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Abstract

We study cost pass-through under nonlinear pricing when a monopolistic seller
offers a single good in two fixed package sizes to heterogeneous consumers. Building
on the Edgeworth–Salinger paradox of taxation, we show that Edgeworth-type price
responses can arise across package sizes of the same underlying product. A common
increase in per-unit marginal cost may induce the seller to lower the per-unit price of
the small package while raising that of the large package. Under multinomial logit de-
mand, pass-through to the large package is analytically greater than pass-through to
the small package. Numerical analysis shows that this ordering is remarkably robust
to random-coefficient demand heterogeneity. Negative pass-through for the small
package is quantitatively important and becomes substantially more likely as the
difference between package sizes increases. Consumer sorting also matters: a more
positive correlation between price sensitivity and preferences for larger packages in-
creases the likelihood of negative pass-through for the small package and widens the
pass-through gap across package sizes. Thus, nonlinear pricing can transform a com-
mon supply-side cost shock into sharply different price responses across quantities
purchased, with potentially important implications for the distributional incidence
of cost shocks.
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1 Introduction

Do supply-side cost shocks affect consumers differently depending on the package size they
purchase? This question arises naturally in markets with quantity discounts, where the
same underlying good is sold at different per-unit prices across package sizes. A common
increase in production cost need not be transmitted uniformly along such a nonlinear
price schedule. Since consumers also sort across package sizes according to their price
sensitivity and preferences for quantity, heterogeneous pass-through across package sizes
may generate heterogeneous exposure to the same supply-side shock.

This paper shows that nonlinear pricing can generate a novel and robust form of pass-
through asymmetry. We consider a monopolistic seller offering a single good in two fixed
package sizes, small (S) and large (L), with a quantity discount, pS > pL, where pj denotes
the per-unit price of package j ∈ {S, L}. A common increase in per-unit marginal cost
raises the total cost of the large package by more than that of the small package. At the
same time, the seller chooses the two prices jointly because their relative levels determine
how consumers sort between the small package, the large package, and the outside option.

This interaction produces two striking implications. First, pass-through to the large
package is systematically greater than pass-through to the small package. Under multino-
mial logit demand, we verify analytically that ρL > ρS. Our numerical analysis indicates
that this ordering remains remarkably robust in a framework of random-coefficient logit
demand where consumers are heterogeneous in both price sensitivity and preferences for
package size. Second, pass-through to the small package can be negative: following an
increase in marginal cost, the seller may optimally reduce pS while increasing pL. Thus,
a negative price response can arise across package sizes of the same product even though
the cost shock is common and package sizes themselves are fixed.

We call this finding a new version of the Edgeworth–Salinger paradox because it ex-
tends the Edgeworth–Salinger logic to nonlinear pricing within a single product category.
Building on an insight first identified by Edgeworth (1925), Salinger (1991) shows that
a cost or tax change affecting one product can generate seemingly paradoxical price re-
sponses for another product supplied by the same firm. Luco and Marshall (2020) provide
empirical evidence of a closely related mechanism in the U.S. carbonated-beverage indus-
try. More recently, Armstrong and Vickers (2023) develop a general characterization of
such cross-price effects in multiproduct environments, while Vickers (2026) places these
results in the broader context of multiproduct pricing and pass-through. These analyses,
however, typically concern firms choosing a vector of linear prices for distinct products.
We instead show that a related effect can arise across fixed package sizes of the same
underlying good. In our setting, the relevant demand interdependence operates through
consumer substitution and sorting across different points on a nonlinear pricing schedule,
rather than through cross-price effects among distinct goods under linear pricing.
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The underlying mechanism combines differential cost exposure with consumer sorting.
A one-unit increase in marginal cost raises the cost of supplying the small package by one
unit but the cost of supplying the large package by x̄ > 1 units. The seller therefore has
an incentive to adjust the relative prices of the two packages rather than simply shifting
both per-unit prices by the same amount. Because consumers substitute across package
sizes when relative prices change, the optimal response may involve absorbing part of the
cost shock in the small-package margin, or even lowering the small-package price, while
passing a larger fraction of the shock through to the large package. The phenomenon is
therefore generated by adjustment of the entire nonlinear price schedule, rather than by
independent pricing of two unrelated products.

Our numerical analysis reveals that the difference between package sizes is a first-
order determinant of this Edgeworth-type response. In the baseline random-coefficients
specification, negative small-package pass-through occurs in approximately one-half of the
parameter configurations considered. When the large package contains only 1.5 times as
much as the small package, negative pass-through is relatively rare. When the size ratio
rises to 2.5, however, it occurs in roughly 70 percent or more of the configurations in our
robustness exercises. By contrast, changing the intensity in utility from package size has
a substantially smaller effect. These findings suggest that the dispersion of quantities
offered along the nonlinear pricing schedule is central to whether a common cost shock
generates an Edgeworth-type price response.

Consumer heterogeneity provides an additional comparative-static dimension. Let
τ = Corr(βi, γi) denote the correlation between consumers’ price sensitivity and their
preference for larger package sizes. In our numerical analysis, a more positive value of τ
systematically increases the incidence of negative small-package pass-through and widens
the average pass-through gap ρL − ρS. Thus, even when the qualitative ranking ρL > ρS

is unchanged, the joint distribution of price sensitivity and size preferences materially
affects the quantitative incidence of a cost shock.

Recent work on pass-through and quantity discounts provides complementary method-
ological perspectives. On the pass-through side, Koh (2026) develops a tractable frame-
work for analyzing cost pass-through with high-dimensional sets of differentiated products,
highlighting the roles of substitution, demand curvature, and multiproduct ownership.
On the nonlinear-pricing side, Iaria and Wang (2026) develop an empirical framework
for studying quantity discounts with many products and package sizes. Our analysis
connects these two perspectives by studying how a common cost shock is transmitted
through a nonlinear price schedule and how consumer sorting across package sizes shapes
that response.

Our analysis is also related to the literature on second-degree price discrimination
and nonlinear pricing (Mussa and Rosen, 1978; Wilson, 1993; Armstrong, 2016). This
literature emphasizes how firms construct menus of price–quantity combinations to screen

2



heterogeneous consumers. Conlon (2017), for example, shows that buyer heterogeneity
can affect the slope of the profit-maximizing quantity-discount schedule. Attanasio and
Pastorino (2020) study the distributional consequences of nonlinear pricing when con-
sumers differ in their tastes and ability to pay, while Bornstein and Peter (2025) highlight
consumer-level misallocation generated by nonlinear pricing. We complement this litera-
ture by asking how a given nonlinear pricing schedule adjusts to a common supply-side
cost shock and how this response varies across the quantities purchased by heterogeneous
consumers.

Finally, the paper relates to the broader literature on pass-through and incidence
under imperfect competition. Weyl and Fabinger (2013) develop pass-through as a general
tool for studying the incidence of cost and tax shocks, while Adachi and Fabinger (2022)
derive sufficient-statistics formulas linking pass-through, demand curvature, and welfare in
imperfectly competitive markets. Our analysis complements this approach by considering
a seller that chooses a nonlinear pricing schedule rather than a single price or a vector of
independent linear prices. The relevant object is therefore a pass-through schedule: the
response of per-unit prices at different points of the quantity menu to a common cost
shock. Consumer sorting along that schedule determines how these price responses are
distributed across buyers.

The remainder of the paper is organized as follows. Section 2 presents the model and
derives the analytical characterization of pass-through. Section 3 examines the quantita-
tive implications under multinomial and random-coefficients logit demand, with particular
attention to package-size differences and consumer heterogeneity. Section 4 extends the
baseline model to non-constant marginal costs and shows that, under additive marginal-
cost shocks, production-cost curvature scales package-specific pass-through while preserv-
ing the qualitative asymmetry emphasized in the baseline analysis. Section 5 concludes.

2 Model

We consider a monopolistic retailer that provides a quantity menu for each consumer,
{1, x̄} with the prices pS and pL, respectively. We assume that x̄ is exogenous: is given to
the retailer: it would be plausible to suppose that it is given to the retailer in accordance
with consumers’ expectations, custom, etc. We expect that in equilibrium non-linear pric-
ing, pS > pL, realizes. The retailer commits to x̄.1 Note that effectively, the monopolist
is a multi-product retailer, albeit selling a homogeneous product.

1Alexandrov (2014) studies pass-through when firms can endogenously adjust package sizes to show
that a cost increase can induce firms to reduce both package sizes and package prices, thereby generating
negative pass-through when pass-through is measured in package prices. Per-unit prices, however, increase
in his framework. In our model, however, negative pass-through occurs in the per-unit price of the small
package. Endogenous package resizing is therefore not necessary for an Edgeworth-type response in
per-unit prices.
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Essentially, we formulate market demand using a discrete-choice model with random
utility (see, e,g. Galichon (2026) for a recent textbook). In this sense, a package is
treated as a ‘product’ with the menu selection (i.e., how large and how many packages
are provided) is exogenously given. We believe that this formulation is tractable and can
be extended to the case of oligopoly with product differentiation.2

2.1 Market Demand

Each consumer i∈ I has three options and thus chooses one of {0, 1, x̄}. If consumer i

chooses size j = S (the “Small” size), then she consumes one unit. If she chooses j = L

(the “Large” size), she consumes x̄ > 1 units. She can be opt out by choosing j = 0.
Specifically, with some constant α and δ ∈ (0, 1) that captures the intensity of prefer-

ence for large consumption,3 consumer i’s choice-specific utility is given by:

uij =

α− βip̂j + γi(xj − 1)δ + ϵij for j = S or L

ϵi0 for j = 0,

where xj = 1 for j = S and xj = x̄ for j = L. Note also that p̂j := pj · xj is the total
payment, and the two coefficients for each heterogenous consumer i∈ I in the market are
drawn according to (βi, γi)

T ∼ iid N((β̄, γ̄)T,Σ) and the covariance matrix is given by:

Σ =

(
σ2
β τσβσγ

τσβσγ σ2
γ

)

with the correlation coefficient τ ∈ (−1, 1).4 Note that the standard notation for the
correlation coefficient, ρ, is retained for the pass-through parameter.

Then, if ϵij is identically and independently distributed according to the Type I ex-
2See, e.g., McManus (2007) and Cohen (2008) for early studies that employed a discrete-choice model to

study quantity discounts empirically. As another formulation similar to Alexandrov (2014), Luo, Perringe,
and Vuong (2018) consider a continuous menu of nonlinear tariffs, but they restrict their attention to the
case of homogenous products provided by a monopolist.

3Here, δ < 1 reflects diminishing marginal utility of size, which seems a natural assumption.
4If each individual has observable characteristics xi, then we could consider the characteristic-

dependent means, β̄ = β̄(xi) and γ̄ = γ̄(xi).
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treme distribution, consumer i’s conditional choice probabilities are:

Pr(j|i) =



exp(α− βipS)

1 + exp(α− βipS) + exp(α− βipLx̄+ γi(x̄− 1)δ)
for j = S

exp(α− βipLx̄+ γi(x̄− 1)δ)

1 + exp(α− βipS) + exp(α + γi(x̄− 1)δ − βipLx̄)
for j = L

1

1 + exp(α− βipS) + exp(α− βipLx̄+ γi(x̄− 1)δ)
for j = 0.

With the market size normalized to one, the market demand for j = S (i.e., the
small-size ‘market’) is given by

qS(pS, pL) =

∫ [
exp(α− βipS)

1 + exp(α− βipS) + exp(α− βipLx̄+ γi(x̄− 1)δ)

]
︸ ︷︷ ︸

=Pr(j=1|i)

dG(i)

and the market demand for j = L (i.e., the large-size ‘market’) is given by

qL(pS, pL) =

∫ [
exp(α− βipLx̄+ γi(x̄− 1)δ)

1 + exp(α− βipS) + exp(α− βipLx̄+ γi(x̄− 1)δ)

]
︸ ︷︷ ︸

=Pr(j=x̄|i)

dG(i).

Consequently, the ’demand’ for the outside option is: q0(pS, pL) = 1 − qS(pS, pL) −
qL(pS, pL).

2.2 Retailer’s Problem

Given the demand structure described above, the monopolistic retailer’s profit function
is given by

π(pS, pL; c) = (pS − c)qS(pS, pL) + (pL − c){x̄ · qL(pS, pL)},

where c ≥ 0 is the marginal cost that is common between markets s and w. Then, the
first-order conditions for profit maximization with respect to pS and pL are:

πS(pS, pL; c) = qS(pS, pL) + (pS − c)
∂qS
∂pS

(pS, pL) + (pL − c)x̄ · ∂qL
∂pS

(pS, pL) = 0

πL(pS, pL; c) = (pS − c)
∂qS
∂pL

(pS, pL) + x̄ ·
{
qL(pS, pL) + (pL − c)

∂qL
∂pL

(pS, pL)

}
= 0,

(1)
where πj := ∂π/∂pj for j = S, L.
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Note that the second-order conditions are:

∂πS(pS, pL; c)

∂pS
< 0,

∂πL(pS, pL; c)

∂pL
< 0,

and
∂πS(pS, pL; c)

∂pS

∂πL(pS, pL; c)

∂pL
−
(
∂πS(pS, pL; c)

∂pL

)2

> 0,

which are assumed to hold in the analysis below.

2.3 Elasticities and Curvatures

Given the demand structure, the elasiticity matrix in the case of monopoly is given by

ε :=

(
εSS εSL

εLS εLL

)
,

where 
εSS := −pS

qS

∂qS
∂pS

εLL := −pL
qL

∂qL
∂pL

are the own elasticities in the small-size and large-markets, respectively, and
εSL :=

pL
qS

∂qS
∂pL

εLS :=
pS
qL

∂qL
∂pS

are the cross elasticities. Note that these definitions together imply:

∂qS
∂pS

= −qSεSS
pS

,
∂qL
∂pL

= −qLεLL
pL

,

∂qS
∂pL

=
qSεSL
pL

,
∂qL
∂pS

=
qLεLS
pS

.

Similarly, the curvature tensor in the case of monopoly is given by

κ := {{κm
hk}h,k︸ ︷︷ ︸
:=κm

}m

= {κm}m

for h, k = S, L where, for m = S, L,

κm :=

(
κm
SS κm

SL

κm
LS κm

LL

)
,
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with 
κm
SS = −∂(∂qS/∂pS)

∂pm
· pm
∂qS/∂pS

= − pm
∂qS/∂pS

∂2qS
∂pS∂pm

κm
LL = −∂(∂qL/∂pL)

∂pm
· pm
∂qL/∂pL

= − pm
∂qL/∂pL

∂2qL
∂pL∂pm

and 
κm
SL = −∂(∂qS/∂pL)

∂pm
· pm
∂qS/∂pL

= − pm
∂qS/∂pL

∂2qS
∂pL∂pm

κm
LS = −∂(∂qL/∂pS)

∂pm
· pm
∂qL/∂pS

= − pm
∂qL/∂pS

∂2qL
∂pS∂pm

.

Note that the number of curvature components is the cube of the total number of “prod-
ucts” (i.e., sales methods in our case), while that of elasticities is its square.

To understand these curvature concepts more deeply, note first that κm
SS measures

how the own-price sensitivity of small-package demand, ∂qS/∂pS, changes as pm varies.
Specifically, κS

SS measures the curvature of small-package demand with respect to its own
price, capturing how the consumer’s own-price sensitivity to the small package changes
as the small-package price itself rises. By contrast, κL

SS measures how the own-price
sensitivity of small-package demand is affected by changes in the large-package price,
capturing whether an increase in the price of the large package alters the structure of
own-price responsiveness in the small-package market — a distinct feature of multi-size
or multil-product pricing.

Next, κm
SL measures how the sensitivity of small-package demand with respect to the

price of the large-package, pL, ∂qS/∂pL, changes in response to a change in pm. Specifically,
κS
SL measures how an increase in the price of the small-size product affects consumers’

sensitivity to the price of the large-size product. That is, it captures whether the pattern
of substitution between the small and large sizes changes as the price of the small-size
product rises. By contrast, κL

SL how the sensitivity of demand to the price of the large-size
product varies with the price of the large-size product itself. In this sense, it represents a
form of own-price curvature for the large-size product, as reflected in the demand for the
small-size product, qS.

As in the case of the elastcities, these definitions together imply the following rela-
tionships:

∂2qS
∂p2S

=
qSεSSκ

S
SS

p2S
,

∂2qL
∂p2L

=
qLεLLκ

L
LL

p2L
,

∂2qS
∂pS∂pL

=
qSεSSκ

L
SS

pSpL
,

∂2qL
∂pS∂pL

=
qLεLLκ

S
LL

pSpL

∂2qS
∂p2L

= −qSεSLκ
L
SL

p2L
,

∂2qL
∂p2S

= −qLεLSκ
S
LS

p2S
.

Note here that two of the eight curvature terms, κS
SL and κL

LS , do not appear explicitly
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in the six equations above because

κS
SL = − pS

∂qS/∂pL
· ∂2qS
∂pL∂pS

=

(
− pS
∂qS/∂pL

)(
−∂qS/∂pS

pL

)
κL
SS

=

(
− pSpL
qSεSL

)(
qSεSS
pSpL

)
κL
SS

= −εSS
εSL

κL
SS,

where the symmetry, ∂2qS/∂pL∂pS = ∂2qS/∂pS∂pL is used. Similarly, it is also verified
that κL

LS = −(εLL/εLS)κ
S
LL.

Appendix A illustrates the actual expressions for the first- and second-order deriva-
tives for the random-coefficient logit demand that are used in Section 3 below. For future
research, it would be interesting to deeply analyze the relationship between these two
measures ε and κ that constitute the demand manifold as in the case of product differ-
entiation (Mrázová and Neary 2017; Miravete, Seim, and Thurk 2025).

2.4 Pass-Through

Now, we define pass-through in the small-size and large-size markets by ρS := dpS/dc and
ρL := dpL/dc, respectively.

The analytical formula for pass-through is given by:

(
ρS

ρL

)
= −


∂πS

∂pS

∂πS

∂pL

∂πL

∂pS

∂πL

∂pL


−1

∂πS

∂c

∂πL

∂c



=
1

∂πS

∂pS

∂πL

∂pL
−
(
∂πS

∂pL

)2

︸ ︷︷ ︸
:=∆>0 (∵ 2nd-order condition)


∂πS

∂pL

∂πL

∂c
− ∂πL

∂pL

∂πS

∂c

∂πL

∂pS

∂πS

∂c
− ∂πS

∂pS

∂πL

∂c



where 

∂πS

∂pS
= 2

∂qS
∂pS

+ (pS − c)
∂2qS
∂p2S

+ (pL − c)x̄ · ∂
2qL
∂p2S

∂πS

∂pL
=

∂qS
∂pL

+ (pS − c)
∂2qS

∂pS∂pL
+ x̄ ·

{
∂qL
∂pS

+ (pL − c)
∂2qL

∂pS∂pL

}
=

∂πL

∂pS
∂πL

∂pL
= (pS − c)

∂2qS
∂p2L

+ x̄ ·
{
2
∂qL
∂pL

+ (pL − c)
∂2qL
∂p2L

}
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and 
∂πS

∂c
= −∂qS

∂pS
− x̄ · ∂qL

∂pS
∂πL

∂c
= −∂qS

∂pL
− x̄ · ∂qL

∂pL
.

For convenience, we introduce several definitions that will be useful for characterizing
pass-through. First, define the Lerner indices for the small and large packages as ΛS :=

(pS−c)/pS and ΛL := (pL−c)/pL, respectively. Using the first-order conditions (1), these
can be expressed as 

ΛS =

εLL + x̄

(
pLqL
pSqS

)
εLS

εSSεLL − εLSεSL
,

ΛL =

εSS +
1

x̄

(
pSqS
pLqL

)
εSL

εSSεLL − εLSεSL
.

We next define four weighted demand elasticities. The weighted own-price elasticities
are ωSS := qSεSS,

ωLL := x̄qLεLL,

while the weighted cross-price elasticities areωSL := qSεSL,

ωLS := x̄qLεLS.

These objects have a useful interpretation in terms of quantity responses to percentage
price changes. Recall that the physical package sizes are xS = 1 and xL = x̄. Using
the definitions of the elasticities above, the weighted own-price elasticities satisfy ωSS =

−∂qS/∂ ln pS and ωLL = −x̄ · ∂qL/∂ ln pL, whereas the weighted cross-price elasticities
satisfy ωSL = ∂qS/∂ ln pL and ωLS = x̄ · ∂qL/∂ ln pS. More compactly, since xS = 1 and
xL = x̄,

ωjj = −xj
∂qj

∂ ln pj
, ωjk = xj

∂qj
∂ ln pk

, j ̸= k.

Thus, the ω’s rescale conventional demand elasticities by market demand and phys-
ical package size. They provide a convenient measure of package-size-adjusted demand
responses to percentage price changes, with own-price responses expressed in absolute
value. This normalization will be particularly useful for expressing the pass-through for-
mulas below.

The following proposition shows how the pass-through is expressed in terms of elas-
ticities ε and κ.
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Proposition 1. The pass-through values in markets S and L are given by:

ρS =
1

pSp2L ·∆
[(pL · ΞL) · ΩS +Ψ · ΩL]

and

ρL =
1

p2SpL ·∆
[(pS · ΞS) · ΩL +Ψ · ΩS] ,

respectively, where

∆ :=
pSpL · (ΞS · ΞL)−Ψ2

p2Sp
2
L

,


Ψ := pSωSL

(
1− ΛSκ

S
SL

)
+ pLωLS

(
1− ΛLκ

L
LS

)
ΩS := ωSS − ωLS

ΩL := ωLL − ωSL,

and 
ΞS := ωSS

(
2− ΛSκ

S
SS

)
+

(
pL
pS

)
ωLSΛLκ

S
LS

ΞL := ωLL

(
2− ΛLκ

L
LL

)
+

(
pS
pL

)
ωSLΛSκ

L
SL.

Proof. See Appendix B.

Proposition 1 provides a general decomposition of pass-through under quantity dis-
counts in our setting. The terms ΩS and ΩL capture the direct effect of a common
marginal-cost increase on the two first-order conditions. By contrast, ΞS and ΞL summa-
rize the curvature of the respective pricing conditions, while Ψ captures the cross-price
interaction between the two pricing conditions. Thus, even though the underlying cost
shock is common to both package sizes, its transmission to the two prices need not be pro-
portional. The firm can use one price as an instrument for adjusting demand at the other
price, so that the response of one package price depends on the curvature and cross-price
effects generated by the entire nonlinear price menu.

This observation also clarifies why pass-through under nonlinear pricing differs from
the standard multiproduct setting. With linear prices for distinct products, cross-price
effects arise because consumers substitute across products. Here, the two package sizes
are different sales options for the same underlying good, and the relevant interaction is
generated by the sorting of heterogeneous consumers across the menu. A change in the
price of one package therefore changes not only its own demand but also the composition of
consumers purchasing the other package. The terms involving Ψ in Proposition 1 capture
precisely this interaction. In this sense, the cross effect is not merely a conventional
product-substitution effect: it reflects the way in which the nonlinear pricing schedule
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allocates consumers across quantities.

Remark (MNL special case). Under the standard multinomial logit demand (σβ = σγ =

0), the pass-through rates admit closed-form expressions in terms of market shares (sS, sL)
and Lerner indices (ΛS,ΛL). This provides an analytical verification of the numerical
finding that pass-through is systematically larger for the large package.

It is verified that the Lerner indices are:
ΛS =

1

β̄ · pS(1− qS − qL)

ΛL =
1

β̄x̄ · pL(1− qS − qL)

and the pass-through values are simply given by:ρS = 1− qS − x̄ · qL
ρL = 1− qL − qS

x̄

using the expressions presented in Table 1 (see Appendix C for the expressions of the
first- and second-order derivatives and the elasticities and curvatures for multinomial
logit demand) .

It is immediate to see that

ρL > ρS ⇔ (x̄− 1)qL >

(
1

x̄
− 1

)
qS,

and the latter inequality always holds because x̄ > 1. It is also verified that

ρS < 0 ⇐⇒ qS + x̄qL > 1.

Thus, even the benchmark logit specification generates the possibility that the small-
package price falls following a common marginal-cost increase. Consumer heterogeneity is
not necessary for the basic Edgeworth-type asymmetry. Heterogeneity becomes important
for determining how large the asymmetry can be, and, in particular, for generating over-
shifting and its distributional implications, as shown in Section 3.

3 Numerical Analysis

This section investigates the quantitative implications of the model and examines whether
the analytical mechanisms identified above remain relevant under consumer heterogene-
ity. We focus on three questions. First, does the ordering ρL > ρS derived under the
multinomial-logit benchmark remain valid when consumers are heterogeneous in their
price sensitivity and preferences for package size? Second, how frequently does nega-
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Table 1: Relevant Indices for Multinomial Logit Demands

Weighted Elasticities
ωSS β̄pSqS(1− qS)

ωSL β̄x̄pLqLqS

ωLL β̄x̄2pLqL(1− qL)

ωLS β̄x̄pSqSqL
Lerner-Curvature Multiplications

ΛSκ
S
SS

1− 2qS
1− qS − qL

ΛSκ
L
SL

x̄pL(1− 2qL)

pS(1− qS − qL)

ΛLκ
L
LL

1− 2qL
1− qS − qL

ΛLκ
S
LS

pS(1− 2qS)

x̄pL(1− qS − qL)

ΛSκ
S
SL

1− 2qS
1− qS − qL

ΛLκ
L
LS

1− 2qL
1− qS − qL

Combinations
ΩS β̄pSqS(1− qS − x̄ · qL)

ΩL β̄x̄2pLqL

[
1− qL − qS

x̄

]
ΞS β̄pSqS

ΞL β̄x̄2pLqL

Ψ 0

∆ β̄2x̄2qSqL
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tive pass-through for the small package, ρS < 0, arise? Third, how do the package-size
difference and the correlation between price sensitivity and size preference affect these
pass-through patterns?

Recall that we normalize the size of the small package to one, xS = 1, and denote
the size of the large package by xL = x̄ > 1. In the baseline specification below, we set
(x̄, δ) = (2, 0.5). The parameter x̄ = 2 captures a package size ratio of 2:1 between the
large and small sizes, and the parameter δ = 0.5 governs the intensity of the utility gain
from large package sizes. As robustness checks, we also consider other possiblities for
(x̄, δ) in Subsection 3.3 below.

3.1 Parameterization and Numerical Procedure

We consider the following parameter grids:

α = 1.0, 1.5, . . . , 5.0,

β̄ = 1.0, 1.2, . . . , 3.0, γ̄ = 0.0, 0.1, . . . , 1.0,

and
σβ, σγ = 0, 0.05, . . . , 0.50.

For the correlation between the two random coefficients, we consider τ ∈ {−0.5, 0, 0.5}.
The resulting baseline grid contains 395,307 (= 9 × 11 × 11 × 11 × 11 × 3) parameter
configurations.

The grids for α, β̄, and γ̄ are chosen to cover a wide range of market configurations,
from low-demand, low-price-sensitivity settings to high-demand, high-price-sensitivity set-
tings, ensuring that our numerical results are not driven by a narrow region of the param-
eter space. For each configuration, we numerically solve the retailer’s profit-maximization
problem and retain equilibria satisfying the second-order condition and non-negative prof-
its. All 395,307 baseline configurations satisfy these validity checks.5

3.2 Pass-Through Ranking

Our first result is a remarkably robust ordering of pass-through across package sizes.
Table 2 summarizes the baseline results separately by the correlation parameter τ . The
ordering ρL > ρS holds for every configuration at each value of τ . As explained in
the robustness exercises reported below, this ordering is kept for substantial changes in
the package-size ratio, x̄, and the intensity for quantity preference, δ. Thus, although

5We use common random numbers across parameter configurations. For cases with heterogeneity in
both βi and γi, the underlying simulation draws are orthogonalized and standardized so that the realized
correlation prior to the lower bound on βi coincides with the target value of τ in finite samples. The
lower bound on βi binds only rarely in our simulations.
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Table 2: Baseline Numerical Results by Correlation

τ Pr(ρL > ρS) Pr(ρS < 0)

0 1.000 0.502
0.5 1.000 0.546
−0.5 1.000 0.450

Notes: The baseline specification sets
x̄ = 2 and δ = 0.5. Each value of
τ contains 131,769 parameter config-
urations.

we do not establish a general analytical theorem for the random-coefficient model, the
ordering derived analytically under multinomial logit demand appears to be a highly
robust numerical regularity.

Although pass-through is always larger for the large package in our numerical exper-
iments, pass-through to the small package can be negative. Under the baseline param-
eterization, negative small-package pass-through occurs in approximately one-half of the
parameter configurations considered.

This result is the nonlinear-pricing counterpart of the Edgeworth–Salinger mechanism.
A common increase in per-unit marginal cost raises the total production cost of the large
package by x̄ dc, whereas the corresponding increase for the small package is only dc. At
the same time, the two package prices jointly determine how consumers sort between the
small package, the large package, and the outside option. The retailer therefore optimally
adjusts the entire price schedule rather than passing the cost increase independently
into each price. When the induced substitution toward the small package is sufficiently
strong, the optimal response can involve a reduction in pS even though marginal cost has
increased.

The sufficient-statistics formula in Proposition 1 makes clear that the sign of ρS cannot
in general be determined by the sign of the cross-price interaction term Ψ alone. In
particular,

ρS =
ΨΩL + (pLΞL)ΩS

pSp2L∆
.

Hence negative pass-through depends on the joint contribution of the cross-price interac-
tion and the own-price component, ΨΩL+(pLΞL)ΩS, rather than on Ψ < 0 as a necessary
condition.

Figure 1 illustrates the geometry behind this result: how the plot region for (ρS, ρL)

changes across different demand specifications. Under multinomial logit demand (panel
(a)), the possible values for (ρS, ρL) are quite limited. Introducing heterogeneity in the
price coefficient βi (panel (b)) substantially expands the range of feasible pass-through
values and can generate over-shifting for the large package (i.e., ρL > 1). However, intro-
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(a) Multinomial Logit Demand
(σβ = 0 and σγ = 0)

(b) Heterogeneity in βi Only
(σβ > 0 and σγ = 0)

(c) Heterogeneity in γi Only
(σβ = 0 and σγ > 0)

(d) Heterogeneity in Both βi and γi
(σβ > 0 and σγ > 0 but with τ = 0)

(e) Positive Correlation τ = 0.5 (f) Negative Correlation τ = −0.5

Figure 1: Pass-Through under Alternative Demand Specifications.
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ducing consumer heterogeneity in the size-preference coefficient γi alone (panel (c)) has
little impact on the possible values of (ρS, ρL). Lastly, including consumer heterogeneity
in both coefficients βi and γi simultaneously (panel (d)) expands the feasible region rela-
tive to panel (b), although neither a positive (τ = 0.5) nor negative (τ = −0.5) correlation
alters it much.

Table 3 shows that, regardless of the demand specification, the price offered for the
large volume is approximately half that for the small volume, implying that total pay-
ments are similar across the two volumes. The market share for the small volume is
approximately 27 percent and that for the large volume is approximately 36 percent,
both stable across specifications. Intestingly, while the Lerner index for both packages
are quite similar, the pass-through rates are not. It is observed that allowing correlation
between βi and γi affects the curvature values, κS

SS and κL
LL.

3.3 Robustness: Differences in the Package-Size Ratio and the

Intensity for Large Consumption

For robustness checks, we repeat the analysis using a moderate grid of 29,403 configura-
tions for each of four alternative combinations of x̄ and δ:

(x̄, δ) ∈ {(1.5, 0.3), (1.5, 0.7), (2.5, 0.3), (2.5, 0.7)}.

Table 4 reports the share of configurations with negative small-package pass-through.
The difference in package sizes has a first-order quantitative effect. When x̄ = 1.5,

negative small-package pass-through occurs in only about 1–5 percent of the parameter
configurations. When x̄ = 2.5, the corresponding frequency rises to approximately 68–77
percent. By comparison, changing δ from 0.3 to 0.7 produces much smaller effects. Thus,
the quantity difference between the two packages appears to be an important determinant
of the Edgeworth-type response.

This pattern is economically intuitive. A larger value of x̄ increases the difference
between the effective cost shocks to the two packages. It also makes adjustment of the
relative package prices more important for consumer sorting. Both forces strengthen the
incentive to absorb, or even reverse, part of the cost increase in the small-package price
while passing a larger fraction through to the large package.

3.4 Consumer Heterogeneity and Correlation

Consumer heterogeneity affects not only the range of pass-through values but also the in-
cidence of negative pass-through. In particular, the correlation τ = Corr(βi, γi) generates
a systematic pattern.

As shown in Table 2, increasing τ from −0.5 to 0.5 raises the fraction of baseline
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Table 3: Mean Values

(1) Prices and Shares

pS pL qS qL
(a) Multinomial Logit 1.823

(0.837)
0.962
(0.419)

0.274
(0.063)

0.370
(0.083)

Random-Coefficient Logit
(b) Randomness Only for βi 1.824

(0.824)
0.968
(0.417)

0.270
(0.063)

0.361
(0.081)

(c) Randomness Only for γi 1.824
(0.835)

0.969
(0.421)

0.273
(0.060)

0.371
(0.078)

(d) Randomness Both for βi and γi with τ = 0.0 1.824
(0.823)

0.974
(0.419)

0.269
(0.060)

0.362
(0.076)

(e) Allowing the Correlation τ = 0.5 between βi and γi 1.839
(0.839)

0.966
(0.413)

0.266
(0.060)

0.369
(0.079)

(f) Allowing the Correlation τ = −0.5 between βi and γi 1.809
(0.810)

0.983
(0.425)

0.273
(0.061)

0.357
(0.074)

(2) Elasticities and Curvatures

εSS εLL κS
SS κL

LL

(a) Multinomial Logit 2.327
(0.536)

2.119
(0.376)

1.407
(0.392)

0.791
(0.450)

Random-Coefficient Logit
(b) Randomness Only for βi 2.265

(0.505)
2.077
(0.368)

1.499
(0.397)

0.981
(0.430)

(c) Randomness Only for γi 2.321
(0.515)

2.101
(0.367)

1.400
(0.345)

0.772
(0.406)

(d) Randomness Both for βi and γi with τ = 0.0 2.260
(0.486)

2.061
(0.359)

1.495
(0.362)

0.949
(0.386)

(e) Allowing the Correlation τ = 0.5 between βi and γi 2.270
(0.495)

2.055
(0.356)

1.536
(0.395)

0.886
(0.404)

(f) Allowing the Correlation τ = −0.5 between βi and γi 2.251
(0.478)

2.066
(0.363)

1.454
(0.335)

1.009
(0.391)

(3) Lerner and Pass-Through

ΛS ΛL ρS ρL
(a) Multinomial Logit 0.934

(0.028)
0.877
(0.048)

−0.013
(0.178)

0.493
(0.089)

Random-Coefficient Logit
(b) Randomness Only for βi 0.934

(0.028)
0.878
(0.048)

0.005
(0.192)

0.561
(0.131)

(c) Randomness Only for γi 0.934
(0.028)

0.878
(0.048)

−0.005
(0.171)

0.491
(0.086)

(d) Randomness Both for βi and γi with τ = 0.0 0.934
(0.028)

0.879
(0.047)

0.015
(0.184)

0.552
(0.120)

(e) Allowing the Correlation τ = 0.5 between βi and γi 0.935
(0.028)

0.878
(0.048)

−0.009
(0.195)

0.540
(0.115)

(f) Allowing the Correlation τ = −0.5 between βi and γi 0.934
(0.028)

0.880
(0.047)

0.035
(0.181)

0.566
(0.132)

Notes: The number of parameter configurations is: 1089 for (a), 11,979 for (b) and (c), and
131,769 for (d), (e), and (f). Standard deviations are in parentheses.
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Table 4: Negative Small-Package Pass-Through: Robustness to Package Size and Curva-
ture

Pr(ρS < 0)

x̄ δ τ = −0.5 τ = 0 τ = 0.5

1.5 0.3 0.028 0.031 0.051
1.5 0.7 0.012 0.013 0.022
2.5 0.3 0.677 0.718 0.751
2.5 0.7 0.690 0.737 0.773

Notes:Each (x̄, δ, τ) cell contains 9,801
parameter configurations. In all cells,
Pr(ρL > ρS) = 1.

configurations with ρS < 0 from 0.450 to 0.546. At the same time, Table 3 shows that
average pass-through falls for both packages, but it falls more strongly for the small
package, so that the average pass-through gap increases: ρ̄L − ρ̄S = 0.531, 0.537, 0.549 for
τ = −0.5, 0, 0.5, respectively.

The same pattern appears in every robustness specification reported in Table 4. For
each combination of (x̄, δ),

Pr(ρS < 0 | τ = −0.5) < Pr(ρS < 0 | τ = 0) < Pr(ρS < 0 | τ = 0.5).

Thus, a more positive correlation between price sensitivity and preferences for large pack-
age sizes systematically increases the likelihood of negative pass-through to the small
package.

The correlation parameter also shifts the cross-price interaction term Ψ. In the baseline
grid, its averege is Ψ̄ = 0.0159, 0.0075, −0.0015 for τ = −0.5, 0, 0.5, respectively. The
same monotonic decline appears in all four robustness exercises. Hence Ψ is generally
small relative to the overall scale of the pass-through expressions, but it is not simply a
zero-centered residual term. Rather, consumer sorting systematically shifts the interaction
between the two pricing first-order conditions.

These findings also have a potential distributional interpretation. When τ > 0, con-
sumers with stronger preferences for large packages are also more price sensitive. Since the
large package systematically exhibits higher pass-through, this sorting pattern may gen-
erate heterogeneous incidence of cost shocks across consumers. If higher price sensitivity
is associated with lower household income, the mechanism could contribute to regressive
incidence. Conversely, when the correlation is negative (τ < 0)—that is, when consumers
who prefer large packages are less price-elastic, as might be the case if bulk purchasing
is associated with higher income and lower price sensitivity—the distributional conse-
quences are reversed. In this case, cost shocks are progressive, and the welfare burden
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falls disproportionately on higher-income households.
The sign of τ is therefore an empirically important parameter for distributional anal-

ysis. We emphasize, however, that income is not explicitly modeled here, and a formal
assessment of regressivity requires both an explicit welfare calculation and empirical in-
formation on the joint distribution of price sensitivity, size preferences, and household
income.

4 Extension: Non-constant Marginal Costs

So far, we have assumed a constant per-unit marginal cost, c ≥ 0. This assumption allows
us to isolate the demand-side mechanism behind asymmetric pass-through across package
sizes. In many applications, however, the marginal cost of supplying the product may
depend on total physical sales. This section shows that the framework extends naturally
to such environments and clarifies how production-cost curvature affects the pass-through
results.

Let total physical quantity sold be

Q(pS, pL) = qS(pS, pL) + x̄ qL(pS, pL),

where qS and qL denote the market shares of the small and large packages, respectively.
Let total production cost be C(Q; t), where t ∈ R is an exogenous supply-side cost shifter,
and define marginal cost as

mc(Q; t) :=
∂C(Q; t)

∂Q
.

The constant-marginal-cost model studied above corresponds to the special case: C(Q; c) =

c ·Q.
The seller’s profit is now:

π(pS, pL; t) = pSqS(pS, pL) + pLx̄ sL(pS, pL)− C(Q(pS, pL); t).

Define revenue by
R(pS, pL) = pSqS(pS, pL) + x̄pLqL(pS, pL).

The first-order condition with respect to price pj, j ∈ {S, L}, can then be written com-
pactly as

Fj :=
∂π

∂pj
=

∂R

∂pj
−mc(Q; t)

∂Q

∂pj
= 0.
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Equivalently, the two first-order conditions are:
∂π

∂pS
= qS + (pS −mc)qS,S + x̄ · (pL −mc)qL,S = 0

∂π

∂pL
= (pS −mc)qS,L + x̄ · [qL + (pL −mc)qL,L] = 0,

where qj,k := ∂qj/∂pk. Thus, the first-order conditions take exactly the same form as
under constant marginal cost, except that the constant c is replaced by the endogenous
marginal cost mc(Q; t).

4.1 Pass-Through with Cost Curvature

Let

p =

(
pS

pL

)
, Qp =

(
QS

QL

)
,

where Qj := ∂Q/∂pj. Differentiating the pricing first-order conditions with respect to
prices gives

H :=
∂F

∂p′ = Rpp −mc ·Qpp −mcQQpQ
′
p,

where
mcQ :=

∂mc(Q; t)

∂Q
.

Relative to the constant-marginal-cost case, non-constant marginal cost therefore adds
the rank-one term −mcQQpQ

′
p to the Hessian of profit.

We focus on an additive marginal-cost shock, mc(Q; θ) = mc0(Q) + t, so that

mct :=
∂mc(Q; t)

∂t
= 1.

Totally differentiating the first-order conditions with respect to t yields

H
dp

dt
−Qp = 0,

implying the the vector of pass-through is

ρ :=
dp

dt
= H−1Qp.

It is useful to express this result in terms of positive-sign objects. Define

A0 := − (Rpp −mc ·Qpp) , g := −Qp.
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Then
−H = A0 +mcQgg

′,

and therefore
ρ = (A0 +mcQgg

′)
−1

g.

The matrix A0 is precisely the local pricing matrix that would arise if marginal cost were
held fixed at its equilibrium value mc. The additional term mQgg

′ captures the effect of
production-cost curvature.

Proposition 2 (Pass-through under non-constant marginal cost). Suppose that the equi-
librium is interior, A0 is nonsingular, and 1 + mcQg

′A−1
0 g > 0. Under the additive

marginal-cost shock mc(Q; t) = mc0(Q) + t, pass-through is given by

ρ = λρ 0,

where ρ 0 := A−1
0 g is the pass-through vector associated with locally constant marginal

cost, and

λ =
1

1 +mcQg′ρ 0
.

Remark. The result follows immediately from the Sherman–Morrison formula. It shows
that production-cost curvature enters pass-through through a particularly simple channel.
Conditional on the equilibrium prices and the level of marginal cost, the curvature term
rescales the two package-specific pass-through coefficients by the same factor λ.

If A0 is positive definite, then g′A−1
0 g > 0. Consequently, increasing marginal cost,

mcQ > 0, implies 0 < λ < 1, so that production-cost curvature attenuates both pass-
through coefficients relative to the corresponding locally constant-marginal-cost bench-
mark. Conversely, decreasing marginal cost, mcQ < 0, amplifies pass-through, provided
that the regularity condition in Proposition 2 continues to hold.

Importantly, because the curvature correction multiplies both components of the pass-
through vector by the same positive factor, it does not directly alter their ordering:

ρL − ρS = λ
(
ρ0L − ρ0S

)
.

Thus, conditional on the equilibrium point, any strict ranking between small- and large-
package pass-through in the corresponding locally linear cost problem is preserved under
non-constant marginal cost.
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4.2 The Multinomial Logit Benchmark

The result is particularly transparent under multinomial logit demand. Recall that under
locally constant marginal cost, {

ρ0S = 1− qS − x̄qL

ρ0L = 1− qL − qS
x̄
.

Proposition 2 therefore implies ρS = λ (1− qS − x̄ qL)

ρL = λ
(
1− qL − qS

x̄

)
.

Their difference is
ρL − ρS = λ(x̄− 1)

(
qL +

qS
x̄

)
.

Hence, whenever λ > 0 and x̄ > 1,
ρL > ρS.

The analytical ranking obtained under constant marginal cost therefore continues to hold
under general production-cost curvature for an additive marginal-cost shock.

Likewise, since λ > 0,

ρS < 0 ⇐⇒ qS + x̄qL > 1.

Thus, non-constant marginal cost changes the magnitude of pass-through but does not
directly change the condition determining whether small-package pass-through is negative.

These results help clarify the role of the constant-marginal-cost assumption in our
baseline analysis. Constant marginal cost is not essential for the qualitative nature for our
Edgeworth-Salinger paradox. Rather, it removes the supply-curvature term and thereby
isolates the role of nonlinear pricing and demand interdependence. With non-constant
marginal cost, the same demand-side mechanism remains operative, while production-cost
curvature scales the strength of the price response.

4.3 Discussion

The extension also highlights a useful distinction between demand-side and supply-side
curvature. In the baseline model, pass-through is governed by demand elasticities, demand
curvature, and the interaction between the two pricing first-order conditions. With non-
constant marginal cost, an additional sufficient statistic, mcQ, captures the curvature of
the production technology.

When marginal cost is increasing, the endogenous increase in production cost associ-
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ated with an expansion in quantity dampens the response of the nonlinear price schedule to
an exogenous cost shift. When marginal cost is decreasing, the reverse feedback amplifies
the response. Nevertheless, for the additive cost shocks considered here, this supply-side
feedback operates through a common multiplicative adjustment to the package-specific
pass-through. The central asymmetry emphasized in the paper—larger pass-through for
the large package and the possibility of negative pass-through for the small package—
therefore does not rely on constant marginal cost.

More generally, if a supply shock changes not only the level but also the slope of
marginal cost, so that mcQt := ∂2mc/∂Q∂t ̸= 0, or if production costs depend separately
on the quantities of the two package sizes, the common rescaling result need no longer hold.
In such environments, supply-side curvature can itself generate additional asymmetry
across package sizes. We leave these richer production technologies for future work.

5 Concluding Remarks

This paper studies cost pass-through when a monopolist sells the same underlying product
in multiple package sizes and offers quantity discounts. In contrast to the standard setting
of each product carrying a single unit price, nonlinear pricing implies that a common per-
unit cost shock generates different effective cost changes across package sizes and induces
the firm to adjust the entire price schedule.

We find a strong asymmetry in pass-through across package sizes. Under multinomial
logit demand, pass-through to the large package is analytically greater than pass-through
to the small package. Our numerical analysis shows that this ordering is remarkably robust
to consumer heterogeneity. It holds in every one of the 395,307 parameter configurations in
our baseline random-coefficient specification and in all 117,612 additional configurations
considered in our robustness exercises. At the same time, pass-through to the small
package can be negative. In the baseline grid, this occurs in approximately one-half of
the parameter configurations.

Interestingly, the prevalence of negative pass-through is strongly related to the differ-
ence between package sizes. When the large package contains only 1.5 times as much as
the small package, negative pass-through for the small package is relatively rare. When
the size ratio rises to 2.5, however, negative pass-through occurs in roughly 70 percent
or more of the configurations considered. This pattern highlights a mechanism specific
to nonlinear pricing: the larger the difference in cost exposure across package sizes, the
stronger the firm’s incentive to adjust relative package prices in response to consumer
substitution and sorting.

Consumer heterogeneity further shapes this mechanism. A more positive correlation
between price sensitivity and preferences for larger package sizes systematically increases
the frequency of negative pass-through for the small package and widens the average pass-
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through gap between the two package sizes. The same correlation shifts the cross-price
interaction term Ψ downward. These results indicate that the joint distribution of price
sensitivity and package-size preferences matters for the incidence of cost shocks, even
when the qualitative ordering ρL > ρS remains unchanged.

These findings provide a nonlinear-pricing counterpart to the Edgeworth–Salinger
paradox. A firm’s price response to a cost shock need not be positive for every pack-
age of the affected product: an increase in a common per-unit marginal cost can induce
the firm to lower the per-unit price of a smaller package while raising that of a larger one.
Analyses based on a single unit price may therefore miss an important margin of price
adjustment when firms use quantity discounts.

The model also suggests a potential distributional channel. If consumers with stronger
preferences for larger packages differ systematically in their price sensitivity, heterogeneous
pass-through across package sizes can translate a common cost shock into heterogeneous
exposure across consumers. A formal welfare assessment, however, requires richer in-
formation than the present model provides, particularly on the relationship between in-
come, price sensitivity, and package-size preferences. Estimating these relationships using
household-level scanner data is therefore a natural empirical extension of the analysis.

Finally, the present paper considers a monopolist offering two fixed package sizes.
Extending the analysis to oligopolistic menu competition is an important direction for
future research. With multiple firms and multiple package sizes, the dimensionality of
the pricing problem expands rapidly. Recent work by Koh (2026) develops tractable
tools for characterizing pass-through in high-dimensional product spaces, while Iaria and
Wang (2026) provide an empirical framework for studying quantity discounts with many
products. Combining these approaches with the mechanism studied here may make it
possible to analyze cost pass-through, package-size competition, and consumer sorting in
differentiated-product oligopoly.
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Appendix

Appendix A: First- and Second-Order Derivatives for Random-

Coefficient Logit Demand

1st-order
∂qS
∂pS

−
∫
i∈I βiPr(j = 1|i)[1− Pr(j = 1|i)]dG(i)

∂qS
∂pL

x̄
∫
i∈I βiPr(j = 1|i)Pr(j = x̄|i)dG(i)

∂qL
∂pL

−x̄
∫
i∈I βiPr(j = x̄|i)[1− Pr(j = x̄|i)]dG(i)

∂qL
∂pS

∫
i∈I βiPr(j = 1|i)Pr(j = x̄|i)dG(i)

2nd-order
∂2qS
∂p2S

∫
i∈I β

2
i Pr(j = 1|i)[1− Pr(j = 1|i)][1− 2Pr(j = 1|i)]dG(i)

∂2qS
∂p2L

−x̄2
∫
i∈I β

2
i Pr(j = 1|i)Pr(j = x̄|i)[1− 2Pr(j = x̄|i)]dG(i)

∂2qL
∂p2L

x̄2
∫
i∈I β

2
i Pr(j = x̄|i)[1− Pr(j = x̄|i)][1− 2Pr(j = x̄|i)]dG(i)

∂2qL
∂p2S

−
∫
i∈I β

2
i Pr(j = 1|i)Pr(j = x̄|i)[1− 2Pr(j = 1|i)]dG(i)

∂2qS
∂pS∂pL

−x̄
∫
i∈I β

2
i Pr(j = 1|i)Pr(j = x̄|i)[1− 2Pr(j = 1|i)]dG(i)

∂2qL
∂pS∂pL

−x̄
∫
i∈I β

2
i Pr(j = 1|i)Pr(j = x̄|i)[1− 2Pr(j = x̄|i)]dG(i)
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Appendix B: Proof of Proposition 1

First, note that

ρS =
1

∆

(
∂πS

∂pL

∂πL

∂c
− ∂πL

∂pL

∂πS

∂c

)
=

1

∆

(
∂πS

∂pL

ΩL

pL
− ∂πL

∂pL

ΩS

pS

)
and

ρL =
1

∆

(
∂πL

∂pS

∂πS

∂c
− ∂πS

∂pS

∂πL

∂c

)
=

1

∆

(
∂πL

∂pS

ΩS

pS
− ∂πS

∂pS

ΩL

pL

)
,

because
∂πS

∂c
= −∂qS

∂pS
− x̄ · ∂qL

∂pS
=

1

pS
(qSεSS − x̄qLεLS︸ ︷︷ ︸

:=ΩS

) =
ΩS

pS

∂πL

∂c
= −∂qS

∂pL
− x̄ · ∂qL

∂pL
=

1

pL
(−qSεSL + x̄qLεLL︸ ︷︷ ︸

:=ΩL

) =
ΩL

pL

are used from the definitions of ε. In addition, we also use the definitions of κ to obtain:

∂πS

∂pS
= 2

∂qS
∂pS

+ (pS − c)
∂2qS
∂p2S

+ (pL − c)x̄ · ∂
2qL
∂p2S

= −2
qSεSS
ps

+ (pS − c)
qSεSSκ

S
SS

p2S
+ (pL − c)x̄

(
−qLεLSκ

S
LS

p2S

)
=

−1

pS

[
(qSεSS)

(
2− ΛSκ

S
SS

)
+

pL(x̄qLεLS)

pS
ΛLκ

S
LS

]
︸ ︷︷ ︸

:=ΞS

= −ΞS

pS
,

∂πS

∂pL
=

∂qS
∂pL

+ (pS − c)
∂2qS

∂pS∂pL
+ x̄ ·

{
∂qL
∂pS

+ (pL − c)
∂2qL

∂pS∂pL

}
=

qSεSL
pL

+ ΛS
qSεSSκ

L
SS

pL
+

x̄qLεLS
pS

+ ΛL
x̄qLεLLκ

S
LL

pS

=
1

pSpL
[pS(qSεSL) + (pSqS)( εSSκ

L
SS︸ ︷︷ ︸

=−εSLκ
S
SL

)ΛS + pL(x̄qLεLS) + (pLx̄qL)( εLLκ
S
LL︸ ︷︷ ︸

=−εLSκ
L
LS

)ΛL]

=
1

pSpL

[
pSωSL

(
1− ΛSκ

S
SL

)
+ pLωLS

(
1− ΛLκ

L
LS

)]︸ ︷︷ ︸
=Ψ

=
Ψ

pSpL
=

∂πL

∂pS
,
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where (εSS/εSL)κ
L
SS = −κS

SL and (εLL/εLS)κ
S
LL = −κL

LS are used, and

∂πL

∂pL
= (pS − c)

∂2qS
∂p2L

+ x̄ ·
{
2
∂qL
∂pL

+ (pL − c)
∂2qL
∂p2L

}
= −2

x̄qLεLL
ps

+ (pL − c)
x̄qLεLLκ

L
LL

p2L
+ (pS − c)

(
−qSεSLκ

L
SL

p2L

)
=

−1

pL

[
(x̄qLεLL)

(
2− ΛLκ

L
LL

)
+

pS(qSεSL)

pL
ΛSκ

L
SL

]
︸ ︷︷ ︸

:=ΞL

= −ΞL

pL
.

Substituting these into the numerator of ρs and simplifying the price terms yields:

ρS =
1

pSp2L ·∆
[Ψ · ΩL + (pL · ΞL) · ΩS] .

Similarly, substituting into the numerator of ρw yields:

ρL =
1

p2SpL ·∆
[Ψ · ΩS + (pS · ΞS) · ΩL] .

Hence, the desired expressions are obtained.
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Appendix C: First- and Second-Order Derivatives and the Elastic-

ities and Curvatures for Multinomial Logit Demands

First- and Second-Order Derivatives

1st-order
∂qS
∂pS

−β̄qS(1− qS)

∂qS
∂pL

β̄x̄qSqL

∂qL
∂pL

−β̄x̄qL(1− qL)

∂qL
∂pS

β̄qSqL

2nd-order
∂2qS
∂p2S

β̄2qS(1− qS)(1− 2qS)

∂2qS
∂p2L

−β̄2x̄2qSqL(1− 2qL)

∂2qL
∂p2L

β̄2x̄2qL(1− qL)(1− 2qL)

∂2qL
∂p2S

−β̄2qSqL(1− 2qS)

∂2qS
∂pS∂pL

−β̄2x̄qSqL(1− 2qS)

∂2qL
∂pS∂pL

−β̄2x̄qSqL(1− 2qL)
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Elasticities and Curvatures

Elasticities
εSS β̄pS(1− qS)

εSL β̄x̄pLqL

εLL β̄x̄pL(1− qL)

εLS β̄pSqS
Curvatures

κS
SS β̄pS(1− 2qS)

κL
SL β̄x̄pL(1− 2qL)

κL
LL β̄x̄pL(1− 2qL)

κS
LS β̄pS(1− 2qS)

κL
SS −β̄x̄pLqL

1− 2qS
1− qS

κS
LL −β̄pSqS

1− 2qL
1− qL

κS
SL β̄pS(1− 2qS)

κL
LS β̄x̄pL(1− 2qL)
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