level or the industry level conclusions are going to be

used, while the estimates of the two parameters are required so
£
that when x =2 1 it shall be possible to say whether C4V is larger
£
or smaller than x 1. Estimates for the two parameters will be

derived by running a non linear regression based on relation
2f £
(3.27). In p;rtlcular, one may set as 71=Cl(V) ’ 72=C2(V) ' 73=C3

(therefore =C4(V)f) and estimate from this regression Ty Yo

2

73 and fl' All of the above mentioned parameters will vary between
different industries and additionally v, and ¥, will vary from
time to time as discrete jumps in innovations alter the magnitude
of the efficiency gap, V. What is therefore required is a set of
data that can account for these differences i.e. panel data at the
industry level. The regression for industry i if a multiplicative

disturbance term is added will be of the form:

—2fli
- 1+ 711t(xit) (3.29)
it _ 7 ¥33My '
1i
1+ 721t (xlt)
NA
1-n
Since panel data information on x = — is required, it
1-n

is essential that for each industry data should not only account
for innovative successes between the firms so as to successfully
seperate the adopters from the non adopters in each cross section,
but should also provide a continuous tracking of the major

innovative activities of each firm through time. Patenting data
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(such as these available for the U.S. from the country’s Patent
Office, which provide data on the patenting behaviour of a large
cross section of firms over significant time intervals) are an
indicator of innovative activity. However, there are objections as
to how effective a measure of major innovations patents are as
already discussed in Chapter 2. According to a study by Pakes and
Griliches (1980) @patents are a fairly good indicator of
differences in inventive activity across firms but short term
fluctuations in their number between firms have a large noise
component in them implying that they are not a good neasure'of
inventive activity at the within level. However they derive this
result based on something 1like a patent production function,
focusing on the degree of correlation between patents and R&D
expenditures. Consequently, their finding that "...annual
fluctuations in patenting at theiwdividual firm level appear to be
much less well related to current and past fluctuations in R&D
expenditures..." is not suprising; it confirms the commonly held
presumption that patents measure only major innovations and do not
account for fluctuations in productivity over small time
intervals. Morover, it confirms the model’s assumption that there
are large time intervals elapsing between major innovations which
can not be captured in Pakes and Griliches’s empirical study since
their sample accounts for eight years only.

No progress will be made in estimating 71, 72, ¥. and f1

3
unless some restrictions are imposed as to how parameters v and

72 vary between industries and time. Having said that, there are
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two ways of treating 71 and 72 (Judge et al, 1988). The first is
to consider these two parameters as fixed and time invariant for
each industry and proceed in estimating z’=(1{,z;,z;,£1), where Z’
is a (1x4N) vector of unknown fixed parameters to be estimated
within the framework of a seemingly unrelated regressions model.
Alternatively, one may regard z&it and 7Eit as random parameters
with means 711 and 721 respectively. If one defines 811t=711t-711’

€. =Y -721, then an alternative to (3.29) is the model

In (3.30) the disturbances elit and ent replace the ad hoc
disturbance term L of the earlier model. The joint distribution

function of H_t and € may be written as:
1

2it

g(H ,e, ) = hie ,e, )|J| (3.31)

where h(clit,eﬁt) is the 3joint density function of elit and eZit'

and |J| is the absolute value of the Jacobian of the

transformation, i.e.,

aelit aelit 6811:: aenc
OH de OH de_ . de
J = det it 2it = det it 2it - a:lit (3.32)
€_. de it
2it 2it 0 3
8H de
it 2it

83




Solving (3.30) for I

H. “fs “f ’ -2,
;;; 47, (%) e, k) | ERATRCN
€11c” T (3.33)
x ) M
it
Consequently,
= Tt ?
7, (x) e, k)
8¢,
=2f
6Hit x ) 11
LEYRE

Therefore by substituting (3.33) and (3.34) into (3.31) the random
component elit is eliminated. As a result, the log 1likelihood

function is:

L= lni]']t Ig(Hit' 82it)d821t =iztln[Ig(Hit’€it)d821c]

As the above relation indicates, for deriving the log likelihood
function one has to solve a very complicated numerical
integration. This constitutes a major project in itself and hence
is beyond the scope of this thesis.

Once 7.,¥. and f. have been successfully estimated it is
1" %2

1

possible to determine for each industry whether a+b is larger or
f f

smaller than one and whether C4V x -1 is positive or negative and
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consequently conclude for each industry with x = 1, whether the
MPH or the DEH is the prevailing hypothesis using the industry
level conclusions. If x < 1 then the firm level conclusions should
be used. It is still not necessary to actually work at the firm
level since one can identify in which case the industry belongs by
simply looking at the estimates derived at the industry level. If
the estimates reveal that a+b < 1 and x < 1, the MPH is rejected
in favour of the DEH and if they reveal that a+b > 1 and x < 1

then the DEH is rejected in favour of the MPH.
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APPENDIX

In this appendix the different cases in .which the ambiguity
is resolved shall be illustrated in terms‘ of reaction curves as
these are given by relation (3.22). To keep things as simple as
possible it is assumed that there are only two firms within the
industry, one adopter which we call A and one non adopter which we
call NA. As it was mentioned in chapter 3, section 2.1, the

between group conjectures are locally consistent. Since we are

dealing in this appendix with a duopoly then both AA = ocA NA and
ANA = o, are going to be locally consistent. The notion of

consistency in its limited (local) wversion requires that ‘...at
the equilibrium quantities, the slopes of the actual reaction
functions are equal to the conjectured slopes.’ (Bresnahan, 1981,
p.938.) By the definition of consistency a change in the demand
and cost conditions of any of the two firms would affect both )\A
and ANA, i.e. consistency makes conjectures endogenous. If these
two conjectures were restricted to be linear (AA(QA) and ANA(Q )

NA

are both constants) then by definition l/lA and t/JNA would also have
Q NA QN

to be endogenous (since ¢A=(1+AA)Q—A, } =(1+7\NA) ), which is

in contradiction with our model’s assumption that ETIOV’s are
exogenously determined. However if we assume that conjectures are
non linear functions of output then the parameters of the
polynomials AA(QA) and ANA(QNA) can be arbitrarily chosen so that
these conjectures are both locally consistent (first derivative

Q
. A A
restriction) and satisfy the relations Y= (l+7tA)——-—Q ’



Q
wNA=(1+AM)——-gA for exogenously determined values of wA and wNA.

However since one requirement of consistency is that conjectures
are self-fulfiling in equilibrium (a property which it shares with
any other type of model in which agents believe that if they do
not change their output no one else will either) then combinations
of conjectures for which no equilibrium exists are ruled out.

As it shall be deduced in detail in Chapter 4, relation

(3.22) may be re-written for firm A as follows:

p0}= MCA @
l-a-b
a+b
(QA) = EAp (A.1)
1
where E = (A )2 (¢ ) (a+b) (k) Y. If one sets = a-b (Q+Q )
© A oA A t ’ © P D D A “Na'"’

(a bD > 0), then the reaction function for firm A is equal to:
r

l-a-b

atb
(QA) + EAb:QA = EA(aD-bDQNA) (A.2)

Similarly the reaction function for firm NA is equal to:

l-a-b
a+b :
+ = - .
(QNA) ENAbDQNA E:NA(aD bDQA) (A 3)
1
where E = (B )2 (e )(a+b) (x ) Y. The equilibrium point is
€ NA ONA NA e : u P

the point of intersection of the two reaction curves. If the

*
equilibrium price 1is equal to p , then:
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l-a-b l1-a-b

a+b a+tb
* _ (QA) ~ (QNA) .
P E E
A NA
2
ENA v
QNA = QA E (a.4)
A
l-a-b , . . .
If the reaction function of firm A is solved

where Vl = T‘_b_.

with respect to the output of firm NA we have:

(A.5)

10
o\
o
[
Lo
2]
1

NA
D EDb

Respectively, if the reaction function of firm NA is solved with

respect to the output of firm A we have:

a (Q )
D NA
Q = -Q, - — (A.6)
A bD NA E b
NA D

If one substitutes the equilibrium condition (A.4) into (A.5) we

derive the following relation:
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Q - ———=20 (A.7)

Let us first examine the case where Y > 0 (a+b<l). Then in
order to have the two reaction curves intersecting at positive
outputs we require that there is a positive solution to relation
(A.7), which is always true when Y is positive. In other words,
under decreasing returns to scale the reaction curves always
intersect at a positive output combination. Moreover, in order to
describe the exact form of the reaction curves it should be noted
that the point where the reaction curve of firm A intersects the

QNA axis is equal to the point where the reaction curve of firm NA
a

intersects the QA axis which is equal to Furthermore, the

b

D
slope of both reaction curves is negative as can be easily shown
by taking the first derivative in relation (A.5) with respect to
QA and the first derivative in relation (A.6) with respect to QNA

(the latter gives the inverse of the slope of the reaction

function), both of which are always negative when ¥>0.

-1
aQ v,
—_—_— =] - — < 0 (A.57)
dQA E
A D
Y-1
dQA o w(QNA) .
dQNA E b
NA D



do weo ¥t
LT L (A.6")
dQ .
NA D

As relationship (A.5’) implies the absolute value of the slope of
firm’s A reaction function is always larger that one for ¥>0,
while the absolute value of the slope of firm’s NA reaction
function is always smaller than one as (A.6’) implies. In other
words the tangent at any point on firm’s A reaction curve is more
steeply sloped that the tangent on firm’s NA reaction curve at the
same point. This condition guarantees the stability fo equilibrium
when Y>0. Additionally if one takes the second derivatives in
these relations it 1is easily deduced that for Y>1 the reaction
curves are concave and for 0<y<l the reaction curves are convex.
If in addition to ¥>0, OA>GﬁA (x<1), then EA is larger that ENA
and consequently from relation (A.4) it is obvious that when ¥>0
and ENA<EA then the equilibrium output of the adopter firm is
larger that the equilibrium output of the non adopter firm. This
corresponds to the case of a+b<l and x<1 in chapter 3 where
according to the firm level results the MPH is rejected in favour

1 1

, ¥ +b
of the DEH. If x>1 and still a 13 ¢ > B _1)2*Ps  then E
OA A ONA NA A

would still be larger than ENA and as a result the output of firm
A would be larger that the output of firm NA meaning than in terms
of the firm level criteria of chapter 3 both hypotheses would be
accepted. However, in terms of the industry level criteria the MPH
is rejected in favour of the DEH since this case corresponds to

£ £
1
the case where a+b<l, x>1 and C4V >x (note that for the duopoly

Wi



b
model C4V = —EEL— and f1 = —%—). If when x>1 we have that
1 onA )
+b at
(A )a c < (B_) b@ then because the equilibrium output of
oA A ONA NA

firm A is smaller than the equilibrium output of firm NA, in terms
of the firm level criteria both hypotheses would be rejected while
in terms of the industry level criteria the DEH is rejected in
favour of the MPH since this case corresponds to the case where

£f £
a+b<l, x>1 and C,V <x

4
If one wishes to move a step further and determine what the
point where the reaction curve of firm A intersects the QA axis 1is
equal to (and respectively what the point where the reaction curve
of firm NA intersects the QNA axis 1is equal to), specific values
for Y>0 will have to be looked at, so that one can get an idea of

how the equilibrium is determined under decreasing static returns

1 (atb = 0.5) then if we solve (A.2)

to scale. If for example Y

0 we get that the point the reaction

E a
\ , . . A D
curve of firm A intersects the QA axis is equal to —————, and

(1+EAbD)

for this value and for QNA

respectively the point where the reaction curve of firm NA

E a
. . . NA D , .
intersects the QNA axis is equal to —— ., It is obvious

(1+4E__ b )

NA D
. D .
that both of these points are smaller than 5 . Moreover, as it
D

was proven, for Y>0 the absolute value of the slope of A’s
reaction curve has a steeper slope than NA’s reaction curve.
Diagram Al 1illustrates what happens when ¥ = 1 and

additionally EA>ENA. As a consequence of EA being larger than ENA,
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E a E a
AD > Na D . At equilibrium (point E) the output of
(1+E b ) (1+E_ b )

a"D NA D

the adopter firm is larger than the equilibrium output of the non

adopter firm. The case where EA<ENA is illustrated in diagram A2.

E a E a
A D NA D cq ot
Here we have that < . At equilibrium, the

+
(1 EAbD) (1+ENAbD)

output of the adopter firm is smaller than the output of the non
adopter firm. If Y>1 then diagram A3 illustrates the case where at
equilibrium the output of firm A is larger than the output of firm
NA. On the other hand, diagram A4 depicts the case where the
equilibrium output of firm NA is larger than the equilibriun
output of firm A. For the situation where 0<yY<l the two respective
cases aré illustrated in diagrams A5 and A6 respectively.

Let us now examine the case where <0 (a+b>1l). Set y to be
equal to the L.H.S. of relation (A.7). If y is differentiated with
respect to QA and the derivative is set equal to zero, then what
is derived is the value of QA that corresponds to the maximum

value of y. In particular this is equal to:

1
S
ENA E bD
QA = 1+( = ] (A.8)
max(y) a (=¥
As a result the maximum value of y is equal to:
1
; X3 o1
a E E E b
v _ b |4, NA 1+{ NA ] D
E
max b, Ea A (=¥
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b E
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Consequently, the condition for yhaxzo is that:

1 1 Y 1 ¥

a, = ) Ve ) v e )Y o e en T @l

When Ymax is positive then as diagram A7 shows there are going to
be two positive solutions (E1 and E2 respectively) and therefore
the reaction curves of the two firms will intersect twice. If on
the other hand Ymax 0 as illustrated in diagram A8 then the two
reaction curves will touch at only one point while if Yax < 0
(diagram A9) then the two reaction curves will not intersect for
any positive output combination. What we additionally can prove
before we set out to draw the above three cases of the reaction
curves is that if the two curves intersect then their first point
of intersection will lie at points of positive slopes for both
reaction curves. This is proved as follows. First we differentiate
(A.5) with respect to QA in order to calculate the slope of the
reaction curve of firm A:
dQ
®o e ¥

dQA EAbD

(A.10)

Moreover we differentiate (A.6) with respect to QNA in order to
calculate the inverse of the slope of the reaction curve of firm

NA:
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1 y-1
o (W Q)
NA NA D

(A.11)

If we substitute equilibrium condition (A.4) into (A.1l) we get:

-1
¥
dQ E
A Y-1] "na _
o - Lt g e E =
NA NA D A
-1
Y
E
_ i Y-1 NA
= -1 + B (=y) (Q) B &
A D A
1 1
dQA ENA v E\'A v 1 y-1
To) E B t g V() (A.12)
NA A A A D
Getting back to relation (A.10), if we set QA equal to Q we
max (y)
will get the following:
1
dQNA 1 NA v EAbD
—_— = -1 + (-y) 1+[ ] —_— ®
dQA EAbD EA _ (=)
1
dQNA E\JA v
= . >0 (A.13)
dQ E
A A
Moreover if we substitute for Q into (A.12) we derive:
max (y)

[
(n



dQA NA v ENA v 1 NA v E bD
= - + (=) 1+[ ] s
dQNA EA EA EAbD A (-y)
o
dQA NA v
%) = = >0 (A.14)
NA A
What (A.13) and (A.1l4) imply is that at QA the slopes of
max(y)

both reaction curves are positive. This means that at the first

intersection point, El (diagram A7) which is smaller than Q
max(y)

the slopes of both reaction curves will also be positive. At the

second intersection point, EZ (E2> Q ), any combination of
max(y)

slopes for the two reaction curves may be valid. If there is only

one intersection point, then since this 1is given by Q
max (y)

itself (diagram A8), again at this sole point of intersection both
reaction curves will have positive slopes.

Having said the above, we are now ready to draw the diagrams
of the reaction curves that correspond to the cases described in
diagrams A7, A8 and A9 respectively. Diagram AlQ0 corresponds to
diagram A7. In this particular diagram the two equilibrium points

have been drawn in such a way than in E_ firm A produces more than

1

firm NA while in E2 firm A produces 1less than firm NA. If we
follow a similar analysis as that for ¥>0, by taking into account

equilibrium condition A.4 since Y is now negative if QA is larxger
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than QNA , then this implies that ENA is larger than EA. For this

to happen a necessary condition is that x>1. Therefore equilibrium

£ £
E‘.l corresponds to the case where a+b<l, x>1 and C4V >x (since
1 1
+ +
a )a b@ < (B )a bo ), in which according to the firm level
OA A ONA NA

criteria both hypotheses would be accepted while according to the
industry level criteria the ambiguity is resolved by rejecting the

DEH in favour of the MPH. On the other hand in E ENA is smaller

27
than E‘.A (since QA is smaller than QNA), implying that this
equilibrium point will either correspond to the case where a+b<l
and x<1, in which situation according to the firm level criteria
the DEH is rejected in favour of the MPH, or in the case where

£f £
atb<l, x>1 and C,V <x where the ambiguity is resolved using the

4
industry level criteria by rejecting the MPH in favour of the DEH.
Diagram All corresponds to diagram A8. The way it is drawn, we
have that firm A has a smaller equilibrium output than the
equilibrium output of firm NA but the reverse situation is also a
possible equilibrium outcome. Finally, diagram Al2 corresponds to
diagram A9. In this situation no equilibrium exists for the
duopoly model with consistent conjectures. This means tha£ ’...any
duopoly equilibrium is dominated in cost terms by some single firm
outcome. Hence it is the theory of entry, not of duopoly, which
determines price (output). Monopoly equilibria do exist. Thus only
equilibria with the cost minimizing number of firms in operation

exist.’ (Bresnahan, p.940.) In other words the outcome will be a

monopoly with firm A being the sole producer.
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CHAPTER 4
THE STANDING OF THE GENERALISED CO OPERATIVE MODEL

WITHIN THE MARKET STRUCTURE-PERFORMANCE FRAMEWORK

The purpose of this chapter is to compare the model developed
in chapter 3 to that of Cowling and Waterson. It shall be
demonstrated that the former is a generalisation of the latter for
all types of costs (increasing, constant and decreasing static
returns to scale). As a proof for this, relation (3.22) is
re-derived from the generalised C&W model. As a next step all the
cases for resolving or not resolving the ambiguity at the firm
level (as developed in section 3.2) are illustrated
diagrammatically. Finally, the special case of a+b = 1 1is

discussed, demonstrating the procedure for resolving the ambiguity

between the two hypotheses under constant static returns to scale.

4.1 Re-expressing the model in terms of the Cowling and Waterson

model

Working in terms of the C&W model involves re-expressing
everything in terms of cost rather than in terms of productivity.
Consequently, superior efficiency is in terms of the cost curves
each firm faces. Just as with efficiency in terms of productivity,
it is assumed that there is no overlapping between any two firms
in terms of cost, i.e. the marginal (average) cost curves of any

two firms j and 1 will not intersect at any point (the V vjl > 1
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condition). The first order condition in the C&W model is:

Q. = ——— |1- —3 (4.1)

For a homogeneous production function of degree ¢, the cost

1
function will be homogeneous of degree —— with repect to the

S

‘output and consequently the marginal cost function will be

homogeneous of degree 2. 1. This means that MCj will be a

S

non-constant function of Qj (among other variables) unless £ = 1.

In other words by imposing that ( 1, C&W do away with the
problem of marginal cost being a function of Qj' But if £ # 1 then

the problem with (4.1) is that it is not a reduced form expression

1+A,
for Q,. If both terms in (4.1) are multiplied by —g ) the
following is derived:
Qj Mcj
(1+4A,))— = e |1- ——— (4.2)
37 Q P

Considering the L.H.S. as a parameter of the behaviour of the
firm, Qj may be expressed in its reduced form, provided that we
find what MCj is equal to. Assuming a Cobb-Douglas production
function we may re-write the first order conditions (3.1) and

(3.2) with respect to labour and capital as:

r, =po, G, (K,) (L, ) (4.3)

W =p ¢j G, (K, ) (L.) (4.4)
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Dividing (4.4) by (4.3) relation (2.27) is derived. Then the Cobb
Douglas is rewriten utilising relation (2.27) and, if the same
procedure as in section 2.3 is followed, it can be easily deduced

that MCj is equal to:

MC, = ———— kt(Gjt) (Q..) (4.5)

Relation (4.5) is identical to (2.34) for jeA and identical to
(2.35) for jeNA. Combining (4.1) with (4.5) we get for jeA and

leNA respectively:

_ 1 l-a-b
1 a+b A a+b
¢j P= QT kt(At Uj) (th) (4.6)
_ 1 l-a-b
1 atb 6K NA a+tb
01 P <5 kt(Bt vl) (Qlt) (4.7)

From relations (4.6) and (4.7) it is easily deduced that, for a
given level of output, ETIOV is inversely related to the
efficiency index, a point already discussed in section 3.1.
Solving this type of relation in terms of output the following is

derived:

a+tb
1 l-a-b
-1 a+b

th = 0j p (atb) (kt) (Gjt) (4.8)

Substituting for kt into (4.8):
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a+tb

m _ a - b 1 l-a-b
_ b a a+b a+b a+b
th = |oc, p (a+b) {5?5][—ETJ (rt) (w ) (Gjt)
a+b
a b __a _ b 1 l-a-b
+ + + + +
= |e, p (a)a b(b)a b(rt) a b(w) a b(G. )a b ®
jt
1
1 a+b 1-a-b
_ l-a-b_1l-a-b atb, .a b -a, . -b p
th— (Gjt) Oj (p) (a) (b) (rt) (w) (4.8)

The above is identical to relation (3.22). Therefore the same
expression for the optimal level of output is derived from the

generalised C&W model.

4.2 A diagrammatic approach to the firm level discrimination

analysis

Let the actual demand curve be of the form p = £(Q). The

marginal revenue as conjectured by a firm jeA is equal to:

1 - — (4.9)

A A 1
] e (Q,w‘;.‘)

A, . . . . A,
where MRj is the conjectured marginal curve for firm j, Dj is the
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conjectured demand curve and e the absolute value of elasticity of
demand as a function of total output and the ETIOV of firm j.
Equivalently, for a firm 1, 1leNA, the relation is:

MRNP= pNBfp o (4.10)

ey}

when in equilibrium the following conditions will hold:

A _*A NA _*NA *
D (Qj ) =D, (@, ) =P (4.11)
A _*A A _*A
MR {Q.) = MC_(Q, 4.12
J(QJ ) J(QJ ) ( )
NA _*NA NA _*NA
MR, (Q, ) = MC, (Q, (4.13)

where Q;A and QINA are the profit maximising levels of output at
* * *
equilibrium for firm j and 1 respectively, and p =f(Q ) where Q
is the sum of all the profit maximising outputs in the industry at
equilibrium. Henceforth, for simplicity we will drop the star
superscript from the output expressions, but the reader is
reminded that ‘Q’ expressions refer to profit maximising levels of
output, Jjust as it was implicitly assumed in the previous
chapters.
If the ETIOV of the adopter firm is smaller than the ETIOV of
the non adopter firm (x<l) then utilising relations (4.6) and

(4.7) the following will hold for the profit maximising firms when
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in equilibrium:

A, A A A NA, NA _ NA NA
MRj(Qj) = MCj(Qj) > MR, (Ql ) = MCl (Ql ) «(4.14)
S < e e (@) > e@ ) (4.15)
) J

e(Q,w§> e (@, ¥}

Therefore when x<1 then the demand curve as conjectured by the
adopter firm is more elastic than the demand curve as conjectured
by the non adopter firm. Using relations (4.11)-(4.15) the two
cases of x < 1 for which the ambiguity was resolved at the firm
level can be illustrated diagramatically. In particular, in Figure
2 the case of atb < 1 for which the MPH was rejected in favour of
the DEH is given by the curves with the subscript 1. The
*

equilibrium price is Py corresponding to an equilibrium aggregate

. . ' A NA
output Ql' The increasing marginal cost curves are Mle and MCl1
respectively. Since in equilibrium, the two firms’ conjectured

. A NA , . .
marginal revenue curves MRj and MRl intersect their respective
. A NA
marginal cost curves at levels of output le and Qll such that
condition (4.11) is satisfied, i.e. the price conjectured by each
*
firm is equal to the equilibrium price P, The market share of the
adopter firm is larger than the market share of the non adopter
firm while the marginal cost of the adopter firm when producing
A , .

output le is larger that the marginal cost of the non adopter
NA
11’

firm which produces output Q i.e. condition (4.14) is satisfied

A, NA .
and as a consequence "j is smaller than nl . Also as it can be
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seen in Figure 2, the demand curve as conjectured by firm j, D?,
has been drawn in such a way that is more elastic that the demand
curve as conjectured by firm 1, DTA, so that condition (4.15) is
satisfied. The case of a+b > 1 for which the DEH was rejected in
favour of the MPH is illustrated in figure 2’. The equilibrium
price is p; corresponding to an aggregate equilibrium output Qz.
The decreasing marginal cost <curves are MC?Z and Mcfg
respectively. The two firms’ marginal revenue curves will
intersect their respective marginal cost curves at points that
?2 and Ql_;_u; such that the

price as conjectured by each firm is equal to the equilibrium

correspond to optimal levels of output Q

*
price P,- The market share of the adopter firm will be smaller
than the market share of the non adopter firm while, as before, ng
<1z§A since the marginal cost of the adopter when producing output

A
sz

is larger than the marginal cost of the non adopter when
producing output QI;;‘.

Turning to the case for which the ETIOV of the adopter firm
is larger than the ETIOV of the non adopter firm (x>1) then
utilising relations (4.6) and (4.7) the following will hold for

the two profit maximising firms at equilibrium:

A, A A A NA NA - NA _NA

MRj(Qj) = MCj(Qj) < MR, (Ql ) = MC, (Ql ) ©(4.16)
1 1 A NA

> T © e(Q.l/lj) < e(Q,wl ) (4.17)

A
e(Qle) e(Qlwl )
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Consequently, when x>1 then the demand curve as conjectured by the
adopter is less elastic than the demand curve as conjectured by
the non adopter. Applying conditions (4.11)-(4.13), (4.16) and
(4.17) the cases of a+b<l and a+b>1l for which both the hypotheses
are rejected are illustrated in Figure 3. The demand curve as
conjectured by firm j, DA is drawn so as to be less elastic than

3

the demand curve as conjectured by firm 1, DNA

1’ so that condition

(4.17) is satisfied. For a+b<l the marginal cost curves are MC?1

NA . . . .
and Mcll. These intersect their respective marginal revenue curves

at points that correspond to optimal levels of output Q? and Q?A

such that the price as conjectured by each firm is equal to the
equilibrium price p*. The market share of the adopter firm is
smaller than the market share of the non adopter firm while the
marginal cost of the adopter firm at the optimum level of output,

Q?, is smaller than the marginal cost of the non adopter firm at

the optimum level of output, QNA

. A,
IR in other words, uj is larger

than nzA and condition (4.16) is satisfied. For a+b>l, the

marginal cost curves are MC?2 and MCT? and the description is the
same as for the case of a+b<l, i.e. the adopter firm has a lower
market share and a higher m (because of a higher ETIOV) than the
non adopter firm. But apart from the possibility of rejecting both
hypotheses at the firm level when x>1, there is also the
alternative possibility of accepting (not rejecting) both (either)
of the hypotheses. This possibility is depicted in Figure 4 for

both a+b<l and a+b>1. The conjectured elasticities of demand are

A .
again drawn in such a way so as to ensure that Dj is less elastic
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than D?A. For both a+b<l and a+b>1, which are illustrated by the

pairs of curves MC?I, MC?? and MC?Z’ MC?? respectively, it is
demonstrated that at equilibrium the adopter firm has a larger
optimal level of output than the non adopter while conditions
(4.11)~(4.13), (4.16) and (4.17) are all satisfied.

Note that the equal m’s whithin each group were the condition
that guaranteed group uniform ETIOVs. The behaviour underlying the
equal price cost margins explicit agreement within each group was
illustrated in Figure 1 of section 3.1. If one goes a step further
and assumes an industry-wide uniform level of ETIOV then the
behaviour of every two firms irrespective in which group each one
of them belongs will be described by Figure 1, i.e the behaviour
of all firms in the industry is the behaviour of firms jointly
maximising their profits. The reason for this is that if within an
industry all ETIOVs are uniform then an equilibrium can not exist
for x = 1 unless the industry uniform Yy is equal to one. This
argument can be easily demonstrated using any of the diagrams of
this chapter, for example, Figure 3. Since x=1 for any pair of
firms (irrespective in which group each firm belongs) the
conjectured demand curves for these two firms will coincide. Let
the conjectured demand curve of firms j and 1 be D? and their
conjectured marginal révenue curve MR?. Since the conjectured
demand is the same for both firms, there is no way that condition
(4.11) will be satisfied unless (a) their marginal costs intersect
at the point of equilibrium (b) their marginal cost curves

coincide (c) the idustry-wide uniform ETIOV is equal to one. Case
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(a) is not possible since intersection of marginal (average) cost
curves has been ruled out. Case (b) has been ruled out as well

since ijl has to be strictly larger than one irrespective of

whether j and 1 belong in the same or different groups. Therefore
the only possibility left is the case of =1, which is nothing

else but the joint profit maximisation case. The implication of

Q.
Y.=1 for all jeN is that A.= 2 -1 since then ¢.=(1+A.)——l—::l.
3 JQj ] 77 Q
The equilibrium value of price and aggregate output is determined

by the point where the curve deduced by the horizontal summation
N
of all marginal cost curves, Z(Mcj), intersects the actual demand

J

curve f(Q). Each firm will subsequently produce up to the point
where its marginal cost becomes equal to the value of the marginal
cost given by the Jjoint profit maximisation, as described by

Figure 1.

4.3 Hypotheses discrimination analysis under constant static

returns to scale

When a+b = 1 the problem of (4.1) not being a reduced form
expression for Qj is no longer valid since as (4.5) implies
marginal (and average) cost will no longer be a function of the
level of output produced. Therefore there is no longer any need to

parameterise the total industry output variation of firms in order
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to explicitly allow for the output variable included in the
marginal cost function.

For a+b=1, the division of (4.7) by (4.6) gives that le=
ijl' In other words, the ¢ of each firm is an inverse measure of
its productivity level which implies that it is no 1longer a
suitable measure of the behaviour of each firm. As an alternative
to o, A shall be used as a measure of the behaviour of the firms
just as it was used in the Cowling and Waterson model originally.

Considering the ambiguity between the two hypotheses at the

1+A
firm level let Al'=

ST where j is a more efficient firm than 1
3

is. When a+b=1 combining relation (4.6) with (4.7) gives:

Q. Q
- 3 N 1
1 - () <1 - =) — &
Qj Q, Qj
(144 ) 5= > (1A ))& Ay < 3, (4.18)

Consequently if Aljal (Ajsll) then Qj is always larger than Ql and
consequently DEH is accepted. However, since the more efficient
firm is the less collusive, in terms of A, the MPH is rejected.
Therefore, for AljZI the ambiguity is resolved at the firm level.
When Alj is smaller thgn one (Aj>hl) then Qj can be either smaller
or larger than Ql' If firm j has a larger market share than firm 1
has then both the DEH and the MPH are accepted, while if j has a
smaller market share than firm 1 has then both hypotheses are
rejected. Consequently when Alj is smaller than one the ambiguity

between the two hypotheses can not be resolved at the firm level.
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Turning at the industry level of analysis, it is assumed that
A’s are group uniform just as it was assumed for a+b # 1 that the

0’s were group uniform. As a result, the difference in behaviour
18

1+aA®

between the two groups is measured by A = Moreover, since

now efficiency is in terms of cost rather than in terms of
productivity and since a+b=1, MCj=ACj Y j € N, the efficiency gap
can be measured in terms of profitability. This is completely
different from the situation developed in the model in chapter 3.
The reasons that permit m to be a measure of efficiency rather
than a measure of output behaviour are two. First, there are no
scale economies which implies (via relation (4.5)) that marginal
cost solely depends on the efficiency characterising a firm and is
independent of the output decisions of the firm. Second, the
assumptions concerning the firms’behaviour in our model no longer
hold, i.e. ETIOV is no longer an exogenously determined parameter
and therefore its dependance on market share can no longer be
ignored. Market share will be jointly determined by marginal cost
and conjectural variation, both of which are exogenously
determined. Let us be the potential profitability for group A,
that is, what the value of the profits to revenue ratio would be
if a firm within that group had the managerial ability to realize
the full potential in the productivity of major innovations (as
given by index Ao). Analogously, let ngA denote the potential
profitability for the non adopters’group, the value of the profits
to revenue if a firm in group NA had the managerial ability to

realize the full ©potential in the productivity of major
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, A “ 9 .
innovations (as denoted by Bo). vn 3 denotes the multiplicative
P

deviation of a firm j, JjeA, from the potential maximum in the
profits to revenue ratio for that group. As with the deviations in
productivity all this firm specific deviations are time invariant
and jumps in their value are independent of Jjumps in Ao. Also
since no firm has a managerial ability such that it would be
possible for it to realize the full potential profits to revenue
implied by a major innovation we have that vz j<1 for all jeA. In

P

other words, the realized (observed) profits to revenue for firm j

as denoted by ng is the product of the unobserved ng times the

A . .
equally unobserved vn 3 In exactly the same fashion we determine
P

the firm specific deviation for the non adopters’group, which is

NA . . A
denoted by vn 17 1leNA, and shares the same properties with vn 3
P P

Consequently the gap in potential efficiency is now measured in

terms of the gap in potential profitability and is given by V’/=

a
n
EA >1. The gap in realized profitability between firms j and 1,
14
P
A
v,
n3
jeA and 1leNA, is equal to M31=VI___§X__>1 which means that there
n 1l

P

is no overlapping in the profitability (efficiency) of firms
belonging in different groups. For firms within the same group, if

firm j’s management is more efficient in applying major

v,
n3

innovations than firm 1’s management is then ———>1.
Y1
P

If one squares (4.1) and sums over all firms in the industry,
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the following relation is derived:

(4.19)

Moreover if (4.1) is summed over all firms in the industry,it is

derived that:

N 2 0 2 |N[ p- MCj 2
A = —_— 4,
[): QJ] (p ] ) ) (4.20)
Consequently,
N{ p - MC, Y2
v J
1+A,
H = J 5 (4.21)
N( p - MC.)]
Ll—m,
J -

Applying the group uniformity assumption on the A’s (4.21)

becomes:
-2 A -2 NA
A A 2 A 2 NA NA, 2 NA 2
(1+A) (ﬂP) Z(vnPj) + (1+A ) (HP ) Z(Unpl)
H = . -
TN T Na "t o MR
(1+27) (m) Z(vupj) + (14AT) (m,) Z(vnPl)
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A A 2
1A 2 A 2 X(UR j)
1+ P d
A NA NA NA 2
1+A np Z(UNA )2 Z(UNA )
n 1l w1
_ P P °
A 2 2
NA nA Z(Uﬁ y) ;z(\vNA )
142 P P n 1
1+ P
A NA NA
1+A nP Z(UNA )
1l
P
1+ (A)2(V’)2L1
H = 5 L3 (4.22)
(1+ A V'L,)
2
A A NA
A 2 A NA 2
Z(vnpj) Z(vnPj) Z(vnpl)
where Ll = _EA__—’ L2 = TA_, L3 = ———-——2 . It 1s
Z(UNA )2 E(vNA ) NA \a
nl LI Z(vnpl)

now possible to determine the sign of the effect from a change in
the technological gap between the two groups on H as well as the

sign of the effect on H from a change in the gap between the group

O6H
oA

A’s by calculating 33' and respectively.

2
/2 ’ - ’ ’ ’ 2,2
8H 2 (V") L1L3 A[l+ L2(V )A] 2 L2 vi(1+ L2V A)L3(1+ Ll(V YTAT)

SA [1+ L2 V’A]4

H . . .
So for —gx— to be positive it is required that:

ry 2 32 _ oo 3, a2
Ll(V)A+L1L2(V) (A) L, (v) L L, (V)" >0 'S
L
VA > 2
1
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L
2 8H
Ll then 3h

If V'A< will be negative.

one should bear in mind that as in

For calculating _g%T

chapter 3 C C, were independent of Jjumps in potential

10 G2 C3
productivity (since the v’s were independent of jumps in potential

productivity), here Ll' L2, L3 are independent of Jjumps in

potential profitability (since v s are independent of jumps in
P

potential profitability). Consequently,

2
2 p ; _ , 2,2
oH 2 (N) L1L3 v [1+ L2(V )A] 2 L2 A(1+ L2V A)L3(l+ Ll(V )TA)
;o=
v (1+ L v’A]4
2
OH - b .
So for v’ to be positive it is required that:
2, s 2 3 _ _ ;.2 3
Ll(A) AA & Lle (V) (A) L2 (A) L1L2 (V) (N >0 ®
L
VA > 2
1
, é);! . .
If VA< then 3 will be negative.

1

will be either both positive or

Consequently —g%— and —g%T

both negative. A positively signed means that an increase in

8H

av’
the gap in potential efficiency (as measured by the ratio of
profits to revenue) has caused an increase in the concentration
ratio and therefore the differential efficiency hypothesis is
a
av

. H . .
accepted (not rejected). When, on the other hand, -——+ is negative

then the differential efficiency hypothesis can be rejected. The

104



8H
dA

interpretation of the sign of is a bit more complex. When A<l
then an increase in A implies a convergence in the A’s of the two
groups since the conjectural derivative of the group with the
already higher conjectural derivative (AA) decreases and/or the
conjectural derivative of the group with the comperatively lower

conjectural derivative (ANA) increases. Consequently a positively

signed —g%— means that the market power hypotheses can be rejected

since a reduction in the divergence in output behaviour (as
measured by the conjectural derivatives) between the two groups

leads to an increase in the concentration ratio while a negative

OH
GA

power hypothesis. For Azl a positive sign for

is translated as a non rejection (acceptance) of the market

6H .
ah implies that an
increase in the conjectural derivative of the group with the
already equal or relatively higher A (ANA) and/or a decrease in
the conjectural derivative of the group with the lower conjectural

. . A . . : .
derivative (A), or in other words an increase in the divergence

between the A’s of the groups, increases concentration. Therefore

the MPH can be accepted. On the other hand when AZ1 and gi is

negative the market power hypothesis is rejected.

The above interpretations can now be applied to the industry

level results. When A<l if V/A> then —%%T is positive which
1
, 8H vos
means that the DEH can be accepted and since N 1S also positive
L
the MPH is rejected. Analogously, when A<l and V’‘A< T then the
1
DEH is going to be rejected in favour of the MPH. On the other
L
hand, if Azl if V/A> then both the MPH and the DEH are
1
, 8H OH A
accepted since both ar- and T are positive. Moreover, when Azl
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L
and V'A< then both —g%T and —g%— are negative and

1
consequently both hypotheses are rejected.

To summarise, at the industry level when A < 1 the market
power hypothesis and the differential efficiency hypothesis are
mutually exclusive, while when A = 1 the ambiguity between the two
hypotheses is not resolved since either both or neither of the two
hypothesis is rejected against its alternative.

Therefore when A<l, if the gap in potential efficiency as

measured by V’, is sufficiently large and/or the gap in A’s as
A L
- +
given by (A) i sufficiently small for

1+A 2
-1
than (A) then the MPH is rejected in favour of the DEH while if

V’ to be larger

the gap in efficiency is sufficiently small and/or the gap in A’s,
1+7LA . Ll , -1
— A sufficiently large for V’ to be smaller than (A)

1+A 2
then the DEH is rejected in favour of the MPH. When Azl the the

firm level conclusions are utilised, according to which the more
efficient group will always have a larger market share and
therefore the DEH is accepted while the market power hypothesis is
rejected since AASANA.

Therefore for resolving the ambiguity between the two
hypotheses estimates of A are required so that ‘it can be
determined whether A is larger or smaller than one. If in (4.22)

we set as 71=A then the regression of industry i at time t, if a

multiplicative disturbance term is added, is as follows:

106




A A 2
Ym,..)
1+ (y’ )2____ilE___
1it NA NA
Z(nNA )2 E(nNA )2
H = ilt ilt 7’ (4.23)

NA 2 it
2 Z(nNA )
ilt

A A
T, .
1+ 9’ _EZ_iQEi_

iit NA
DL

since (V')ZL1 is equal to the ratio of the sum of the squares of
realized profit rates of firms in group A over the same sum for
group NA and (V’)L2 is the ratio of the sum of the realized profit
rates of firms in group A over the same sum for group NA.
Consequently, these two ratios can be calculated for each industry
each time period provided that we have data on the profit rate of
each individual firm and that it is possible to successfully

seperate the adopters from the non adopters group. Once these two

ratios are calculated then division of the one by the other gives
L

1
VvV’ is equal to.
2

what

For estimating yi it is necessary to impose some restrictions

as to how this parameter varies between industries and time.

/

Analogously to section 3.4, ¥, can be regarded either as fixed and

time invariant (seemingly unrelated regressions model) or as a

random parameter with mean ¥’ where €’ =y’ -y’ . If the second
1i lit lit 1i

method is pursued, then the alternative to (4.23) is the model
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A

2 Z‘"?-t’z
1+ () + g & —23&
1i 1it NA NA
v )2 T? )2
g - ilt ilt (4.24)
it NA 2 y
A A A A 2 z(nNA )
, LA , iy s, ilt
+ ) wa - €)™ "
Lmypy) Limy )

If the joint distribution function of H  and €’ is g(H, ,€’ )
it 1it 1t 714t

then the log likelihood function is:
= ’ ’
L iztln Ug(ﬂic’el it)delit]

Once 71 has been successfully estimated either from (4.23) or
from (4.24) it is possible to say whether A is smaller or larger

than one. If A<l then using the industry 1level conclusions we

L
compare the wvalue of —El-v' (as it was calculated from the data)
2 L
, -1 .
to the estimate of the value of (A) ~. When V’ is smaller than
2
L
A then the DEH is rejected in favour of the MPH, while when v’
2

is larger than A the MPH is rejected in favour of the DEH. On the
other hand, if AZzl, utilising the firm level conclusions, the MPH
is rejected in favour of the DEH since the more efficient group is
less collusive than the 1laggards group is, while any firm
belonging in the adopters’/group has a greater market share than

any firm belonging in the non adopters’group has.
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CHAPTER 5

THE GENERALIZED~COOPERATIVE CAPITAL ADJUSTMENT COSTS MODEL

The model in chapter 3 was restricted by the imposition of
two assumptions concerning capital: a) The installation of new
capital 1is costless b) The installation of new capital is
instantaneous. The first assumption rules out the possibility of
the cost of gross investment being a function of its own size. If
we drop the second assumption and introduce delivery lags into our
model but still rule out adjustment costs and uncertainty, that is
not sufficient to force the firms to look into the future and
maximise the present value of their future stream of profits.
However, the combination of delivery lags with uncertainty about
the values of one or more of the exogenous parameters of the model
and/or the existence of non linear adjustment costs will compel
the firm to look into the future (if adjustment costs are linear
they can be easily incorporated into the price of gross
investment) and as a result dynamic and static maximisation will
no longer be identical. The model developed below concentrates on
the case of non linear adjustment costs, while delivery lags and

uncertainty are both ruled out.

5.1 Setting up the model

The approach for developing a model which incorporates

capital adjustment costs is similar to that by Nickell (1978).
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Each firm maximises profits within an oligopolistic environment
and tries to determine the dynamic optimum path for capital. It is
assumed that each firm faces strictly convex adjustment costs.

Since there are no restrictions on the ability of the firm to
adjust its labour force, the first order condition with respect to

labour is given by the combination of relations (3.4) with (3.6):

a w
—— =2A ,(J, L, bo, = — 5.1
J( ) ) ¢J o ( )

As already defined in chapter 2, Co is the price of new

investment in full efficiency units, I, while the price of

jt’
investment in physical units, Ijt’ is equal to:
q. = c exp|| +u|t (5.2)
t t a

The reason for which q, is a function of the rate of continuous
technical change, as given by the exponent above, is that if q,
either understated or overstated the rate of continuous technical
change, then as it shown in the appendix of this chapter the price

oy Qo.\f%i

of investment would become infinitely smallAas t Analogously,
the adjustment costs function also has to include the rate of
continuous technical change. If it did not, then as t-® adjustment
costs would become infinitely small. Consequently, the model would

degenerate into the no adjustment costs model of chapter 3. More

generally, the appendix of this chapter examines what would happen
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if the adjustment costs function either understated or overstated
the rate of continuous technical progress. Therefore the
wll

adjustment costs will depend on gross investment innefficiency
units rather than on gross investment in physical units. Moreover,
the justification for assuming a convex form for the adjustment
costs function is based on the assumption that the more highly
technological an industry becomes the more specific to the firms
that purchase them capital goods will become. As a result, the
market for the capital goods purchased by these firms will become
increasingly monopsonistic. In other words each firm’s demand for
each particular type (vintage) of capital will be a significant
proportion of the total demand and therefore the supply price will
increase with demand.

Given the above arguments, adjustment costs are given by a
stricly convex function denoted by the expression C(Ijt) where
when I.t = 0 then C(Ijt) = 0 as well. Since these adjustment costs

should account for technical change one may attribute to them the

following quandratic form:

C(I, ) =B. (I, 5.3
(Tyy) Bj (Ty) (5.3)

If (5.3) is differentiated with respect to I,

it the following is

deduced:

BC(Ijt)

3t _ Y = A E
ant ZBjexp[[ 2 +L]2t]Ijt ZBjexp[[ 3 +L]t]1jt (5.4)
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Writing from now on th as Jgt, relation (5.1) may be

re-written as:

= b a (5.5)
A ,(J, oc.p b
03 73¢) 74P

th

Using relations (2.16) and (3.5) the marginal revenue of capital,

a9,
Jjt .
PO, —— , is equal to:
j OK,
Jjt
BQ.t 8Qj y
P O, =p 0, exp[[——— +L]t]
BK.t 3 ant a
Moreover,
Q. Q.
jt _ a-1 b_ jt
P oj ant P C. Aoj a (th) (th) P 0j a th (5.6)

Using relation (5.5) to substitute for th in (5.6) we derive:
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b
8, 1 b1 b1 -1;;:1’
pC 33 = [p [ Aoj] a [T] (th) (5.7)

If firm j is pursuing the optimal path of production then the
total costs involved in installing one extra unit of capital stock
should be equal to the gain resulting from the purchase of that
extra unit of capital, the latter being equal to the present value

of the marginal revenue of capital. Consequently,

00 v 3st 6C(Ijt)
.[ exp -[h+8+ = +L] (s-t) poj—?{(——.—-—- ds = T + qt @
t is jt
0 3Q.S ac (1 't)
J exp[[% +L]t]exp[-(h+8) (s—t)]pO‘.-—aJJ— ds = WJ_ + q, *
t I %35 it
1
” BT T . Ter
exp[[—§—+L] t] J‘ exp[-(ht8) (s-t)] [pojAoj] a[T] (st) ds=
t

F ® b=l ¢ VBT b-1
2B 5% 0" Iixp[-(ma) (s-t)][pO‘jAoj] a[T] 3, ds(5.8)

By taking the time derivative in (5.8) we obtain:
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. dexpl-(h+8)t.l 2B.1° + c
2B.1° + ¢ = 1)t
5736 T %t at
J exp[ (h+3) t]

00
1 b 1-a-b dj exp [ (h+3) (-s) ]ds
t

+exp[(h+d)t] (po-jAoj) l'ba [_"_]b'l (J b-1

) —

b it dt

.

1
F . F 1-b
2B.I,, + c_ = (h+d)|2B.1I. .+ c_|-(pc.A |, al—
Bylye ¥ o = [ BTt t] PTBo4) [

5 (J..) = rl(5.9)

L b _1l-ab
1-b w |b-1 b-1
Jjt

'F F
2B. I, -2B.(h+8)I, + ( A L)
ByTie™2Ry je7 P53
where rl=(h+6)ct-<.:t is the user cost of capital in full efficiency
units exclusive of adjustment costs. Note that for a firm
belonging in the non-adopters group the same relation will hold,
the only difference being that in the place of AO in (5.9) we have

or equal to Ao- if the jump in

1

Bo which is either equal to Ao 2

Ao has occured only recently and therefore there has not been
sufficient time for the innovation 0-1 to become available to all
the firms in the laggards’/group. Note that as already discussed in
section 2.1 both Ao‘and BO are constant during an infinitesimal
time interval dt since these two parameters are characterised by
jumps of a discrete nature.

According to relation (2.19):

5t = Ijt_ Sth (5.10)
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The combination of relations (5.9) and (5.10) gives the trajectory
of the optimal path in the J--IF plane. Substituting (5.10) into

(5.9) we obtain:

23j&;t+ 23j63jt- 28, (h+3) Sjt- 2B, (h+8) 83, +
1 b 1-a-b
+ (pcrjAoj)l-ba[-%-]b-l(th) b-1 _ T ®
3;t— nSjt- (h+8)83,  +
_l_ b l-a-b .
(po‘jAoj)l_bzgj [%]b'let) b1 . ﬁ (5.11)

*
Let Jj be the value of capital stock in full efficiency units
*
in a state of long run equilibrium. Since Jj is independent of

*
time, Jj = 0. If this is substituted into (5.10) it gives:

Combing the above with relation (2.16) gives:

I, K,
it ® Jt

Substituting the above into (2.20) it is derived that:
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*

* *
K, = -[L+a+ —X-] K, + 8 K, = -[L+ —X—]K,
it a it

jt

In other words, if in the long run equilibrium net investment in
efficiency units is equal to zero (i.e. if J; is independent of
time) then this implies that capital stock in reverse full
efficiency units decreases by a rate equal to the rate of

continuous technical change.

In equilibrium (5.11) becomes:

_ 1 b 1-a-b
b-1 w |b-1 _* b-1 *
(po.A ) al— (J3.) =r.+ r_..J, (5.12)
P75%3 [ b ] J 1 72373
*
where r2j= ZBja(h+6) and r1+r2Jj is the user cost of capital

inclusive of adjustment costs in full efficiency units. In long
run equilibrium the latter is equal to the marginal revenue of
capital. Relation (5.12) implies that the equilibrium capital
stock in efficiency units will shift with unanticipated Jjumps in
AO or in any other parameter. Of course if discontinuous jumps in
AO take a more "regular" form, it would be false to continue to
assume that the producer will not try to incorporate these
regularities into the production function by perceiving Ao as a
random variable taking its value according to some distribution
based on the observed past values of her individual Aoj' However,
the values of Abj may not be a correct indicator of the unobserved
values of Ao since for some of the observed jumps in Aoj jumps in
vj (which have been assumed to be independent of Jjumps in Ab)

rather than Jjumps in Ab may be responsible. Moreover, the firm
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will need to assume a distribution according to which major
innovations arrive, for example at some Poisson rate p. In the
unlikely case that firms are able to determine these two
distributions then they will be able to form an expectation as to
when the next Jjump is going to occur and what its impact on
productivity is going to be. Then such jumps will no longer
constitute an element of suprise in the way it was perceived by
Schumpeter, but simply are sources of uncertainty for which the
model has been accordingly formulated to account for. For jumps in
Bo note that the laggard firms still do not know the values of Ao
in the past, since these were never realized (observed), and
therefore they can not know with certainty what their individual
Boj is going to be equal to. Moreover, firms in the non adopters
group will be able to determine the timing of the jump in Bo only
if they either know with certainty, or can form an expectation of,

the magnitude of to If both the magnitude of to 1 and the size

of the Jjump in Boj was known, then during the time interval
commencing with a jump in the adopters group from Ao_1 to Ao and
F
. . £ . . .
ending when B0 jumps from Ao__2 to AOq' Ijt or a firm j, JeNA,

would satisfy the following differential equation (Nickell, pp

46-48) :
28 ;F —2B. (h+3) [I°. -87 . (A )1 +
RETI 3¢ 7073 Pooz, 3
1 b 1-a-b
15 ( w \o-1 * b-1
+(pe.A _ ) Cal—a J. -J. (A =0 5.9
(b0 2, ) [b] 3,958y, ) (5.97)
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which implies that investment in efficiency units would be above

the level determined by the current value of Bo’ Ab . After the

jump in Bo has taken place, i.e when tZtc‘__1 and BO=A01 then I€

Jt
satisfies the following differential equation:
28 . -2, (h+3) [I°_ -8 (A )] +
j jt j jt j 0-1, j
1 b l-a-b
1-b w |b-1 * b-1
+(poc.A \ aj— J. ~J,.(A . =0 5.9
(p 3 0_1,3) ( b ] ( 3t J( 0-1,3)] ( )

The above relation has been applying for firms in group A since

the time the unexpected Jjump from AOl to A0 took place, i.e Igt'

jeA, satisfies the following differential equation:
28 . ~28, (h+8) [I° -8J (A )] +
s 1 R | jt " j o]

*
+(poc .A _, J,. =-J.(Aa_)) =0
P J 03) b [ jt "3 oj ]

1 b
1-b [ w ]b-l
a_
Unless otherwise explicitly stated the model is restricted to
refer only to unexpected jumps in A  or any other variable. The

impact of such jumps on th is determined below.

Let us determine the speed with which J approaches its long

jt

*
run equilibrium value. Linearizing (5.11) in the neighbour of Jj'

it is derived by using (5.12):

jt it
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_ 1 b l-a-b -1
b-1 a w |b=-1, 6 _* b-1 l-a-b *)
6(h+6)-(p0‘jAoj) 55— [ ] (J.) [T] [th-Jj]- 0(5.13)

1 b l-a-b

-— 1
Set T',=8(h+d) - (po,A .)b'l—f—[ w ]b'l(Jf) b-1 [—11319]. Provided
j j o3 ZBj j

b b-1
that Fj is positive the equation will have two real roots of

opposite sign equal to:

h~- / h2+ 4ar,
J

- , = 5.14

313 ) ( )
h+ / h2+ 4Fj

, = 5.15

323 ) ( )

Note that if Fj is negative then two possibilities exist:

(a) Equation (5.13) has no real roots and J,, will oscillate with

Jjt
a solution of the form:
J. = exp|h —=| |c cos(dt) + D sin(dt)
it i
/ n%+ ar, b
where C, D arbitrary constants, d = 5 J_ and BBj = + id,
B4j = —g— - id. Therefore, the motion will be oscillatory with an

increasing amplitude.
(b) Equation (5.13) has two real roots both positive.

Consequently, convergence 1is only possible when Fj is
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positive. Then the solution of the homogeneous version of equation

{5.13) is expressed by J,

5h which is equal to:

*
th = (Jjo - Jj) exp(-Bljt)

As a result, the general solution of equation (5.13) is the sum of

the homogeneous solution plus the particular solution which is
*

equal to Jj' Therefore the unique optimal path for th will be the

*
one which converges on Jj and has the form:

* *
J,. =J, + (J. - J.)exp(-B..t 5.16
3t 3 ( 30 )) p ( Blj ) ( )

where as (5.14) indicates _Blj is the negative root of (5.13). By
taking the time derivative of (5.16) and combining it with (5.16)

itself, the flexible accelerator formula for capital in £full

efficiency units is derived:
j B. . (7, ) (5.17)
J,, = (T, - J, .
jt 13773 jt

It is obvious from (5.13) that Fj is positive under

decreasing static returns to scale (a+b<l) since —E%%%E < 0. Under

increasing static returns to scale for Fj to be positive it is

required that:

1 b l-a-b _
- - * - - -
S(h+8) > (pO‘jAOj)l bi[ ]b 1y, %y bt _t-ab (5.18)

w
2 3 b it b-1



If we rewrite relation (5.12):

(po,a )7t b———[———]b_l(J;) bl L1 is(n+s) (5.19)

28,7,
BJ J

Substitution of (5.19) into the right hand side of inequality

(5.18) gives:

r
5(n+8) >|— o +a(n+a) | 222 o
2B.J,
BJ J
r
b-1 > 1 +1
l-a-b *
2B.J,38 (h+d)
J 3
If for simplicity it is assumed that ¢ = 0 then:
b-1 c
> + .
o2t 1 (5.20)

28.5.8
i3

Consequently, (5.20) is the condition for th to converge in the

long run under increasing returns to scale (a+b > 1).

Corollary 1. Under increasing static returns to scale a necessary

*
condition for J.t to converge on Jj is that 1l-a-b-(b-1)>0.
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Relations (5.12) and (5.14), 4imply that both the speed of
convergence towards the equilibrium and the long run equilibrium
capital stock itself depend on the level of potential
productivity, Ao. The sign of the impact of a Jjump in AO on J;,

ceteris paribus, can be determined using relation (5.12):

_ 1-a-b _l-ab .
* b-1 * b1 *
a[r (J7.) +r_ . (J.) ] 87,
173 2] 3 J_
*
aJ, aAo
3
_ b 1 b
1 b-1 T-b { w )b-1
[l-b](Ao) (poyv;) a(‘B’] ®
_1-a-b _1-a-b BJ*
l-a-b  _*. b-1 l1-a-b * b-1 i
(h+d8)c 5 (Jj) +[-——T-_—6-*+1]2[3j5(h+6) (Jj) pr" =
_ b 1 b
1 b-1 1-b ( w )b-1
[T-—b] (A, (poju,) - [_b_] ®
* -_—_ -
5 a A ; b?1( - )1Eb w b?I (ht 8¢ 1727 %) 1bflb '1+
3~ 1 o PoYy b ¢ 717
_ 1-a-b -1
b-1 (5.21)

As it is obvious from relation (5.21) under decreasing or constant
*

aJ,
static returns to scale —531— is always positive. A jump in AO
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will be followed by a jump in BO after time equal to to_1 has

*
elapsed. The impact of the jump in Bo on Jl’ leNA, is given by

(5.21) if we substitute Bo for AO.

If relation (5.14) is differentiated with respect to Ao
dB

then it is derived that dAlj is equal to:
(¢}
b b
- -1 b-1 - b-1 1-a-b -1
1 2 2 b-1 a 1 w * b-1 l1-a-b
T[” * 4rj] 4| tpoyug) 28, [b—l][ b ] Ay [—b-_l)
b
1 — l-a-b
corua, Pla (w Pl 1-a-b [ 3-ab ) 5, BT 2835 |
PTyY5% 28, ® b-1 b-1 3 3
1 b
2 2 1-a-b - b:—Ll o (w )Pt lgflb 1
(h + 41".] > (pO'.v,Ao) (A) Z_[T] (J.)
(b-1) J
b
1 —_— l-a-b *
- b-1 -1 -1 8J
b-1 a w * b-1 * j{ l1-a-b l-a-b _
(pc‘jAoj) i(T] (J.) (Jj) 31\0[ B=1 ][ b1 1] (5.22)
a8
For A to be negative under decreasing or constant static

[

returns to scale it is required that:

*

-1 -1 87,

1-a-b l-a-b l-a-b * J
o) (e o) Tt <o

(b_l)z o] b-1 b-1 3j 6Ao
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*
-1 » "1 83y
(AO) -[l-a-b-(b-l)](Jj) aAO <0 ®
*
ag, A
-1> - - [l-a-b-(b—l)) N
J
a *
J A
3 o] 1
A * 7 TI-acb-(b-1) (5.23)
0 J
J
Relation (5.23) always holds as it is proved below.
Proof
Ao
If one multiplies both terms in relation (5.21) by = then
J,
* J
aJ, AO
one can substitute for TN —— in inequality (5.23), deriving
0 J.
J
the following:
1 b _1l-a-b
a b w |b-1 l-a-b * b-1
— e —_ +
15 (P73%3) [b] 1 T1 Yy
r - E:E:E +1 -
l-a-b 1 * b-1 1
+ |+ >
[ 1-b 1]233‘6 < Yy T-a-b- (b-1) ®
1 b l1-a-b
a ~ 1Ib( w )b-1 1 "1, by (3% P1 'i
Efs—j(p"j"oj) 5 T-a-b- -1 |28, (1=a=b) (J)
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l-a-b

Bo1 +1

r .
S8(J,
( J)

+[l-a-b-(b-1)]

(o]

If relation (5.19) is used, the the left hand side of the above

inequality becomes:

. _ l-a-b . _ l-a-b +1
* - * -
1 () b=l s Cl (ay) b-1
2B.
BJ
l-a-b l-a-b
r - — r - ——— 41
l-a-b 1 * b-1 1 * b-1
T-a-b- (-1 2R, FY * 83y ®
l-a-b-(b-1) > 1l-a-b
which is true since 1l-a-bz0. (a]

Therefore for 1l-a-bz0 an unanticipated jump in potential
productivity will have a negative effect on the equilibrium level

of the capital stock and a positive effect on the speed of

convergence.
*
aJ.,
Turning to the case of increasing returns to scale, —gxl— is
)
positive if:
l-a-b * l-a-b 1 * b-1
_— + |— >
B (Jj) [ 6 1]23j5 S (Jj) 0 )
—S— +1x< ———lr_’:b
2B8.8J,
J 3
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The above is the same as condition (5.20) which should be

satisfied if th is to converge in the long run when atb>1l.
*
8J,

Consequently, if there is to be convergence, —332—— has to be
o)

positive irrespective of whether the £irm operates under
increasing, constant or decreasing returns to scale. Obviously the

same applies for jumps in p or in o’s or in v’s.

dB, .

From (5.22) dAlj will be positive when l-a-b<0 if:
o
1 183,
1-a-b - 1-a-b 1-a-b x 3
———_ (A) —[ = J[ = —1](J,) >0 &
(b—1)2 b-1 b-1 3 8a
*
-1 . 7183,
(AO) —(l-a-b-(b-l)] (Jj) ﬁ_ <0 =3
o
*
6Jj o
- 1> - o — [l—a—b—(b—l)] @
o] J.
J
87, A
3 ° 1
* _— - -
aAo Jj l-a-b-(b-1)

It can be easily demonstrated that the above always holds. The
proof follows the same procedure as in the case of l-a-b = 0 which
leads to the requirement that l-a-b-(b-1)>l-a-b which is always
true since as corrolary 1 states l-a-b-(b-1) has to be positive
even when a+b>1. ]

Consequently, if the £firm is producing under increasing

126




static returns to scale then, when a jump in technology occurs,
the speed of adjustment towards the new and higher level of
equilibrium capital stock will be quicker than before. More
explicitly, the impact of a jump in Ao on Blj can be split into a

direct and an indirect component. The indirect effect of AO on Blj
*

N 631. ag,
through J, ( *J J ) always dominates over, and always has
3
aJ, 3Ao
J a8,
an opposite sign to the direct effect of Ao on Blj (—53—1—). So
o

when a+b>1 the positive indirect effect dominates over the
negative direct effect and when at+b<l the negative indirect effect
dominates over the positive direct effect.

To summarise, the first thing that has been derived in this
section is the first order condition of capital stock under
non-zero adjustment costs. Subsequently, the long run equilibrium
level of capital stock as well as the speed of convergence towards
that level were determined. The rest of the section examined how
these two variables are affected by unexpected jumps either in
technology, or in demand (as reflected by p), or in behaviour (as

reflected by the o’s).

5.2 Firmm level hgpotheses discrimination analgsis

The analysis below will follow the same criteria with those
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that were used in chapter 3 for resolving the ambiguity at the
firm level of analysis.

In order to determine whether a relatively more efficient
(and/or more collusive) firm has a higher market share as compared
to the market share of a less efficient firm, it is essential to
determine first what the market share of a firm is equal to both
on the path towards the long run equilibrium as well as when in
long run equilibrium.

The first order condition for labour as given by relation

(3.6) is:

wL, = 0.bpQ, 5.24
it 5PPQy ¢ ( )

* bpQ (5.25)
wL, = 0o, . .
37 75°P%

The above conditions are satisfied when the firm is on the optimum
path towards the long run equilibrium (where output is given by
" expression th) or in the long run equilibrium (where output is
given by expression Q;) respectively.

Combining condition (5.6) with (5.7) and (5.12) it is deduced

that:

(5.26)

*
r1 + erj = Gjap

Rewriting now (5.12) gives:
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-1
l-a-b
*

b-1
1-b * b -b
Jj = [vijoj(a) [r1+r2ij] (b) " (w) ] (5.27)

By substituting (5.27) into (5.5) it is derived that the long run

equilibrium labour input is given by the following expression:

1
b-1 __a_
L; ) A :bo (J;) o °
0j j
1
L; = [aijoj(a)a [r1+r2jJ;] a(b)l'a(w)a'l]1 e (5.28)

Consequently if we substitute into the Cobb Douglas production
function for capital and labour |using (5.27) and (5.28)

respectively, the following expression is derived:

= b
a+b 1-a-b

— b-1 -a 1-a-b
* l-a-b}] 1-b * b -b a l-a * a-1
.=A ,(pc.A .) a r_+r,. . J, bw ab r +r,. . J, w

3703 (P75%03 [ [1 233] ] [ [1 233) ]
a
1-i—b li:?b 5 1-a-b
= Wl(Aoj) (c.) [rl+r2ij] (5.29)
1

a b b a l-a-b
where ¥ = [a b (-E—J ]
1 w

When the firm is on the optimum path towards the long run
equilibrium then if relation (5.5) is combined with relation

(5.16) the following expression is derived for the labour input:
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|-

-a b-1
L ¥ |s% |1-exp(-B )+[Jj°] (-8, ,t)
W, = |————{J. -exp (-8B, .t —lexp (-8, .t &
jt A_.pbo,| 3 1j I 1]
03] J J
-2
* b-1
th = Lj(eljt) (5.30)
Jjo
where Oljt=1-exp(-81jt)+[ J* ]exp(—Bljt). Therefore, the optimum
J
path of output which a profit maximising firm pursues is:
_ _ab
b a * b b-1,_* a a
= A =
th 03( Jt) (th) Aoj(Lj) (eljt) (J.) (eljt) @
-2
* b-1
th = Qj (eljt) (5.31)

The profits to revenue across the optimal trajectory nj if we

use relations (5.24) and (5.26) is:

*
Q. - wL, - (r +r ,J.)J,
- - P it Jjt 1 7235°3° 3t _
jt
Pth
*
%5
Q. -o.pbQ. - 0.a J,

e I S TS bl I - T

_ 3
Pth

By substituting relation (5.31) into the above the following

relation is derived:
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b-1
Q. -o.,pbQ.,. - 0.,a (eljt) th
PR, TO4POR T 043P o 1 it
_ 1it jt o
jt
Pth

l-a-b
1-b

njt i- 0j a(eljt) + b (5.32)

The long run equilibrium level of profits to revenue is equal to:

*

* * Qj *
* * x % ij- ¢jprj- ojap|—5 Jj
Q,- wL,- (r +r..J,)J. J,
a - eI N T L B 3 R
b Q* Q*
P 3 P 3
*
n, =1 - o, (a+b) (5.33)
J J

Note that as (5.32) implies, when the firm is on its optimal path
towards the equilibrium, profit rates do not solely depend on
their respective ¢ but also on the speed of convergence (Blj) and

on the relative jump in the target (long run equilibrium) capital

J,
jo
*

J,
J

njt is indirectly affected by the potential efficiency, the ¢ and

stock [ ]. Given the conclusions of section 5.1 this means that

its respective firm specific effect, vj. Imposing the group
uniformity assumption on ¢’s does not imply equal profit rates for
the firms within each group when on the optimal path. However, as

(5.33) demonstrates, the group uniformity assumption implies a
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common long run equilibrium level of profit rate for each group,
towards which all the firms within that group converge through
their corresponding optimal paths.

By dividing (5.31) for firm j by the same relation for fifm 1
- where by definition j is more efficient than 1 in terms of

realized productivity- the following relation is obtained:

2
* 1-b
Q. Q. (6, .t)
L 1) (5.34)
a
Qlt Ql © t)l-b
11
If (5.29) is substituted into (5.34):
a
l—i-b - li;?b «) 1-ab lib
th o v ¢l l+r2ij (Bljt)
B v o, * a
Qe Lo 1 b t1t%219) ©. ¢) 1P
11
a
Q. -f =
jt _ £ £ 1 af 1-b
® . (V) (vjl) (xlj) (rlj) (let) (5.35)
1t
8
*x -
r1+r2.Jl (Gl.t) 1-b
where £, .= 2 — and e'lt= J . Similarly, when the
J r +r,__.J, J Z_
1 721%5 (6. £y 1P
11
firms are in equilibrium:
Q* £
j f ! af
et B AR (N R C S B € (5.36)
Q J J J
1
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By definition the following always hold:

A
(a) Vv = BO >1 for jeA and 1leNA, where V is either equal to
Lo}
A Ao
3 or equal to - in accordance to relations (2.7) and
0-2 o-1

(2.7’) respectively.
(b) V=1 for j, 1 belonging in the same group.

(c) Vv vjl

(d) vjl

> 1 for jeA and 1eNA according to relation (2.9).

> 1 for firms belonging in the same group since by
definition j is more advanced than 1 in terms of realized
productivity.

Additionally, it is assumed that Bj in (5.3) is equal to B, say,
which is uniform for all firms. The implication of this is that

rz's are uniform across all firms in the industry 1like rl’s are.

* * * *

> < < > . i
Then when Jj Jl ’ rlj 1l and when Jj Jl ‘ rlj 1. Using

this assumption two theorems are proved below.

THEOREM 1

A necessary condition for r to be smaller than one is that the

13
equilibrium market share of the more efficient firm will be larger

* *
than the market share of the less efficient firm. (Qj > Ql)

Proof

As a first step both sides in relation (5.29) are raised to

1

the power of =75
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1 = 1 1

@3B [ap (o e gt e T B 1-a-b, (1-a-b) (a+b)
3 17273 0]

(po‘j )

* *
Jj can be expressed in terms of Qj if (5.37) is substituted into

(5.27) :
b
b K o e 1 1
—\| r. +x.J a+b - m— —
* ¥ b, _* a+t
3= [.i-]a bl 1 2 (a_) P53 (5.38)
3 b o) J

* *
The above relation implies that if Jj > Jl' (rlj < 1) then:
2
1 * yatb b *
- Q. - Q
a+b J atb J
> -2
(M, ) ~ (x4 1= o > 1
1 1
where Mjl =V vjl’ o

THEOREM 2

A sufficient (though not necessary) set of conditions for the
equilibrium user cost of a more efficient firm j to be higher than
the equilibrium user cost of a firm 1 inferior to j in temms of

efficiency (i.e. ,<1) is that a+b<1l (f, f1>0) and xlj = 1.

rlj

Proof

Dividing relation (5.27) for firm j by the same relation for

firm 1 we get:
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* l-a-b « 11-b

j r +r2Jj . 1
* R j1 x,,
1 r +r2Jl 13

Since the right hand side of the above relation is larger than one
when xlj = 1, the left hand side also has to be greater than one.

When a+b < 1 this implies that:
* * * *
Jj >J, er. +r Jj >r, +r. . J, &r 3 <1 o

If one wishes to express market share in terms of equilibrium
*
capital stock in efficiency units (Jj) rather that in terms of

*
user cost inclusive of adjustment costs (r1+r Jj), the latter can

2
be substituted for by using (5.12) into (5.29).

b -af af af
1 — — 1-a-b
@) = (v )i “1 @ P71 a[—-"i—]b-1 (a )b-l(o >b—l(J*)af 1-b
3 1’ 3" 75 P b 03 3
bf+ % £ 4 _af [ b-1+a £+ b-f-% a
=(a)af af{ b (D) 1 b-l(A . b-1 (¢.) (J*)l-b=
w i 03’ 3
'1% 1 b a
- - * -
={—]9— p] a )1 P )PP ®
w 0] J J
1 b a
* - - * 1-
Q= () )PP (5.39)
3 2" Vo] J 3

135



b

1-b
where W2=[—%—p] . Consequently relations (5.35) and (5.36)

become respectively:

o _i_ 1 _ b a
it _ 1-b 1-b 1-b, _* 1-b
0 (V) (vjl) (xlj (leejlt) (5.40)
1t
o =t 1 - b _a_
i 1 i-b i-b,_* 1-b
— = (V) (v.l) (xlj) (le) (5.41)
Ql

We are now ready to commence the firm level analysis, with
the purpose of identifying cases for which the ambiguity between

the DEH and the MPH is resolved.
5.2a The long run equilibrium

This subsection examines what happens when firms are in long
run equilibrium. For this purpose relation (5.36) is used. The
analysis commences with the case a+b>1 (f, f1<0). Let 0j<ol
(wj>¢l, xlj>1), i.e the relatively more efficient firm j has a
larger ETIOV than that of firm 1, and JgsJ; (rljZI), i.e. the
equilibrium total user cost of firm j is less than, or equal to,
the equilibrium total user cost of firm 1. Under the above

* *x
circumstances for Qj to be larger than Ql' or in other words for

the DEH to be accepted, it is required that:
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M,
( J

Since the relatively more efficient firm is also the relatively
more collusive one (wj > wl) the MPH is accepted as well. As a
result neither of the two hypotheses is rejected in favour of the
other. Turning now to the case where the relatively more efficient
firm has a relatively smaller equilibrium market share (Q;<QI),

this implies that:

(Mjl) (rlj) < (xlj)

Q

*
2 <1 and 3 >1, this means that even the combination of

Since

Ql ll’.l
higher collusion and higher efficiency does not guarantee a higher
market share. In this last case both the DEH and the MPH are

rejected since the firm which is both 1less collusive and 1less

efficient enjoys a higher market share. Note that via relation

*

(5.33), 17 i.e. the rejection of both

*
x..,>1 implies that muw.>m
13 J
hypotheses happens regardless of the fact that the more efficient
firm is the more profitable one as well. This means that in this
case the firm level of analysis is not adequate for explaining
differences in market shares either in terms of the differential
efficiency hypothesis or in terms of the market power hypothesis.

Therefore, as in chapter 3, it shall be attempted to resolve the

ambiguity using the industry 1level criteria instead. However,
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notice that if Q;>Q;, then both the DEH and the MPH are compatible
with the case of a positive relation between market share and firm
profitability since the relatively more efficient and more
collusive (in terms of ETIOV) firm has a relatively higher market
share and a relatively higher profit rate. In this case the
analysis is also transfered to the industry level, this time not
because the firm level criteria are not adequate for explaining
differences in market share in terms of the two hypotheses, but
because the ambiguity between the two hypotheses can not be
resolved.

If a+b>1, xlj<1 and rljzl then the inequality:

will always hold since (M, )f(r

af 1
<1 >1. i
31 ,) and (xlj) 1. Therefore it

13

* *
is not possible to have Qj>Ql' i.e the DEH is always rejected.
*

Q

Because x_,<1 then wj<wl and since ——%—<1 the MPH is accepted. So

1)
Ql
in this case the ambiguity is resolved: the DEH is rejected and

the MPH is accepted (not rejected).

When r_ .,<1 then one can not determine whether (M )f(rlj)af

13 £

lj) 1. However, according to Theorem 1

jl1
is larger or smaller than (x

* *
when rlj<1 then Qj must be larger than Ql' In other words when

rlj<1’
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Therefore, irrespective of whether a+b is larger or smaller than

one and of whether xlj is smaller, equal or larger than one the

.<1. As before, if x_.,>1 then the

DEH is always accepted when rlJ 13

., <1 then the MPH is rejected since

MPH is also accepted while if xlj

the more collusive firm has a lower market share. So when rlj<1

and x1j<1’ the ambiguity is resolved in favour of the DEH at the
firm level.

.21 - for the same reasons as

For a+b<1 (f,f1>0) and xlj>l, rlJ

* *
in the case of a+b>1, x1j>1 and rlj21 - when Qj>Ql both hypotheses

* *
are accepted while when Qj<Ql both are rejected. On the other

hand, as it is implied by Theorem 2, the combination a+b<l, rljzl

.<1 then

and x,.=<1 is impossible. Moreover, given Theorem 1 when rlj

13
if x1j>1 both the DEH and the MPH are accepted, while if xlj<1 MPH
is rejected and the DEH is accepted.

To summarize, the firm level conclusions are as in the table

on the following page.
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LONG RUN EQUILIBRIUM.

Resolving the ambiguity between MPH and DEH at the firm level

at+b > 1

xlj>1 Either both the DEH and the MPH are ac-
. =21 cepted or both are rejected.

13"

xlj<1 DEH rejected, MPH accepted. Ambiguity

c =1 resolved at the firm level. +

13
x,.>1

13 Both the MPH and the DEH are accepted.

<
rlj 1
xlj<1 DEH accepted, MPH rejected. Ambiguity
rlj<1 resolved at the firm level. +
atb < 1

xlj>1 Either both the DEH and the MPH are acc-
r. .21 epted or both are rejected.

13
x..,>1

15 Both the MPH and the DEH are accepted.

<1

rl]
xlj<1 DEH accepted, MPH rejected. Ambiguity
r1j<1 resolved at the firm level. +
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To summarize, at the firm level and when in 1long run
equilibrium, when the more efficient firms are the more profitable
ones, it is better to focus the analysis at the industry level.
When the more efficient firms are the less profitable ones (xlj<1)
then the ambiguity is resolved and the intuition behind the
results goes as follows: If a+b<l, the firms that enjoy no cost
advantage are relatively more collusive (as it is reflected in
their profitability) but have no interest to use oligopolistic
practices to obtain a higher market share since average costs are
an increasing function of size. Consequently, the optimum long run
level of both the investment in full efficiency units and the
output is relatively smaller for the laggard firms. On the other
hand the more efficient firms can afford to have a higher long run
profit maximising level of investment and output since although
atb<l they have the relative advantage of superior productivity.
For a+b>1, let us start with the laggard firm making sure that it
gains via its ©oligopolistic practices a greater long run
equilibrium level of investment and market share and therefore the
DEH is rejected while the MPH is accepted. If an innovation takes
place, then as it was proved the Jjump in potential productivity
always has a positive impact on the long run equilibrium level of

investment. Then, as relation (5.41) implies, an increase in V
*

Q.
will affect positively the ratio J , both directly and

*
Ql

*
indirectly (through the increase in J,

Jl). If the gap between Ao

*
and A.o_1 is sufficiently enlarged so as to make Jj(Ao) larger than

* * *
Jl(AOJ) and Qj larger that Ql then the model will come to reject
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* *
the MPH in favour of the DEH. So, as long as rljsl and Qj<Ql’ the

*
larger the long run equilibrium gap in efficiency is, the more Jj
*

*
1 and Ql respectively. If finally the

*
and Qj will approach J
efficient firm overcomes the laggard in terms of their respective

* * *
J ’s then by Theorem 1 since r. ,<1, Qj is larger that Ql and

13

therefore the DEH is accepted while the MPH is rejected.
5.2b The cptimal path towards the long run equilibrium.

It shall be assumed that to-1' the time that elapses after
innovation m+l (o=m+l) has occured in group A and before
innovation m (0-1=m) becomes available to all the firms in group
NA (that is before a jump in BO takes place), is of a sufficient
magnitude so that by the time it is over all firms in group A
will have approximatelly reached their equilibrium values, i.e.
for all jea, exp(—Bljto_l)EO and if this is combined with (5.16)

it means that

*
th = Jj (Ao) Vjea for t =t

. . o o )
Moreover it is assumed that To—l (1:0_1>to_1), the time gap between

two innovations, is sufficiently lengthy so that when the time
interval ‘rg l—t01 is over, all firms in group NA will have

approximatelly reached their equilibrium values, i.e. for 1eNA

exp[—Bll(Tg_l—to_l)JEO. Combining this with (5.16) means that
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*
Jlt = Jl(Ab-l) V1eNA for t = To-l_to-l
The above two relations imply that either the firms in group A or
the firms in group NA will be on the optimal path towards the
equilibrium but newver both groups simultaneously. More simply,

when a jump in Ab takes place (from A.o to Ao say) the firms in

+1
group NA have already approximately reached their equilibrium
values (the convergence process in group NA is over and has just
only started in group A) and when a jump in B0 takes place (from
Ao-z to Ao) the firms in group A have already approximately
reached their equilibrium values (the convergence process for the
firms in group A is over).

Taking into account the above assumptions, it shall be
examined whether the conclusions of the cases where the ambiguity
was resolved in the long run equilibrium still hold when the firm
is on the optimal path towards the long run equilibrium,

Starting with the cases where a+b>1 and x,,<1, let us assume

13

that two firms 3j and 1 (jeA and 1eNA) start from a former

* * * *
equilibrium position for which say Jj(Ao)le(Ao- (r,.=1, QjSQl)

1) 13
and then a jump occurs in the potential productivity of group A
h th * * 1 *>o" h
> < > .
from Ao to Ao+l such that Jj(Aou) Jl(Aoq) (rlj ’ Qj Ql) Then
as firm j starts to converge towards its new equilibrium positions
*
there will be a particular point in time, say t , after which its
optimal capital stock (th) and output (th) will become larger

that the firm’s 1 corresponding equilibrium capital stock

* *
(Jl(Ao_l))and output ((Ql(Ab-l))' In other words,
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=< <
th Ql when t t
and
* h *
=
th > Ql when t t

Therefore while the new equilibrium conditions entail that the DEH

should be accepted and the MPH rejected (since a+b>1 , xlj<1 and
*
rlj<1) we see that for as long as t<t the correct decision is to

reject the DEH and accept the MPH instead.

Let us now assume that potential productivity Jjumps from Ab 1

to A0 in group NA. By the time this innovation becomes available
in group NA the convergence process 1is over in group A. If

* * * * *
< z < i i
Jj(Ao+1) Jl(Ab) (rlj 1, Qj Ql) then there will be some time t

that will have to elapse before the firm’s 1 optimal capital stock

(J, ) and optimal output (Q, ) become equal to, or larger than,

1t 1t

*
the equilibrium capital stock (Jj(Ao+1)) and equilibrium output

*
(Qj(Aou)) of firm j. In other words,

* h *
> <
Qj Qlt when t t
and
* h *
=< =
Qj Qlt when t t

Therefore while the new equilibrium conditions entail that the DEH

should be rejected and the MPH accepted we see that for as long as
*

t<t the correct decision is to accept the DEH and reject the MPH

instead.
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To conclude for a+b>1 and xlj<1 the ambiguity between the two

hypotheses is still resolved but it is possible that at the early
stages of the convergence process the criteria for resolving the

*
ambiguity may have to be reverse of what the criteria for tzt are.
A

* o, . . )
Note that t is an inverse function of —5 and the Bl’s.
o

Obviously, such a situation can not arise for the combination
of a+b<l and xlj<1 since as it is implied from Theorem 2 rlj is in

this case always smaller than one. In other words when a+b<l and

*
xlj<1 there is no equilibrium state for which Jj will be smaller

*

than (or equal to) Jl

As a conclusion to the firm level analysis, the main result
is that, as in the case of no adjustment costs, a necessary and
sufficient condition for the ambiguity between the two hypotheses
to be resolved at the firm level is that x1j<1' However caution in
interpreting the results should be exercised since in the case
where a+b>1, x1j<1 one may at the initial stages of the
convergence process reject the correct hypothesis and accept the

false hypothesis. A summary of all possible combinations and their

respective conclusions 1is given by the table on the following

pages.
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THE OPTIMAL PATH TOWARDS THE LONG RUN EQUILIBRIUM

Resolving the ambiguity between MPH and DEH at the firm level

atb > 1

xlj>1 Either both the MPH and the DEH are acce
* .
. ,Zl,tét epted or both are rejected.
1j >
xlj<1 DEH rejected, MPH accepted. Ambiguity
*
r;4¥liezt resolved at the firm level. +
xl,<1 Either the DEH rejected and the MPH acce
J N pted or the MPH rejected and the DEH acc
z1,t< .
rlj 1,t<t epted +
x..”1
13 * Both the MPH and the DEH are accepted.
rlj<1,tzt
xlj>1 Either both the DEH and the MPH are acc
*
rlj<1’t<t epted or both are rejected.
xlj<1 DEH accepted, MPH rejected. Ambiguity re
*
rlj<1,t2t solved at the firm level. +
% <1 Either the DEH accepted and the MPH reije
13 cted or the MPH accepted and the DEH rej
* ected.
rlj<1't<t +
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at+bh < 1

xlj>1 Either both the MPH and the DEH are acce
. .zl,t;t* pted or both are rejected.
13 >
x.,.>1 :
13 N Both the MPH and the DEH are accepted.
rlj<1,t2t
xlj>1 Either both the MPH and the DEH are acce
" .
r. .<1,t<t pted or both are rejected.
13
xlj<1 DEH accepted, MPH rejected. Ambiguity
*
r..<1,t=t resolved at the firm level. T
13 >
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5.3 Industry level hxpotheses discrimination analysis in a state

of long run equilibrium

In this section it shall be attempted to resolve the
equilibrium state cases for which the ambiguity was not resolved
at the firm level of analysis. The reader is reminded that the
criteria for accepting the DEH at the industry level of analysis
is whether an increase in the gap in potential productivity will
have a positive impact on the level of concentration. As for the
MPH, this is to beraccepted if a further relative increase in the
ETIOV of the group which already had a higher ETIOV results in an
increase in the level of concentration.

For applying these rules it is first necessary to establish a
relationship between concentration and the firm specific variables
included on the right hand side of relation (5.29). Squaring

(5.29) it is derived that:

2f -2af
* 2 2 2f 1 *
(Qj) = (Wl) (Aoj) (Gj) [r1+r2Jj] (5.42)
Equivalently, squaring (5.39) gives:

2 2b 2a

*x 2 2 1-b 1-b,_* 1-b
. = (¥ A, o, J, 5.43
(QJ) ( 2) ( 03) ( J) ( ]) ( )
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Moreover, summing (5.29) over all firms and then squaring:

N 2- 2 £ f1 ) —af 2
ZQj = (%) E(Aoj) (0j) [r1+r2Jj] (5.44)

Similarly, the summation of (5.39) over all firms and the

subsequent squaring of the deduced relation gives:

N 2 1 b a 2

* 2 1-b 1-b,_* 1-b
1= A . : . .4
XQJ (¥,) L ( oJ) (03) (JJ) (5.45)

Summing (5.42) over all the firms in the industry and then

dividing the result with (5.44) yields the following expression

for the Herfindahl index of concentration:

N

N 2f -2af
* £ *
. TEn? T 03 ) T +r,ay
j 03 3 177295
B = e P S~ (5.46)
[Z(Qj)J N £ £ . —af
D(Gyy) (@) (x+rd)

Alternatively, summing (5.43) over all the firms in the industry

and then dividing the result by (5.45) yields the following

Herfindahl index of concentration:

N N 2 2b 2a
* 1- 1~ LA
N Z(Q.)2 L(G,.) Pogt ™™
H = 2 = 2 2 ) (5.47)
[Z(Q'>]2 N llb lbb * lab ’
J - - -
Z(GOJ) (0" 73,
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Imposing the same general assumption as in the no adjustment

. NA A .
costs model of group uniform ¢’'s (¢ =x0 ) then such an assumption
will still imply equal profits within each group if firms are in a
stationary state. By incorporating the group wuniformity of
profitability into relation (5.33) the industry weighted average

of profitability is equal to:

*n A *NA NA

* n * 14 *
M= — E(Qj>+ - Z(Ql) ®(5.48)
Q j Q 1
*A *NA
n*= 1- 0A(a+b) Q* + o < X ©(5.48")
Q Q

* *
n = 1- 0‘A(a+b)x1

*NA , . \ *
where n is the uniform profit rate for group NA, ® A the

-2af]

*NA
*A 1-n
uniform profit rate of group A, x,= —(1-x) +x and x= —
Q -
Using the group wuniformity assumption, (5.46) may be
rewritten as:
2f A NA
A 1 2f 2f * -2af A 2f 2f 2f *
+
H*_(v ) @) Z[(vj) (z)+r,d,) ]+(x0 )TTBOTL [(vl) (r +r,J,)

£ A £ NA

)f

2

A 1 f f * —af A 1 f * —-af
() “(a) Z[(vj) (r1+r2Jj) ] + (xo) T(B Y [(vl) (r +r,J,) ]
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-2f

(5.49)

1+ (x) (V)ZfC1
eH = £ . 12 €3
[1+ (x) (V) c2]
where:
AV
2f * -2af
)X (vj) (r1+r2Jj) ]
C =
1 NA
2f * —2af
kal) (r,+r,d,) ]
af
£ * -af
Y (vj) (r1+r2Jj) J
C =
2 NA
f * —-af
ZL(vl) (r,+r,J,) ]
NA
2f * -2af
Y (V)" (r +r,3))
C =
’ N§ (v ) T4 g~ 2F ’
vy ETEY)
and
A NA
2f * -2af f * -af
Z[(vj) (r1+r2Jj) ] Z[(vl) (r +r,J,) ]
C =
4 A NA
£ * —-af 2f * -2af
) (vj) (r1+r2Jj) ] Z[(vl) (r,+r,3,) ]
Equivalently, (5.47) becomes:
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where:

and

Both the parameters of relation

_ 2b 2
I-p 1I-K /
. o PwiPe
H = C
_ b I 42 73
1-b 15 ‘
1+ (x) (V) C2
A( 2 2a \
l1-b,_* 1-b
v, (J.)
‘ L J) J
‘17 oy 2 Za
7| (v )1—b(J*)1-b
1 1
\ J
1 a
af — =
l-b _* 1-
(v.) (J.)
‘ z J J
C =
2 NA( 1 a
(v )l—b(J*)l-b
Lf (v, 1
\ J
{ 2 2a 3\
Ng (v )1-b(J*)1-b
, 1 1
C =
3 ( 1 a 2
N% (v )l-b(J*)l—b}
1 1
\ P
2 2a y 1 a
af - l NA — =
1-b 6 _* 1-b l1-b,_* 1-b
, )X (vj) (Jj) Y (vl) (Jl)
4 = ’ 1 a \ 7 2 2a 3\
A — —) NA — =
1-b, _* 1-b l1-b, _* 1-b
) (vj) (Jj) r| ) (3,
\ ), \ J
(5.50)

(5.50)

as well as the parameters

*
of relation (5.49), are in a ’'non reduced’ form since neither Jj

*
nor r1+r2Jj

are exogenous as

(5.12)
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have been assumed uniform within each group, differences in
capital in full efficiency units within each group are
attributable solely to the different values of v’s as an
inspection of (5.12) clearly demonstrates. Differences in the J*’s
between firms belonging in different groups are attributable not
only to the firm specific variable v but also to the group
specific variables, namely potential productivity and the ETIOV of
each group. Therefore, any attempt to calculate the change in H*
induced by a change in either V or x should account for the fact
that, unlike the model of adjustment costs, the parameters are a
function of these two variables.

Assume for simplicity that Bo and GNA are constant. Using
(5.50) the partial derivative of H* with respect to the gap in

potential productivity is:

2, _ .2 b 1 )
* 2 1-b 1-b ’ ' " 1-b.1-b '
8H _ =W x clc3[1+ x v c2] \
av B 1?b ib ‘
1+ (x) V) c,
’ 2b 2
o, ¢ ) TPy TP -2 _%B 12
av_ "3 [1+ (x) (V) cz]
¥ b 1 44
% ¢
1+ (x) Pt b02
_ 2b 2 _ b 1 1, b
1-b,. . 1-b ‘1.° 1o, 1-b ‘] 1 1-b " I
[1+ (x) (V) 01]032[1+ (x) (V) CZ]I:B(V) (x)
B b 1 4
1+ (x) (V)l'bc2
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_2b 2 b 1 o 1 b
16 ..1-b ‘1.°.T - 1-b _‘1°~2 i-b, . 1-b
[1+ (x) (V) 01]032 -1+ (x) (V) CZ_W (V) (x)
B - _ b Y
= Iix
1+ (x) TPt bc2
a *
For T: to be positive it is required that:
_2b 2, _ 3b 3,
1 I-b . 1-b 1 b 1B
275 C,C4(x) (V) + 275 C,C,Co(x) (V) +
‘ 2b 2 ’ 3b 3
ac. , - = = ac - —
1-b .. 1-b 1 ! 1-b .. 1-b
+ —g— Cy(x) (V) + =5 C,Cq(x) (V)
_ b 1, _3b 3
1 ! 1-b b 1 i-b,._ . 1-b
- 275 C,Ca(x) (V) - 279 C,C,Cy(x) (V) +
‘ b 1 ‘ 3b 3
ac, , - — ac =
1-b b 2 ! 1-b,._ 1-b
2= Co(x) (V) - 2—5- C.Ca(x) (V) =
_ b 1, _ b 1
1 1-b,_. 1 ‘ 1 > '
2755 (%) (V) [Cl(x) (V) -c2] +
’ !
-2 lib ac - I?b ib ac,
+ (%) (V) [6v (x) (V) -2 av] +
3b 3 ’ ’
+ ) 1Py, TD %4 c. -2 e c | > o °
v 2 v 1
b 1 , b 1 ’
- — ac - ac
1 [’ 1-b 1-b _‘ 1 1-b . 1-b 2
2I:E[c1(x) (V) -02] + Vv [ o (%) (V) -2 —o ]
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- +1 ac ac
1-b 1-b 1 2/
+ (x) (V) [—aT C2 - 2—a—v— Cl] >0 (5.51)
Moreover,we have that:
- 2 2a
— — aJ
’ , 2a 1-b _* 1-b, 6 _* -1 3
e, ey e Uy Uy Uy
v ETW By = al 2 2a B (5.52)
T w)tPehHt™®
1 1
*
ag,
Since ETY > 0 (section 5.1) and b<l (since 1l-a-b-(b-1) =
o s
6C1
2(l1-b)-a > 0), v is positive. It is easily demonstrated that
’
ac N
the same applies for 3V The partial derivative of H with
respect to x is:
2b -1 2 _ b 1 2
* 2b 1-b 1-b 1-b 1-b
8H _ - -ﬁ(x) (V) ClC3 [1+ (x) (V) CZ] N
ax - 1 4
I b b !
[1+ (x) 1 b(V)1 bcz]
! 2b 2
oc - — b 1
1 1-b, . 1-b - — = ,q2
3 C3 = (V) [1+ x) 1Pyt bC2'|
_ b 1 4 ot
1-b b !
[1+ (x) 1 b(V)1 bcz]
_ _2b 2 _ b 1 _ b -1 1
5, 16, T, 1-5.'] b b o ./
[1+ (x) (v) 01]032[1+ (x) (V) CZ]T:B(X) (M) C2
- 1?b lib s
[1+ (x) (V) CZ]
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_2b 2 b 1 ac. 1 b
16, 1-b ‘']’ " 1Ib.. 1b’ 2 Ib, . 1-b
[1+ (x) (V) C1]°32[1+ (x) (V) c2] 5 (V) (x)
- b 1
- 4
- ’
[1+ (x) 1-b gyt bc2 ]

For —gg to be positive it is required that:

2 __ %, _ 3% _, 3
b .’ 1-b 1-b b 1-b 1-b
&y - 122 lfb 8y 0 - 13b fb
+ —5 C4tx) (V) + —55 C,Cqx) (V)
b 1 _ 3%, 3
b ‘. 1-b b 1-b 1-b
&, . - 1b 1ib C, + 4 - 13b fb
- 2= Ca(x) (V) - 2= C.Cy(x) (V) =
b _, 1 b 1
2b 1-b 1-b[ ' .~ 1I-b i1-b '/
= - 1_b(x) (v) [Cl (%) V) —c2] +
b 1 ! b 1 !
- — —— . 8C - = — &c
+ ) TPwtP [ T B A R 2] ¥
b4 ax
3b 3 ‘ ’
- = ac ac
1-b, . 1-b 1! 2 !
+ (x) (V) [ 3 C2 ZT Cl] >0 &
b 1 ’ b 1 ’
- — = ac -— = ac
b [.’ 1 i-b '’ 1-b, . 1-b 2
- Zﬁ[cl (x) (V) -CZ] + x [ 5= (x) (V) -2 3% ]
' '
- T%E +1 12b ac, ac,
+ (x) (V) [T C2 - 2'6— Cl] >0 (5.53)
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Moreover,

’ ’ 0NA y
ac1 - aCl 8[ b4 ] -1 NA ac1 _
6x aoA ax x2 8o
- 2 2a *
A — — a7
2a 1-b,_* 1-b, _* -1 j
) U IR C A R i) 2
1-b 3 3 j A
o 1 NA
- o (5.54)
Nal 1 . x2
v ()PP
1 1
4 *
ac aJ,
The above relation implies that x is negative since A is
’ a0
6C2
positive. In the same way, it can be shown that m is negative.
Using (5.21) it can be easily demonstrated that:
* *
6Jj 6Jj A
ETY AO= o (5.55)
0 do

The above combined with (5.52) and (5.54) means that:

o, ', )
3A A A
o o] dc
’ Y '
o % 4 a %y o o
3A v B A 0x NA ®
° o o P
rs Y
3C1 v - 3C1 )
év 8x

Equivalently:
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ac ac
av T T TEx

Substituting the above relations into inequality (5.53) gives:

b 1 ‘ b 1 ’
-2 L sc. -2 1 &
b ! 1-b 1-b ‘ 1l 1-b 1-b 2
- z'l__"b'[cl (x) (v) 'CZ] = V['—a‘T(x) (V) "2—6T,—]
’ ’
- (%) (V) [_3V— C2 - Z—aT Cl] >0 (5.56)

Comparing (5.56) to (5.51), the following conclusions are easily

1 b

’ — -
derived: if C4(V)1 b>(x)1 b then given that
*

* *

is negative,

OH 8H
ox av
is positive and given that is negative,

1 b

0H |, o
3= is positive. If

* *

6H
av

’ — -
C (V)1 b<(x)1 b then given that o8
4 . av

is positive,

o1 is negative
ox g

o is positive _éﬁ_ is negative
ox p rooav g '

As before, a positive

and given that

8H , , .
v is interpreted as a non-rejection

oH 8H
av 8x

and x 2 1 a positive sign implies that a relative increase in the

of the DEH and a negative as a rejection of the DEH. For
ETIOV of group A (and consequently an increase in x) which already
has an equal or relatively higher ETIOV (and, by definition, an
equal or higher profit rate) than group NA, increases
concentration. Since an increase in x translates as an increase in
the divergence of the ETIOV’s, then if this increase causes an
increase in H*, the MPH is to be accepted. On the other hand, if

this increase in the divergence of the ETIOV’s causes a decrease
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in H* then the MPH is to be rejected. When x<1, then a positive
sign denotes that an increase in the ETIOV of group A, which is
the group with the relatively smaller ETIOV (and by definition the
group with the relatively 1lower profitability) will result to
an increase in concentration which is a contradiction to the MPH.
More simply, since an increase in x translates as a convergence
between the ETIOV’s of the two groups, then if a decrease in the
difference in the magnitudes of the two ETIOV’s results to an
increase in H, the MPH is to be rejected. On the other hand, if
this decrease causes a decrease in H* the MPH is to be accepted.
The above interpretations can now be applied to the industry

1 b

, —_ —
1~ -
level results. Consequently, if one sets A = C4 ) b—(x)lk’)

then the following results hold:

a)reject DEH, accept MPH
1) x> 1, A > 0: b)accept DEH, reject MPH MPH U DEH
c)accept DEH, accept MPH

In other words, in this case at least one hypothesis is accepted,
i.e. the unshaded area (MPHc N DEHC) is not possible as diagram la

depicts.

a)reject DEH, accept MPH c c
2) x > 1, A < 0: b)accept DEH, reject MPH $ MPH U DEH
c)reject DEH, reject MPH

In this case at least one hypothesis is rejected, i.e. the

unshaded area (MPH [ DEH) 1is not possible as diagram 1b
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demonstrates.

a)accept DEH, accept MPH c
3) x 1, A > 0: blaccept DEH, reject MpH § MPH U DEH
c)reject DEH, reject MPH

In this case if DEH is rejected (MPH accepted) = MPH is rejected
(DEH is accepted). MPH DEHC, the unshaded area in diagram 1lc, is

not possible.

a)accept DEH, accept MPH c
4) x S 1, A < 0: b)accept MPH, reject DEH $ MPH U DEH
c)reject DEH, reject MPH

In this case when MPH is rejected (DEH is accepted) = DEH is
rejected (MPH is accepted). What is not possible is MPHC () DEH,
which is the unshaded area in diagram 1d.

Note that the impossible areas of each case add up to all the
possibilities, i.e. (MPHCnDEHC) + (MPHMDEH) + (MPHnDEHC) + (MPchDEH) =Q.
If the above industry conclusions are compared to the industry
conclusions of the no adjustment costs model it is seen that the
range of possibilities of the former are unfortunately wider. 1In
particular, for the no adjustment costs model in cases 1 and 2
only choices a and b are possible, while for cases 3 and 4 only
choices a and c are possible. The next section examines whether
the possibilities can be narrowed down by deriving a reduced form
expression for H*. In order to do this, one should try to

*
approximate the solution of (5.12) for J .
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5.4 Estimation possibilities for the equilibrium state; an

approximation.

*
As it was proved in section 5.1, each Jj’ jeA, 1is an

*
increasing function of Ab' oA and Uj and each J

17 leNA, an

increasing function of Bo' 0NA and v,. Let us re-write rlj in the

following form:

+r.3 L4t
Ty ted; 285 91

£ — - S (5.57)
r +r2Jj zﬁ +Jj

If it is assumed that ¢ is small as compared to the parameter in
the adjustment costs function times twice the depreciation rate,

then as an approximation 0. As a result,

S
2R3

*

(&)
b~

IR

rlj (5.58)

[
(WP

The approximation %0 implies that (5.12) can be explicitly

=
283

*
solved for Jj' In particular, (5.12) may be rewritten as:

1-b

1 _ b l-a-b-(b-1)

- a w 1-b
I3 = | P3R5 [T] [T] ¢

2
1
I-a-b- (b-1)
. a \17P( L \b

Jj = (pO‘jAoj) [TZ] [T] (5.59)
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’

’
and C, can be expressed

Relation (5.59) implies that parameters C1 2

as functions of V, x and the sum of the firm specific deviations

7

3

only depends on the firm specific deviations since Bo and GNA

from the potential maximum efficiency of each group. (Parameter C

cancel out from the nominator and the denominator.) More

specifically, these parameters can be rewritten as:

A
e uM,) 2
,  2g, ~-2g ~LoXPL(M)27] 29, -2g,
C1 =(V) (x) WA = gé(V) (x) (5.60a)
Yexpl(w¥,)27 ]
A
, g -9, Texpl(w))7,] g -9
C2 =(V) (x) NA = gs(V) (x) (5.60Db)
Yexp[ (w4 )7,]
NA
) ngp[(UMl)qu]
C3 iy > (5.60c)
[ZeXP[(le)74]]
-1 ag, 1 1+agé
where 92 = [l-a-b-(b-1)] >0, gi= <5 74=g1+ 1B = 15

Obviously since g, is always positive (corrolary 1) then this
implies that b has to be always less than one. Consequently, g,
and ¥, are also always positive. Substituting (5.60a)-(5.60c) into
(5.50) and adding a multiplicative disturbance term, the

regression for industry i is of the form:
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1+ 9 X 5%
* lit it
it ¥, .12 LEYRUYS (5.61)
[1 + 72itx‘t ]
274 ¥ ‘

where 71=g3V ' 72=g5V 4, 73=C3, 75=74—1= 113b +gl>0. Similarly
to regression (3.29) in section 3.4, all these parameters vary
between different industries and additionally 71 and 72 will vary
from time to time as discrete jumps in innovations alter the
magnitude of the gap in potential productivity, V. Therefore data
that are capable of accounting for these occasional jumps are

required. Also panel data information on major innovations are

*NA
required for calculating the ratio x= LE;A—. (For the
1-m

availability and effectiveness of such data refer to section 3.4.)

Estimates of the parameters 71, 72, 73 and 75 can be derived
either by running regression (5.61) assuming that 7, and ¥, are
fixed and time invariant parameters or by regarding these two as
random parameters with means 711 and 721 respectively. In this
second case if one defines 811:=711t-711 and €21t=71it-721 then an

alternative to (5.61) is the model

= 731 (5.62)

From then on the procedure for estimating the parameters in (5.62)
is 1identical to the procedure followed for estimating the
parameters in (3.30) as described in section 3.4.

Since 9,0 9, and ¥, are all independent of V and x and
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75=74-1, when differentiating H* with respect to V and x one can
use the conclusions for the no adjustment costs model (table 1,
section 3.3). In particular, 75 takes the place of f1 and 74 the
place of f£. Therefore since b<1l (74,75>0), this corresponds to the
case of a+b<l (f,f1>0). As a result, when x21 one can determine
whether the MPH is to be rejected and the DEH accepted or vice

versa by using the industry level conclusions of section 3.3. More

*
specifically, when —g%- is positive and gi is negative
(£ Y 9, 7, LA
( >(x) Te——(V) >(x) ) the MPH is rejected and the DEH is
7, g i
. OH . OH ‘e
accepted, while when v is negative and an positive (

g 7, Y

-—3—(V) <(x) 5) the DEH is rejected and the MPH is accepted. This

s

significantly narrows down the number of possible cases since the
only possibilities for xZ1 is the intersection of cases 1 and 2 as
derived from the model in its structural form, i.e. (MPHUDEH) N
(MPHc U DEHC), which means that the two hypotheses are mutually
exclusive when xZl1 at the industry level of analysis. On the other
hand, when x<1, if one takes into account relation (5.58) and
divides relation (5.59) for a firm j, jeA, by relation (5.59) for

a firm 1, 1leNA, it is deduced that:

r.. = |M. ) T(x,.) (5.63)

Relation (5.63) implies that when xlj<1ar1j<1. This means that

when xlj<1’ the case from the table in section 5.2a that
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corresponds to it is the combination a+b<l, xlj<1 and rlj<1' For
this case the DEH is accepted and the MPH rejected. As a result,
when x is calculated by the data to be less than one, it is not
necessary to run the regression since it can be concluded before
hand (from the firm level conclusions) that the DEH is accepted
and the MPH rejected. The fact that unlike the no adjustment costs
model, in the long run equilibrium of this model the rejection of
the MPH and acceptance of the DEH is the only possibility when
*a *NA \ . :
M <m , is due to the convergence restriction as expressed in
corollary 1 which implies that g, is always positive. This makes
* . . . A NA
Jj an increasing function of Ao (or Bo), o (or ¢ ) and vj
irrespective of whether a+b<l or at+b>1l. It also means that 74 and
¥, are always positive. This contrasts with the fact that in
regressions (3.29) and (3.30) f1 could be either positive or

negative. In relations (5.61) and (5.62) ¥ takes the place of f1
and therefore the case of rejecting the DEH and accepting the MPH

when a+b>l, x j<1 and r._ .=l is ruled out both because 75 is always

1 19

,<1 and r, .21l is no

positive and also because the combination of xlj 13

longer possible. Threfore the possibility of rejecting the DEH in
favour of the MPH when x<1 has to be ruled out in the long run
equilibrium state of the capital adjustment costs model.

Let us summarise the conclusions as far as the ambiguity
between the two hypotheses is concerned, when the approximation
(5.58) is accepted. When the ETIOV of group A is smaller than the
ETIOV of group NA (and consequently the equilibrium profits of the

former are smaller than those of the latter) then the firms that
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enjoy no cost advantage have no interest to use their
oligopolistic practices for obtaining a higher market share. On
the contrary, their behaviour is output restrictive since they
know that this is the only way to keep their average and marginal
costs low. On the other hand, although the static returns to scale
are adverse, the firms in group A can afford a relatively higher
market share since their superior productivity compensates for
this adversity. As a result, the differential efficiency
hypothesis 1is accepted and the market power hypothesis is
rejected. When x21, then if the gap in efficiency is sufficiently

large and/or the gap in ¢'s (as given by x) sufficiently small for

9, 7, 4

— (V) to be larger than (x) 3 then the MPH is rejected in

s

favour of the DEH. Else, if the gap in efficiency is sufficiently
95 7,

small and the gap in o¢'s sufficiently large for (V) to be

s

(4
smaller than (x) 3 then the DEH is rejected in favour of the MPH.

As a final point it is interesting to examine whether the
possibility of a negative relationship between equilibrium market
share and equilibrium firm profitability can also be a possibility
at the industry level, reflected by a negat;ve relation between n*
and H*. In order to do this, one has to first calculate relation

*
on
ox

by utilising relation (5.48) while it is assumed for

. s *NA NA &,
simplicity that =w (and therefore ¢ ) is constant:

on _ Om
9x *p
T
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= (1- n ) — 1 " " &
X 0 o ® on’ ®

*A
8 Q
8 * 1 *A *A  *NA Q*

LI (- o™ |2+ @ ™ (5.64)

8x 2 * *a

X Q on
6 *
As relation (3.28) reveals the sign of 6: depends on x since

*a  XNA *A __*NA -
when x21, mw =zm , whereas when x<1, m® <t . Combining (5.59)

with (5.39) gives:

1

2b l-a-b-(b-1)

* +
] | (Aoj)2<poA>a 2b (5.65)

Since, ceteris paribus, an increase in X means a relative increase

*
in the ETIOV of group A, which in turn means an increase in mw °,

*A
o[-2]
Q

6n*A

(5.65) implies that is always negative irrespective of

*

on . ,
whether a+b<l or a+b>1. As a result, I is going to be negative

*A
* *A
*Na 0 LQ

*
only when x¥1 and | (m A-u )

3n*A Q*

* *

Co s . co H .
If it is possible to have —52— positive when _gE— is negative

and vice versa, then obviously this implies a negative

* *
relationship between H and mw . Looking at the conditions which

determine gi (as derived from the reduced form relation (5.61)),
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this is clearly possible. For example, when x<1 then (V) is
g
L 5 on"
always going to be larger that (x) and therefore 3% is

*

negative while g: can only be positive. More generally, the sign
of the relationship between H* and n* adds nothing to the task of
resolving the ambiguity between the market power hypothesis and
the differential efficiency hypothesis. This quality carries over
from the firm 1level of analysis, where the sign of the
relationship between equilibrium market share and equilibrium

profitability at the firm 1level revealed nothing about which

hypothesis (if any) is at work.

5.5 Industry level hypotheses discrimination analysis; the optimal

path towards the long run equilibrium

Using (5.31) in combination with (5.39), if the same
procedure for obtaining (5.49) and (5.50) is followed, the
following expression for Ht, the Herfindahl index on the optimal

path, is deduced:

2 2
o TP
He = ~ b 1 2 P3e (5.66)
16, 1-b_’
1+ (x) (V) D2t




where:

2 2a A (' UM, ) 1
A —_— — ) 2a
- * - ——
) Z[(v.)l b(J. o . )1 b Yexp +1n (3, ) (75
D. = J 1t - (5.67a)
1t NA 2 2a NA UM 2a :
1-b, _* 1-b ):exp +1ln(J.. ) T
z[(ul) (3, 0, | 1t J1 b-
A 1 a A [ ( vMJ a W
— o
, E[(vj)l @ 0,0 Texp *Hnds) (15
Doy = A 1 a  NA oM . (5.67b)
1-b _* 1- Yexp +1n(J, ) |+
Z[(vl) (3, 6,4, _ | 1t J1 b-
2 2a NA [ um ]
NA — 2a
- * - —
, Z[(vl)l b(Jl 9111:’1 b Yexp tnld) ) 35
D3 = - 1 a ]z [Na v, I (5.67¢)
1-b _* 1-b Yexp +1n(J, ) |=—
Z[(vl) (3, 6,,) _ _ a 1t |1 b-

Notice that the parameters are a continuous function of time

through the inclusion of the capital (in full efficiency units) on

J
. %4 _ jo _ .
the optimal path, th Jj[l exp ( Bljt)+ < exp ( Bljt) . In this

J.,
J
section the sign of the impact of an unexpected jump in V or x is
. . . . . A .
going to be determined. For variety, this time AO and ¢ are going

to be assumed constant. The following two theorems hold for a firm

on the unique convergent optimal path:

THEOREM 3

For all 1eNA,

01 % A

3B o NA
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Proof

Taking the partial derivative with respect to Bo on both sides of

relation (5.16) we have:

*
aJ aJ 8B
1t 11 *
= (l-exp(-Bllt))+ —————texp(-Bllt)(Jl- J

aBo 380 aeo

) (5.68)

10

From (5.21) and (5.22) it is derived respectively that:

* *
ﬁ_ B = .ij_'.l__. @NA (5 69)
8B o NA '
do
By .. %u om 5.70)
6B o NA :
0 8o

Substituting (5.69) and (5.70) into (5.68) we get that:

ag aJ
1t 1t NA
B %" T ° (5.71)@
o} oo
THEOREM 4
7 7
8D3t "o 6D3t .
av ax
Proof

Taking into account Theorem 3 and differentiating both sides of

(5.67c) with respect to V the following is derived:
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, 2a 1-b 1-b -1 %“i1¢
a0, A, 5 L |V W) W) T
v (V)2 NA 1 a 2
5] v 1B ;* o ,I°B
1 1711t
2 2a a
NA NA aJ
2a 1-b 1-b 1i- 1- -1 %1t
pr) [(vl) (J,.) r [(vl) o e o A T ]
- 1 a 3 =
Ng w)T P g 1D
1 1 711t
2 2a
2a gA w) Py )I:E(J -1 91
A NA 1-b 1 1t 1t NA
=l- ° 8o
(V)2 Bo NA a 2
vw)t™®w@le, )P
1 1 711t
2 2a a
2a_ o\ 7B TR () TP, ) TP ) i
1-b Y; 1 1t 1t NA
8o -
1 a 3
N% w12t o, ) IP
1 1 711t
’ ' ’
L A B @Dy B NA 8D, % &y,
W2 By MR v A s P v, ox_
8D 8D
3t . 3t
= V= = x (5.72)m

Analogously, it can be proven that:
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b ép

1t 1t
o V= - g X (5.73)
Pat V= - %P2t x (5.74)
ov ox -

Let us make clear at this point that when we look at the
impact of x and V on Ht' we are only interested in the direct
impact of V or x on Ht and not in the indirect (side) effects
which accrue frpm the inter-relation between V and x, as implied
in relation (5.32). These side effects determine the magnitude of
the deviation of "jt from its target rate n; and also how quickly
the former approaches the latter. As soon as the convergence
process is over these indirect effects dissappear. In other words

we consider not only in equilibrium but also on the optimal path

towards the equilibrium both jumps in V as well as jumps in x as

3Ht

8x

exogenously determined. As a result the partial derivatives
8H

t
av
dHt dH

o= Y v

and coincide with their respective ’aggregate’ derivatives

. This means that when a jump in V (or x) occurs, x
(or V) and all the other parameters are not affected by this jump.

As a result, it can be easily demonstrated that the long run

* *
OH 8H
equilibrium conclusions as to when 3% and Fv- are positive or
8H BHt
negative hold exactly the same for 55 and v in the optimal
6Ht
path case. More specifically, for v to be positive it is

required that:
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’ - - ’ E e
21 1p (x) 1 b(v)l b _, W lt(x) 1 b(v)l b _,__2t] ,
1-b| 1t 2t av av
2b 2 ‘ ‘
- — —— + 1] 8D éD
1-b, _ 1-b it ! 2t _‘
+(x) (V) D,, 2 Dol ¥
av av
aD' __2b 2 b 1 b 1
it 3I1-p ! "1 15 '’ s _ 1B
y —3hrm TPt bDlt 1+(x) TPt bD2t ) Py 1 Pyso (5.75)
av
t
aHt
Similarly, for T to be positive it is required:
b 1 ! b 1 ‘
S v v~ oD “ 1% . 1b éD
_ _2b b (%) 1 b(v)l b _, +x lt(x) 1 b(v)l b _, 2t
1-b| 1t 2t ox ox
2b 2 ’ ‘
- —+1 aD aDn
1-b 1-b it 2t !
+ (x) ) D, 2 Dol *
ox ox
BD’ _2b 2 b 1 b 1
E N 5 1B ' s 1B
+ 3t 1+ (x) . (V)1 bD 1+ (x) 1 b(V)1 bD (x)1 b(V) 1 bx>0 (5.76)
o 1t 2t

Substituting (5.72)-(5.74) into (5.76) it is easily proven that,

as in the long run equilibrium state, the following hold: if
1 b

, —_ — 8H 6H
D‘n:(V)l"b>(x)l—b then given that axt is negative, —EVE is
8H 8H
positive and given that is negative, will be positive.
1 b av 8x
© T _,_1b . o » o,
If D4t(V) <(x) then given that v 1is positive, = IS
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8H 81 £
% is positive, v

negative and given that

is negative.
Consequently the same range of industry level conclusions as those
described in figures 1la-1ld of section 5.3 carry over to the
structural model along the optimal path. Therefore, as before,
some approximation is required which by making possible the
derivation of a reduced form expression for Ht will narrow down

the set of possible conclusions.

5.6 Estimation possibilities for the optimal path towards the long

run equilibrium state; the approximation approach

In this section relation (5.66) will be rewritten in a
reduced form by using the same approximation as in section 5.3;
namely _§§3 2 0 and as a result relations (5.58) and (5.59) hold.
Start by writing (5.66) in a more éxplicit form; then Ht is equal

to the following expression:

2b 2 2 2a 2b 2 2 2a
1-b 1-b Af 1-b, , 1-b) 1P 1-b Na( 1-b, , 1-b
(e (A) L (v,) [Jj eljt] (@) (B)) Il ) [Jl euc]
2
b 1 1 a b 1 1 a
a 1P 1-bA(  1-b, , 1-b) n 1B 1-bNa 1-b 1-b
(o) () L ‘”j’ [Jjeljt] +(0 ) B) Y (v)) [Jleljt]
\

If relation (5.59) is substituted into (5.13) the following is
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derived:

173D smolls. -3l =0 e

2 l-a-b-(b-1)
/i s gue

_31 = (5.77)

Therefore this approximation makes Bl independent of the Ab’s,
o’'s, v's and J*'s. As a result it forces Bl to be uniform across
all the firms in the industry; the velocity of convergence is
identical for all firms. To determine what the el's are equal to,
we first have to determine what Jjo is equal to. The initial
endowment of capital stock at the beginning of each convergence
process is approximately equal to the long run equilibrium capital
stock of the previous convergence process. As a result we have
that for all jeA

S S
I-a-b- (b-1)

and for all 1leNA:

—r
I-a-b- (b-1)
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If we assume that v’s are time invariant then the 6_’s are uniform

1

within each group and equal to:

g
o A 2
6® = 1- exp(-B.t)+ |——21 exp(-B.t) (5.78)
1t PR, A 1 .
oA
0
NA 9,
NA 0-1Bo-1
Glt = 1- exp(-Blt)+ —0&?— exp(-Blt) (5.79)

Consequently, the following expression for Ht is derived:

“2rg 27,
1+ (x) (V) 93,
¥, 7Y,
1+ (x) (V) 9o
where
2a A _2a
- 1-
(e? NER kaP[(ij)qul @) |*P
., t B (5.81)
93¢ NA g ’
NA Yexp( (w1 )27, ] NA
(elt) 1 4 (Blt)
a_ A =
(e?t) 1-b Eexp[(vmj)74] (B?t) 1-b
/o = (5.82)
Is¢ NA 7s
NA Yexp([(w )7,] NA
6,,) 1°% e,,)

. . A . . .
If we differentiate elt with respect to V in relation
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(5.78), while assuming that Bo remains constant, we have:

9,
ae 86 A
1t 1t o-1 -1

v 5% @ - 95 exp(-Blt) (&) ®

[o] A

)

g
v \Y N = -9, exp(—Blt) (5.83)
0-1

Similarly, if we differentiate B?t with respect to x in relation

(5.78), while assuming that crNA remains constant, we have:

g
6921\t O‘A 2
" m b4 3 = —92 exp(—Blt) (5.84)
[
-1
As a result we have
g g
ae® a 2 86" o 2
1t v o] - _ 1t x (5.85)
av ox A ‘
A [
0-1 -1

2a
, A )I-p A
993 22 |'81¢! ©® )1 9, .
i-b 93 %1 av
av
(8" R
1t
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’

ae

3t 2a g’ (BA )-1 1t o
av 1-b 3t 1t av
g g
, 2 A 2
99, o 2a , .a . -1 99 B
v = T 93 01y v ¥ ®
ov A A
0-1 0-1
g g
ag’ A 2 8g’ o*A 2
3t [o] 3t
\'4 = - X = (5.86)
av A o
o-1 -1
Equivalently, it can be proved that
g g
ag’ A 2 ag’ crA 2
5t o} 5t
v = - 3w A (5.87)
av A o
0-1 -1
Moreover, we have that:
’ A
995, _ 22 B ) 36, o
av 1-b 3t 1t ov
A
’ ’
agat _ 2a 3t , (BA )-1 ae1t o
= = - _
av 1-b e 1t av
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ag’ ag’
93¢ g =2 g Is¢ 5.88)
5t 3t :
av av
Equivalently it can be proved that:
ag’ ag’
3t , _ , 5t
g5t 2 g3t (5.89)
ox Ox

Differentiating both sides of (5.80) with respect to V while

assuming that Bo remains constant, it is easily proved that for
8H
to be positive it is required that

av
-y 7 ag’ -7 4 ag’
, 5 a ., 3t 5 a_ 5t
274 g3t(x) V) gSt tv av (x) ) 2 av +
-2y 2y +1( 8g’ ag’
g 3t , 5t ,
+ (x) (V) 57 Ter 57 2l >0 (5.90)

8H

. S . A .
Equivalently for to be positive (assuming oN remains

ox

constant) it is required that

=Y 4 ag’ -7 7 ag’
- ' 5 i, 3t 5 a_ 5t
275 g3t(x) (V) 9., + x 5 (x) (V) 2 o +
-2y +1 2y ( 8g’ g’
T R & N A R LA B (5.91)

ox gSt- ox g3t

Substituting (5.88) into inequality (5.90) gives:
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-7 s ag! ( 9! -7 7
, 5 a_ , 50 73¢ 5 4_
274 gBt(X) (V) g5t + 2V—Ev—- _EZZ(X) (V) 1| >0 (5.92)

Substituting (5.89) into inequality (5.91) gives the following

condition for Zi to be positive:
-27, |9}, (%) -75(V)74- g: |+ 2x :Z;t %(x)—yf’(w T 1l >0 e
7,9, t % Zz;t | Zét(x)‘fs(v)%_ 1| >0 &
L 5t
(T]f_b+ AL x_‘z_:_gﬁj Zé:(x) -VS(V)‘,‘]— 1| >0 (5.93)

Substituting (5.87) into (5.92) gives the following condition for
8H
to be positive:

av
g2
-y ¥ ag’ o g’ -y v
, 5 a1 5t 0-1 3t 5 a_
274 g3t(X) V) g5t 2% ox A g’ (x) V) 1
o _A 5t
-1 0
g
, A 2 —
. agSt TR g3t( \ 75(V)74_ 1l >0
795" *ox A X ®
o A 5t
-1 0
g
A 2
8g, [ oA g: ¥, 7
1 a , 5t 0-1 3t 5 4
T3 * 1959, 95, * 3% x (X)) -1f >0 (5.94)
c_le 5t

181




Since we have that:

a
R A 1-b A
ags: _ a (elt) (GA )-1 aelt -
ax% 1-b 95'91¢ 3%
NA
(elt)
a9
a -1 0—1
—— I -
15 92 Is¢ (x) exp ( Blt) 0A (5.95)
Substituting (5.95) into inequality (5.94) gives
9,
A g: -7 7
p 1 a  a _ 0-1 3t 5 _
9. |15 * 159, 1op9,0%P (B, t) g W 1| >0 e
A 5t
o
A %2 g -7 r
’ 1 a _ _ 0-1 3t 5 a_
95|15 t T, |1exP(-B;t) N g;t(X) (V) 1| >0
[e]

A
0-1

Since l-exp(-Blt) is always positive then this means

A
o]

A
1 a 0-1
’ - -
that gSt T + 59, l-exp( Blt)

is always positive.

B
oH

t .
Consequently, the condition for v to be positive becomes:
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‘ -7 7
tx T - 10 (5.96)

5t

g
g

Analogously, if we substitute (5.95) into inequality (5.93) the

following is derived:

o & g. Y. 7
_+ | b a a _ -1 3t 5 4_
5 [T6T T-592" T-59.°%P (A ®) A g7 ¥ (V-1 >0
o 5t
a9
If 1- exp(-B.t) -1 is ositive then ! —2—+ 2 g -
PR A P 95 |Tb° 1-b%2
A 2
a 0‘_1
I:EgéexP(-Blt) = is also positive. As a result the
6Ht
condition for 3% to be positive is:
g, - 4
k) S -1 <0 (5.97a)
Is¢e
A 2
o
On the other hand if g’ b + 2 g - a g exp(-B.t) 1 is
5t]1-b 1-b”2 1-b~2 1 A
o
A
0‘_1
negative (a somewhat remote case since for this to hold =
c

would have to be considerably larger than one and the convergence
process at its intial stages so that t is rather small), then the
8H

condition for t
ox

to be positive is:
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g - (4
5 q
xS - 10 (5.97b)
5t
a9
b a a 6-1
Consequently if T:E+ 759" T:SgéexP(-Blt) _—;K is
93, Vs ¥, o
positive then for —(x) (V) - 1>0 3V is positive and 3%
5t
93 Vs 7, o,
is negative and for —(x) (V) - 1 <0 3V is negative and
5t
aHt b a a afl i
3% is positive. 1If 1-b+ 59, 1_bg'zexp(-Blt) __;X is
g, -7 4
negative then for ft(x) 5(V) i 1 >0 both - and t are
st av ox
’
-7 v 8H 8H
positive and for ?t(x) 5(V) i“ 1 <0 both t and t are
st av ox
negative.

Since 6’s are group uniform, then m’s are also group uniform

and equal to:

(l-a-b)
A A A 1-b
l—nt = 0 [a (Glt) + b] (5.98)
(1-a-b)
NA NA NA 1-b
l—nt =0 [a (Blt) + b] (5.99)

If (5.99) is divided by (5.98), the following expression for x is

derived:

184



l-a-b
l1-=n a(eit) 1-b + b
X = = Toash (5.100)
NA 1-b
a(elt) + b

Consequently, the following expression for Hit is derived:

A -2,
1-m 27y,
1+ (V) g’
A it
1- nt
Hit = 3 ; 731 (5.101)
Na  Osi
1-m LY
1+ vy “tg’!
1- 51t
t
where
l-a-b -2751
ae®) 1=b |y
g’ = 1t g’
3it l1-a-b it
NA 1-b
a(Blt) + b
l-a-b -7
—_—c = 54
ae™) 1-b Ly
gll = lt gl
5it l-a-b 5it
NA 1-b
a(elt) + b
NA
Texpl(um,) 27y, ]
.., = (5.102)

3i A 2
[NZexp[(le)wqi]]

Let us set the following:

185




l1-a-b -2y

51
27, 27,, a(e?t) b Ly
77 = ' ’
Tiie V) 934 v I35 l-a-b (5.103)
NA 1-b
a(elt) + b
l-a-b -7
_ 51
LA LT a(e?t) P +b
’ s = 4 = ’
LETT V) 954 W gy, l-a-b (5.104)
NA 1-b
a(elt) + Db

Substituting (5.103) and (5.104) into (5.101) gives the following
expression for the Herfindahl index of concentration for industry

i:

NA . 275i
((1- T )
1+ | ——— ¥
A 1it
L 1- L
Hit = 3 ; 73i (5.105)
[ 1- NA \ 751
1+ t v’
1- A 2it
\ "t J

Note that yiit and 721: do not just jump from time to time as
discrete unexpected jumps in innovations increase or decrease V
but are continuous functions of time through their dependance on

G?t and efi. Therefore in order to derive a regression based on

relation (5.105), one should regard these parameters as random

with means ¥’% and ¥/’ respectively. If one defines €’/ =y’’ -y’‘
LA LEY P ¥ 11t 15¢ 914"

e’ =y’ _711

! ’ then the following regression is derived:
2it “2it ‘24
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NA 51 NA 51
(1~ ™ ) ((1- L )
1+ |— '+ | — e’
- 1i - lit
H S S 5.106
it LEY (. )
2 Na L sy , wa L Tsi 12
1- LN 1- LA }
1+ 70! !
1- A 2i 1- A 2it
\ L \ L

In order to obtain estimates for the parameters 71’, 7;’, 7, and
7, in (5.106) one has to follow the same procedure that was used
for obtaining estimates for the parameters of regression (3.30) in
section (3.4).

Once these parameters have been estimated then we devide 7’’

¥ lit
1- n:A 5i
by 7;;t and compare this ratio to — . If we get that:
1-n
t
l-a-b -¥
—_ 5i Y
s , A 1-b NAy U514
+ -
Tise Ty T35 | 20! b -
71/ — = (V) 7 T-a-b > A
2it 5it NA l——b 1- 1tt
+
a(Glt) b

Then if we use relation (5.100) the above inequality means that

7, 9. Y
41 73it 51
) — >(x)
5it
a9

b a a 6-1
which means that if B + 159" T:BgéexP(-Blt) __;3

8H

is positive then is positive and is negative, while if

t
av ax
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g
b a a 0?1 i o
1—b+ 5%, 1_bg'zexp(-Blt) _—;K is negative then both v
3Ht
B are positive. In the same way if
l-a-b -2751 y
, A 1-b NA, 51
+ -
741 gSit a(elt) b 1 nt
(V) 7 < |—
gSit __1_-3_'b_ 1- nA
NA 1-b t
+
a(elt) b
A 2
o
Then this means that if —b—+ —a-g— —a—g exp(-B.t) 1 is
_ 1-b 1-b“2 1-b~2 1 0A
6Ht OH
positive then P is positive and 3V is negative while if
g
b a a o.‘?1 ’ 6Ht
5 1—b9§— 1_bgéexp(-81t) ¢A is negative both 3% and
6Ht :
3v are negative.
However for being able to interpret the sign of the
6Ht aﬂt
derivatives v and £ one has to know whether x is smaller
NA
1- Ht
or larger than one. Although the value of — can be
1- nt

calculated (provided that there are sufficient data to do so), the
fact that this is found to be equal or larger (smaller) than one
at time t does not mean that x will also be equal or larger
(smaller) than one. Therefore given a sample of industries for a
rather small number of years, one will have to ensure than none of
the industries included in this sample has experienced during any
of these years a violent Jjump either in terms of innovative
activity or in terms of behaviour. This implies a carefull

selection of industries so that the case of an industry where the
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convergence process in any of the groups of this industry is at
its initial stages has been ruled out.

Once this has been done then one can guarantee that for each

NA
l-n

industry the ratio ———— 1is a good proxy for x and also that
1-n

ct

ct >

9,

A
L, 2 2 exp(-B.t) -t is always positive even if
1-b I-b72 1525 '™F A ys P
A

-1

is considerably larger that one since t is going to be rather
c

large and therefore exp(—Blt) rather small (closer to zero rather
than to one). As a result one can base its conclusions concerning
the ambiguity between the two hypotheses on the criteria derived

for the later stages of of convergence. Then if xZl the industry

L
Yp1 T35 1= “EA °
level conclusions can be used. If (V) —> A then
5it 1- nt
BHt
the MPH 1is rejected [since = <0] and the DEH accepted [since
51
oH, Vys Taae 1- n:A ]
>0|, while when (V) - < the DEH is rejected
av g A
5it 1-
t NA
1- nt
and the MPH accepted. On the other hand, when ————7r—<1, since
1-n
t

according to the relation (5.63) when x<1 then rlj has to be less

than one as well and since both 74 and 75 are always positive,
this case corresponds to the optimal path firm level conclusions

in section 5.2b for the combination a+b<l, x<1 and rlj<l. As a

result for =x<1 and rlj<1 the MPH is rejected and the DEH is

accepted according to the firm level conclusions.
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APPENDIX 1

If the sellers of capital goods are unable to incorporate
into the price of gross investment the fact that both its quality
as well as how efficiently this is used by a firm is improving,
then they will falsely charge a price equal to c (the price of one
unit of capital stock in full effciency units) instead of qQ. for a
unit of investment in physical units. More generally, if because
of a lack of precise engineering information, the agents providing
the capital input fail to account for the full extent of technical
progress or alternatively overestimate the magnitude of the
continuous innovation process, then total <cost involved in
installing one extra unit of capital stock is equal to:

6C(Ijt)

‘- ' F
—3T + qt Zﬁﬂexp[( Py +L]t]Ijt + c exp(gt) (Al.1)

Note that —§—+L-¢ is the magnitude of the wunderestimation

(overestimation if the expression 1is negative) by the capital
market of the rate of technical change. Consequently, (5.8) can

now be rewritten as:

1
00 - —
- I exp[- (h+3) (s-t)] (po;A ) b'la[L]b'l(J. ) ds  (Al.2)
t
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In the case where the sellers of capital goods do not fully
account for the rate of technical progress, then as t- ®, the
price of inyestment in physical units tends to zero, thus implying
that in the long run the only cost the firms have to face for
using capital is its cost of adjustment. On the other hand, if
they overestimated the power of technical progress, in the long
run the price of investment would become infinitely large and so
the firms would have no incentive to produce since there is no
finite price they could charge for their output which would allow
them to cover their costs. However, it is rather difficult to
envisage a situation where technical information is included in a
precise manner in the adjustment costs and imperfectly in the
price of capital, especially if adjustment costs are the result of
monopsonistic elements in the market for capital goods. On the
other hand, this seems more plausible when adjustment costs are
the direct result of the installation of the new technology. But
if this is true, then as Nickell correctly argues, there is no
good reason as to why these costs should be of a convex form.

If there 1is an underestimation or an overestimation for
technical change both in the price of gross investment as well as
in the adjustment costs, then the total cost of gross investment

in physical units is equal to:

ac(I1,.)

it - ’
31 + a ZBjeXP(¢t)Ijt + c exp(pt) (Al.3)
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As a result, (5.8) becomes:

ZBjIBt exp[[w- —%— -L]t]+c exp[[w- —%— -L]t] =

1
m - mp——

= I exp - (h+3) (3-t) ] (po A ) b'1a[—-‘3—-]1”'1(J. ) ds (Al.4)
t

Taking the time derivative in both sides yields:

exp[[w- —%— -L]t]zﬁjigt +

e e (e N R

D A ‘
Bexp [ (h+3)t] exP[[¢ a L]t](szIjt+ c)

ot ~ expl(h+8)t) *

b l-a-b

1 ©
- — exp([ (h+8)t]ds
b-1_( w )b-1 b-1 It
exp[(b+8)t](pojAo) a[—B—) (th) ®

ds

exp[[w- —g— —L]t]zsjiat = [h+6+L+ —%— —w]exp[[w- —%— -L]t](23j13t+0)

1

b
b-1 ( w )b-1 b-1
- (ijO) a[T] (th) &

- X . I’ - ‘ P A - Y
exp[[w 2 L}t]ZBjIjt ZBjIjt_[h+5+L+ 3 ¢]exp[[¢ L]t]
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1 b 1-a-b
- (po A ) b-1, [——w—-]b—l(J. y Pt =[h+6+L+%—¢]exp[[q)- - -L]t]c

jt a

In the case of underestimation, as t- ® only the non linear
part on the left hand side remains and the rest goes to zero. In

other words in the lim the differential equation degenerates into:

tom
_ 1 b l-a-b l-a-b
= _ 1 .
(poj8) b 1a[-;—]b l(th) =1 50 e (3,) =1 4%

The above means that when l-a-b<0 the capital stock will be tend
to zero, i.e the long run equilibrium level of investment in
efficiency units is equal to zero. Om the other hand, when 4-a-b>0
then, since the exponent of capital stock is negative, Jj will
tend to infinity in the long run. So both posible solutions are
trivial.

In the case of overestimation, if one divides both sides of

y

relation (Al.5) with exp[[¢— “a -L]t] then this becomes:

2B8.1' -2B.I. '|h+&++ L -
ByT5e2B5 5 [ a “’]

1 b l-a-b
- A - b-1 [ w_ -1 b-1 _ Y __
exp[{ 2 +L ¢]t](p¢jAo) a[ 5 ) (th) (h+6+L+ 2 w]c

Since —§—+L-¢ is now negative, the non linear term in the relation
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above tends to zero as t-w and one gets the following differential

equation:

{
LU ‘ y _.| = y _
ZBjIjt ZBjIjtth+6+L+ - w] [h+6+L+ 2 w]c (Al.6)

,
Then since Igt=13texp[ - A +L-¢]t] if this is combined with (2..19)

it implies that:

=1’ X o4- - - - Y . 3
th Ijtexp[[ 2 +L ¢]t] 6the Ijt exp[[¢ 3 L]t](th+5th)

Substituting the above into (Al.6),

ZBjexp[{w- —%— -L]t][&;t+ [6+¢—L- —%—]3jt+[¢— —%— -L]Bth]

- ~ - Y . J = Y .
ZBj[h+6+L+ 2 ¢]exp[[¢ 2 L]t](th+6th) [h+6+L+ 2 ¢]c

Dividing both sides of the above equation with the expression

2Bjexp[[¢-—§— -L]t] it becomes:
3 _n. - - v Y-
eprjt hth 6(h+6)th [h+6+L+ 3 ¢]exp[[ - 1L ¢]t]c (A1.7)

When t-w, relation (Al.7) degenerates into a homogeneous second
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order differential equation and its characteristic equation has
two roots, a positive and a negative. For convergence we keep only
the negative root which is -ﬁi. Then the solution of (Al.7) is
equal to:

= -R7
J Jjoexp( Blt)

jt

and obviously in the long run th will tend to =zero; in other

words the overestimation from the sellers side of the rate of

technical progress makes the price of investment in the long run °

infinetely large and as a consequence firms have no profit to
operate for. Consequently, in the case of overestimation we again
have a trivial solution.

To summarise, it has been demonstrated that the
underestimation or overestimation of the price of investment in
physical units and/or of the adjustment costs accruing from this
investment leads to trivial solutions only for the 1long run

equilibrium level of capital stock.
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