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ABSTRACT

In this paper we analyze the comparative static effects
of the introduction of.cost reducing technologies on the output
and profits of a non-collusive oligopoly, as well as those of its
members. We show that even though each firm tries to maximize its
profits by decreasing costs and increasing its market share these
actions may bring about a decrease in everyone's profit rate. We
also show that size matters, that in a world of heterogeneous firms
dominant producers take better advantage of the new technology.
Unevenness is heightened by the neutral diffusion of cost reducing
technological change. Finally we prove that profit margins (aver-
age or marginal) are a bad indicator of what happens to profit

volumes and rates: the former can rise while the latter could fall.
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RESUMEN

En este trabajo analizamos los efectos est&tico-compara-
tivos de la introduccidén de tecnologias eficientes sobre la pro-
duccidén y las ganancias tanto de una industria oligopblica como

de sus miembros. Probamos que aunque cada empresa trata de maxi-

mizar sus ganancias reduciendo costos y aumentando su penetracidn

en el mercado, estos intentos puedén provocar una caida en la tasa
de ganancia de todos los productores. Asimismo, probamos que el
tamafio de una empresa es una variable crucial: en un mundo de em-
presas heterogéneas, las mids grandes aprovechan mejor la introduc
cién de nuevas tecnologias. La difusidn neutral (instantinea y
gratuita) de cambios tecnolbdgicos que reducen los costos de todas
las empresas en la misma cantidad aumenta la desigualdad indus-
trial. También mostramos que los madrgenes de ganancia son un muy

mal indicador de lo que le sucede a los vollmenes y las tasas de

ganancia: aquellos pueden aumentar aunque estos caigan.



In this paper, we analyze the comparative static
effects of the introduction of cost reducing technologies on the
output and profits1 of a non-collusive oligopoly, as well as
those of its individual members. In the case of a competitive
producer who sells all it wants, the only motivation for such an
introduction has to be the direct cost reductions that accrue to
him. Similarly, a monopolist is only interested in the producti-
vity gains of the new investment,'sincé its sales are directly

bound by the size of the market.

In an oligopolistic environment, however, the reaction
of market prices to output changes depends on the behaviour of
other producers.Henqe firms can be enticed by the possibility
of further market penetration. The first firms that lowers its
asking price could increase its share of total sales to the
detriment of its competitors, thereby increasing profits. The
other firms would then have to take defensive actions, triggering
a process only bound by the elasticity of the demand curve and
the interaction amongst the players. The outcome is far from
obvious. We show that it is possible for everyone to be worse
off in the new equilibriumz. In that case, a fallacy of
composition has appeared: each firm attempts to maximize its

profits and by so doing brings about a lover rate of profit for

the industry as a whole.



We also show that size matters. In a world of
heterogeneous firms, the initial distribution of market shares,
corrected by»the relative responsiveness of all firms to the
actions of each individual one, determines the degree to which
the new technology heightens unevenness. Specifically we prove
that the neutral (cost free and instantaneous) diffusion of cost
reducing technological change can lead to a fall in the sales of
small firms which are taken up by large 6nés. Furthermore, what
happens to the industry as a whole is no guide to what happens
to each specific producer. In a shrinking (expanding) market,
big (small) firms can fare‘better (worse) than average: their
output, profits and rates of profit may increase (decrease) in

absolute terms.

Section I describes the basic one sector model3 used
in tﬁéexercise.It is a specific application of Seade's work
(1983) . Section II analyzes the effects of the introduction of
profitable technologies in an industry composed of identical
firms. Section III generalizes the results to a heterogeneous
industry in which firms differ by their size, their production
function, and their market importance. Section IV presents a
numerical illustration of the results of the previous section

and Section V offers some conclusions. .



I The Model

We use Seade's conjectural variations oligopoly model
(1983) to analyze the introduction of new technologies. Consider
a firm ({) which tries to maximize its profits (ﬂi) by manipulat
ing its output level (qi)' As is well known, if the firm sells
its output in a competitive market, it is a price taker and
its sales decisions have no bearing on ‘the price at which it can
sell its output. If, on the contfary, it is a monopolist, any
attempt to sell more will bring about a price decréase which
will chip into revenues. In an oligipolistic market, however,
the reaction function of market pripes to output decisions
depends on the behavior of other. producers. Assume there are n

firms in this market, and call

0 (1)

"
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the total output produced and sold. We will label

A
3

e®=T(q) (2)

its conjectu}ed value which is a function of the behaviour of
all firms in the market. In general T will depend on the struc-
ture of the industry (represented by the vector of outputs q)
and the process of expectations formation4. In this simple-
setting we assume that

c
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can be treated parametricallys. 4's cost function is represented

by:

e

_ dc
€;=Cla, D Cg 7, > 0 (4)

where T is a shift parameter that reflects the state of technical
knowledge and we assume there is no fixed capital. The market's

inverse demand function is:

P=p(Q) p'f%<0' (5)

The firm will try to:

Max m,Ep(Q)a;-¢c“(q,,T) (6)

q9;

The first and second order conditions for a maximum of (6) are,

respectivelyG: -
' + —ci =0 7
P Y9 TP &4 (7)
and
" oot
p Y,{:q‘é + 2p qu <0 (8)

For equilibrium to be stable we need, furthermore7:

" L
P" Y na, +P (n+y,) -Cop < o (9)



ard

Y;P' =€, <0 (10)

Wa S, ame ‘_’f‘(\l.i{‘."ﬁn (7) - (10) to be fulfilled for all firms.}



II The Symmetrical Case

Suppose, to begin with, that all firms are identical:

il

[4
vy. =v, and q. ? : Gr oo We prove in Appendix I that

4 A

profitable technologies will:
A) make it profitable for each firm to produce more. (P1)

B) cause market prices to fall. (P2)

Those results are hardly surprising: since we have assumed the
new technology to be cost reducing, total output should increase
and its price decrease as we move along the market demand curve.
These well known results in a competitive or monopoly setting
extend to the case of identical oligopolistic firms, because

market shares remain constant.

. C) cause marginal profit margins to decrease if the

elasticity of the slope of the inverse demand
function (E) is bigger than 1 and if we posit

constant returns to scale. (P3)

In the case of isocelastic demand curves, prices will always

fall more than costs, an unexpected result if one were to
extrapolate from the competitive case when they change in unison.
On the contrary, it is very much in keeping with what happens to

a monopolistic producer where:

/

p = MR..E-:]—- }’

Z



for ¢ the price elasticity of the demand for output. If we

assume profit maximization:
MR = MC

and
dp _ € _dMR
H% T E-1 dT

where ng has to be greater than 1 if marginal revenues is to

be positive.

D) cause the volume of profits and the average profit
margin to decrease, if E is bigger than 2 and the
technologies considered only decrease variable

costs. (P4)

Profit volumes, average margins and rates will be constant if

the elasticity of demand (¢) is‘l. If it is smaller than 1,
profits and average margins will fall. We know that no monopolist
would ever produce in such a range because marginal revenues are
negative. But it precisely the competition amongst non-collusive
oligopolists for bigger market shares what pushes them into ite.
While the marginal revenue for the market as a whole is clearly
negative, each one of them could increase its revenue by A q.p*
(where p* is the new market price) if it could sell cheaper.

That provides an incentive for each producer to introduce the

new technology as long as it is cost reducing (Okishio profitable).



As they all do the same, though, the marginal revenue of the
market as a whole is negative, which brings total profits down.
Cost reducing technological change has incited each of them to
be more voracious and theat has brought about their own derise.
Their joint actions have moved them further away from the
‘collusive solution and closer to the one that would prevail

under perfect competition, thereby chipping into their profits.

E) sometimes bring about a fall in the rate of profit. (p

’

A decrease in profits is not enough to bring about a fall in the
rate of-profit since production costs could decrease still

faster. The result shown in Appendix I indicates that the profit
rate will fall in the isoleastic case as € + 0, as well as when

¢ » «, Indeed, there can be no oligopolistic solution in either

of those two cases because the marginal revenue curve is indistin
guishable from the demand curve. Hence, the cl;;er € is to O

(or to =), the more slippery the road that leads from the collusive
solution to the competitive one. Therefore the more likely it is

that profit rates will fall as oligopolistic "super profits"

disappear.



It is also shown in Appendix I that by giving some of
the parameters their appropiate values we obtain the usual

results for the cases of perfect competition and mOnop-ly.
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111 The Non Symmetrical Case

These unexpected results could be attributed to the
"artificially imposed homccencity" which makes @11 firms produce
the same amount of output anc react the same way. It could be
argued that in a world in which firms react differently, some
will pray on others and that these changes in market shares may
significantly modify the propositions previously offered. We
try, in this section, to extend our results to a situation in
which firms differ in their behavioral responses, their produc-
tion function and the amount of output they produce. We assume,
however, that the new technology decreases marginal costs by )
the same amount across all firms:

We show in Appendix II that profitable technologies

will cause:
A) the total outyu' produced by &ll firms to increase. (D

(P7)

o
et
b=t
.

B) market prices to £

As before, these two results are not surprising.



11,

C) industry-wide marcinal profit margins to decrease
if we assume, as tciore, constant returns to scale

-

and E - 1. (e

Once more the homogenous diftusion of technological change in a
world of heterogenous firms will cause prices to fall more than

costs, if the demand for output is isoelastic.

D) the output‘of some of the smaller and/or less

importanf firms to decrease. (PY)

In other words, size and respectability matter. Condition (231)

defines the compensated market share of a firm as:

9y .
LY A R §
A 0] 7Y

Firm ¢« will produce less output if:

Why would technological change, that decreases all marginal
costs by the same amou;t and is freely and instantaneously
available to all firms} faver the bigger and/or more dominant
ones? Consider two firms (I and II) with the same y's but
different market shares, and calculate their marginal costs of
production. From equation (7) we see that:

1

Cq = pP'yg,+p - 0
11 '
c = p'yqlld—p >0 for Y{=Yqp®

g



*p
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Since p' <0 and

9,7 > 9 then

¢t . ¢
g g

The firm that produces more hLas tc have a smaller marginal cost

of production. Indeed if both I an Il were considering increasing
their production by one unit, the conjectured marlet output

would grow by vy units and the price wouid\fall by the same amount
in both cases. But firm II would incur a bigger luss of total
revenue becaﬁse it produces more. Hence, to be in marginal
equilibrium, II must have lower production costs. That is why

size matters. Notice though that it has nothing uwo &o with
differential access to technology, but is a conseguwnce of the
first order conditions for maxliization. When the niw technology
is introduced, the bigger firms can undercut the silller ones
which will ses their. level of output decrease (and hince their

market share).

E) the profit levele ¢f the bigger and/vr more dominant
firms to increase even 1f industry wide profits

decrease. (riv;

Given Proposition 9, Proposition 4 has to be anended to incorpo-
rate the effect of the size of the firm. The profits of the
growing firms can rise even though the industry's may be falling

if their market shares increase €nough. On the other hand, the



13,

) can see their

firms that loose the most market (Ai(< Tie
profits shrink while the industry's are rising. In a heterogenous
world, initial conditions are crucial: once an eguilibrium is

perturbed by technological chance, big firms pray on small ones

thereby increasing the degree of concentration.

F) the average profit margins of the bigger and/or

more dominant firms to decrease if E > 1. (P11

This proposition should not be surprising in view of P4, P9 and
P10. It shows that average profit margins can be very unreliable.
Indeéd, if E> 2 the bigger firms could see them decrease while
their profit volume rises. Qonversely, for 1 < E < 2, the
smaller firm's profits could.%éll while their margins increase:
their output decreases so much that bigger margins do not help.

~———

G) industry wide profits will decrease if E > 2. (P12)

This is the equivalent of P4 and can be interpreted the same
way: as oligopolists try to qapture each other's market, they
push one another into a region that is clearly unprofitable for
them as a group. The bigger firms can still profit from such a

change but the industry as a whole will loose (the losses of the

small firms are bigger than the gains of the big ones).

H) the industry wide rate of profit will fall if the
price elasticity of demand (e ) differs enough

from 1. . (P13)
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This is the eguivalent of P5.

I) the firm's rate ot profit need not change as the
industry's: it depends on the firm's market

position. ' (P14)

We cannot establish the existence of firms that go against the
current, because that depends on the actual distribution of
outputs and "market influence"._Tﬁe more numerous and diverse
firms are however, the more likely it is such firm(s) will

exist. Hence heterogeneity can lead to higher levels<1fconcentrg
tion in an industry because external shocks will favor (disfavor)
the bigger (smaller) firms. If, to begin with, the industry was
in long run equilibrium (equal rates of profit across firms),
technological change will bring about differential changes in

profit rates depending on each firm's market position.

—-—

Therefore the results of Section II are robust to the
heterogeneity we have introduced with the covenant that a
firm's market position (represented by Ai) makes a lot of

difference.
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This is the equivalent of P5.

I) the firm's rate ot profit need not change as the
industry's: it depends on the firm's market

position. ' (P14)

We cannot establish the existence of firms that go against the
current, because that depends on the actual distribution of
outputs and "market influence". The more numerous and diverse
firms are however, the more likely it is such firm(s) will

exist. Hence heterogeneity can lead to higher 1evelstxfconcentr§
tion in an industry because external shocks will favor (disfavor)
the bigger (smaller) firms. If, to begin with, the industry was
in long run equilibrium (eqgual rates of profit across firms),
technological change will bring about differential changes in

profit rates depending on each firm's market position.

-

Therefore the results of Section II are robust to the
heterogeneity we have introduced with the covenant that a
firm's market position (represented by AL) makes a lot of

difference.
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IV A Numerical JTllustration

Consider an industry with ten firms (I, II, ... X)
which produce, in total, 100 units. The first éne produces =5
units while the other nine produce 5 units each. We assunis &n
isoelastic demand curve, constant returns to scale and that the
conjectured market reactions are the same for all firms

(Yy;=Y y;). Suppose our initial parameter values are:

€ =2, y=2, p=2 and £ = - 10%

In the new equilibrium, total output will increase

16.67%, and the market price will decrease by 33.34% as can be
‘'seen from (A26) and (A27). The big firm will produce 24.16 icre
units (obtained from A30) while the smallones will produce .83
53355 ones. Their profit rates will increase 17.54% 1irn the
former case and only 2.9% in the latter: production ccsts iise
14.16% =24.16% - 10.00% but revenues grow 34.86% for firm I, cost
decrease 26.6% = 16.6% -~ 10.0% and revenues fall by 23.7% fcr

the other nine. Finally we may want to notice that totsl output

produced, marginal costs of production (and their diffecience)

depend directly on y.



Y 1/2 1 2
> d‘?r' 11.11 12.5 16.67
c! 1.725 1.45 .9
g
cél‘x 1.975 1.95 1.90
cl X ~.250 ~.50 -1.00

le.
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V Conclusions

This papecr has tried tc analyze the impact of the
introduction of new technologies in output and profits in an
cligopolistic market. While working in a microeconomic
framework (the analysis of the behavior of specific production
units), we have obtained as intrinsically macroeconomic result:
avfallacy of composition.'Even though each firm introduces‘the
new technology to increase its profits (decreasing costs and
thefeby penetration new markets) the result is oftenthat industry
wide profit volumes, margins and rates decrease. Since the price
(output) that characterizes a fully monopolized market is bigger
(smaller) than that of any non-collusive oligopoly, cost
decreases have induced firms to produce more, breaking the
stalemate their uncoordinated decisions had put them in and
pushing them towards the competitive solution which entails
lower prices, more output and smaller profits. Such a failure
of the invisible hand provides strong incentives for the
.establishment of a poli;ing body (legal or not, state supervised

or not).

We have also shown that size matters, that big firms
fare better than small ones sometimes praying on them. For that

result to obtain, though,we had to assume U-shaped cost curves.
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Indeed in a world of constant marginal cost curves it is

difficult to conceive of & mechanism that determines the evolutior,
0of market shares as & new technology becomes available. The
evolution of market shares, howeVer, cannot be predicted without

a fully dynamic model. While producers smaller than a given size
may tend to shrink while big ones grow, we cannot determine a
priori whether one firm will slowly take over the whole market

or some stable multififm structure will emerge. Finally, we

found that profit margins are a bad indicator of what happens

to profit volumes or profit rates. The former can rise while

the latter may fall.
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Footnotes

Volumes, marcins and rates.
We assume of course that both eguilibria are stable.

It is not.easy to construct a two sector model which
captures the effects of oligopolistic competition without
specifying the relationship between profit rates across
sectors. That could have been a distraction from the main
argument of the paper.

See Seade (1980a, 1980b) for the conditions under which
this model is stable and 1Iwai (1981) for an extensive
discussion of expectations.

y=1 for the case of a monopoly and y=9 in the case of
perfect competition. Notice also that if there are n
identical oligopolistic firms in the market, n is an upper
bound on y.

We assume all functions to be twice differentiable. Notice
that equation (7) implies that p > Ci the difference

- g
being the oligopolist's rent.

See Seade (1980, b) p.24.

Notice that for a stable solution to exist when E> 2 we
need:

Yygp" + 2p' < 0 from equation (8)
yngp" + (n+ y)p' <0 from equation (9)
and ngp" 4—2p'; 0 from equation (A6)

Those restrictions are compatible with each other as can be
seen from the following numerical example: p'=-100, g=10,
n=30, p"=1, y=10. It is obvious however that in the case
of a monopoly (y= n=1) these three conditions are
incompatible. I am thankfull to Amit Bhaduri for raising

this issue.
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Appendix 1

The Symmetrical Case

This Appendix relies heavily on Seade's (1983) paper.

Proof of Proposition 1 (Pl): "Output produced will increase".

Rewrite (7) as:

p' (nq) yq+p(ng) - Cq(q,T‘) =0

Total diferentiate to obtain

'v dg + "ndg+p'ndg-C__dg-C .dT=0
P'y dg +Yqp"ndg+p'ndq - Co dq-Cop

where C_ = acg and C T aCq (A1)
' a9 aq e aT
Rearranging (10) obtain
g,g = “qr (A2)
T p"yng+p' (n+y) -C

qq

If we interpret Okishio's profitability criterion to
mean that the marginal cost of production will decrease with
the new technology (CqT‘<0), this expression is positive since
the denominator of equation (A2) is none other than equation (9).

q.e.d.
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A2

Proof of Proposition 2 (P2): "Market prices will fall",

Assuming no bankrupcies, no exits and no entries in

the industry we use eguation (5)

p=p(ng)

to obtain

%% =P'“g% <0 | o (23)

Proof of Proposition 3 (P3): "Marginal Profit margins will

decrease if E> 1",

To analyze the behavior of the marginal profit margins

we calculate the difference between the fall in prices (%B) and
T

the fall in the marginal cost of production (C_,):

~~——

gT

_d _ _,.dg _
D= H% Cgr = P “H% CqT
]
D= P MCqr -c
p"yng+ p' (n+y) -qu qT

" - Vo o ]
= Cqq [p'n-p"Yng-p'n-p'y+C, 1
p"yng+p' (n+y) -C

aq

[qu - p“an - p’Y:] ‘ (A4)
gT p"yng+p'(n+y) -—qu ‘




A3

Since CqT< 0 and the denominator is also negative

because of equation (9), D is < 0 depending on

C -p"yng-p'y bein 0
aq pyng-p g (AS)

The slope of the inverse demand function is p'ézgg and its

elasticity is:

gz- (@dp)| p'
dQ Q
=. 9" _ _ ngp" (26)
p' p'
If E>1
- ngp" <p' since p'<0

As can be seen from equation (A5), if we assume Constant Returns
to Scale (C q==O), marginal profit margins will fall when E> 1.

qg.e.d.

Proof of Proposition 4 (P4): "Profits and profit margins will

decrease if E> 2",

Given the definition of profits:

mn 2 gplng) - C(qgq,T)

calculate



A4

d'ﬂ dq ! q - _d(‘; -
dr = Pgr tO gr TG T
dg [ B
=H:]'I.‘? +qnp'-—CO:§-'CT

Hence, technological change has two impacts on profits. The
first one works through the change (increase) in output

produced, and has three components:

- revenues increase (at a given market price for

§ output)

- but the price charged decreases as we move along

the market demand function.

- and production costs increase as production does

(at a given marginal cost of producing).

The second impact raises profits directly by decreasing total
costs (-CT). To see which is stronger use equations (A2) and

(7) to obtain:

dr _Cqu'q(n—\J

dT “p'yng+p' (n+y) T

Since n is a natural upper bound for . the first term is negative
while the second is positive (—CT} tvv we do not knowv a priori
which is bigger in absolute value. If wo restrict ourselves to
constant returns to scale pro?uction tunctions for which
reductions in total costs a;e{proportional to output (no change

in fixed costs), we can aéyénce*some more. Suppose a cost



function such that
CT = CqT.q

then we can write

dT

dr _ Cqu'q(n -Y) _CiTq (P"yng+p' (n+yJ]

p"yng + p' (n+y)

) Cqrya (- 2p’ - p"nq)
p" yng+p' (n+y)

and, using equation (A6)

dr  _ CgT'Yq (E-2) p'
ﬁ pn\.nq + pl (“ + ‘)

Hence, as long as E > 2 profits will fall.

Define the average profit margin (Pm) as

P
m

1t

Q=

Hence, using equations (A2) and (AB)

dPy _ CqT EYqz (E-2)p'- TT]
ar -

a’ p"yng+p' (n+ )]

which is <0 if E>2

AS

(A7)

(a8)

(n9)

g.e.d.
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E being > 2 is a sufficient but not a necessary condition.
Indeed, if we assume constant marginal cost E>1 is enough.
To prove that, replace ecuation (7) in yg‘ (E-2)p' -1 to
obtain

CqT 7 (E-1)

dT g2 [p"vyng+p'(n+v)]

Proof of Proposition5 (P5): "Profit rates may very well fall".

Since we assumed that none of the technologies
considered uses fixed capitél and that the payments to the factors
of production have to be done at the beginning of the production
period, all capital is working capital and the profit rate (r)

is defined as:

H
1
ol

=E_q_—1
C
1 1 i t+1 = =
If we maintain our previous assumptions (qu 0, CT CqT°q'
de _ |
a‘é _O)r

g—;—' = 51—2- Lp §%+Cq g%—pq ng%—pch]

Using equations (7), (A3) and (A7) we obtain

9

dr _ 1 |dg (Cp+Cgp'n-pg’p'y -p?q) -pqg®C
ar ~¢r ar

+3
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4
Using equation (A2)

dr Car . ; : : ” )
dt - o !_CP‘*CCZP n-pg p'y -p‘a-pep"in-pgip'n -pq‘p'w] (AR10)

where Dzp"yng+p'(n+y) < O

Call the direct demand function:

Q=0Q(p)

and define its elasticity to be

d
c--dep
Hence dQ _ _ tQ
dp P

Since we assumed the demand function to be invertible

,-dp _ _ P (A11)
P'EEC T g

Hence d’p _ , de—
" =~ elgr Dreroqd

Replace these expressions for dp and d’p in E'S
Q.’.’

definition




A8

to obtain

di
?— 1+-i+-? 30 (A12)

Use (All) in (210)

dr _Cqr [.__C 2 .
t= i |Cp- R - 29q2p'v+93-q-pq’p'vrx-qu

CqT |Cpen Cpn 2gen 2gn .

Using equation (A6) and (All):
2p' + gp"n=p' (2 -E)

--pf(2-E)
N £nq

C B , ; ,
a7 :sz_n - Cpn - p‘grn+ p’gy(2-E) + p an

dr ]
dT ~ C?Den L J

o _
g.;; = a—% Lpn(C-pq) (e - 1) +p2pY(2—E)]

Since we only consider isoelastic demand curves

1
€

(ool N o

E=1+ and 2-E-= (e - 1)

d CqrP
3% = E%EEH (e - 1)[%(C-pq)+-ggl:]




R % S ‘wf i
B AR e S

A9

Since Tw=pg-C

A~

dr CarP pay
s T - ELL o (A13)

and hence the behavior of profit rates depends on the sign of

e-1 and pgy _ . which are a function of e.
. !

Since:

lim E—gl-nﬂ>0
€e=+0

lim jo—-nﬁ<0

c o+ o

and PAY _ - -0 when * - PQY
x s € =0T

the rate of profit will rise conly when

l>e>¢*

or e*>eg > 1

depending on the value of ¢* -1 as can be seen from Table I



Table 1
0
: 1
< 1 -
€ -1 >
< 0
E 0 :
Y > 2 2 <
E ,
> pay
<
apy pPqy
pgy - nn | .
€
%Z 0 ? < 0
T <
0 j} > 0 0 <
pPgy - n% »
€
drv _ ]
. — > 0 0 <0
0 > 0?
<0

Al0

If e*<]

If e*> 1



Finally it is easy to check that the "usual" results

obtain for the cases of perfect competition and monopoly, by

replacing some of the parameters by their appropiate values:

Proposition
Proposition
Proposition
Proposition

Proposition

-

becomes
becomes
becomes
bécomes

becomes

Perfect

Competition Monopoly
y=0, p'=0,n=e y=1, n=1
dg_ d
dz - 7t *°
d _ dg
H% < 0= CqT dT <0
D=0 same as oligopoly
§%>(L g?“> 0 g%>o, g%"> 0
dr . dr
ar ~ ar > °
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aAppendix 11

The Non Symmetrical Case

Proof of Propcsition 6 (P6): "Total output will increase".
To calculate the impact of technological innovation on

output, differentiate eguations (7) rewritten as:

. e =0 -
P'(gqjh&qi+p(§qj) Cq(q'_T) 0- for all {'s to

obtain

. : . . a4 . A
p'y.dgi +v.g.p"Ldgi+p'Ldgj~-C_ dgi -C =0 for

La%— A7 H%— G qqzﬁ%- qT
all 4's.

, and assume that the production functions exhibit

Define d%& =Xy
Constant Return to Scale as before (Cé;==0, g{). We then have

' , ") Iy ‘Yy.ox .- E= & .
- (p +»\iqip )j k(%—p YK, £E=0 for all {'s (A141)
Define:

= ' " 1R

a,=p'+v;q0Pp (A15)
al+p"y1 Al e+ o o o o o o a;
. a- az +p'yz + e 4 e .. a;
A : 3 .
‘ - . L]

an an an+p'yn
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Equation (211) can be written as:

ax = C (Al6)

and, since it is easy to show that A is non-singular

-1

X = A C (A17)

To find the inverse of A, define the following diagonal

matrix:

and the two vectors:

(a, a5. . « . . an)

|
H

(1 1. .. .. 1)

tn

1'

Rewrite A as:

AzT+a.l'

As Maddala (1977, p.446) has shown, the inverse of A can be written

as: |

5 Talr

1+41'T a




wt

In this case,

~
b1 0. . .. .00
- ¥ 1. ... .0
ro- 1 ) .
p . . .
o 0. .. .. 1
| Yn

-]
1+1'T a=1+1Taj
p'JY]
and
_
a a) e e e e
Y3 YiYe
a: E; e e e e
-3 Y2711 Y
rig 1z 1o )
— — p‘/ . .
ari a:;_ . . . .
YOv, Y,
Define:
a.
- 4
vy 1
y. (p*+Za.n. )
4 5033

We can now rewrite the inverse

Al4

. a;
Y3Yn
. au
PR
. an
(A18)
of A as:



AlS

- -
-4 -4 . - - "4
Y Y v
uSSPIRE Sod O SEPTEPTEPIPI I
-1 ! i Y
}\ = i‘ . (Al 9)
p' .
_é—rl —il;{ . . . . . 1"61’)
Y1 Yz Yn
L -

: dq £ (1 6&6.% ') for all 4's A20
- ). . ( )

The effect of the new technology on total output produced and

sold in the market as a whble is:

-~ ,"1 - .
g oday _ fE (1—§jj> (A21)
; dT p'
From (AlR)
I a.vy !
X i
1-I48.=1- -
3 3 p| +Eaﬁ.7~
, 3033
- p’ (R22)
[ , +Z -1
P 3 i3

Furthermore using aj's definition in eguation (A15)



Al6

- , 1
P'+§;an: = p'(1+1 E'?aj y;) (A23)
= p'(l+ gw“+ gr §qj) (r24)

Using equation (9):

” ] | BN
P"Y,Nng;+p'n+p'y, <0

and dividing throughout by

Fo< 0
nYL-P
we obtain
E'"-q +—L+}' >0 (A25)
; ,
p L YL n

The sum of equations (A25) across all firms implies that
1+2y?+B 51q. > 0
J .

5 3 P j

Using (A22) and (A23) rewrite (A21) as:

. = J ) >0
] 4&T p'+Z ajw"_% (n26)
]



E R S v EEE Sy e . H‘ijﬁ?j?ﬁ%w’

Al?
But since p' < 0, £ < 0 and using (A24) ai.d (225;
dq:.
Lge > O
5 T
G.e.d
Proof of Proposition 7 (P7): "Market price: vill fall™,
Since
p=p(I q.)
j J
ggz . L 997
T P 3 4T

and, using equation (A26)

E—_'f - p'.+Z.a_Y'_I (A27)

Proof of Proposition 8 (P8): "Industry wi.: j ¢ : . . 5ins
will fall 1.

Calculate, as before:

_d
D:H%'Cq'r



LX)

Al

Using eguation (A23), (A24) and the definitions of

E and Q
0:Iag,
E = - %FQ
1 -1 ~1
+=-Ta.yv.' = 1+Lvy. 7 -E (A28
1 B 5 575 jY] , )
Hence,
p=——" (E-1) 29
1+1 Ja.vy3 (A29)
éﬁ j J 3

Proof of Proposition 9 (P9): "The smaller and/or less dominant

firms will produce less output".

From equations (A20) and (Al8) we obtain:

. - -1

-y Y -

dq, £ 8ig Vs .

= 3 - — 1 (¢
dT p'Yi [} p'+-§a.g‘ for all 4's

]

-

J -a.) vy’
“é(p +)§(aj a&) Y;

[] [} -1 c oy
P Yi(p 4—% anj) | for all 4's (A30)




= ! "o
wher? a,=p +p y“;_q{
Hence, firm 4 will produce less output iff:
' _ =l
Y +§(aj a‘_.)wj >0

Since,

{'s output will decrease iff
|+pu Q"P"Y'q- Z"{-x > 0
p TAVEE;

or

Q
o~
RS
<
~
'—l

A

-
[
+
™M

tede

Indeed, for any value of €, it is more likely that
condition (A31) will hold, the smaller a firm's sharc¢ of the

market (%?) and the less "dominant" it is relative tc =] others

(y{ << Yj:V 3 say). In the case of a small firm that hzc little

impact on its competitors the latter will chew its market share

up, bringing a fall in its production level. Conversely, hig

and/or dominator firms (Ai > ) will produce more.

l1+e

Gg.e.d.




rroof of Proposition 1C (P10):

A20

"The profits of the kigger and/or

From equation

more dominant firme will increase

even 1f industry wicde profits

decrease (E

(6)

- A
rizzqip(gqj)-—C (q;.T)

and hence

dTY‘-'
daT

. 1]
=P X,C"'P q‘(' T

wi.t
Pad
'
1
@]
>
I
0

(R32)

As before, technological change has two impacts on profits. The

first one works through the change in output produced an hLas

the three components previously mentioned. The diffcrenc. now

is that, since production may fall,

also contingent on a firm's market position. As beforec,

the second impact directly raises profits.

Rewrite (A32)

dT»{,

dT

Use equations

dr

- ety o ' A
(p Cq)xp‘pq&-%xj Cr

(7), (A7) and (11) to obtain

the behavior of prorite 1

trowever



W;M{xﬁfww.ﬁ,w

and (A30) and (A26) to find

. "y -p'f-ifa Nt -Fr(p'+ila.~a.)yd
S M At i 1 M e R LA
d1 R p'+ia, vy

i J J

We get the value of §aiﬁ; from (A28) and hence

J
'(C-2)-£% (a,~-a.)y:!
drg _ tp Lay -y, (A33)
dT 4 p'+ra.vyy
F
For 4's output to increasec: B
) C-a. )y -p!
j(a3 a{)srl p
1f we replace Z(a;-a()y; Ly —-p'(l—-k{), k{ > 0 ._
] S o
(A33) becomes
dn ; cp' (E- 1 - k&)
GOV p' ¥¥a. v (A34)
3

We can obtain a similar expression if ('s output decreases. In

general we will write:

(A35)

Y
-1

dre gbp'(E-1-k))
dT p' + a

o]

= 95

g



A22

where k.
L
is negative if {'s output decreases
’ is positive 1f {'s output increases
and is 1 if all firm are identical
’ Profits of firm {* could very well risc even if total

1ndustry profits fall (E > 2 as shown in P13) as long as 1ts

outéht increases enough (k*f»E-l).

" | | Gg.e.d.

Proof of Proposition 11 (P11): "The profit margins of the bigger

and/or more dominant firms will

decrease if E > 1".

By definiticn

pt = L
m a.
Hence
A qd g w4y
dPp 41 ~  dT
‘ HT B 7
9
. Using equations (A30) and (A33)
L
dpp . £

dT = qZp'v . (p' tLand

] - 2 LI - - ¥ - P |
p'(E-1)(g;p'y ) - (p'+ %(aj a{)\j)

-~ '\ 2
(Mgt P g q (A36)

4



A2}
From equation (7) we obtain
p'y.gl = Clog - pa .
R S a 4
Since marginal cost is bigger or equal to average cost
£
> C.
Cq 9, 2 C4
and *
.+ ", 2, -
. T TR 2 0
' As shown in equation (A31) a firm will produce more output iff
! '+ I(a.-a )y <o
P : a, AT
Hence
art
’A’l - -
=7 0 (37

if E > 1 even though we are considering a firm that produces

more output.

o*
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Proof of Proposition 12 (P12): "Industry wide profits will
decrease if E > 2".

From eguation (6) we calculate industry-wide profite:

T, = - rcig, , T
E Qp(Q) ; (a5, T)

Hence,

i1 _ o do do _ . i 493
T T g tPgriCg gy - IC

3 .

From egquation (7) we obtain

and hence -
dia
...] j = Q -
dT Pgr P

N
-
o)
..
el
I
(R
@
[ ]

Now use eguations (11), (A7) and (A26) to get

) d .. Qp'Er VT =0p'l - 08T aly]
i i ] 3 03 3 d‘ji
dT = " IW+Z._ ! "p' 2 v LG, Tyt
L, a .y, = 3 .;3 o
F 4 p 3 3] H

Using equation (A28)

din.
3 ! = ECE}'(E"I) ,p-z-}, .(i(.?l
dT  p'+La.y7 R ACE

J i J



Hence
dr~ . )
i I¢p'(E-2)
dT p'*"a s‘l

Proof of Proposition 13 (P13): "The industi.

A26

- ade rate of profit

may very well feli™,

Define the industry-wide rate of pioiit to be

/(’ = Q -
R:se =76~ 1
A A
and ¥ = C.
A

D= (p'+fan:)<0
(p ajx])

do

dr _ 1 d 4 day .
a7 - K¢ [:KP ﬁ*’KQ aITi"‘PQ%Cq“H'f' prL’CqT._E

Use equations (7) (11) (A7) (A26) (A27) and

I Kp¢ Iy KQp'¢ Tv.”!
i3 i)

5%
|
| -

) <+ - -
: L D D D

r T | ] - -1
ch,.i (p+p'v.q;)(p +§ji(aj ai)vj )

L
P YLD

Y

po%E (p' 4+ ¢ ]

:£,30) to obtain



A27

Now use eguation (A28)

. dT ~ KD N ‘ R
' ' " RN TR -1
P9 (p+p'v ) (PP 0 -p" vV, 1)
p' A Yy
because
_ 5 - oomy _P VoA
(atj a{.)wj P"q; —
y Hence
» dR= € KZ,\,—I (p+plQ)_’pplQ:’_r)n‘lQ? T,‘Y‘l*_pplQ:’E_ JZO 5 -1
dT K7D |5 '3 SRRy Pesu
pzozpug-)j sz‘pn}‘T Yfi L . ) 1,_.
- — e pp'0* -pp"0°® 4+ PP 0T v.gi i |
p P ‘( L 4 i 3 -]
But
- pp"Q’+pp"0Lvy . qai Iy} =-pp"Qiq, (T:q;*\" 2R
pp pp R T S £ ij 3 9 50
= 0 by eguation : (A38)
E
. Hence

- 5 [IJ.:.Y;(KP*KP'Q"PP'QZ -p’Q) - 2pp' Q° + pp'Q’ E’} ‘

Sl



A28

But since p'C= - g

—
i

dR_ g, o= - - V\: - - ¢
drR. b [3 (kp(c = 1) =P QL - 1)) - PO(E-2) |

- _ _& e 1y -
a(% [g;yj (e - 1)1+ pQ (E 2):’

because i=pQ=~-K

If we stick to isoelastic demand curves

drR _ ¢p PO _ - A
T - XD (e = 1) (-—E—- l«i_. Yj ) (A39)
a result very similar to the one in eguation (Al13). The
interpretation will be the same but we now have:
s*=,A8g,l
.'1.: Y
q.c.

Proof of Proposition 14 (P14): "The firm's rate of profit need
not change as the industry's".

Define i's profit rate to be

&
i
Q2



A29

Hence
A

drg 1 fegdny  rockdg; e
= y : - A -
Tt e lt‘a”“q TG - 4T

-J

Use equations (7) (A30) and (A33) to obtain

é’l -= _1_ [C'Lq&i(p' (E~-2) - §(a] - a&)YE).. gﬂ&(p'Y&qLu}p) (p'+ }‘;(ai_a")y?

T 2

. [ -1
_ Jetapv Rt rhagys )J

]
p'y,D

wheré D:=zp'+fa.y>!
3 33

£

12 . - .
= ¢c.v.C.(E-2)-p'y.q.C. - a. 1 V2 _—
C:bp'y, [p v 4‘ . \4q4c4§( 23 aL)Yj 2p AV

IR T 1;7( a5 - 34_')“'1’371 - pp'T.-pn

4

. ' -1
P q&'Y{T‘{'}; aj Yj ]

= —*—————!‘- '+ L c=a)yINp'g.y.(C.+ T, ‘
CZDP'Yi'L (o j(aj a&)ijp q4Y4(C¢+T4)4'pTL)

V2 - - [] -1 _ 2 -
PRUAYCESD mplay o bayy - p! qﬁz"zj

Since



and Ia.vy's=

0 '« giﬁi(ci-fﬂi)‘§pf{)?

. 12
. L« P Q Y7,

- E, 12 - _
= wppry, |7 WGt B b
” ' P'aivil CPTE .,
Since
p‘=--l)— C' +ﬂ. = E"l:—l—
eQ ' T4 L £

isoelastic case

- ‘
-dil,{ _ £ l- 2p2quL-+PTIL-- . TJEYL»E pT',(:E p'r{
dT ~ CiDy, l— €°Q e 4 £Q? o
£ pqz'Y . ,,ZY E
— - 4L 4 + n - ;i i ( . -
2 EQYiCiD € Q q, ~%TL* +EﬂiE ﬂi)




A3l

dn Elo @i 1,2 ai v
dT ~ €0y D pav g Ty I g - Qg Tyt o)
L7 0 303 B

Using equation (A31l) we obtain

dn
‘o cp = 1.2, i
dT T EQv il Tagvy) Pl VAFACRS R A 1’]

dr
Hence the sign of Tﬁ; is the sign of

2 . - T - LA ()
Pa; vy E’C(I-FE)—Z:I T'&'QEJLC 1)] (R40;

The sign of (A40) depends on the value of 4 . as can

be seen in the following table:



A32

€ C
sb,e-=1 -1 <0

Table II
Suppose € > 1
1 2
b, 0 € 1+e °
A{(lzt)'l ‘%’ < 0 < 0 A; > 0
s;e-1 (-1 <00 > 0 > 0
d,lTa(: ? < 0 ?
and if e<1
, 2 1
b4 0 ch € ©
by(d+e)=2) 2 4 o > 0 > 0
[




A33

Notice that even though

%‘4 < 1 LI
since

n oy

z —£ can be > 1

j=1 Y3

4, can be bigger than 1. Actually, if q, and Y, are positively
correlated, (the "rest of the market reacts more" when a big

firm moves than when a small one does) there will always exist

and ¢k> 1l because in that case:

n
and L — > n

a) € < g* < 1

b) 1 < ¢ <o

From tables I and II we can see that in.case a) the profit rate

of all firms such that
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