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a b s t r a c t

Wedemonstrate that cost pass-through can be used to informdemand calibration, potentially eliminating
the need for data on margins, diversion, or both. We derive the relationship between cost pass-through
and consumer demand using a general oligopoly model of Nash–Bertrand competition and develop
specific results for four demand systems: linear demand, logit demand, log-linear demand and the Almost
Ideal Demand System (AIDS). The methods we propose may be useful to researchers and antitrust
authorities when reliable measures of margins or diversion are unavailable. We also develop that
cost pass-through can help illuminate the suitability of some demand systems to specific economic
applications.

Published by Elsevier B.V.

1. Introduction

Researchers in industrial economics frequently conduct
counter-factual experiments based on parameterized systems of
consumer demand. The functional form of demand is assumed and
the structural parameters are either estimated from data or cali-
brated. Our focus in this paper is on demand calibration. Hereto-
fore, calibration for differentiated product industries has been
thought to require information on price–cost margins and con-
sumer diversion, which together are sufficient to recover the struc-
tural parameters of many demand systems.1

We develop that cost pass-through can be used to inform de-
mand calibration, potentially obviating the need for margins, di-
version, or both. As a motivating example, suppose an economist
seeks to calibrate a linear demand system to facilitate merger
simulation. Price–cost margins are available so the own-price
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consumers abandoning the first product, in response to a small price increase, that
switch to the second product. Knowledge of quantities and prices is also necessary
for calibration. Relative to demand estimation, calibration is more common among
antitrust practitioners because it can utilize confidential information that becomes
available to the U.S. Department of Justice and the Federal Trade Commission under
the Hart–Scott–Rodino Act.

elasticities of demand are obtainable through first order condi-
tions. Unfortunately, the available data are insufficient to estimate
diversion and the documentary evidence is unhelpful. We demon-
strate that cross-price elasticities nonetheless can be selected to ra-
tionalize cost pass-through, perhaps obtained from documents or
estimatedwith reduced-form regressions of prices on cost shifters.
In this example, cost pass-through replaces information on diver-
sion in the calibration process.

The connection between cost pass-through and the properties
of demand has been emphasized in the recent theoretical liter-
ature. Jaffe and Weyl (2012) propose using cost pass-through to
inform the second order properties of demand (i.e., demand cur-
vature) given knowledge of the first order properties (i.e., demand
elasticities).2 Our findings flip the intuition. Cost pass-through
can inform the first order properties of demand provided the
economist is willing to assume the functional form of demand and
thereby fix the second order properties. In the motivating exam-
ple of linear demand, cost pass-through is informative because
the cross-elasticities of demand for any two products relate to the
degree to which the products’ prices are strategic compliments,
in the sense of Bulow et al. (1985), which in turn relates to cost
pass-through.

Our findings parallel the contemporaneous work of Atkin and
Donaldson (2012), which uses an assumption on the second order
properties of demand to estimate pass through and then back out

2 See also the discussion in Miller et al. (2012).
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certain terms entering in the firms’ first order conditions (namely,
marginal costs). Here we leverage the same relationship between
pass-through and the first order conditions to identify demand
parameters in other settings.

The paper proceeds in three parts. We first derive the relation-
ship between cost pass-through and the properties of demand in
a general oligopoly model of Nash–Bertrand competition, follow-
ing Jaffe andWeyl (2012).We then develop how cost pass-through
can inform the calibration of four specific demand systems: lin-
ear demand, logit demand, log-linear (or isoelastic) demand, and
the Almost Ideal Demand System (AIDS) of Deaton andMuellbauer
(1980). These systems are commonly employed in antitrust analy-
sis ofmergers involving differentiated products (e.g.,Werden et al.,
2004; Werden and Froeb, 2008). The results provide methods of
calibration that are useful when reliable measures of margins or
diversion are unavailable, but when cost pass-through can be esti-
mated fromdata or discerned from other sources. Furthermore, we
demonstrate that cost pass-through rates can help identify an ap-
propriate demand system, which is valuable because merger sim-
ulation can be sensitive to demand specifications (Crooke et al.,
1999; Miller et al., 2012). Finally, we provide a numerical exam-
ple based on the linear demand system.

2. General model of cost pass-through

Consider a model of Nash–Bertrand competition in which firms
face well-behaved and twice-differentiable demand functions.
Each firm i sells a single product and sets prices tomaximize short-
run profits, taking as given the prices of its competitors.3 The first
order conditions that characterize firm i’s profit-maximizing prices
can be expressed as

fi(P) ≡ −


∂Qi(P)
∂Pi

T−1

Qi(P)− (Pi − MCi) = 0, (1)

where Qi is a vector of firm i’s sales, Pi is a vector of firm i’s prices, P
is a vector of all prices, andMCi is a vector of firm i’s marginal cost.

Now suppose that a per-unit tax is levied on each product in the
model — the tax perturbs marginal costs and allows for the deriva-
tion of cost pass-through. The post-tax first order conditions are

f (P)+ t = 0,

where t is the vector of taxes and f (P) = [f1(P)′ f2(P)′ . . .]′. Dif-
ferentiating with respect to t obtains

∂P
∂t
∂ f (P)
∂P

+ I = 0,

and algebraic manipulations then yield

∂ f (P)
∂P

= −


∂P
∂t

−1

. (2)

Thus, the Jacobian of f (P) equals the opposite inverse of the cost
pass-through matrix. This Jacobian depends on both the first and
second derivatives of demand, as can be ascertained from Eq. (1),
and it follows that cost pass-through similarly relates to both the
first order and second-order properties of demand.4

3 We restrict attention to single-product firms to simplify exposition; our results
extend to the multi-product case.
4 See Miller et al. (2012) for an explicit derivation of ∂ f (P)/∂P .

3. Cost pass-through with specific demand systems

The premise of this paper is that, provided one is willing
to specify the functional form of demand, expression (2) can
be used to calibrate the structural demand parameters, i.e., to
select demand parameters that rationalize observed cost pass-
through.5At most there are J2 demand elasticities to be identi-
fied, where J is the number of products, and expression (2) pro-
vides J2 equations with which to work. We examine four spe-
cific demand systems: linear demand, logit demand, log-linear de-
mand and the AIDS. We show how the linear, logit and log-linear
demand systems can be calibrated with cost pass-through and
eithermargins or diversion— the demand parameters of these sys-
tems are under-identified with cost pass-through alone. By con-
trast, AIDS can be calibrated solely with cost pass-through inmany
cases. We also develop that cost pass-through can inform the suit-
ability of some demand systems in research or policy applications,
as each of the aforementioned demand systems cannot be ratio-
nalized by some subset of cost pass-through matrices. Thus, mea-
sures of cost pass-through can help informwhether these demand
systems are consistent with consumer behavior in the industry at
question.

3.1. Linear demand

The linear demand system has the form

Qi = αi +


j

βijPj. (3)

The parameters to be calibrated include J product-specific inter-
cepts and J2 price coefficients. The elements of the Jacobian of f (P)
are

∂ fi(P)
∂Pj

=


−2 if i = j
−βij/βii otherwise. (4)

Cost pass-through identifies at most J × (J − 1) price coefficients
in this case because the Jacobian of f (P) has constants along the
diagonal. To calibrate the demand system, the own-price coeffi-
cients can be inferred from margins and the firms’ first order con-
ditions.6 The cross-price coefficients can then be identified using
cost pass-through and Eq. (2), and the intercepts can be recovered
from price and quantity data. The linear demand system can be
calibrated with cost pass-through and margins. Cost pass-through
thereby relieves the need for diversion. Eq. (4) also yields the in-
sight that a cost pass-through matrix can be rationalized by some
parameterization of linear demand if and only if the diagonal ele-
ments of its opposite inverse equal negative two.

3.2. Logit demand

The logit demand system has the form

Qi =
e(ηi−Pi)/τ

k
e(ηk−Pk)/τ

M, (5)

where M is the size of the market and the parameters include J
product-specific terms (ηi for i = 1 . . . , J) and a single scaling/
price coefficient (τ ). It is standard to normalize the market size to
one, so that quantities can be interpreted as market shares. The
elements of the Jacobian of f (P) are

5 Precise calibration requires knowledge of all cost pass-through rates because
each element of ∂ f (P)/∂P depends on all the elements of ∂P/∂t .
6 The first order conditions provide that βii = −

Qi
Pi

1
mi

where mi is the margin.
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