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ABSTRACT: Ritz (2024) argues that the “standard intuition”, whereby
an increase in competition raises the rate of pass-through of market-wide
cost changes to prices, can fail when total cost convexity C” G.e.
diseconomies of scale) is sufficiently high. This article shows that the
conditions for an increase in competition to lead to lower pass-through
rates depend qualitatively on whether the increase in competition is an
increase in competitive intensity (due to a change in product
substitutability or conduct) or whether it is an increase in the number of
competing firms. If it is an increase in competitive intensity, pass-
through rates can decrease, provided that marginal cost convexity C'"' is
sufficiently high (i.e., that there is a sufficiently hard capacity constraint)
and that total cost convexity C” is sufficiently low (.e., that any
diseconomies of scale are not too strong). If the increase in competition
1s an increase in the number of firms, pass-through rates can decrease,
provided that total cost concavity —C" is sufficiently high G.e., that there
are sufficiently strong economies of scale) and that marginal cost
convexity C'” is sufficiently low (i.e., that any capacity constraint is
sufficiently soft). Contrary to Ritz’s argument, strong total cost convexity
tends to reinforce the standard result in either case. A brief analysis of
pass-through of firm-specific cost changes suggests that the same
mechanisms can give rise to analogous results in that case.
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1. Introduction

What Ritz (2024) calls the “standard intuition” that competition increases pass-through

for market-wide cost changes, has important implications for economic practitioners.! To
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1 For a discussion of the standard intuition, see for example Ten Kate and Niels (2005), pp. 325, 330, and RBB
(2014), pp. 70, 77. For treatments of pass-through in the economic literature more generally, see especially
Bulow and Pfleiderer (1983), Anderson et al. (2001), and Weyl and Fabinger (2013).
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give but one example: In the EU, cartel damages claims are typically reduced if it can be
shown that cartelists’ customers were likely able to pass through any overcharge to their
own customers by charging higher prices downstream.2 Where courts must decide
between competing empirical estimates of pass-through, or where reliable data for
carrying out such estimates is unavailable, they often resort to a qualitative assessment
of the degree of competition and other market features known to be relevant for assessing

pass-through.

In this context, a proper understanding of Ritz’s recent analysis, which claims to show
that cost convexity can undermine this standard result, is warranted. Ritz analyses the
impact of competition on pass-through in Bertrand and Cournot models using two
approaches, which he calls “between market” and “within market”. In the between-market
approach, he characterises a change in competition as a change in the firm-specific
elasticity of demand, whereas in the within-market approach, he characterises a change
in competition as a change either in product substitutability (Bertrand model), or in

conduct (Cournot model), or in the number of competing firms (both models).

This article argues that the between-market approach is flawed because a change in the
firm-specific elasticity, holding fixed all other elasticities, does not accurately characterise
a change in competition. As for the within-market approach, the flaw lies not in the
approach itself but in the conclusions Ritz draws from it. While cost conditions for
competition to lead to lower pass-through do indeed exist, high total cost convexity C"

actually reinforces the standard effect.

The conditions for competition to lead to lower pass-through depend on whether
competition reflects competitive intensity (i.e., product substitutability in the Bertrand
model and conduct or product substitutability in the Cournot model) or the number of
competitors. In the former case, the driver of competition reducing pass-through is not the
convexity of total cost but the convexity of marginal cost C'"’, while in the latter case the

driver is not the convexity but the concavity of total cost.

The remainder of this article is structured as follows: section 2 summarises Ritz’s results;
section 3 explains why the between-market approach is inappropriate; section 4 shows

under what conditions the results hold for the within-market approach in the Bertrand

2 For an analysis of pass-through in the context of cartel damages, see Verboven and Van Dijk (2009).
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case; section 5 does the same for the Cournot case; section 6 briefly looks at analogous

results for firm-specific cost changes; section 7 summarizes the results and concludes.

For brevity, the summary of Ritz’s result in section 2 and the critique of the between-

market approach in section 3 focus exclusively on the Bertrand case.
2. Overview of Ritz (2024)

Ritz considers the case of symmetrically differentiated Bertrand competition, with each
firm maximising a profit of m; = p;D;(p) — C(D;), where C(D;) = C(D;) + tD; and T is a cost
shifter.

Taking the first-order conditions with respect to price and totally differentiating them
with respect to the cost shifter 7 gives conditions that define the equilibrium pass-through
rates. Imposing symmetry across firms and making use of the Lerner condition, Ritz

shows that these pass-through rate can be expressed as

_op _ g4 (1)

P=%™ gd4eD—gminS(ed-1)eD’
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where € op; D 18 the firm-specific elasticity of demand, £? % D (where —= Z i ap; —5)
1s the market-wide elasticity of demand, €™ = ( ) / 9D: ; 1s the elasticity of the slope
of the demand curve and n5 = C" - D/’ is the elasticity of the marginal cost curve.
For present purposes, it will be convenient to rewrite the above as

p=2= ! (2)

or 1+ ——+ns(sd 1)—
Equivalently, the pass-through rate can be stated as
1
p= (3)

1+(1-EP)(1-R)+nS(eP-14R)’

where EP = ¢™ /P is referred to by Ritz as the “(normalized) demand curvature” and R =

6D aDi _ D d : . . .
i o, /(— a—pi) =1—¢”/e% is the aggregate diversion ratio.

Having derived these expressions for pass-through, Ritz takes two alternative approaches

for determining the relationship between pass-through and competition.



The first is the between-market approach, which characterises a change in competition as
a change in the firm-specific elasticity of demand. In particular, holding constant all other
elasticities in (2), the between-market approach considers the impact of a change in €% on
p.3 Taking the derivative of the denominator with respect to €2, it follows that pass-

through is decreasing in €% (i.e., the denominator is increasing) whenever
nS>1-EP. (4)

On this basis, Ritz argues that competition decreases pass-through as long as cost

convexity, as measured by n°, is sufficiently strong.

The second approach for determining the relationship between pass-through and
competition is the within-market approach. To implement this, Ritz assumes a Shubik-
Levitan demand form: D;(p) = %(a —ﬁ(pi —y(ﬁ—pi))), where n is the number of

competing firms and y € [0,) i1s the degree of product substitutability. With this
simplification, the pass-through rate can be expressed as
1
p=—0 (5)

2-r+Ecr
n

y(n—-1)

where R = .
n+y(n-1)

Ritz then considers an increase in competition due to an increase in the number of firms
n and, alternatively, due to an increase in product substitutability y and derives the

following conditions for an increase in competition to increase pass-through:
%C”(qﬁs — 1) = 2 — R in the case of changes in y (6)

and

2-R- ) ) (7)
_Eer ( nd" ¢S — ) > n28 in the case of changes in n,
n 2-R+ Ber dn

where ¢ = D - C""'/C" is the elasticity of the slope of the marginal cost curve.

3 An equivalent alternative is to vary R instead of 9.



On this basis, Ritz argues that competition decreases pass-through if costs are convex
(C" > 0) and the elasticity of the slope of the marginal cost curve is sufficiently positive or
negative, depending on whether the change in competition is driven by a change in y or

by a change in n, respectively.
3. The between-market approach mischaracterises changes in competition

The between-market approach—which characterises an increase in competition as an
increase in the firm-specific elasticity of demand, holding fixed all other elasticities—is
not appropriate for drawing conclusions on the effect of competition on the rate of pass-
through. The Shubik-Levitan-demand example Ritz uses for his within-market approach

illustrates this well.

The first problem is that an increase in competition and an increase in the firm-specific
elasticity of demand ¢ do not necessarily go hand-in-hand. With Shubik-Levitan demand,
as with linear demand more generally, for given demand parameters, £% actually
increases in price.* Competition, by decreasing price, thus also decreases the elasticity,

such that the latter cannot be used as a direct measure of competition.

The second problem is that the between-market approach considers changes in the firm-
specific elasticity while keeping fixed all other elasticities. In reality, a change in
competition leads to lower prices and greater outputs, such that all elasticities—which
are typically functions of prices or outputs—will be affected by the change in competition.5
Thus, if something causes €% to change without affecting any of the other elasticities, it

cannot be a simple change in the degree of competition.

To illustrate this algebraically: In the general expression for pass-through given in

equation (2), cost convexity plays a role exclusively through the last term in the

D
denominator: ns(sd—l) i_d' Ritz’s argument in the between-market approach is

d

essentially that for given levels of n° and £P, an increase in &% increases this term and

. aD;p aD; . . . . .
4 The reason is that ¢4 = — 6—15, where — B_pl > 0 i1s constant when demand is linear, whereas 3 1s increasing
i

in p, bearing in mind that D is decreasing in p. Even if the change in &% is due to a change in product
substitutability y or in the number of firms n, such that — g—sf = %(1 + ynT_l) changes, there is not necessarily
a positive relationship between competition and 2. To see this, note that with Shubik-Levitan demand D; =

%(a — ,B(pi -y - pi))) and zero marginal cost, the equilibrium price is given by , such that ¢4 =

_«

n—1
p+B(1+r"7)
1, which corresponds to revenue maximisation. In this case, changes in competition driven by changes in y or
n are not reflected in € because equilibrium prices are always such that ¢4 = 1.

5 Ritz recognises this in his article, where he refers to “knock-on effects” on the other elasticities.
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therefore decreases pass-through. However, when demand is Shubik-Levitan, the cost

elasticity is given by n° ﬂ i —C" 6 The last term in the denominator can thus be

written as EC ", which is precisely the last term in the denominator of Ritz’s expression

for pass-through in the case of Shubik-Levitan demand (equation (5)). The variable £¢

thus drops out of this term.

To investigate the effect of a change in competition on the pass-through rate, it is helpful
to consider the case where C"' is constant, i.e., where C'"' = 0, noting that Ritz’s condition
for pass-through to decrease—condition (4)—only places a constraint on the Jevel of C”

d

and not on its slope C'"’. With constant C"’, a change in € as a result of a change in product

substitutability y is accompanied by n° and £” changing in such a way that the third term

in the denominator and therefore pass-through are unaffected (because gC " is then

d

constant in y). On the other hand, a change in € as a result of a change in the number of

firms n is accompanied by 75 and £ changing in such a way that the third term decreases
(because g C" is then decreasing in n through the coefficient g), and therefore pass-through
increases. Either way, contrary to the results from Ritz’s between-market analysis, pass-

through does not decrease, regardless of whether condition (4) is satisfied, which, as noted,

depends on the level of C"'.

As discussed in detail in the next section, for pass-through to decrease in the way
envisaged by Ritz, it is necessary that C” changes in output (noting that output increases
with competition), i.e. that C"" # 0. This is consistent with the fact that the conditions in
Ritz’s within-market analysis (contrary to the conditions in his between-market

analysis)—see conditions (6) and (7) above—depend on ¢° and therefore on C'".
4. The within-market approach revisited for the case of Bertrand competition
Changes 1n product substitutability

This section examines the role of cost convexity in Ritz’s within-market approach, starting

with condition (6) above. Rather than writing this in terms of ¢5 =D -C""”/C", it will be

d
6 In particular, from the Lerner condition it follows that < 3 =L =—1 =% suchthat nS =
1-m  1-1/g%  gd—1

E_EE "
pC’

d
585 T C". Moreover, from the fact that Shubik-Levitan demand at symmetric prices is given by D = - (a Bp),
such that e” = ofzp, it follows that —= :La pﬁp isD Plugging this into the above expression for the cost

elasticity gives the desired expression.



useful to consider the roles of C"" and C'"' separately. Plugging this expression back into
condition (6) and slightly rearranging gives the following equivalent condition for pass-
through to be a decreasing function of y:
Eemp>2-Rr+bcr ®)

A number of observations are in order: First, for Ritz’s result to hold, a sufficient level of
C"" is needed. The reason is that an increase in competition due to an increase in product
substitutability leads to a decrease in price and therefore to an increase in aggregate and
firm-level output. If C'"' is sufficiently high, this leads to a sufficiently strong increase in
C" as to lead to an overall decrease in pass-through, recalling that pass-through is given
by p=1/(2—R+ B/n-C"), which is negatively related to C". Intuitively, competition
leads to higher output and therefore exacerbates any diseconomies of scale (as measured

by C'’), which are known to decrease pass-through.”

Second, contrary to Ritz’s claim, high levels of C"’ tend to make it Jesslikely for an increase
in competition to decrease pass-through. The reason is that C" reduces the volume effect

of competition that drives the effect that C'"' has on pass-through.8

Third, in addition to the standard case, where C""" is too low for condition (8) to be satisfied,
such that competition increases pass-through, and the opposite case, where C'"' is
sufficiently high for condition (8) to be satisfied, such that competition decreases pass-
through, there can be a third, intermediate case in which there is a nonmonotonic
relationship between competition and pass-through. To see why, note that the right-hand
side of condition (8) is the inverse of the pass-through rate p. It is thus conceivable that
condition (8) is initially not satisfied, such that, as competition increases (in the form of
an increase in y), p increases as well until the point where the increase in p sufficiently
depresses the right-hand side of condition (8) for the condition to be satisfied, such that

further increases in competition lead to a decrease in p.?

7 The reason is that an increase in price following an increase in marginal cost leads to a decrease in output
and therefore in marginal cost, dampening pass-through of the original increase in marginal cost. Cf. RBB
(2014), pp. 63-64.

aD

8 To see this, note that from (A3) of the proof of Lemma 5 in Ritz’s Appendix A, p
appears in the denominator of p. (D is a function of price, which, in equilibrium, depends on ¢’ but not on €".)
9 Of course, whether this actually happens depends also on how the left-hand side responds to an increase in

y. In that regard, note that D increases, which supports the envisioned effect, but that the effect on C""' is
ambiguous. That the third case is in fact possible is demonstrated by example—see Figure 2 below.

= g—:pD, where C" only
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To illustrate, consider the following cost function, which is a variant of the “short-run

Cobb-Douglas” cost function Ritz considers in his Section 5:

_ c-D D<z 9
C(D)_{c-D+5(D—Z)“ otw. *

Under this cost function, condition (8) becomes
Bsuu-10-2"3((u-2)D-(D-2)>2-R, (10)

provided that parameters are chosen such that D > z in equilibrium, which can be done

by taking a sufficiently high demand parameter a.

Figure 1 calculates the pass-through rates for the parameter choice y =3, a = 10, § =1,
T=0,n=6, c=0.5, and z=1.2 and the specified range of values for y.1° For these
parameter values, condition (10) simplifies to 1.2-8 > 2 — 5y/(6 + 5y). Given y € [0, o),
the right-hand side is in the range (1,2]. For values of § of 0.5, 1.25 and 2, the left-hand
side equals 0.6, 1.5 and 2.4 and is thus below, within and above the range (1,2] of possible
values of the right-hand side. Thus, if § = 0.5, the inequality is never satisfied and pass-
through is monotonically increasing in y, and if § = 2, the inequality is always satisfied
and pass-through is monotonically decreasing in y whenever output exceeds z, such that
there is cost convexity. For the intermediate value § = 1.25, the condition is satisfied as

long as y > 1.2 and therefore for the entire region above y ~ 2.56, where costs are convex.!!

10 This is done using the fact that equilibrium price is given implicitly by p = g% + ﬁ (C'(D) + 1) (see the
proof of part (b) of Lemma 5 in Ritz’s Appendix A) and approximating the pass-through rate as the limit
li p@y)-p0y)

im ———=,

-0 T

11 Different parameter values are used further below to illustrate that the possibility of a nonmonotonic
relationship between y and the pass-through rate is not caused by the cost function being piecewise—see

Figure 2.



Figure 1 Product substitutability and pass-through for various degrees of cost convexity
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Note: Total and marginal cost are convex for all y > % ~ 2.56, as then D > z.

Figure 1 shows the pass-through rates for various levels of convexity, given by the
parameter 6.2 The boundary cases, which are marked by dashed lines, are § = 0, which
corresponds to the absence of all convexity, and § = o, which corresponds to a hard
capacity constraint at y = 2.56. To the left of this point there is no convexity regardless of
the value of §, as the cost function is constructed in such a way that convexity begins at a
certain level of output (given by z), which is only reached if the market is sufficiently

competitive (.e. if y is sufficiently high).13

To illustrate that the nonmonotonic relationship is not driven by the cost function being
piecewise, Figure 2 shows the pass-through curve for slightly different parameters, in
particular, setting § to 2 and changing z to 0.75. In that case, condition (10) becomes 1.5 >
2—-5y/(6+5y). At y =0, the right-hand side equals 2, such that this condition is not

satisfied and pass-through increases in y until y = 1.2, where pass-through reaches a

12 Given u = 3, C'" 1s discontinuous at z, such that C" and therefore p are kinked at this point for any § > 0.
13 As noted above, the reason that the curve corresponding to § = 1.25 in Figure 1 does not have a
nonmonotonic shape (to the right of y ~ 2.56, which corresponds to the output level z, where cost convexity
begins) is that the maximum pass-through rate would be reached at y = 1.2, which is to the left of y ~ 2.56.
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maximum. In this case, firm-specific output exceeds z for the entire domain of y, such that

the result is clearly not due to the piecewise nature of the cost function.

Figure 2 Nonmonotonic relationship between product substitutability and pass-through
for6 =2 and z = 0.75
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Note: In this case, firm-specific output exceeds z for all admissible levels of y.

The following proposition summarises the above discussion.

Proposition 1. An increase in competition driven by product substitutability y can
reduce the pass-through rate for market-wide cost changes, provided that
marginal cost convexity C'"" is sufficiently high (i.e., that there is a sufficiently hard
capacity constraint) and that total cost convexity C" is sufficiently low (.e., that
any diseconomies of scale are not too strong). In the opposite case, the standard
result obtains, whereby an Increase in competition increases pass-through. In
between these two cases there can be a third case in which there is a nonmonotonic
relationship between competition and pass-through, where pass-through first
increases and then decreases in competition (as the soft capacity constraint

tightens).

Changes 1n the number of firms

10



Turning next to Ritz’s within-market approach as it pertains to changes in n, rather than
focusing on condition (7), it will be useful to restate this by noting that in order for the

pass-through rate to decrease in n, the denominator of p must be increasing:

2 (5 _p4bon : LB g BomdD R (g oR _ RU-R)
> (2 R+ - C ) > 0 or, equivalently m; c" + - C P Using the fact that I = nneD)
and, from (A4) of the proof of Lemma 5 in Ritz’s Appendix A, that Z—Z =
(1 R(1-R) . .-

—|=(2-R) - )pD, it follows that condition (7) can be stated as'4

n nn-1)

_paBon (11)
B 24 B n 2 R+nC
~Lemp s (2-r+EC )(r’“:’”_1>

where the left-hand side is the negative of the left-hand side in condition (8) and the right-

2-r+8c”
hand side is the right-hand side in condition (8) multiplied by the factor - b 1.

RA-R)
R

Given that the case C'' < 0 is unusual, the following discussion will focus on the case

C"" = 0. In that case, the left-hand side is weakly negative such that the right-hand side

must be negative for this condition to be met. Assuming that 2 — R +§C ", which is the

inverse of the pass-through rate, is positive, it follows that the right-hand side is negative

if and only if gC "< = R(nl__lR), i.e. if there are sufficient economies of scale. Condition (11)

is then satisfied provided that €'’ is sufficiently small. This establishes the following

proposition.

Proposition 2. An increase in competition driven by the number of competitors n
can reduce the pass-through rate for market-wide cost changes, provided that total
cost concavity —C" 1is sufficiently high (i.e., that there are sufficiently strong
economies of scale) and that marginal cost convexity C'"' is sufficiently low (.e.,

that any capacity constraint is sufficiently soft).
The intuition now is as follows: economies of scale (i.e. negative C'’) increase pass-through

(through the term gC " < 0 in the denominator of p),!5 but this effect is undermined if

there are many players in the market, as this reduces firm-specific demand, making it

less sensitive to market-wide price changes (.e., the slope of the demand curve with

14 Tt can be stated more succinctly as — % c'"D > % (o —p), where o = ﬁ.

n-1

15 Cf. RBB (2014), p. 14.
11



respect to all prices in the market, g, decreases in n).16 Large n can thus decrease pass-

through by undermining the pass-through-enhancing effect of economies of scale,

provided that the economies of scale are sufficiently strong.

However, when n increases, firm-specific output decreases. If C'"’ is positive, this causes
C'" to become more negative, exacerbating the economies of scale and therefore increasing

pass-through. For this reason, it is necessary that C'"’ is sufficiently small.

Note that, in the case of increases in y, the effect was driven by €' and counteracted by
C", whereas here, in the case of increases in n, the effect is driven by €' and counteracted
by C'’. The mechanism in the case of increases in n is thus entirely different from the
mechanism in the case of increases in y. Moreover, it is now concavity rather than

convexity of total cost that drives the result.

From the above it follows that, in the case of changes in y, the key determinant is marginal
cost convexity and in the case of changes in n, the key determinant is total cost concavity.
Contrary to Ritz’s claims, total cost convexity—far from being the determinant—actually

undermines the effects he identifies.
5. The within-market approach revisited for the case of Cournot competition

This section deals firstly with the homogenous-products case considered by Ritz and
secondly with the differentiated-products case based on an inversion of the Shubik-
Levitan demand system already used for the Bertrand analysis. In the latter case, which
makes for better comparability across modes of competition, it is possible to examine
changes in competition due to all three competitive parameters—n, 8 and y—in a single
model, where 0 is a conduct parameter that determines the extent to which firms take
into account the effect of their output on price, where 8 = 0 corresponds to perfect
competition with firms acting as price-takers and 6 =1 corresponds to imperfect

competition a Cournot.
Homogeneous products

In order to focus on the effects of the curvature of the cost curve, the following Cournot

analysis will depart from Ritz’s analysis and assume that there is no curvature on the

16 KEconomies of scale affect pass-through to the extent that the price increases that are concomitant upon cost
increases cause a loss of scale such that the resulting increase in marginal cost reinforces the price increase.
If demand is less responsive to the initial price increase, this reduces the loss of scale and hence undermines
this pass-through-reinforcing effect.
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demand side, i.e. that inverse demand is linear and given by p(X) = a — bX, where X =

Y x.

Given the profit function 7 = p(X)x — C(x) — 1x, the first-order condition with respect to x

is 3—; =p+0p'x—C'(x) —7=0, adding in the conduct parameter. Equivalently a — bX —

bOx — C'(x) — t = 0. By symmetry, this can be written as a — bX — %bX - C' (;—() —17=0.

Implicit differentiation with respect to t yields —b —— 9 b a_x - % c" (;—() Z—f —1 = 0. Solving
opox _ , 0X .
this for the pass-through rate p = X b2 P glves
1
p=—gi— (12)

"
1+n+an

Note the similarity to the Bertrand pass-through rate given in expression (5). In

particular, in the Bertrand case, the coefficient of € in the denominator is —‘;—[;i = %,

which corresponds to — 1 / Z—Z = % in the Cournot case. Similarly, in the Bertrand case, the

1p
Bpx

term2—-R=1+% e corresponds tol+ =1+ % in the Cournot case, which equals 1 +

al’x
ox

% when 6 = 1 (as implicitly assumed in the Bertrand analysis).

For changes in competition due to changes in 6, given that high 6 corresponds to low

competition, the pass-through rate decreases in competition when the derivative 9% _

a6
1 ,HaX
1 1+ .-
- —Laez 1s positive.
(1424 2c")
n nb

Implicitly differentiating the above symmetric first-order condition with respect to 9, it

can be shown that 3— = —xp. Using this, it can be shown that = 1s positive if and only if
Zemx>1424ten =2 (13)

which corresponds exactly to condition (8) in the Bertrand analysis.

ap LA o

1
For changes in competition due to changes in n, -~ = ~* ’(”’ e )2 n
14242
n nb

13



Restating the symmetric first-order condition in terms of x gives a — nbx — bx — C'(x) —

T = 0. Implicitly differentiating this with respect to n and solving for a_x gives g_x =-1 —pX.

Plugging this into the above expression for — 1t can be shown that Ritz’s result that 9
0 obtains whenever the condition
6 1

_C~> (14)

s (1494 Loy (0
nb x n nb n nb

1s satisfied.

The left-hand side as well as the first bracketed factor on the right-hand side correspond
to those in condition (11) in the Bertrand analysis, whereas the second bracketed factor
on the right-hand side is different—but note the link provided by condition (18) below,
which suggests that this difference is driven by the fact that products are heterogeneous
in the Bertrand model and homogeneous here.?

Assuming, as in the Bertrand case, that €' > 0, it follows that the right-hand side has to
be negative for the above condition to be satisfied. Assuming as before that 1 + g + % c" >
0, given that this is the inverse of the pass-through rate, it follows that the right-hand
side is negative if and only if — C i —%. Condition (14) then holds as long as C" is

sufficiently small, as in the Bertrand case.
Differentiated products based on Shubik-Levitan inverse demand

For reasons of comparability, it may be desirable to conduct the analysis of the
differentiated-products case based on the inverse of the version of the Shubik-Levitan

demand system used for Bertrand competition. To do so, first state the demand x; =
1 — . . , .

Z(a —,B(pi -y — pi))) in matrix form as x = %1 —%[(1 + I —%11 ]p, where 1 is a
vector of 1s, I is the identity matrix and 11’ is a matrix of 1s. Rearranging gives p =

[(1 +y)1 -1 11']_1 (ﬁ 1- Ex) Noting that [(1 +nI1-L11 ] (1 +Y 11') it follows

a a n
thatp = E ﬁ x+ E: (x —x1) or, equivalently, that p; = 5 E( YT (x - xl)>

17 Condition (14) can be stated more succinctly as — ﬁ C"x> p—lz (1 — p), where the right-hand side corresponds

to that for condition (11) in footnote 14 if ¢ < 1 is replaced by 1.
14



Given the profit function ; = p;(x)x; — C(x;) — tx; and following the same steps as above,

gives the symmetric first-order condition with respect to x;: %— 9%( +1_ Ln—l) X —

C'(x) — t = 0. Implicit differentiation with respect to 7, ¥, 8 and n, respectively, yields g—: =

1 n-1 Y n—-1
_ 1 a_x _ 9(1+V)2 n 6_x _ (1_1+y n ) n 6_x _
n 1y n-1 11N - _y n-1\ B ’ - _yn-1\ B -
93(1+9 o J+c@’ 9y 1+6(1 e )+Lcry 08 146(1 T )+Ec! (x) on
9(1 14 )
_ n\6_ ~ 1ty 18 _ 90 _ _ndx .
1+9(1_ ~ "‘1)+Ec”( )x Solving this for the pass-through rate p P 5 ar gives
1+y n n
_ 1 (15)
p 1+9(1——1—f:1)+ﬁc’”
14y n n

Note that wheny — oo, p — ﬁ, which corresponds precisely to the pass-through rate
+—+=C’

for homogeneous products given in equation (12).

For p to decrease in y, the denominator in equation (15)must increase: — —— (1+y)2 n;l +

B C ”’(x) > 0. Using the above expression for % and rearranging gives the following

condition for competition to decrease pass-through:

56”’x>1+9(1 V"1)+ﬁc”—1 (16)
n 14y n p

which corresponds to previous results.

1
For p to increase in 6, the denominator in equation (15) must decrease: 1 — %ynT

C " (x ) < 0. Using the above expression for 2—9 and rearranging gives the following

condition for competition to decrease pass-through:
Bema>1+0(1-L2)+ L0 =2 (17)

which not only corresponds to previous results but is identical to equation (16), which is

remarkable.

18 Given the pass-through rate calculated below, the three latter derivatives can be restated as g—; =

_1 n-t ox _ _(q1__y nt _—_2 i_r
o (1+y)27px’ %0 (1 1+y n )px and ~ n (1 + 0 1+y> px.
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Finally, for p to decrease in n, the denominator in equation (15) must increase:

y 1

_ ﬁ " E " a_x . . 6_x .
o C"(x) + ~C (%) > 0. Using the above expression for -~ and rearranging

gives the following condition for competition to decrease pass-through:

B i Yy n-1 B A1 1+6(1_ v nr—l1)+§c,, (18)
~Bemxs (1401 - L= )+Ec )(Hg(l_l;yn-l)_e ——1).
14y n / nity

Note the similarity to condition (11). Moreover, the second factor on the right-hand side

converges to that in condition (14) as y — o.
There are thus no noteworthy differences between the Bertrand and Cournot cases.
6. A brief consideration of pass-through of firm-specific cost changes

Although the present focus, following Ritz (2024), is on the pass-through of market-wide
cost changes, it is of interest briefly to consider the more complex, inherently asymmetric
question of the pass-through of firm-specific cost changes. For simplicity, this analysis

will be limited to the Cournot case with homogeneous products.

Take again the inverse demand p(X) = a — bX. This time suppose that the cost shifter t
applies to firm i only. Profit is then given by m; = p(X)x; — C(x;) — tx; for firm i and by
mj = p(X)x; — C(xj) for all the other firms j € {1, ..., n}\{i}.

Corresponding to these two profit functions are the two first-order conditions p(X) +
0p' (X)x; — C'(x;) — 7 = 0 and p(X) + 0p’ (X)x; — C'(x;) = 0. From the symmetry of all firms
other than i, it follows that X = x; + (n — 1)x;. Plugging in the demand, the first-order
conditions can be rewritten as a — bx; —b(n — 1)x; — bOx; — C'(x;)) —t =0 and a — bx; —

b(n — 1)x; — bx; — C'(x;) = 0.

Implicitly differentiating the first-order conditions with respect to 7, 8 and n, respectively,
yields three systems of two equations in two unknowns that can be solved for the following
derivatives of x; and x;:

1 124
ax; 1 n—1+9+EC (xj)

ot b<1+9+%€”(xi)><n—1+9+%C”(xj)>—(n—l)

ax]' _ 1

1
ot b<1+9+%C”(xi)> <n— 1+9+%C”(xj)> —(n—-1)

16




(n— 1+9+%C”(xj)>xi—(n—1)x]-

axi _

Fr
<1+9+%C%mﬁ(n—1+9+%U(@ﬁ—{n—ﬁ

1+9+1UTJ = X

axj B 5 Xi) | X — X;

Fr
<1+9+%C%ﬂ»<n—1+9+%01@ﬁ—{n—ﬂ

axl- 1

o gt 1
——T———<n—1+9+ga(@»+1
9+BC%@)

axj 1

on %

1
6 +3+C"(x;
n—1+9+%C”(xj)+l1’—(])

6 +3C"(x)

. . i 0x . .
The pass-through rate is then given by p = —b% —b(n—-1) %, which gives

! . (19)
(n—1+6+%C"(x]-))+1

P=—==
9+EC (Xi)

o+5¢"(x)

Note that if T = 0, there is symmetry between all n firms, such that the above simplifies

to

1 (20)

1 )
14241
n bn

1
p= =5

which is an nth of the pass-through rate for market-wide cost changes, given in expression

(12).

Surprisingly, n and 6 have the same direct effect on firm-specific pass-through (that is,
an increase of 8 by 1, from 0 to 1, has the same direct effect as an increase of n by 1),
despite the fact that an increase in n is an increase in competition, whereas an increase
in 6 is a decrease in competition. For firm-specific cost changes, the impact competition
has on pass-through thus depends on what is driving competition even for the standard

case where cost convexity does not play a determining role.

17



Given that both n and 6 have a negative effect on pass-through absent effects due to cost
curvature, the following analysis derives conditions on cost curvature for these variables
to have a positive effect on pass-through and therefore a negative effect on the

denominator of expression (19).
For 0, this results in the condition
X ox;
(9+%C"(xj))(1+%C'”(xi)%)—(9+%C”(xi))(1+%c”'(xj)a—ej)
2
(6+%C”(xj))
ax;

%C”’(xj) ag) <0.

1
9+EC"(xi) (

1
n—1+60+=c"(x )+—
( b (]) 9+%C”(xj)

For n, this results in the condition

1 .11 1 111 0x; 111 1 117 ox j
(9+EC (x,))EC (xi W—(Q-f—zc (xi))EC (XJ)W

(o+kexp))

l nr . aﬁ)
bC x]) o < 0.

0+=C"" (x;) (
b 1

1 n
(n —1+6+.C (x,-)) + i)

Plugging in the relevant expressions calculated above for the derivatives of x; and x;, it

follows that for T = 0 (which establishes symmetry between i and j in terms of both x; and

x;j and their derivatives), both of the above conditions simplify to
Lerxs>1+24 =L 1)
nb n nb np
The reason why the same condition is obtained for n and 6 is that the first-order
conditions, which can be written a — bx; + bx; — bnx; — b6x; — C'(x;) — 7 =0 and a — bx; +

bx; — bnx; — bx; — C'(x;) = 0, are symmetric in n and 6.

Note that condition (21) is equivalent to condition (13).1° The only difference is that the
latter also holds for positive levels of 7, because market-wide cost shifts do not introduce

any asymmetries.

While this simple example is not representative of the full complexity that pass-through
of firm-specific cost changes can entail in general, it does show that the same basic
mechanisms are at play and that they tend to give analogous results to those obtained for

the case of market-wide cost changes.

19 Recall that the pass-through rate is an nth of what it was in the case of market-wide cost changes.
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7. Conclusion

If there is an increase in competitive intensity, resulting in an increase in firm-level
output, then, if C'" is positive, this leads to an increase in €', that is, it exacerbates any
diseconomies of scale and undermines any economies of scale, which has a decreasing
effect on pass-through. If this effect is sufficiently strong, it can override the standard
pass-through-increasing effect of competition. A high level of "' dampens this effect by

dampening the increase in output that causes it.

This shows that the undermining effect a hard capacity constraint can have on pass-
through—by decoupling the equilibrium price from the cost of the capacity constrained
firm, provided that demand is sufficiently high (.e. that prices are sufficiently low) for the
capacity constraint to be binding20—carries over to the case of soft capacity constraints

(i.e. convex marginal costs: C""’ > 0) considered here.

If there is an increase in the number of competitors, this reduces firm-specific demand,
making it less sensitive to market-wide price changes. This decreases the positive effect
that economies of scale have on pass-through. As in the previous case, this can override
the standard pass-through-increasing effect of competition if the effect is sufficiently
strong (if C” is sufficiently negative). A high level of C'"’ counteracts this effect because an
increase in the number of competitors decreases firm-level output, which, if C'"' is positive,

decreases C" and hence increases pass-through.

Although in both cases the pass-through-reducing effect of competition is explained by
reference to economies or diseconomies of scale (C"'), the logic is entirely different. In the
case of an increase in competitive intensity, the focus is on the fact that a change in firm-
level output changes the level of C""—because C" is a function of output—and that it does
so at the rate C'". On the other hand, in the case of an increase in the number of firms,
the focus is on the fact that a change in firm-level output changes the extent to which a
given level of C'" affects pass-through, which does not directly involve C'”. Indeed, if C""" =
0, an increase in competitive intensity will not decrease pass-through, whereas an
increase in the number of firms will decrease pass-through as long as there are sufficient
economies of scale. In the context of pass-through, one should thus be careful to refer

generically to “competition”.

20 See Ritz (2024), Figure 1.
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A brief analysis shows that the above mechanisms are also at play in the case of pass-
through of firm-specific cost changes and lead to analogous results. A more detailed

characterization of these results is left to future research.
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