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Abstract

In a differentiated products setting when costs are unobserved, the Cournot model of
quantity-setting competition attributes a greater share of prices to markups than does

the Bertrand-Nash model of price-setting, leading to lower estimates of marginal costs.

JEL classification: L1,  Keywords: Cournot competition, Bertrand competition, markups

1 Introduction

The classic price-setting model of Bertrand and quantity-setting model of Cournot are the
first models of oligopolistic competition every student learns. In the simplest case of ho-
mogenous goods and symmetric and constant marginal costs, the former makes the stark
prediction of zero markups, while the latter allows for positive markups and firm profits.
The Bertrand-Nash model of price setting in differentiated products markets is the basis
of an enormous amount of empirical work in industrial organization; the quantity-setting
model is also well-defined in such settings, and while less popular, is also considered empiri-
cally. We show that in a general differentiated products environment where all products are
gross substitutes and there are no Giffen goods, the Cournot model infers higher markups
from the same observables, attributing a smaller fraction of prices to marginal costs. Our
result implies that in structural empirical settings, researchers choosing to model conduct
as a Cournot game rather than a Bertrand game will mechanically measure a higher level of

markups.
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2 Model and Result

2.1 Environment

Let T ={1,2,..., N} be the set of products and F a partition of 1 the set of firms, so that
f € F refers both to the identity of a firm and to the set of products it sells. Let py, ..., py
denote prices and s;,...,sy market shares. Normalize market size to 1, so demand and

market share for a product are identical. Suppose the demand system s(p) is known.

Assumption 1. The demand system s(-) is differentiable with respect to prices, and for

each product i € 1, (i) g;? <0, (ii) g—fj > 0 for each j # 4, and (iii) a%. > ien S5 < 0.

That is, in addition to differentiability, we assume that there are no Giffen goods, goods
are gross substitutes, and the outside good is a gross substitute for any of the other goods.
All of these conditions occur naturally in any discrete choice setting where consumers choose
whichever single product (or the outside option) maximizes their utility, given a utility from
each product that is decreasing in that product’s price (and independent of other products’
prices). In particular, Assumption 1 holds in all the standard demand systems used in
empirical industrial organization, including that of Berry, Levinsohn, and Pakes (1995).
Outside of discrete choice settings, these are of course substantive assumptions, particularly

the requirement that no two goods are complements.*

Assumption 2. Marginal costs are constant for each product (but need not be equal across

products).

Let c¢; denote the marginal cost of good j. Let p, ¢, and s be vectors of all products’
prices, marginal costs, and market shares, respectively. Let S, be the Jacobian of the demand

system with respect to prices, [Sp]i,j = g;i.'
J

Under Assumption 1, S, is invertible, so s(-) is

invertible as well.

2.2 Bertrand-Nash (Price-Setting) Competition

In the Bertrand-Nash model, each firm f sets prices for all its products to solve

max » (p; — ¢;)s;(p)

'Product substitutability is also key to establishing the ranking of equilibrium prices between the Cournot
and Bertrand models given a fixed level of marginal costs. Okuguchi (1987) and Amir and Jin (2001) show
that Cournot prices may be lower than Bertrand prices when some products are complements.



taking as given the prices of products i ¢ f. The firms’ first-order conditions with respect

to each price can be stacked in matrix form and written as
p—c = —(Qo8)"s

where Q the ownership matrix (defined by €;; = 1 if ¢ and j are products sold by the
same firm and 0 otherwise) and ® refers to element-by-element multiplication of matrices
([A® Bl;; = A; ;B; ;). Thus, under the assumption that firms are playing the equilibrium
of the Bertrand game, markups can be recovered from the observed market shares, price
elasticities at equilibrium prices, and the ownership matrix; if prices are also observed,

marginal costs can be recovered as prices minus markups.

2.3 Cournot (Quantity-Setting) Competition

In the Cournot model, each firm f instead chooses quantity levels s; for each of its products,

taking as fixed the quantity levels of competing products, solving

{m}ax (p;(s) = ¢;)s;
Sjrjef jef

where p;(s) = sj_l(s) is the price of product j given the market shares chosen by all firms.

-1
Since ags } =5, ! the first-order conditions can be stacked and written as

p—c = —<Q®(Sp_1),>s

so once again markups and marginal costs can be recovered under the assumption firms are

playing the equilibrium of the Cournot game.

2.4 Result

Rather than fixing primitives and considering the different equilibrium outcomes of the two
models, our thought experiment is the reverse: a researcher knows the demand system and
observes market outcomes but not costs, and infers markups and costs from the equilibrium

implications of one of the two models. Our result is the following:

Theorem 1. Fizing the demand system and observable outcomes (prices and market shares),
the Cournot model implies higher markups and therefore lower marginal costs than the

Bertrand model.



For a simple example to better visualize the result, suppose there are four products, two
firms f; = {1,2} and f, = {3,4} selling two products each, and that 0si — _0451if j =i

dp;
and 0.05 otherwise.? In that case, the Bertrand model implies markups are

- - -1

—045 005 0 0 (995 025 0 0 |
0.05 —045 0 0 025 225 0 0
p—c = —_ S = S
0 0  —045 005 0 0 225 025
0 0 005 —045 0 0 025 225

while the Cournot model implies markups of

(233 033 0 0
033 233 0 0
0 0 233 033
0 0 033 233 |

e T o S S
[ J e S S
_ = O O
_ = O O

Thus, for any vector of market shares, the Cournot markups are higher. The theorem shows
the result holds generally, for the same reason. If we (without loss of generality) relabel
products so that each firm sells products with consecutive indices, so that Q, —(Q2 ® S;,)_l,
and —(Q®(S, ")) are all block-diagonal matrices, we establish that the within-block elements
of the latter two matrices are all strictly positive, with the elements of —(Q ® (S, ')") each

being strictly larger. Since s > 0, this implies larger markups under the Cournot model.

3 Discussion

A number of papers consider the reverse of our question: for a given set of primitives (de-
mand system and marginal costs), how do equilibrium outcomes compare across the two
models? Vives (1985) studies a demand system very similar to ours, derived from a repre-
sentative consumer with quasilinear preferences but with single-product firms and symmetric

. 0s; 6&
cross-price effects o = o,

symmetric demand and uniqueness of equilibrium under both models, or (ii) quasi-concave

> (0. Under additional assumptions that guarantee either (i)

profit functions and Bertrand reaction functions that are increasing in rival prices, he shows

that the Cournot model gives higher equilibrium prices than the Bertrand model.> Related

exp(v;—ap;)
‘ 1+Z?:1 exp(vj—apj)
3Formally, in the latter case, the result is that for any equilibrium of the Cournot model, there is an
equilibrium of the Bertrand model with lower prices.

*These arise with simple logit demand s; =

if 51 =59 =53 =54 =0.10 and o = 5.



results appear in Hathaway and Rickard (1979), Singh and Vives (1984), Cheng (1985), and
Okuguchi (1987). Because our result concerns markups and costs implied by each model
given equilibrium outcomes, rather than predictions on equilibrium outcomes given primi-
tives, we can avoid imposing additional assumptions to ensure equilibrium uniqueness, a key
aspect of the previous literature.

Note also that our result does not depend on constant marginal costs; if the total cost
C;(s;) of producing each product j depended nonlinearly on the quantity produced, the first-
order conditions would be identical, with C}(s;) replacing ¢;. The Cournot model would infer
greater markups (lower marginal costs) for each product at the observed demand level. If
firms had economies of scope, however — the marginal cost of product j depending on the
quantity produced of the firm’s other products — the first-order conditions would change and

our result need not hold.

4 Acknowledgements

This research did not receive any specific grant from funding agencies in the public, com-

mercial, or not-for-profit sectors.

References

AMIR, R. AND J. JIN (2001): “Cournot and Bertrand Equilibria Compared: Substitutability,
Complementarity and Concavity,” International Journal of Industrial Organization, 19,
303-317.

BERRY, S., J. LEVINSOHN, AND A. PAKES (1995): “Automobile Prices in Market Equilib-

rium,” Econometrica, 63, 841-890.

CHENG, L. (1985): “Comparing Bertrand and Cournot Equilibria: a Geometric Approach,”
The RAND Journal of Economics, 146—152.

HATHAWAY, N. AND J. RICKARD (1979): “Equilibria of Price-setting and Quantity-setting
Duopolies,” Economics Letters, 3, 133-137.

HORN, R. AND C. JOHNSON (1994): Topics in Matriz Analysis, Cambridge University

Press.

OKuGUCHI, K. (1987): “Equilibrium Prices in the Bertrand and Cournot Oligopolies,” Jour-
nal of Economic Theory, 42, 128-139.



SINGH, N. AND X. VIVES (1984): “Price and Quantity Competition in a Differentiated
Duopoly,” The RAND Journal of Economics, 546-554.

VIves, X. (1985): “On the Efficiency of Bertrand and Cournot Equilibria with Product
Differentation,” Journal of Economic Theory, 36, 166-175.



Appendix — Proof

The Bertrand-Nash model gives first-order conditions

0s;
} : i _
jef ‘
Stacking these in matrix form gives
[ 051 0s, o Osw I\ [ ] [ ]
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Under Assumption 1, Q ® S, is invertible, giving
p—c = —(Q@S{D)fls

The Cournot model gives first-order conditions

or, stacking,

e = (a0]2]).

Since p(+) = s [%} =5, ' and therefore the Cournot model gives markups

p—c = —(Q@(S;l)/>s

Note that the two models give very similar-looking markups, the difference being that for
Cournot markups, we invert S}', before multiplying by 2 and for Bertrand markups, we
multiply by €2 before inverting.

It suffices to show the result for one firm’s products. Without loss, we can relabel products
so that each firm sells products numbered consecutively, so that € is a block diagonal matrix,
with firm 1 selling products 1 through m. Let A = —S;,, so that markups are (2 ® A)fls

for Bertrand and (Q ® A™")s for Cournot. Note that (2 ® A)™' and @ ® A~ will both be

block diagonal matrices, with the blocks corresponding to products sold by the same firm.



We will show that for i,j € f (two products sold by the same firm and therefore nonzero
elements of these matrices), [Q® A™'],; > [(Q® A)™'];; > 0, from which (since s > 0) the
result follows.

We begin by establishing a decomposition of the matrix A = —S,; L

Claim 1. Under Assumption 1, the matriz A can be written as a matriz product A = LU,
where L is an N X N lower-triangular matriz with positive diagonal terms and negative
below-the-diagonal terms and U is an N X N upper-triangular matriz with positive diagonal

terms and negative above-the-diagonal terms.

Theorem 2.5.3 in Horn and Johnson (1994) (pp. 114-115) establishes that A is an M-
matrix. (A € Z,, since it has negative off-diagonal elements. A" = —S, is strictly row
diagonally dominant and has positive diagonal elements, so (by 2.5.3.13) A’ is an M-matrix,
so A is as well.) It then follows (by 2.5.3.9) that it can be written as a matrix product
A = LU, where L is lower-triangular, U is upper-triangular, and both have strictly positive
diagonal elements.

That the below-diagonal terms of L and the above-diagonal terms of U are negative
requires a separate proof (and in fact is the second Exercise on page 117 of Horn and Johnson

(1994)). Suppose this were not true. List the off-diagonal terms in the following order:
(Zn) = (L2,17 U1,27 L3,17 L3,27 U1,37 U2,37 L4,17 L4,27 L4,37 U1,47 U2,47 U3,47 L5,17"‘)

(That is, begin with the second row of L, then the second column of U, then the third row
of L, the third column of U, and so on, omitting the diagonal and above-diagonal elements
of L and the diagonal and below-diagonal elements of U.) Letting sign superscripts denote
matrix elements whose sign is already known, note that since Ag;) = Loy, Ul(j), we know that
Ly, <0, and similarly U, 5 < 0 because Ag;) = ng)Um.

Find the first element in the list z, which is non-negative. First, suppose it is an element
of L. This means that for some (4, ) with i > j, L;; > 0, but L, » < 0 for j" < j, Ly » <0
for i/ < i, and Uy y <0 for j' <i. Note that

-1

N j
A;;) - ZLZ'JCU’CJ = ZLi,kUk,j = L;?U,g;) + L, .U
k=1 k=1

VRN
1

.

e
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requiring L; ; < 0, a contradiction. Similarly, if the first nonnegative element of z,, is an
element of U, U, ; > 0 while Uy; <0 for i’ < 1, Uy <0 for 7 < 4, and Ly <0 for i' < j.



This time, 7 < j, so

N 7 i—1
AT = Dluly = X Luly = D LyUG+ LU,

requiring U, ; < 0, a contradiction. Thus, there can be no first nonnegative element of the list
(z,), so all below-diagonal elements of L, and all above-diagonal elements of U, are strictly

negative.

Claim 2. Under Assumption 1, A= LU, L™ is a lower-triangular matriz with oll diagonal
and below-diagonal elements strictly positive, and U™ is an upper-triangular matriz with all

diagonal and above-diagonal elements strictly positive.

Let R = L', so that

Lya Ry Ry -+ Ry 10 --- 0
Loy Ly Ryy Rep -+ Ryy B 01 --- 0
| Lny Lnp -+ Ly | | Bva By2 -+ RByn | 00 - 1]

Note that Ry ; = 1/Ly; and Ry, = 0 for k > 1; then Ryy = 1/Ly5 and Ry, = 0 for k > 2,
and so on, so R is lower triangular with strictly positive diagonal terms,

LY R 10 0
Lg,_1) L;;) Ry Ré? B 01 0
_Lg\/_i Lg\?% LS;FBV_ | Byi Bya - RE\;L,J)V_ | 00 - 1]

Suppose there was some 7, j with ¢ > j such that R,;; < 0, and assume without loss that

(1,7) is the first such occurrence (again listing elements by row). Then

—_

N i i—
0 = Ly = Y LRy = Y LRy, = LR + LR
k=1 k=j

J

i

(The third equality is because R ; = 0 for k < j and L; ), = 0 for k > 4.) If R;; <0, then
the right-hand side would be strictly negative; so R, ; > 0, giving a contradiction. So L7tis
lower-triangular with all strictly positive diagonal and below-diagonal terms; the analogous
argument establishes U -t upper-triangular with strictly positive diagonal and above-diagonal

terms.



Claim 3. Fori,j <|f], (Q® Ail)i,j > Q0o A>;j1 > 0.

Let m = |f|, so firm 1 sells the first m products. Since A = LU, A™' = U7'L™". We
established above that U;kl is 0 for k < 7 and strictly positive for £ > 4, and L,;} is 0 for
k < j and strictly positive for k > j, so

N N
-1 —17-1 —17-1
A= DUy = > Unly
k=1 k=max{i,j}
where each term in the latter sum is strictly positive. For 7,7 <m, €, ; = 1 and therefore

N
(Q@A_l)i,j = Z Ui,_lel;,}

k=max{i,j}

For any matrix M, let M denote the m x m leading principal submatrix of M, i.e., the
submatrix consisting of twst m rows and columns of M. Since block-diagonal matrices
invert block by block, (2 ® A)™! = (A)~'. It’s easy to establish that A = LU and therefore
A'=UL7". Asa result, for 7, 7 < m,

m m N
QoA = Y UL = > ULl < > UjLj = QoA™Y
k=1 k=max{i,j} k=max{i,j}

giving the result. O
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