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1. Introduction

Firms differ, even within narrowly defined industries. They differ with respect to size, performance
and productivity. This observation would neither be sensational nor challenging if inter-firm
heterogeneity was modest and temporary. However, there is strong empirical evidence that such
differences are both substantial and persistent, see e.g. Sutton (1997), Baily, Hulten and Campbell
(1992), Klette and Mathiassen (1995, 1996) and Klette (1999).

The evidence of intra-industry productivity differentials raises a number of questions, and we address
two of them in this paper. First, to what extent is observed heterogeneity affected by endogenous
producer behaviour? For example, we examine whether or not differences in exogenous productivity
parameters are magnified or diminished by profit maximisation. The second question is. How, and to
what extent, will shifts in firm specific productivity parameters affect aggregate industry productivity,
defined as an output weighted average over the analogous observabl e firm productivities? Endogenous
variation in firm productivity, output weights and the number of firms deteriorates the relationship

between micro productivity and aggregate industry productivity.

Obviously, any analysis of these questions calls for a model framework that incorporates productivity
heterogeneity of firms within the same industry. Houthakker (1955-56), Johansen (1959, 1972) and
Salter (1960) represent pioneering work on the correspondence between micro and macro production
functions. However, productivity heterogeneity has typically been ruled out by assumption in popular
models of aggregate industry behaviour in e.g. the "new" literature of international trade and economic
growth, see Helpman and Krugman (1985) and Helpman and Grossman (1992). On the other hand,
heterogeneity in the form of product differentiation has been given considerable attention'. Montagna
(1995) stands out as one exception from the tradition in which aggregate industry behaviour is
explained within the model of (symmetric) monopolistic competition between a large number of firms
with identical technologies.

The analysis in this paper is based on a very simple structure of productivity heterogeneity, described
in Section 2. Still this structure allows us to address the two questions stated above. Our ambition is

that the analysis required for answering these questions al so sheds light on more general issues. On the

1 The models of symmetric monopolistic competition do not take the consequences of Chamberlin (1933) and Stigler (1949),
who argued that product differentiation is unlikely to exist without non-uniform costs.



general level, we hope to increase the consciousness when interpreting observed productivity
variations, either between firms, or for an industry over time. The main lesson from the paper is that
such variations may reflect equilibrium mechanisms rather than changes in "deep" structural

productivity parameters.

Mainly in order to alert the reader’s understanding we present, in Section 3, a rather extreme
illustration of the potential importance of equilibrium mechanisms. Here, the two questions stated
above are analysed within a model where price taking firms use different technologies to produce a
homogenous product. In equilibrium, firms have the same observable productivity, an implication
highly inconsistent with the empirical evidence referred to above. We therefore proceed in Section 4
by analysing the same questions within a richer model, in which products from different firms are
regarded as close but imperfect substitutes. Now, competition among firms is monopolistic, and
endogenous producer behaviour will influence, but not eliminate, heterogeneity with respect to
observable productivity.

We derive explicit analytical expressions for the equilibrium elagticities of aggregate productivity with
respect to exogenous shifts in firm specific productivity parameters. These expressions enable us to
identify how equilibrium adjustments of observable firm productivities, output weights and the
number of firms contribute to the change in aggregate productivity. In the differentiated products
model, we find that, if the industry is sufficiently heterogeneous with respect to productivity, the
aggregate productivity response to a uniform productivity shift in al firms is approximately
independent of the degree of market power of firms. Moreover, a high degree of initial productivity
heterogeneity implies that a marginal change in this heterogeneity will only affect aggregate industry

productivity if the firm technol ogies exhibit decreasing returns to scale.

Compared to the related literature, our model framework has much in common with Montagna (1995).
It differs, however, by imposing more structure on the inter-firm productivity differentials, yielding a
return in terms of analytical tractability. Also, our focus on aggregate productivity differs from the
issues analysed by Montagna. By considering markets where both demand and supply simultaneously
determine equilibrium prices and quantities, our approach also differs dragtically from the putty-
clay/vintage model tradition pioneered by Houthakker (1955-56) and Johansen (1972).



2. Technology assumptions

Consider an industry consisting of » active firms. The cost function of firm i is

(1) C'=C,+F=c (X, )” +F,
where i[7[0,n], C; isvariable costsin firm i. X; is output, ¢, is a firm-specific cost parameter, 0<s<1
is the scale eadticity and F is a fixed cost. Our productivity measure is variable unit costs
C,=C;/X; . Themargina cost functionis C(X,)=c;(X;) /s, where A =1/s -1 isthe elasticity of
marginal costs with respect to output. Since the scale elasticity is constant, unit costs are related to
marginal costs by

(2 Ci(x,)=sCi(x;).

For analytical convenience, the set of firms is treated as a continuum. Aggregate productivity is

measured by

and' )
3) o E X T
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Whereas fixed costs are assumed to be identical for all firms, productivity differentials cause variable
costs to differ between firms. Ranking firms according to productivity, so that firm 0 is the most
efficient firm, we assume a constant relative productivity differential between any two adjacent firms,

i.e

(@) —’ =tc; = c;=ce’, >0,

where (-7) is proportional to the relative productivity differential between firms. ¢, = ¢ is exogenous.



3. Aggregate productivity when heterogeneous firms produce a homogenous good

In this section we establish a particularly transparent case illustrating how, and to what extent,
observable productivity at both the firm and at the aggregate level is determined by other variables
than the productivity parameter characterising the micro production function, i.e. ¢; above. This case
highlights the problem of identifying productivity shifts at the firm level by looking at aggregate
measures.

Assume that al firms are price takers and produce a homogenous good. Let P be the product price

facing all firms. Firms maximise profits, defined by

(5) 5= PX; - c(X)"

with respect to X;. Using (2), the first order condition can be written
(6) Ci(x;)=C =sp.

Result 1:
When different price taking firms produce a homogenous good with a technology
characterised by a common constant scale elasticity s, where 0<s<lI, individual unit costs

are identical across firms and equal sP. This result holds for any structure of the
productivity heterogeneity. The observable productivity measure for the individual firm, C_’l

is independent of the productivity parameter c;.

The intuition is straightforward: A reduction of ¢, implies cet. par. that output is increased to the
extent that the scale effect on C; exactly neutralises the shift in the cost function.

However, micro productivity parameters may affect C;and C through the equilibrium price P. In

order to explore this possibility within a partial equilibrium framework, we assume that demand is
derived from maximisation of a quasi-linear and separable utility function

_ A]/le—]/s

+ )
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where 4 and € are positive parameters, y is utility from consumption of products not produced by the

industry, subject to the budget constraint PD+y=E . The demand for D becomes D = AP*. In

equilibrium, aggregate output X =J’:X .di equals demand, i.e.

@) X = AP

By combining (4) and (6), we see that output is decreasing exponentially in the firm's position on the

productivity ranking list:

P A ;
(8a) Xz‘%%g = Xge ™A,
e

(8b) Xg = Bs—é/

Oc O
Define N = e_"”/(’”/s_l) where m =21 isafixed parameter, which will be interpreted as aratio between

the output price and marginal costs, i.e. a mark-up factor. In the present model with price taking firms,

m=1, and N takesthe value N'= eTMA Aggregate supply, contingent on », can then be written:

(9) X = Xo

Q
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O
N
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The equilibrium price is found by combining (7) and (9):

(10) I
Os O 0\

Inserting (10) into (6) yields aggregate productivity:
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A particularly simple case is the one where € =, so that P is exogenous, cf. Result 1. (11) is the
closed form solution for aggregate productivity when the number of firmsis exogenous so that
(1 - N* >1 is a constant. We will consider the case where n is endogenous, determined by the

standard assumption that profits equal fixed costsin the marginal firm, i.e.

(12 TL,=F.

Since equilibrium profits are decreasing monotonically in i, the solution for » is unique. In the
appendix we derive the following:

Result 2:

When firms produce a homogeneous product, the partial elasticities of C with respect to ¢

and t equal,

13 C.-= 1, (e~ 0 %+Hl+/\ gy % |
o ,
and

- , , -1
g &-_A _ArApw e s

1+6d (1+£))2O-N'07 O+eAT-N

Observe that the first (positive) terms on the right hand side of (13) and (14) equal the corresponding
partial elasticities in the case where » is fixed. The intuition behind these terms is analogous to
familiar incidence analysisin partial equilibrium models. Consider first (13). If output, hypothetically,
is held constant, raising ¢ by one percent implies a one percent increase in C . However, the positive
shift in the individual marginal cost functions implies a negative shift in the aggregate supply curve. In
the new equilibrium, P is higher and output lower compared to the initial equilibrium. All firms reduce
their output, and decreasing returns to scale (A > 0) cause a hegative feedback on marginal costsin all

firms. In equilibrium, the contribution to the change rate of C; from the reduction of .X; caused by a 1

percent increase in ¢, equals -eA/(1 + €A). Adding the 1 percent direct shift in the cost function yields



the first term on the right hand side of (13). The incidence from ¢ to P and C is stronger the less

elagtic is demand, and the closer s isto unity.

The intuition behind the first term on the right hand side of (14) may be explained as follows: The
increase in ¢ raises costs in al firms except firm 0. Their output reduction is larger the closer s isto
unity, but is modified by the upward equilibrium adjustment of P. Finaly, the effect on P is modified
by the increased output of firm 0. The net effect on price and unit costs is decreasing in €, and

increasing in s.

The second term on the right hand side of (13) and (14) captures the effects of changesin»n on C .

When &=1, there will be no changes in » and the solution for C,. degeneratesto C,| =s. The

=1

reason why » remains congtant in this case may easily be explained from the profit expression for the

marginal firm ex ante the change in ¢. Using the first order condition, profits equa 7, = (1—s)PX "

With unitary price easticity, the product PX, will stay constant since the relative output adjustments
areidentical in al existing firms.

Inspection of (13) reveals that the equilibrium changes in » implies a positive (negative) contribution
to C, when e>1 (e<1}. When e>1, 7, = (L-s)PX,, falls and firms exit. Exit of firms implies, cer.
par., another negative shift in the aggregate supply curve. P will rise further to clear the market, which
makes it profitable for the remaining firms to expand their output along their increasing marginal cost
curves. This output effect explains why éc is higher (lower) when €>1 (e<1). This result may appear

somewhat paradoxical in the present context of heterogeneous firms, since the additional positive

impact on C, isassociated with exit of the least productive firms. As demonstrated, however, changes

in productivity follows P in this model. What matters for the changesin P, isthat entry or exit of firms
shifts the aggregate supply function. Compared to a model of identical firms, the (model) fact that
marginal firms will have a smaller output share than intra-marginal firms, reduces the effect on P

caused by entry or exit.

-1
) 1+/\
In (13) the term >0.
1+ 8/\ -N’ ETL"' eA D]l N’




Turning to the effect of changesin » on a , (14) showsthat thisinfluence is negative. As shown in the

appendix, the rise in ¢ brings about a decrease in N’, and inspection of (11) shows that C isincreasing
in N'. This can be seen from (9). Reducing N' implies, cet. par., a positive shift in aggregate supply,
which forces P, and thereby C , down. Why does N’ fall when ¢ rises? From the definition of N,
fo’t <0 impliesthat n, >-1. If, hypotheticaly, n, =-1, N' would have been constant, and profitsin
the ex post marginal firm would balance the fixed cost for the ex ante equilibrium price. But P goes up
for a given N’ due to the contraction of supplies from all remaining firms but the most efficient one.

Theincreasein P raises profits, and explainswhy n, >-1.

It follows that when an industry becomes more heterogeneous, measured by an increase in nt, N’ tends

to zero. Consequently, when nr is large, C can be approximated by neglecting the factor 1/(1-N’) in
(12). The corresponding approximate elasticities are equal to the first term on the right hand side of
(13) and (14). Technically, this approximation is obtained by including all firms instead of only the »
most productive when calculating aggregate variables. The error resulting from including the firms

with profitslessthan F, is small when the output share of these firms are small.

4. Productivity in an industry where heterogeneous firms produce a differenti-

ated product

In the model with homogeneous products in the previous section, productivity heterogeneity is
eliminated because firms adjust their output to the level where marginal costs equal a common output
price. This result contrasts the empirical findings of large and persistent within-industry productivity
differentials, which indicates that productivity heterogeneity is also an equilibrium phenomenon. This
motivates a richer model specification. In this section we relax the assumption of a homogenous
industry product, and consider the case where firms produce different varieties of a product. A
convenient framework is the popular "large group case" model of monopolistic competition (LGMC).
Below we extend this model by alowing firmsto differ in productivity.

4.1. The asymmetric LGMC model

The demand for the industry product is derived from the quasi-linear utility function introduced in the
previous section. However, D is now the utility from consuming a composite of the different varieties.
Following the standard approach in models of monopolistic competition, the sub-utility function
associated with D takes the symmetric CES-form (cf. Dixit and Stiglitz, 1977):

10



(15) D= [[S(Xi ) Udi]l-ll/ff ,

where o >1 is the elasticity of substitution between the varieties. We assume that o>¢. Let P, denote
the price of variety / and E the given total expenditure. Demand functions for all varieties are derived
from utility maximisation subject to the budget constraint J’; 1P, X, di+y=E. Equilibrium in each

variety market requires

g
(16) X, =Hi AP™¢,
EP

mmjmm}

where P isthe price index for the composite industry product. P is the minimum cost of obtaining one

unit of the composite industry product. The CES form of D implies

Vv 40)
(17) Pzg'o(zf;)1 dig .

Firms maximise profits, defined by (5), with respect to 2. Although the market share will differ
between firms, we stick to the standard LGMC assumption that each firm neglects the influence of its
own price on the price index P. Thus, the perceived own price elasticity facing al firms equals -o.

Optimal price setting gives the familiar mark-up rule
(18) B=m=(x)',

where m=g/(o -1) isthe mark-up factor. The equations (4), (5), (14), (15) and (16) determine ¢;, 7,
P, P and X;. As shown in detail in Holmgy and Hasgeland (1997), the model can be written

o I e
(19a) X; = XoedroA0 = x o0 m/s71

11
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(19b) Xo =™
50s O

LD
(209) P =P 0,
(20b) B ="2(x,),

1
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The second equdlity in (17a) follows from m=g/(o-1). In order to caculate C =C/X we need

expressions for aggregate output and costs. Given n, we have

@  x=P ko).

(23) C=E / j'lg(Xo)“(l—N)-

Dividing (23) by (21) yields aggregate unit costs

(24) C =mg(nt)Co,

where C, =¢(X,)" isunit costsin the most efficient firm, and

1-N _ l_e—nt/(m/s—l)

(25) g(nt) - 1-N™ - 1_e—mnt/(m/s—1) )

12



4.2. Bounds for variations in aggregate productivity
So far, the solution for C has been contingent on ». Rather than considering a market structure with a

fixed number of firms, » may be determined through entry or exit according to (12). Before

considering C in the free entry case, we analyse how » affects productivity in more detail.

(24) shows that the influence of » on C can be decomposed into changes in the multiplier g(m) and
changes in C. Moreover, the ratio of C to 50 equals mg(nt). This ratio may be interpreted as a
measure of the scope for entry and exit to generate aggregate scale diseconomies. We now show that
variations in » will have only limited influence on 5/50. To see this, note that g(nt) is strictly
increasing and concave in nr, lim,, og(n)=1m, lim, og'(nt)=c, lim,,  og(nr)=1, and
Iimm_,oog'(nt)=0. The latter property implies that g(nf) converges fast towards unity when »

increases from 0O into the range where # is large enough to make the LGMC model appropriate. (24)

and the properties of the g(nr) function, implies the following sharp and general conclusion about the

scope for heterogeneity to cause C to deviate from Cj,:

Result 3:
When the industry produces a differentiated product, aggregate productivity, measured by

C, is bounded according to
(26) Co<C <mCq=lim,_,C .

The relative width of this interval is given by m = a/(0- 1) > 0, which is smaller the higher

is the substitutability among the differentiated products.

Note that the mark-up factor itself is not a primary determinant of C . However, under the price
setting assumptions in the LGMC model, it compactly summarises the effects on C /50 caused by

equilibrium adjustments of demand to price differentials between varieties. The shape of the g(nr)

function allows an even sharper conclusion:

Result 4:

13



When nt is large in the sense that even the largest firm has an insignificant market share

and the LGMC model is appropriate, the variation in aggregate productivity will be close to

the upper boundary of the interval, i.e. mao.

Consequently, when the LGMC model is relevant, endogenous mechanisms cause mC, to be a good
approximation of average productivity. Relative changes in aggregate productivity will be
approximately equal to relative changesin C,, .

The non-trivial statement in (26) is of course the existence of an upper asymptotic bound for C even
entering firms are successively less productive. The principal reason for this result is that C, is
decreasing in i, which causes the integral defining C to converge when » approaches infinity. When n
grows beyond al limits, C / 50 is determined by the ratio between the growth rate of X; and the
growth rate of C; with respect to i. The growth rate of X, equas -or/(1+0A)= -mtl/(mis-1), and the

growth rate of C, equals¢ - ar/[s(1 + oA)] = -t/(mis-1). The ratio between these growth rates equals m.

With constant returns to scale at the firm level, 50= c. In this case, not only the range of potential

variation in C /C, is limited - also the range of potential variation in the level of C is limited. This

caseisillustrated in Figure 1. Here, n* isthe equilibrium number of firmsin the case when the LGMC

model is relevant.

14



Figure 1: The relationship between aggregate productivity (unit cost) and the number of firms.

Aggregate unit cost

A

mco

Co

» Number of firms

n*

With decreasing returns to scale at the firm level, C, depends on » through modificationsin X;. An

increase in nt raises (1- N), which reduces X, and 50 . The intuition behind this effect is associ ated

with the valuation of variety inherent in the utility function, which shows up as adeclinein P when n
increases®. Such afal in P implies two effects on X,. First, the demand for all varieties of the
differentiated product increases. Second, demand is redirected from the pre-existing varieties to the
varieties produced by the new marginal firms. Since o> &, thelatter "internal" substitution effect

dominates.

Consequently, the two effects on C induced by increasing » pull in opposite directions; g(n?) rises
whereas C, falls. In Figure 1 these opposing effects can be illustrated by a simultaneous downward

shift of the C -curve, and a movement to the right along the shifted C -curve. In the appendix, we

derive the premises for the following result:

Result 5:

If firm technologies exhibit constant returns to scale, a given partial increase in n raises C .

If firm technologies exhibit decreasing returns to scale, the net effect of a given partial

15



increase innon C is theoretically ambiguous. The partial elasticity of C with respect to n,

-N

(27) @z%’m %O@LN %v

where N :—nt/(m/s—l) <0 is the elasticity of N with respect to nt, and

0<d=[1+mA(e-1))/(1+ &) <1.

d captures the negative scale effect on unit costs within pre-existing firms due to redistribution of
demand from pre-existing to less productive entrants. From the properties of the g(#n¢) function, it can
be shown that g, = mN"/(1-N") - NI(1-N) < 0. However, since d < 1, the sign of the bracketed term,

and thereby the sign of én , isambiguous.

It follows that if firm technologies exhibit constant returns to scale, an exogenous expansion of
industry output through entry of firms implies aggregate decreasing returns to scale. This conclusion
may, however, be reversed if there is a strong degree of decreasing returns to scale within each firm.
The positive contribution to aggregate productivity from redistributing the most costly units of output
from pre-existing firms to entrants, may then be large enough to dominate the negative contribution

caused by the lower overall efficiency of these entrants.

4.3. The dependency of aggregate productivity on productivity at the micro level
We now consider exogenous changes in ¢ and ¢, in the situation where n is determined by the

entry/exit condition (12). In the appendix we derive the following result:

Result 6:

~

The partial elasticity of C withrespect toc, C,, is

3 Compared to the standard symmetric LGMC model, the love of variety effect of # on P is somewhat modified in our
asymmetric model. But although the index P includes higher prices as » grows, the valuation of increased variety still causes
P to be negatively related to n.

16
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The first term on the right hand side of (28) is equal to (%C when # is constant, (%C . Observe that

n

Ce

is identical to the corresponding partial easticity in the homogeneous good model, which was
n

analysed in Section 3. Theintuition behind this particular elasticity is also the same in the two models.

In both models, and for the same reason, » is invariant with respect to ¢ when £ = 1. Thus,

when £= 1. Even when £#1, C,| may serve as a good approximation to the exact
n n

C.=C,

elagticity, when the degree of heterogeneity is strong, i.e. when nz islarge so that N issmall.

In the second term in (28), which accounts for the influence of equilibrium adjustmentsin », we know

that [1+YN/(1-N)]™* > 0. However, the sign of the bracketed term, which equals (% v » IS @ambiguous as

shown in the explanation of (27). In the special case where A =0, thereis no feedback on C(Xg) from

Xo, and d=1. Therefore, when £> 1 (< 1), the contribution to C, from changes in n is negative

(positive). When £> 1, the logic goes as follows. Therise in ¢ reduces profitsin the ex ante marginal
firm, 77,, and cause exit of the least efficient firms. P increases when »n goes down and this triggers
subgtitution of demand within the industry in favour of the more efficient ones, which accounts for the

positive productivity effect.

When A > 0, it is not necessarily true that exit (entry) of firms has a positive (negative) impact on
aggregate productivity. The reason is that the most efficient and profitable firms may produce at a
scale that makes their marginal costs higher than in the less efficient firms. Thus, when output
previoudy produced by the least efficient firms are realocated to the most efficient ones, aggregate
unit costs may rise.

We now turn to the equilibrium solution for the aggregate productivity effect induced by achangein ¢.
In the appendix we derive:

17



Result 7:

The partial elasticity of C with respect tot, C, o, IS

o —1MLl+&d O —’"H -N L IN
-N

29 ¢ =FZ¢f A @%’"Nm B—d%N % Y

I |

=

The first term in (29) accounts for the relative impact on C caused by a 1 percent increase in ¢

contingent on N being constant, C,| . Thereasonwhy C,| >0 isthat arisein ¢ induces an increase
N

N
in the marginal costs and prices of all but the most efficient firm. The resulting increase in P implies a
reduction of the demand for the differentiated product, as well as an interna substitution of demand in

favour of the most efficient firm. As noted above, the latter effect dominates since o> &

Consequently, X, goes up, which raises C when 1> 0. Again, C,| will be a better approximation to
N

a the stronger isthe initial degree of heterogeneity measured by »z.

The last term in (29) accounts for the contribution to (%t from changes in N, which are due to both the
exogenous change in ¢ as well as the endogenous adjustment of »n. As pointed out above, the sign of
the bracketed term, which equals éN, was found to be indeterminate. The last parenthesis, which is
positive, equals- (1+ 7, ). (1+7,) isequal to the equilibrium change rate of 7t when 7 =1 (percent). In
the appendix, equation (A19), we show that 1+7, >0, which implies that the equilibrium value of

¢, =ce' ishigher after theincrease in ¢ than prior to the shift. Thus, while we can not say whether the

industry equilibrium ex post the increase in ¢ includes more or fewer firms compared to the ex ante
equilibrium, it is unambiguously true that the ex post industry equilibrium includes active firms with

lower observable productivity compared to the initia equilibrium.

18



In the special case when A = 0, thereis no contribution to a from scale effects at the firm level. Then
the first term in (29) vanishes. Moreover, d = 1 s0 CL v 1N the brackets becomes negative, which

confirmsthat C,,> 0 when A = 0. We can therefore conclude

Result 8:

If firm technologies exhibit constant returns to scale, a given partial increase in t raises C .

The content of Result 8 can be explained intuitively as follows: The rise in ¢ raises unit and marginal

costs in all but the most efficient firm. Computing the new value of C with the initial output shares

and the initia number of firms will produce a higher aggregate unit cost. It turns out that this positive

contribution to the equilibrium value of @ is the dominating one. There will, however, be two kinds

of modifications. Firgt, as shown in (A22) and (A23) in the appendix, the output shares will change in
favour of the most efficient firm. Second, the number of firms may go down through exit of the least

efficient firms. However, since 1+ n, >0, this effect is not strong enough to generate a reduction in nz.

5. Conclusions

In this paper we have analysed the questions. i) to what extent is observed heterogeneity in
productivity affected by endogenous producer behaviour? ii) How, and to what extent, do shifts in
firm specific productivity parameters affect aggregate industry productivity? Within market models
based on perfect and monopolistic competition, the analysis has taken into account the endogeneity of
observable productivity of individual firms, the output shares of firms used to compute average
industry productivity, and the number of firms. Based on analytical expressions for the equilibrium
elagticities of aggregate industry productivity with respect to firm specific productivity parameters, we
have derived 8 specific results that are relevant when attempting to answer the two questions stated

above.

A very transparent and extreme illustration of the potential importance of equilibrium adjustments in
the determination of observable productivity is obtained in the model assuming perfect competition.
Here firms, using different technologies to produce a homogenous product, end up with the same
observable productivity level as long as their elasticity of scale is common and constant. This result
contrasts massive empirical evidence, and motivates richer models, where productivity heterogeneity

remains as an equilibrium phenomenon. We show that the model based on monopolistic competition
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may be qualitatively consistent with data, but the quantitative fitness remains to be checked. When
trying to estimate "deep" structural parameters characterising the market structure and productivity
heterogeneity for a specific industry, one will probably have to relax severa of the simplifying
assumptions made in this paper. However, such research should take into account the main lesson
from this paper: Identification of such parameters should rely on structural models, which account for
the equilibrium determinants of observable productivity for individual firms, the distribution of output
shares over firms, and the number of firms. Our paper shows that one may otherwise draw very
misleading conclusions about changes in "deep" structural parameters from observed productivity

variations, either between firms or for an industry over time.
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Appendix

Derivation of Result 2
Profits in the marginal firm equal

A
(A1) n;zﬁ—ﬁPanﬁ—sﬁ£Eg<Nﬂ
Oc O

Inserting (10) into (A1.1) yields

dlw\ /(1+€2)

(A2) - B{H/ aAt/)l c/s)]//]

O [ 1-N
From the equilibrium condition
12) Th=F,
we obtain the following implicit solution for N".
(A3) N,(l_N,)—(1+A)/(1+eA) =K,
where

1
x=AF AR Beg g
CHs O 0 H

M-=s 0A

Let N'= dN’/N’ and similarly for the relative change of other variables. From the definition of N’ we

have

(Ad) N:—Eﬁﬁﬁ+ﬂ.
A

Logarithmic differentiation of (A3) gives
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Combining (A4) and (A5) yields

Ont [IL+ EAL-N'
where

]2=B£ l% 1+ A

(A7)
+eA0 [+eln

when all variables but ¢ and ¢ are constant. Logarithmic differentiation of (11) with respect to ¢, ¢ and

nyields

. ON [0
(A8) %+t+mB—_N|§VH

[IL+/\

Inserting (A4), (A6) and finadly (A7) yields

- ~ ' : =1 [0
(A9) 6:BA_@+2+B N +Bl+/‘ % N % 12%

[IL+€)I[E4 A-N' A+eA M- N

Substituting the expression for X implies

(A10) co=—1 4 (e -1) %N' %ﬂﬂM% ,
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. ]
(A11) C—,t 1+/\ EILN N 1+A N % ,

1+g/1 (1+g/]) N’ +&A M- N’

where éc and a are the partial elasticities of C with respect to ¢ and ¢ respectively. In the specia

case where € = 1, the elasticities smplifiesto

Ce

_ 1 _
- =S
=1 +A

Derivation of Result 5
By deriving the analytical solution for the partial elasticity of C with respect to »n, we can verify that

the net effect of a partial increase in n on C is theoretically ambiguous. To this end, we need the
elasticities of g(nf) with respect to » and ¢,

. _oglmt) n _ . _HmN" N [
(12 g, =By = 1_NEV>0-

The positive sign of g, = g, follows from the fact that N <0 and mN"[(1-N") - NI(1-N) <0. The sign

of the latter term follows from the properties of the function g(nz), cf. Holmgy (1999). Utilising (19b),
(21) and (25), logarithmic differentiation of (24) with respect to » implies

(A13) &, = " H—da—ﬁv

EpYys

The bracketed term in (A13) equals the elasticity of C with respect to , i.e. C . Since mN"[(1-N") -

NI(1-N) <0, CLN <0 if d were equal to unity. However, since d <1, the sign of é,v is ambiguous.
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Derivation of Result 6

Logarithmic differentiation of (24) implies

(A14) 5=§n(ﬁcé"';lt;)-'-gt;"'é"'/][()(OC +X0n;lc)§+(X0t +X0n;lty]'
The partial logarithmic derivatives of X, are given by

-

A15) X, =
( ) Oc 1+A€

<0,

R i

o _(o-&)m/s-1)F NN N 5
(ALD) XO'_(1+J/\)(1+£/\)E NEZSYE+1 NH: sT+Xo, >0,

gm:l
2
O
n
=
O

where we have defined ¥ = 0, which is the elasticity of C; with respect to ¢ when
DO’ 1 1+ g)l

the variation in N is neglected. That ¥, >0 follows from 1+ NN/(L- V)= |(¥ -1)v +1)/a- N)>0.
To prove the latter result, consider the numerator ¢(]§7)=(1§7 —l)N +1=(N —1)eN +1 defined for

N <0. Itis straightforward to verify that ¢( )<0 that lim, ¢(]§7)=1 and that ¢(0)=0. Thus,

0<¢( )<1 which impliesthat 1+ NN/(1- ( )/Ql )

In order to derive 7, and 7,, we use the entry/exit equilibrium condition 7, (c,7,n) = F . Logarithmic

differentiation implies

Rewriting the profit function as 7,,(c,7,n)= Q’ﬁ —1%X(])/SN, recognising (A15), (A16) and (A17) as
S

well as the definition of N, the partial elasticities of 77(c,,n) becomes
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We then obtain

(A18) 5 =-Tee = _12F
o _N@HE/\)N
. v+ N
A19) 7 =- 2w o O 1°ND _, ¥ 4
nn B-+ YN . B_{_ YN E{‘[
O 1-N O 1-NQO

Inserting (A12) and (A15) - (A19) into (A14) yields the following solution for C

(AZO) gc =1+§nﬁc +/‘()%Oc +X0n )

+ %mNm /\SYB— @Vnc

Ag
N™ 1-NH

1+ e

AN %e 1@, WV H_l.

mN™ N H+
- 1 S
1+/\g 1- N - N[H]H/\eu]j 1-N[

Nm

Nm - NEH1+€/\D]] 1-N[O

%;mm JAN %s 1m, YNH
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where the last expression was obtained by using the definition of O<d =[1+mA(e -1))/(1+ £A) <1

introduced above.

Derivation of Result 7

-1
A _a 3 - R - -0

Recall that g, =g,, Xo, =sY + X, , and that (A19) implies that 1+ n, =—Y%+1YA}]\]§VD >0.
- U

The solution for C, can then be written

(A21) C_’t :énﬁt +§t +/‘()A(Ot +)A(On’2t)
=/1sY+(g‘n +/1f(0,,)(1+ﬁt)

g

:(1—s)Y—%1W\;; —1iVNECr+/\sYB N B r

M-NO AB.+ YN
u

0
=
HHooo

]
oy, EmN" N Y E
=(1-s)r %—N"’%d%—N — ﬁ

where (1-s)Y = A fp-¢

T+ eAMo-10

Changes in outputs

Cost increments are transmitted to output prices and to the price index P. The increase in P reduces
demand for the differentiated industry product. At the same time, the increased cost and price
heterogeneity also induces substitution of demand within the industry in favour of the most efficient
firm. For the most efficient firm the latter substitution effect dominates, so the output from the most
efficient firm will increase. On the other hand, output from the ex post marginal firm goes down. The

equilibrium relative change will be
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(A22) X, =B'”/S‘1%"‘E%+ /e

01+ &) [T+ oA 1-NH

:SY+MB§](_1)@1+YN/Y Hzﬂ%— IN@-N) O sV

e O LoV /a-ME =) °

(A23) X,, =X, +mN,

: H
_ sYN G 4 0. 4 _ m/s+¥N/1-N)O
R =l e e R
ED 1-NO E

Recall, however, that output changes at the firm level have no cost effect when A=0. On the other

hand, when A > 0, so that 0 < d < 1, the redirection of output within the industry implies a positive

contribution to C%, from scale effects at the individual firm level. In this case changesin N may have a

negative impact on C,. However, when A>0 the term in (A21) becomes positive, and will dominate

effects caused by changes in N as long as the market share of the least efficient firm is sufficiently
small.
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