Input-Price Responses to Horizontal Mergers

and the Bargaining-Leverage Defense

Rebekah Dix Todd Lensman

September 1, 2022

Abstract

In several recent antitrust cases, defendants have argued that a horizontal merger would
allow them to negotiate reduced input prices with suppliers and pass on the resulting sav-
ings to consumers. This input price effect is often supported by models in which firms
simultaneously set goods prices and bargain with suppliers over input prices, because a
downstream merger can reduce suppliers’ outside options. We study new forces that arise
when input prices are set before goods prices, and we show that they often tend to increase
input prices after a merger. Generalizing the first-order approach to merger analysis, we
derive a measure of incentives to adjust input prices after a downstream merger, Input
Pricing Pressure. We use this measure to show that mergers often incentivize higher in-
put prices, and that these incentives hinge on changes in downstream pass-through rates,
marginal cost efficiencies generated by the merger, and input-output linkages. By impli-
cation, consumer surplus-maximizing antitrust policy may be too lax when input prices
are assumed fixed, and it should be biased against claims that input prices will fall after a
downstream merger. In an empirical application to local retail beer markets, endogenizing

input prices substantially raises the consumer harm from mergers of retailers.
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1 Introduction

Competition authorities evaluate horizontal mergers based on a trade-off between market
power and cost efficiencies. As Williamson (1968) articulates, a merger between competitors
reduces competition in the goods market and incentivizes the merged firm to raise prices, while
reductions in marginal costs due to realized economies of scale or scope incentivize lower
prices. If such efficiencies are large enough, the merger may lead to lower prices and higher
consumer surplus. This analysis generally holds the input prices faced by the merging firms
fixed, but in several recent merger cases the defendants have argued that lower input prices
may constitute an alternative source of “efficiencies.” For example, in United States v. Anthem,
Inc., health insurers Anthem and Cigna argued that merging would have allowed them to
obtain more favorable quality-adjusted reimbursement rates from healthcare providers. They
further argued that almost all of the resulting savings would have been passed through to their
customers, so the merger should have been permitted on consumer surplus grounds (United
States v. Anthem, Inc., D.D.C. 2017).

A recent literature in industrial organization integrates similar vertical contracting concerns
into the analysis of horizontal market structure. These studies generally estimate structural
models of price competition and bargaining in which downstream firms simultaneously choose
goods prices and bargain with upstream firms over input prices (Gowrisankaran, Nevo, and
Town, 2015; Ho and Lee, 2017; Ho and Lee, 2019; see Lee, Whinston, and Yurukoglu, 2021
for a review). In these settings, a downstream merger affects input prices by altering firms’
outside options in negotiations. For example, the merger may raise the merged firm’s outside
option, improving its bargaining leverage vis-a-vis upstream firms and lowering input prices in
equilibrium (Sheu and Taragin, 2021)."

In this paper, we instead study the effects of downstream mergers when input prices are
set before goods prices. If firms anticipate changes in goods prices when bargaining over
input prices, we show that input prices may increase after a downstream merger. For settings
in which such successive conduct is plausible, our results suggest that merger policy should be
biased against claims that increased bargaining leverage will reduce input prices. We also show
that input prices may rise so significantly after a merger that goods prices increase regardless
of real efficiencies: A merger may be inherently anticompetitive once endogenous input prices
are taken into account.

To illustrate the mechanism behind our results, and to demonstrate that it does not depend

!Notably, in their opinions issued in United States v. Anthem, Inc., the district and circuit courts recognized
that the firms’ defense was implicitly predicated on the assumption that the merged firm would have greater
bargaining leverage vis-4-vis healthcare providers, allowing it to negotiate more favorable rates (United States v.
Anthem, Inc., D.D.C. 2017; United States v. Anthem, Inc., D.C. Cir. 2017).
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on bargaining per se, we focus primarily on the canonical model of vertical contracting in
which upstream firms unilaterally set input prices (Spengler, 1950). That is, we suppose that
downstream firms compete in goods prices holding input prices fixed, while upstream firms
compete in input prices, anticipating the resulting changes in goods prices. We then consider
a merger between two downstream firms and study an upstream firm’s incentive to adjust its
price after the merger. We find that this incentive depends crucially on how the merger alters
downstream pass-through rates and the merged firm’s production technology.

The intuition for our main results is as follows: With successive conduct, downstream pass-
through rates are key determinants of input prices because they affect how changes in input
prices are transmitted to downstream output and hence demand for inputs. After a downstream
merger between single-product firms, pass-through rates adjust such that the output of either
downstream good becomes more sensitive to its own marginal cost, but less sensitive to the
marginal cost of the other good. If an upstream firm’s input is used to produce only one good,
these adjustments provide an incentive for the firm to lower its price. This holds because
the upstream firm effectively observes more elastic demand for its input after the merger. If
instead the input is used to produce both goods, the upstream firm often has an incentive
to raise its price. In either case, if the merged firm becomes more efficient in its use of the
input, downstream output always becomes less sensitive to the input price, and the upstream
firm has an additional incentive to increase its price. Altogether our results indicate that with
successive conduct, downstream mergers often raise goods prices and must yield additional
real efficiencies to leave consumers unharmed.

For simplicity, we prove these results in a stylized model with a merger to monopoly down-
stream, linear consumer demand, and Leontief production technologies. However, we provide
additional theoretical results and simulations that show our conclusions generalize with (i)
arbitrary production technologies, (ii) competition from non-merging downstream firms, and
(iii) nonlinear demand. We also show that the key economic mechanism behind our results
is still present when we allow successive bargaining over input prices. In this case, simula-
tions show that our pass-through and efficiency effects often dominate the standard bargaining
leverage effect studied in the literature, so that input prices rise after a downstream merger.

To organize our analysis, in Section 2 we extend the first-order approach to merger anal-
ysis of Farrell and Shapiro (2010) and Jaffe and Weyl (2013) to incorporate endogenous in-
put prices. When price-setting conduct is successive, we provide an approximation formula
for post-merger price changes that strictly generalizes that of Jaffe and Weyl (2013) and is
expressed in sufficient statistics. We define a new term, Input Pricing Pressure (IPP), that
is analogous to the Generalized Pricing Pressure (GePP) of Jaffe and Weyl (2013) and pre-
cisely measures the incentives for input prices to adjust after the merger. In Section 3, we



study IPP in a simple model with successive price competition to demonstrate how changes
in pass-through rates and production technologies may incentivize input price changes after a
downstream merger. We also consider more general models and show that the mechanism we
emphasize is robust to a number of assumptions. In Section 4, we show that the effects and
policy implications of endogenous input prices described in Section 3 also arise when input
prices are set through successive Nash-in-Nash bargaining.

In Section 5, we provide an empirical application of our theory to local retail beer markets.
We calibrate logit demand systems for retail beer products using Nielsen scanner data, and we
impute a simple distribution network by which upstream distributors sell beer to retailers at
wholesale prices. We follow Villas-Boas (2007) to calculate distributor marginal costs, and we
simulate mergers between beer retailers both with and without endogenous wholesale prices.
Even when the mergers generate no efficiencies, retail prices increase more post-merger when
we allow wholesale prices to adjust endogenously, complementing our theoretical findings.

This paper contributes primarily to the literature mentioned above on the effects of hor-
izontal market structure in settings with vertical contracting. We identify conditions under
which vertical relationships are important for the normative analysis of horizontal mergers,
and our results show that the timing of price setting can crucially affect policy counterfactuals.
We also contribute to a smaller theoretical literature that considers the effects of downstream
market structure on input prices under successive conduct (Dobson and Waterson, 1997; Lom-
merud, Straume, and Sgrgard, 2005; Iozzi and Valletti, 2014; Gaudin, 2018). We depart from
these studies by (i) relaxing the assumption that the downstream firms are symmetric, which
obscures the mechanisms by which downstream market structure affects input pricing incen-
tives; and (ii) focusing on the normative implications of endogenous input prices. Finally, our
concern for merger policy also relates to a small literature in antitrust law that asks if, under
existing legal frameworks for antitrust, post-merger declines in input prices should provide
a legitimate defense (“cognizable efficiency”) in merger enforcement cases (Carlton and Is-
rael, 2011; Hemphill and Rose, 2017). Our results suggest that these declines in input prices
may fail to materialize under successive conduct, supporting additional skepticism about this

defense from a purely economic perspective.

2 First-Order Approach and Input Pricing Pressure

In this section, we introduce our general model and show how the first-order approach
to merger analysis extends to settings with endogenous input prices. We initially place only
weak conditions on price-setting conduct, and we clarify the assumptions needed to obtain

approximation formulas for post-merger price changes in sufficient statistics (Proposition 2).
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In Sections 3 and 4, we use one of these statistics, Input Pricing Pressure, to study how down-

stream mergers can lead to input price changes in a class of simple models.

2.1 Setup

The economy exists in partial equilibrium and has two sets of products. Downstream prod-
ucts, or goods, are indexed by g € G and sold to consumers. The set of downstream firms is 7,
where each firm G € F; is identified with the set of goods that it produces, G C G. Upstream
products, or inputs, are indexed by i € Z and sold to downstream firms. The set of upstream
firms is F;, where each firm I € F; is identified with the set of inputs it produces, I C 7.

All transactions are facilitated by linear prices, and we let p := (p,),c; and w := (w;),7 de-
note the price vectors for goods and inputs.” The production technology for each downstream
firm G is described by the cost function C; (y;, w), and similarly each upstream firm I has cost
function C; (z;), where y; := (¥,),ec and z; := (2;);¢; denote the output vectors for firms G and
I. Consumer demand for good g is y, (p), and the demand for input i from downstream firm
G given outputs y,; and input prices w is dC; (yg,w) /dw;. Total demand for input i equals

the sum of the input demands from downstream firms:

Zi(y,W) — Z aCG(yGJW).

GeFg ow;

To illustrate the generality of the first-order approach, and to demonstrate how different
conduct assumptions affect our analysis, we initially make only mild assumptions about equi-
librium price setting. We suppose that equilibrium prices (p*, w*) are given by the solution to

a system of equations:

fo (p*’w*)). 1)

0=/ W)= (fz(p*,W*)

Here f;(p,w) is the RY-valued first-order condition (FOC) function for goods prices. In the
examples of conduct described below, f; corresponds precisely to the first-order conditions
of maximization problems whose solutions determine the goods prices p*. Similarly, f; (p,w)
is the FOC function for input prices. We assume that the “stacked” FOC function f is twice

continuously differentiable and that the system (1) has a unique solution.

2Price discrimination can be accommodated by introducing distinct inputs for different downstream firms.
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2.2 Conduct Examples

Several common modes of conduct can be represented by a system of the form (1). Here
we describe a few examples based on price competition that we analyze in detail in Section 3,
and we discuss an additional example based on bargaining in Section 4.

Our benchmark mode of conduct for downstream firms is price competition, whereby each
firm G € F; chooses its prices p; = (pg)ge ; to maximize its profits, holding all other prices
fixed:

max Pe * Y (p)—Cs (ys(p),w). (2)

Suppressing the dependence of y on p, the FOC function for good g € G is then

0y,
fg (P:W):J’g+Z(Pg/—Cg/ (yG,W)) aig .

g'eG &

Here ¢, (yg,w) = 9C¢; (ys,w) /0y, denotes the marginal cost of good g’. Our framework
also accommodates a number of other downstream equilibrium concepts using conjectural
variations; see Jaffe and Weyl (2013) for details.

More importantly, our analysis allows for many different conduct assumptions for upstream
firms. In Section 3 we focus primarily on the case in which upstream firms also compete
in prices, holding remaining input prices fixed but anticipating changes in goods prices. To
describe such successive price competition, let p* (w) denote the equilibrium goods prices given

input prices w, obtained as the solution to the system of equations
0=f5(p*(w),w).
Then the demand function for input i observed by firm I is
z;(w) =z, (y (p* (W), w).

Note that firm I expects downstream firms to adjust to input price changes along two margins:
(i) substitution between inputs in production and (ii) changes in goods prices. Only the first
margin would operate if upstream firms instead engaged in simultaneous price competition,

holding goods prices constant when choosing input prices. With successive price competition,

3Throughout, we assume that the equilibrium in each price-setting game is unique and characterized by
interior first-order conditions.



each upstream firm I solves
max w; - z; (w)—C; (z; (w)). 3
wr=0

Suppressing the dependence of z;, on w, the corresponding FOC function for input i € I is

dz;
dw,’

fiw)=z;+ Y (wy—cy ()

‘el

4)

Here c; (z;) denotes the marginal cost of input i’ € I. Note that the total derivative dz; /dw;
appears in the second term, indicating that downstream price responses as well as input sub-
stitution are taken into account by firm I.* As a result, the FOC function f; depends only on
input prices w. This property is common to all successive modes of conduct in which input
prices are set before goods prices, and we will see that it substantially simplifies the first-order
approach to merger analysis with endogenous input prices.

Following the seminal contribution of Horn and Wolinsky (1988), a large literature has ex-
plored the implications of bilateral bargaining in input markets for classic questions about the
effects of horizontal and vertical mergers, price discrimination, and exclusive dealing (see Lee,
Whinston, and Yurukoglu, 2021 for a review). Our framework can also accommodate standard
versions of the Nash-in-Nash bargaining solution concept of Horn and Wolinsky (1988) that
appears in many recent analyses of vertical contracting environments.” We analyze this possi-
bility in Section 4. The conduct examples discussed above and in Section 4 indicate that our
setting can accommodate many conduct assumptions found in the literature on vertical con-
tracting, but it is not completely general. We make the strong assumption that all transactions
are mediated by linear prices, ruling out nonlinear pricing schedules as well as quantity-based
bargaining games. This assumption limits the generality of our results, but it provides a rea-
sonable and tractable starting point for understanding the effects of vertical relationships on

horizontal mergers. It is also assumed in all of the empirical literature cited above.

2.3 Downstream Merger

Our counterfactual of interest is a merger between two downstream firms Gy, G, € F.
Let M := G,; U G, denote the merged firm, and let ﬁg denote the set of downstream firms

following the merger. Throughout, we denote post-merger objects using the decoration .

4 dz(w) .__ dz(y(p*(w))w) dy(p*w)) 8p*(w) | dz(y(p*(w)),w)
Here dw Jy ap ow + ow .

>Examples include Draganska, Klapper, and Villas-Boas (2010); Crawford and Yurukoglu (2012); Grennan
(2013); Gowrisankaran, Nevo, and Town (2015); Ho and Lee (2017); Crawford, Lee, Whinston, and Yurukoglu
(2018); and Dubois and Sathre (2020).



The merger may have two effects on the economic environment. First, the merged firm
may obtain a new production technology by reallocating production across plants, attaining
economies of scale or scope, or from a number of other unmodeled sources. We capture these
efficiencies in a reduced-form way by supposing that merged firm attains a new cost function
Cy (¥, w). As a by-product of this technological change, the upstream firms may now observe
a different demand function for each input i:

2. (y,w) == aCMa(]J//VM’W) n Z 9Cq (J’G,W)-

i GeFg\{M} t

Second, the merger may alter conduct. For example, if downstream firms engage in price
competition, the merger allows the merged firm to jointly maximize profits over the prices
pu = (pg,,>Pg,,)- In the absence of marginal cost-reducing efficiencies, this conduct change
generally implies higher equilibrium goods prices for fixed input prices when goods are gross
substitutes (Deneckere and Davidson, 1985). As we discuss at length in Section 3, changes in
downstream conduct may also indirectly change upstream conduct. For example, the down-
stream equilibrium price function p*(w) is a key input for any of the successive modes of
conduct described in Section 2.2 or Section 4. If downstream conduct changes following the
merger, the equilibrium price function p* (w) will also change, and input prices will adjust ac-
cordingly. To capture these conduct changes while remaining agnostic (for now) about their
details, we suppose that post-merger equilibrium prices (p*, w*) are given by the solution to

the system of equations

()

0= F (") = (fg (ﬁ*,w*)) |

Fr (B, W)

Here fg and fI are the post-merger FOC functions for goods prices and input prices. Just as be-
fore the merger, we assume that the stacked FOC function f is twice continuously differentiable
and that the system (5) has a unique solution.

2.4 First-Order Approach: Generalized and Input Pricing Pressure

The first-order approach to merger analysis hews closely to the first-order approach to gen-
eral comparative statics initiated by Samuelson (1947). In both cases, we attempt to under-
stand how equilibrium objects adjust to changes in the economic environment by studying
the resulting changes in the first-order conditions that characterize equilibrium. The key dif-

ference is that the first-order approach to comparative statics provides exact changes in equi-



librium objects in response to marginal changes in the environment, whereas the first-order
approach to merger analysis provides approximate changes in equilibrium prices in response to
non-marginal changes in conduct and production technologies. In this section, we demonstrate
how the first-order approach to merger analysis pioneered by Farrell and Shapiro (2010) and
Jaffe and Weyl (2013) generalizes when we allow for endogenous input price responses. Our
aim in doing so is to provide a framework for investigating the factors that determine input
price responses to downstream horizontal mergers, an investigation that we pursue in Sections
3-5.

The task to be solved by the first-order approach is as follows: Given a pre-merger equi-
librium (p*, w*) and a post-merger FOC function £, how can we approximate the post-merger
equilibrium (p*, w*), and what properties of price-setting conduct influence the direction and
magnitude of price changes? We assume that the pre- and post-merger equilibria are deter-
mined by FOC systems (1, 5), so we can make progress on these questions by comparing the
pre- and post-merger FOC functions. This is the basis for the main approximation result of the

first-order approach:

Proposition 1. Suppose f is invertible. Then the post-merger price changes are
Ak % Ak * r ES ES -1 r * k * k
where the error vector R satisfies

1 [G|+|Z] 52 Ak_l (T‘) A

R, == Y * ok
<=3 20 G, S0 W) %

for some vector r € [O,f (p*,w*)].

Like Theorem 1 in Jaffe and Weyl (2013), the result follows by using the post-merger FOC

system (5) to write
(p*—p*, W —w*) = £1(0)— F 1 (f (0%, w"),

and then linearizing f ~! around f (p*,w*).° The error formula (7) indicates that the approx-
imation is accurate when the post-merger FOC function f has little curvature or when the
pre-merger prices (p*, w*) nearly satisfy the post-merger FOC system (5). These conditions are
unsurprising since the approximation is just the first step in the Newton-Raphson algorithm
when finding the root of f beginning at (p*, w*).

®The assumption that f is invertible is the “non-marginal” analogue of the local invertibility assumption in
marginal comparative statics.



If the error is small, expression (6) demonstrates that post-merger equilibrium prices can
be approximated with only knowledge of post-merger price-setting conduct f around the pre-
merger equilibrium (p*, w*). More importantly, it also provides some insight as to the factors
that determine the direction and magnitude of price changes after the merger. In particular, the
prices changes are jointly determined by (i) the change in the FOC function at the pre-merger
equilibrium and (ii) the sensitivity of the post-merger FOC function to prices. The former
measures the unilateral incentives for firms to adjust prices, while the latter incorporates price
responses between products and measures the size of price changes needed to reach the post-
merger equilibrium.

To convey this intuition more clearly, we can express the basic approximation formula in
terms of sufficient statistics: pass-through rates, the Generalized Pricing Pressure (GePP) vector
of Jaffe and Weyl (2013), and the Input Pricing Pressure (IPP) vector that we introduce below.
To do this, we make two additional assumptions:

Assumption 1. FOC functions for input prices do not depend directly on goods prices p, and we
reparametrize them by

frw,er(zzw))  and  fr(w, ez (B (w))).

Assumption 2. FOC functions for goods prices depend on input prices only through downstream

marginal costs, and we reparametrize them by

fo(Prcg(ys(@),w)) and  fq(p. &g (vs(p),w)).

As we discussed in Section 2.2, Assumption 1 holds for successive modes of conduct. As-
sumption 2 is fairly innocuous; it is satisfied, for example, when downstream firms engage in
price competition or one of its conjectural versions. We maintain Assumptions 1 and 2 in the
remainder of the paper.

We can now define the sufficient statistics that appear in the approximation formulas be-

low. The post-merger pass-through rate functions for downstream and upstream firms are,

respectively,
. . _dfg (p,Cg (}’g(P),W)) - afg (P:Cg (}’g (p),W))
pg(p,w) =~ ip ac, : (8)
o [df e G N 8w (2 (W)
prw):= dw dcy '

Evaluated at the post-merger equilibrium, 6, (p*, w*) x t; describes the change in post-merger
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goods prices after introducing a vector t; of small specific taxes on goods, holding input prices
fixed. Similarly, 5, (W*) x t; describes the change in post-merger input prices in response to
a vector t; of small specific taxes on inputs, but allowing goods prices to vary in response to
input price changes.” The key merger-specific statistics are the Generalized Pricing Pressure

and Input Pricing Pressure vectors:

of 1T, .
GePP:=[a—Cz] (fo—1s), 9)
[T s _
IPP"[acI] (fr—f2), (10)

where all functions are evaluated at pre-merger prices (p*, w*). GePP, introduced by Jaffe and
Weyl (2013) to generalize the Upward Pricing Pressure heuristic of Farrell and Shapiro (2010),
is essentially the change in the FOC function for goods prices after the merger, normalized in
“units” of downstream marginal costs. The change in the FOC function measures the incen-
tives for downstream firms to adjust prices after the merger; the normalization allows us to
conceptualize these incentives as a simple change in marginal costs. Similarly, IPP is our new
measure of the incentives for upstream firms to adjust prices after the merger, normalized in
units of upstream marginal costs. When the FOC functions ng and fI are linear in the respec-
tive marginal costs ¢; and c;, as they are for all modes of conduct described in this paper, the
normalizations imply that we can also interpret GePP and IPP as the vectors of subsidies that
would leave all prices unchanged after the merger.

The next proposition gives our approximation result, a refinement of Proposition 1.

Proposition 2. Suppose ng (-,cg (yg ), W*)) and f; (-,&; (4, (")) are invertible. Then the post-

merger price changes are

A

ac
pr—p* = (f)g X GePP) + (ﬁg X a—g X O X IPP) + Rg, 1D
w
w—w* = (f)z X IPP) + R;, (12)
where the error vector R = (Rg,RI) coincides with (7) and all functions are evaluated at the
pre-merger equilibrium (p*, w*).

The proof is found in Appendix A and makes use of the observation that the post-merger

FOC system (5) is block-diagonal when fAI does not depend directly on goods prices (Assump-

’The pre-merger pass-through rate functions pg (p,w) and p; (w) are defined similarly using the pre-merger
FOC functions f; and f.
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tion 1).° To interpret the formulas in Proposition 2, we begin with the simpler equation (12).
This equation implies that the change in input prices after the merger can be approximated
by the IPP vector multiplied by the post-merger pass-through rate function, evaluated at pre-
merger prices. This is the basis of our claim that IPP quantifies the incentives for input price
changes in units of upstream marginal costs. Put differently, GePP and IPP are the vectors of
subsidies that must be applied after the merger for all prices stay fixed. The first-order effect
of the merger on input prices can be calculated by removing the fictitious IPP subsidies and
applying the pass-through rates p; (w*), which are exact for marginal changes around the sub-
sidized equilibrium. Error arises because removing the IPP subsidies is a non-marginal change
in the environment, so the “locally exact” pass-through rates p; (w*) may not perfectly describe
the effect on input prices.’

The first two terms in (11) have similar interpretations. These are most easily understood

by analogy to the following exact decomposition of the post-merger change in goods prices:

prw)—=p*w) = pw)—pw) + p@W)-p(w). (13)
merger;vrith fixed effect of ;r;iogenous
input prices input prices

The first term in this decomposition is the post-merger change in goods prices when input
prices are held fixed. Standard analyses of horizontal mergers describe this object, which is
crucial for understanding the effect of mergers on consumer surplus. Theorem 1 of Jaffe and

Weyl (2013) establishes that the first term in (11) provides a first-order approximation:
prw)—p*(w) ~ pPg(p*,w*) x GePP.

Our generalization shows that a similar approximation applies to the second term in (13),
which describes the additional change in goods prices resulting from endogenous changes in

input prices. This approximation is exactly the second term in (11):

dég (y (p*),w")
aw

PO —p W)~ pe(ptw) x x By (W) x IPP.

In words, we can determine the effect of endogenous input prices on goods prices by calculating

8This assumption eliminates a feedback loop between the changes in goods prices and the changes in input
prices after the merger. This feedback loop significantly complicates the basic approximation (6) and does not
permit a general approximation formula in easily interpretable sufficient statistics.

?By redefining GePP and IPP, we could use other pass-through rates in place of p (p*, w*) and p (w*) in (11,
12). We use these pass-through rates and the associated definitions of GePP and IPP so that (i) no knowledge of
post-merger equilibrium prices is needed to compute the approximations (11, 12) and (ii) we can interpret GePP
and IPP as the compensating subsidies needed to keep all prices fixed post-merger.

10Thjs result is formally a special case of Proposition 2 with f; (w) = w —w*.
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the (approximate) changes in input prices p; x IPP, converting them into shifts in downstream
marginal costs using the derivative d¢;/dw, and converting these shifts into changes in goods
prices by applying the downstream pass-through rates p.

We find the approximation formulas of Proposition 2 useful because they cleanly describe
how post-merger changes in the economic environment map into price changes. For example,
pass-through rates are the subject of a substantial theoretical and empirical literature, so we
may feel comfortable conjecturing values for o (p*, w*) and p; (w*) for a merger of interest. All
that remains to implement the approximations (11, 12) is to determine how sensitive marginal
costs are to input prices post-merger and how the merger affects pricing incentives in marginal
cost-equivalent terms. We admit that this is more information-intensive than implementing
the approximations of Farrell and Shapiro (2010) and Jaffe and Weyl (2013) with fixed input
prices, but even simple observations provide information about the likely direction of input
price changes. For example, under many conduct assumptions the own-price pass-through
rates p;; (w*) are the largest entries in p;(w*), so just examining IPP; can provide a good
indication of the likely change in the price of input i. This is the premise of our theoretical
analysis in Sections 3 and 4.

Nonetheless, we view the primary contribution of Proposition 2 as conceptual: With linear
pricing and successive conduct, we can simply adjust our standard estimate for the consumer
price effect of mergers by an additive term that captures the effect of input price changes. We
study this adjustment theoretically in simple settings in Sections 3 and 4, and we provide a
quantitative analysis using an estimated demand system and a realistic input-output structure
in Section 5.

3 Merger Policy and Input Prices

In this section, we apply Proposition 2 in a special case of our model with successive price
competition to study how input prices change following a downstream merger. We find that
upstream firms have incentives to raise prices when downstream output expands or becomes
less sensitive to input prices, and that these incentives are often stronger when the merger
yields higher efficiencies. As a result, efficiencies are less effective at mitigating merger-induced
increases in goods prices than when input prices are held fixed. Considering the implications
for policy, we find that the consumer surplus-maximizing merger policy assuming fixed input
prices may be too lenient when input prices are endogenous. This finding is robust to a number
of modeling assumptions, and our simulations in Section 5 and Appendix C indicate that the
effect of endogenous input prices on goods prices is quantitatively significant and often larger
than the standard price effect of the merger under fixed input prices. We also provide an
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(a) general (b) specialized input suppliers

Figure 1: Input-output configurations in the simple model.

example indicating that a merger may be inherently anticompetitive because of endogenous

input prices: “Offsetting efficiencies” that lead to lower goods prices may not exist.

3.1 A Simple Model

Consider a special case of the economy of Section 2: There are two goods, g and g’, and
two inputs, i and i’. Before the merger, each product is owned by a different firm. Each input

i has constant marginal cost c;, and each good g has constant marginal cost
Cg (W) = vy + XgW; + X g Wy

Here v, denotes the component of marginal cost due to use of the numeraire (e.g., labor).
This marginal cost function implies that good g is produced using both inputs i and i’ in fixed
proportions (Figure 1a). A useful special case that we discuss below is one in which good g is

produced using only input i (x,; = 0) and good g’ is produced using only input i’ (x,; = 0).

g’
We say that such a setting features “specialized input suppliers” (Figure 1b).

The consumer demand system y (p) is linear, so that all price derivatives dy,/dp, and
dy,/9dp, are independent of the price vector p. The demand system is also Slutsky symmetric
and features gross substitutes, so that the cross-price derivatives are equal and weakly positive:

oy, B Oy -0

opy Op,
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We denote the diversion ratio from g to g’ by

__ayg’/apg

D, ., = )
88 3y,/9p,

(14)
This quantity gives the fraction of lost demand diverted from g to g’ after an increase in the
price of g, providing a measure of the substitutability of goods g and g’. The diversion ratio
D,,, is non-negative since g and g’ are gross substitutes, and we further assume that it is strictly
smaller than 1. Demand for input i satisfies z; (y,w) = Zg YgXgi-

Before the merger, the downstream firms engage in price competition as in (2), and the
upstream firms engage in successive price competition as in (3). We assume that the upstream
firms cannot price discriminate across the downstream firms. After downstream firms g and

g’ merge, the merged firm M realizes a new marginal cost function for each good:
¢, (w) = (1 — Egv) ve + (1 —E)xw; + (1 —Ey) xgpwy.

Here E,,, E;, and E; are the efficiencies attained by the merged firm on each component of
the marginal cost of good g. For simplicity, we assume that the input-specific efficiencies E;
and E; are symmetric across downstream goods. The post-merger demand for input i is then
2, (y,w)=(1—E)>. ¢ Y¢X,i- The merged firm sets goods prices as a multiproduct monopolist,
while the upstream firms continue to engage in successive price competition.

Many features of this simple model — two downstream firms, linear demand, Leontief pro-
duction — are highly stylized. These assumptions are made largely to simplify the exposition of
our main results in Section 3.3. We provide additional theoretical results in Section 3.5 to in-
dicate how they generalize, and we give numerical results from merger simulations in Section

5 and Appendix C to address cases not covered by our propositions.

3.2 Example: Inherently Anticompetitive Mergers

Before studying the simple model in detail, we provide an example to show how endoge-
nous input prices may reverse basic intuitions about horizontal mergers and merger policy. This
example shows that downstream mergers may be inherently anticompetitive once endogenous
input prices are taken into account: Goods prices may increase post-merger regardless of effi-
ciencies because input prices are endogenous. To see this, consider a special case of the simple
model with a single upstream wholesaler and two downstream retailers. Goods g and g’ are

produced using only input 7, with marginal costs c, (w) = ¢,/ (w) = w;. The goods are symmet-
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rically differentiated, with consumer demand

Y, (p)=V—p,+Dp,.

Here V > 0 controls the own-price elasticity of demand and D is the (symmetric) diversion
ratio. The downstream merger yields efficiencies E: ¢, (w) = ¢, (w) = (1 —E)w;,.

We calculate the pre- and post-merger input prices in Appendix A and find that the input
price always rises after the merger:

=W,

,_Y+0-D)e _V+(1-D)A-E)
2(1—D)(1—E) e

YiTT2a-p) °

where the inequality is strict when E > 0. These expressions show that post-merger down-
stream marginal costs (1 — E) W} are decreasing in efficiencies E, but more slowly than when
the input price is fixed at its pre-merger value. As a result, efficiencies are less effective at con-
straining goods prices when the input price is endogenous. Thus, for the merger to leave goods
prices unchanged, it must achieve greater efficiencies when the input price is endogenous than
when the input price is fixed at its pre-merger value.

More formally, let EV denote the efficiencies that keep goods prices unchanged at a fixed
input price, p* (w*) = p*(w*). We refer to these efficiencies as Werden efficiencies given the
general characterization by Werden (1996). Let ET denote the “true” offsetting efficiencies
that keep goods prices unchanged when the input price changes endogenously from w? to W7,
p* (W*) = p* (w*). Direct calculation yields

p ¢—(1-D) p ;-(1-D)

ET > —
2-D 1-D 2-D L+1-D

True offsetting efficiencies ET are always higher than Werden efficiencies, and they are above
one when demand is sufficiently inelastic (i.e., when V is sufficiently large).'' In this case,
goods prices increase after the merger regardless of efficiencies realized by the merged firm.
By implication, a consumer surplus-maximizing antitrust authority should always block the
merger between firms g and g’, but it may fail to do so if it does not recognize that the input
price adjusts after the merger.

In this example, Williamson’s (1968) trade-off between market power and cost efficiencies
works as expected when the input price is held fixed: Goods prices are unchanged if the merger
generates large enough efficiencies. However, when the input price changes endogenously
after the merger, the trade-off may resolve decisively against consumers so that goods prices

Un contrast, Werden efficiencies EV are always less than one.
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always rise. This stark conclusion does not apply generally to mergers with endogenous input
prices, but it indicates that an understanding of upstream pricing incentives may be crucial for
accurate merger analysis. In the next two sections, we use IPP to study these incentives in the

simple model.

3.3 IPP and Merger Policy in the Simple Model

Returning to the simple model, we seek to determine how input prices adjust after the
merger and to draw implications for merger policy. Instead of solving directly for equilibrium
prices as in the example, a more tractable approach is to apply the input price approximation

in Proposition 2, which is exact in the simple model because all FOC functions are linear:'”

The price of input i may change because firm i has a unilateral incentive to adjust its price
(IPP; # 0) or firm i’ has a unilateral incentive to adjust its price (IPP;, # 0), to which firm i
responds in equilibrium. In this section, we focus on understanding these incentives and their
determinants. This focus is consistent with the use of Upward Pricing Pressure or GePP to
diagnose unilateral pricing incentives for merging firms (Farrell and Shapiro, 2010; Jaffe and
Weyl, 2013), and in the next section we study the overall price change W —w? and argue that
IPP; is often dispositive of its sign.

Turning to an examination of IPP;, we can specialize the FOC function for successive price
competition (4) to our setting and directly calculate

5 dy, (p*(w"))  dy, (p*(w"))
IPP, o< ngi{ ¥, (" (W) =y, (p* (W*))+(wj—cl.)( g e g P '
g A downst?;lm output ~ - ~- i
A sensitivity of output to input price

(16)

Here o< indicates that IPP; is proportional to the expression on the right side. Firm i has an
incentive to increase its price when the merged firm expands downstream output or when
downstream output becomes less sensitive to the input price w; after the merger. Both effects
tend to reduce the elasticity of demand for input i, incentivizing firm i to raise its input price
and extract greater profits from inframarginal purchases.

The sign of each term in (16) depends crucially on the efficiencies generated by the merger."”

12We characterize the pass-through rates p;; and p;; in Appendix A and note that they do not depend on input
prices because the demand system observed by upstream firms 2 (w) is linear.
13See Lemma A.2 in Appendix A.

17



For example, if no efficiencies are realized, the merged firm will find it profitable to raise goods
prices and lower output when input prices are held fixed. The first term in (16) is then negative,
suggesting that the upstream firm i may want to lower its price because of lower inframarginal
purchases of input i. This effect is generally mitigated as efficiencies rise. The second term
in (16) similarly increases as the merged firm becomes more efficient in its use of input i (as
E; rises): The marginal cost of each good is less sensitive to the input price w; with higher
i-specific efficiencies, so goods prices and outputs are also less sensitive to w;.

To assess the implications of endogenous input prices for merger policy, we consider the
following thought experiment: Suppose the merger attains Werden efficiencies, so that goods
prices remain unchanged post-merger when input prices are held fixed. Will upstream firms
then have an incentive to raise input prices? If so, goods prices will rise, consumers will be
harmed, and consumer surplus-maximizing merger policy assuming fixed input prices will be
too lax. Proposition 3 below gives conditions under which this result holds. An upstream firm i
has an incentive to increase its price after the merger if i-specific efficiencies E; are sufficiently

high, provided that overall efficiencies would keep goods prices unchanged at fixed input prices:

Proposition 3. Suppose the merger is Werden-efficient, p* (w*) = p* (w*). Then

. . = Dgg’Dg’g
IPP, >0 ifandonlyif E;>E; where E;

P £ ek & Sy (17)
4 - Dgg/Dg/g

The E; bound is attained for independent goods (Dyyr = Dgi = 0) or specialized input suppliers.

For intuition, first consider the case with specialized input suppliers. Werden efficiencies
imply that the output term in the IPP expression (16) is zero, and we can decompose the output

sensitivity term as

dy, (p*(w")) dy,(p*(w")) 9y, 9y,
- = 5. (1—E)— L
dw; dw;, op (Pee € D= Pee) i ¥ op

i 1 g g

(ﬁg’g (1—-E;) _pg’g) Xgi-

(18)

After the merger, output y, becomes more or less sensitive to the input price w; only if goods
prices p become more or less sensitive to w;. In turn, goods prices p become less sensitive
to w; if pass-through rates decline or the merger yields i-specific efficiencies. For example,
the first term in the decomposition captures the effect of a change in the sensitivity of p, to
w; on the sensitivity of y, to w;: A given increase in w; generates a smaller increase in p, if
the pass-through rate p,, falls or i-specific efficiencies E; rise. A smaller increase in p, then
yields a smaller decline in output y,. The second term similarly shows that as p,, becomes less

sensitive to w;, a given increase in w; generates a smaller increase in output y,.
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A key comparative static is then the change in downstream pass-through rates p;—p after

the merger. By direct calculation (Lemma A.1), all pass-through rates fall:

, _1[ro]_ 12 T2 ]
pg_z 01 1_Dgg’% Dgrg 1 — Pg

2 2 2

To see why, consider an exogenous increase in the marginal cost ¢, of good g. Before the

g
merger, only the price of good g increases directly in response, but all goods prices increase
in equilibrium through complementary price responses. After the merger, the merged firm has
an incentive to decrease the price of good g’ directly in response to the increase in c, diverting
demand away from the lower margin good g and increasing profits. This is the “Edgeworth-
Salinger effect” coined by Luco and Marshall (2020), and it reduces all pass-through rates
following the merger. In fact, it reduces the cross-good pass-through rate p,,, much more than
the own-good pass-through rate p,,, so that output y, becomes more sensitive to the input
price w; when E; is sufficiently low. In this case, (18) and hence IPP; are negative: We can
expect input prices to fall after the merger if overall efficiencies equal Werden efficiencies but
input-specific efficiencies are low.

However, as E; increases and the merged firm becomes more efficient in its use of input
i, (18) increases. This holds because higher i-specific efficiencies E; reduce the sensitivity of
downstream marginal costs to the input price w;. For given downstream pass-through rates g,
this implies that goods prices p become less sensitive to the input price w;. This effect is much
larger for p, than for p,,, because the cross-good pass-through rate g/, falls much more than
the own-good pass-through rate p,, after the merger. As a result, output y, also becomes less
sensitive to the input price w; as E; increases, raising (18). We then observe a key trade-off with
specialized input suppliers: The post-merger decline in pass-through rates tends to raise the
sensitivity of downstream output y, to the input price w;, while input-specific efficiencies tend
to reduce it. For a Werden-efficient merger, the resolution of this trade-off determines whether
firm i will have an incentive to raise or lower its price after the merger. Proposition 3 quantifies
this trade-off and indicates that, to compensate for a larger Edgeworth-Salinger effect, greater
input-specific efficiencies are needed for IPP;, > 0 when goods are more substitutable.

Suppose now that input i is used to produce good g’ as well as good g. Then the proposition
implies that the efficiencies threshold E; is weakly smaller, so firm i has an incentive to raise
prices more often.'” Intuition again follows from the Edgeworth-Salinger effect: In response
to an increase in the marginal cost of good g, the merged firm raises the price of good g’ by a

smaller amount than before the merger in order to divert demand from g to g’. When input i

4This inequality is strict provided that input i is used to produce both goods and the goods are strict gross
substitutes.
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is used to produce only good g, this tends to increase the sensitivity of demand for input i to
its price w;. However, when input i is also used to produce good g’, firm i internalizes some of
the “input demand” diverted from g to g’. This mitigating effect tends to reduce the sensitivity
of total demand for input i to its price w;, thereby reducing firm i’s incentive to lower its price.
In some cases, this effect is strong enough that the threshold efficiencies E; are negative, so we

can expect input prices to rise for any Werden-efficient merger.

Result 1. Suppose both goods require equal quantities of input i, X,; = X,,, and suppose the
diversion ratios are equal, D := D,,, = D,,,. Then E = —% <0.

With E; < 0, firm i has an incentive to raise its price after a Werden-efficient merger regard-
less of i-specific efficiencies. The example in Section 3.2 shows that in further special cases,
we can even dispense with the assumption of Werden efficiencies, and firm i will always have
an incentive to raise its price after the merger.

Proposition 3 has direct implications for merger policy. When input prices are fixed, Werden-
efficient mergers lie precisely on the boundary between mergers that are allowed and merg-
ers that are blocked by a consumer surplus-maximizing antitrust authority. The proposition
demonstrates that this boundary must generally shift when input prices are endogenous. In
particular, when input-specific efficiencies are sufficiently large, the antitrust authority should
block Werden-efficient mergers (and, by continuity, a subset of mergers that would yield con-
sumer surplus gains with fixed input prices). The opposite holds when input-specific efficien-
cies are sufficiently small.

We can use inequality (17) to assess the likelihood of each scenario by choosing a bench-
mark for input-specific efficiencies. To start, note that a Werden-efficient merger must yield
specific reductions in the marginal cost of each good:

Ce —Cq _ E;N - Dgg (Cg’ M; +Dg’g‘u’2) g€, (19)

Cg 1 _Dgg/Dg/g Cg

where all functions are evaluated at pre-merger input prices w* and ,uz = pz, [cg (W) —1 de-
notes the pre-merger markup for good g.'° We argue that the Werden efficiencies E;N and EZ‘,’
are reasonable benchmarks for the i-specific efficiencies E;. For example, if the production
technology for good g changes in a Hicks-neutral fashion after a Werden-efficient merger, then
the i-specific efficiencies must be equal to the Werden efficiencies for good g, E; = E;N. More
generally, if i-specific efficiencies exceed the Werden efficiencies for some good g, Proposition
4 establishes conditions on the pre-merger markup ,uz under which firm i has an incentive to

increase its price after the merger:

15This expression can be derived following Werden (1996) or by noting that cg — &y = GePP,.
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Proposition 4. Suppose the merger is Werden-efficient, and suppose E; > E;N. Then IPP; > 0O if
either of the following hold:

(i) the pre-merger markup ,uz is greater than 0.25;

(ii) demand y (p) is symmetric, pre-merger marginal costs for both goods are equal c, (W*) =

¢y (W*), and the pre-merger markup Wy is greater than 0.07.

This proposition follows readily by comparing the Werden efficiencies (19) to the right side
of inequality (17). We view the sufficient conditions of Proposition 4 as fairly mild, indicating
that input prices, and hence goods prices, may often rise after Werden-efficient downstream
mergers. However, we emphasize that the proposition requires input-specific efficiencies, which
may not always be a reasonable assumption. As Result 1 indicates, this requirement can be

relaxed if the downstream goods have similar unit input requirements for input i.

3.4 Overall Price Effects

In the previous section, we described conditions under which a downstream merger gen-
erates positive Input Pricing Pressure on an upstream firm i, IPP; > 0. However, recalling the
decomposition (15) for the change in the price of input i, we observe that IPP; is generally
insufficient to predict the sign or the magnitude of the overall price change w; —w?. This is
because IPP; measures only the unilateral incentive for firm i to adjust its price. The price of
input i also responds to changes in the other input price w;, in the post-merger equilibrium,
and IPP; itself must be converted into a price change using the pass-through rate p;.

Despite these complications, we argue that IPP; alone is informative of input i’s price
change, and that it is often dispositive of the sign of the price change. For example, if the
merger symmetrically affects pricing incentives across both upstream firms so that IPP;, = IPP,,,

then IPP; necessarily determines the sign of input i’s price change:'°

V?/T_W* - (pAii + ﬁii/) X IPPi.

1

Alternatively, under successive price competition the price of input i often responds much more
strongly to changes in its own marginal cost than the marginal cost of input i, p;; > |P;]."
If the merger generates IPP of similar magnitudes for each input, then the first term in the

decomposition dominates, and we can sign the post-merger price change w; —w? by ignoring

16The sum of pass-through rates in parentheses is positive for many specifications of the simple model — see
Lemma A.1 in Appendix A for a closed-form expression for p;. In fact, every pass-through rate is positive when
the inputs are gross substitutes under the demand system 2, d2;/dw;, > 0 (e.g., with specialized input suppliers).

7Lemma A.1 in Appendix A shows that this holds provided that inputs i and i’ are not used in substantially
different proportions in downstream production.
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IPP, :
sgn(ﬁ/’;—wf) = sgn(p; x IPP,).

Finally, our numerical results for the simple model and for our empirical application in Section
5 confirm that IPP; accurately predicts the sign of the post-merger price change for input i.
Based on these arguments, we have focused primarily on characterizing IPP; in our theoretical
analysis of endogenous input price changes.

Given these arguments, we interpret the results of Section 3.3 as indicating when we should
expect input prices to rise post-merger: when downstream output expands or becomes less
sensitive to input prices, which are more likely when the merged firm achieves input-specific
efficiencies. However, Propositions 3 and 4 do not indicate when the corresponding effects
on input and goods prices are likely to be large as a function of pre-merger observables (e.g.,
markups and diversion ratios). These comparative statics would be helpful for screening anti-
competitive mergers, but they are difficult to determine analytically. In Appendix C we provide
simulation results that suggest for a Werden-efficient merger, endogenous changes in input
prices and the resulting changes in goods prices are larger with higher pre-merger markups
(,u;, ,u;) and higher diversion ratios (Dgg,, Dg,g). These comparative statics hold for both lin-
ear and logit consumer demand systems.

Higher pre-merger markups and diversion ratios also predict greater consumer harm from
a merger under fixed input prices, and standard intuition based on Williamson’s (1968) trade-
off suggests that such a merger must yield greater efficiencies to prevent consumer harm.'® Do
higher efficiencies also mitigate the downstream effects of endogenous input prices? Proposi-
tion 5 below shows that the answer is generally “no,” and that higher input-specific efficiencies
can exacerbate the effect of endogenous input prices on downstream marginal costs and goods
prices. Before stating the result, we note that good g’s marginal cost can change after the

merger both because of the direct effect of efficiencies and because of changes in input prices:

e, (W) —c, (W) = —Egvvg—ZEixgiw;‘+Z(1—Ei)xgi(v?/f—wf). (20)

~ v/

efficiencies A inpqurices
Here (1—E;) x,; (Wf —w;.k) is the change in the marginal cost of good g that results from the
change in the price of input i. The next proposition describes how (1 —E;) (v?/f - wf) and the

change in the price of good g due to endogenous input prices, f)Z w*) — [3; (w*), vary with

18This follows from (19), which shows that Werden efficiencies are increasing in pre-merger markups and
diversion ratios.

22



efficiencies:

Proposition 5. The following comparative statics hold in the simple model:

i (1—E,) (WF — w*) is increasing in E;.

i i

(i) (1—E;) (v?ff‘ — wf) is increasing in E;, if and only if d2;, /dw; < 0.

1

(iii) f)Z (w*) —f); (w*) is increasing in E; if and only if x,; > B;X,;, where B, is independent of g

and is negative if dz; /dw; < 0.

The proof follows by noting that the approximations in Proposition 2 are exact in the simple
model. Part (i) of the proposition indicates that the increase in the marginal cost of each good
g due to the change in the price of input i is increasing in i-specific efficiencies. This result is
consistent with our discussion of the IPP; expression (16): Higher i-specific efficiencies tend
to raise downstream outputs at fixed input prices and make downstream outputs less sensitive
to the input price w;. These two mechanisms incentivize an increase (or a smaller decrease) in
the price of input i as i-specific efficiencies rise. These mechanisms are strong enough so that
the effect of the endogenous input price w; on downstream marginal costs is increasing in E;.

Part (ii) similarly indicates that the increase in the marginal cost of each good g due to the
change in the price of input i is increasing in i’-specific efficiencies, assuming the inputs are
gross complements under the demand system 2, d2;,/dw; < 0. This holds because, holding the
price of input i’ fixed at w7, raising i’-specific efficiencies lowers the effective price of input i’
(1—E;)w}, observed by the merged firm. When inputs i and i’ are gross complements under
the demand system 2, this raises demand for input i and incentivizes firm i to raise its price and
extract revenues. This effect dominates any increase in W}, that arises in equilibrium, which
would reduce the demand for input i under gross complements.

Part (iii) aggregates the marginal cost effects from parts (i) and (ii) and characterizes how
the change in the price of good g due to endogenous input prices f); w*) — f)z (w*) varies
with input-specific efficiencies. In particular, if inputs i and i’ are gross complements or the
production of good g is sufficiently more intensive in its use of i than i’, then f)z w*)— fJZ (w*)
is increasing in i-specific efficiencies. For intuition, first consider the case in which inputs i
and i’ are gross complements. Parts (i) and (ii) of the proposition then imply that the effect
of the change in any input price on the marginal cost of good g is increasing in E;, so that
the total effect of endogenous input prices on the marginal cost of good g is increasing in E;.
When instead inputs i and i’ are gross substitutes, raising E; increases the effect of the change
in w; on the marginal cost of good g but lowers the effect of the change in w;. The former
dominates when the production of good g is sufficiently i-intensive, so that the net effect on

the marginal cost and the price of good g are increasing in E;.
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As the discussion above emphasizes, the comparative statics in parts (ii) and (iii) of Propo-
sition 5 turn on whether the inputs are gross complements or substitutes in the demand system
£. Since the inputs are perfect complements in downstream production, the extent to which
the inputs are gross complements in total input demand is driven by the structure of the input-

output network (i.e, the unit input requirements X,;, X, Xg/;, Xgi/), the consumer demand

gir Xgi’>

system y, and the successive pricing assumption. For example, the inputs are gross substitutes
when the economy features specialized input suppliers: An increase in the price w; of input i
raises only the marginal cost of good g, and the merged firm responds by raising only the price
of good g. This price change diverts consumer demand toward good g’ and raises the demand
for input i’, so that the total effect of the increase in the price of input i on demand for input
i’ is positive, d2;,/dw; > 0. Alternatively, the inputs are gross complements when both goods
require the same quantity of each input: An increase in w; raises marginal costs equally for
both downstream goods, so that total downstream output and hence total demand for input i’
declines, dz;, /dw; < 0.

We stress that many of the comparative statics in Proposition 5 run counter to the standard
price effect of efficiencies. With fixed input prices, higher efficiencies generally imply lower
equilibrium goods prices. This is the essence of Williamson’s (1968) trade-off, but Proposition
5 suggests a qualification: Larger efficiencies may also place upward pressure on goods prices
through higher input prices. This countervailing effect is generally weaker than the standard
price effect of efficiencies, so that goods prices are decreasing in efficiencies overall. However,
as we saw in Section 3.2, it may be strong enough that true “offsetting efficiencies” do not

exist, and goods prices necessarily increase after the merger.

3.5 Extensions

While it provides useful insight into how input prices respond to downstream horizontal
mergers, the simple model is very special. In Section 5, we empirically explore input price
responses in a much richer setting: mergers between beer retailers in local geographic markets.
Here we discuss theoretically the effects of relaxing some of the restrictive features of the simple
model. We focus on generalizing Propositions 3 and 4, which we view as our most policy-
relevant results. We briefly summarize our extensions in this section, and we leave proposition

statements, proofs, and more detailed discussions in Appendix B.

Production Technology and Many Input Suppliers

The simple model severely restricts the downstream production technologies and the input-

output structure: Downstream marginal costs are constant in output and linear in input prices,
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and there are only two inputs. In Appendix B, we show that Propositions 3 and 4 apply essen-
tially unchanged with arbitrary downstream cost functions and an arbitrary number of single-
product upstream firms. We only require the additional assumption that any merger-induced
changes to downstream cost functions do not alter returns to scale or conditional input demand
elasticities at pre-merger input prices. Any such changes can be taken into account separately
from the pass-through and efficiencies effects that we have identified to determine the net

change in input pricing incentives.

Downstream “Outsiders”

The analysis of Section 3 assumes that initially only two firms compete in the market for
consumer goods. Though consistent with other studies of unilateral pricing incentives after
mergers (e.g., Schmalensee, 2009; Farrell and Shapiro, 2010), this assumption likely yields
biased estimates of merger price effects when the merging firms face competition from non-
merging rivals, or outsiders, that produce substitutable products. Most relevant for our results,
when downstream firms compete in prices, outsiders’ prices are strategic complements to the
merging firms’ prices, so outsiders generally increase their prices after an increase in the merg-
ing firms’ marginal costs. This response (i) raises pre- and post-merger pass-through rates and
(ii) creates an additional channel through which downstream output y, is affected by the input
price w;. The net effect on IPP is not obvious.

In Appendix B, we give a result indicating that this effect is likely small and may even
strengthen our main conclusions. We incorporate a third good owned by a non-merging down-
stream firm into the simple model. To maintain tractability, we assume that this good is pro-
duced at constant marginal cost using only the numeraire and that the diversion ratios between
all pairs of goods are equal. In this case, we find that Propositions 3 and 4 continue to hold.
Our numerical results in Appendix C indicate that this result generalizes to settings with asym-

metric diversion ratios, in which our model is not analytically tractable.

Nonlinear Demand

In the simple model, we make the strong assumption that the consumer demand system
¥ (p) is linear. We do this for analytical tractability: The incentive for an upstream firm to
raise its price after a downstream merger depends crucially on the change in downstream
pass-through rates, p;—p;. With linear demand, this change is easy to compute because pass-
through rates are constant and determined exclusively by diversion ratios. This allows us to
characterize the efficiencies threshold in Proposition 3 as well as the bounds in Propositions

3" and 3” in terms of model primitives. With nonlinear demand, pass-through rates depend
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additionally on the equilibrium margins and the local curvature of demand, so they are more
difficult to manipulate analytically.'” This precludes a simple generalization of Proposition 3,
but it does not fundamentally change the economics of mergers with endogenous input prices.
Departing from the simple model only in allowing nonlinear consumer demand, in Appendix
B we again find that an upstream firm i has an incentive to raise its price after a Werden-
efficient merger when the merged firm attains sufficient i-specific efficiencies EFL. It is difficult
to analytically determine the difference between E" and the threshold E; of Proposition 3, but
our numerical results in Appendix C suggest that it is small with logit demand and does not
materially affect the policy implications of our model: Optimal merger policy under fixed input

prices may be too lax when input prices are endogenous.

Asymmetric Input-Specific Efficiencies

Throughout our analysis, we assume that the merged firm achieves symmetric input-specific
efficiencies E; for each good g. More generally, we could suppose that different input-specific

efficiencies are realized for each good after the merger:
6g (W) == (1 - Egv) Vg + (1 - Egi)xgiwi + (1 _Egi’) Xgi/Wl'/,

where potentially E,; # E,,;. We assume symmetric input-specific efficiencies E; = E,; = E,,;
to shut down composition effects: If good g attains greater i-specific efficiencies than good g’,
then g’ will tend to comprise a greater share of the total demand for i after the merger than
before the merger. If the post-merger input demand from g’ is less elastic than that from g at
pre-merger input prices, this places additional upward pressure on the price of i. This composi-
tion effect is absent when i-specific efficiencies are equal or when the elasticities of post-merger
demand for i from g and g’ are equal. When efficiencies and input demand elasticities are het-
erogeneous, this composition effect must be weighed against the pass-through and efficiencies

effects we have highlighted to determine the net change in input pricing incentives.

4 Bargaining

Throughout Section 3, we assumed that input prices are set through successive price com-
petition: Upstream firms unilaterally set input prices and anticipate changes in goods prices
when doing so. We departed in these two ways from the recent literature on horizontal market

structure with vertical contracting, in which it is commonly assumed that input prices are set

19See Weyl and Fabinger (2013).
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through Nash-in-Nash bargaining and simultaneously with goods prices. In this section we
explain how the effects and policy implications we have highlighted persist when input prices
are set through successive Nash-in-Nash bargaining. The pass-through and efficiency effects
described in Section 3 again push toward higher post-merger input prices for Werden-efficient

mergers, mitigating the price-reducing effects of changes in bargaining leverage.

4.1 Conduct

Consider the simple model, and to avoid complications from price discrimination suppose
the model features specialized input suppliers. Before the merger, firms g and i Nash bargain

over the input price w;, holding the input price w;, fixed but allowing goods prices to vary:

max |: m, (W) — 1, (00, w;) ]I_ﬁi X [ZT’ (w)—m; (o0, w;) ]ﬁi.

J

GFT, (w) GFT; (w)

(21

Here f3; € [0, 1] is the Nash bargaining weight for firm i, and we define the profits earned by
firms g and i at input prices w by

e (w) = (p} (W) —c, (W) y, (0" (W),

(W) == (w; —¢;)z; (w).

The gains from trade functions GFT, (w) and GFT; (w) describe the additional profits firms g and
i earn if they agree to price w; for input i, relative to the profits they earn if negotiations break
down and they do not trade (so that effectively w; = o0). With specialized input suppliers,

these gains from trade are exactly equal to the profits earned by each firm after agreement:
GFT,(w)=m,(w) and GFT;(w)=m;(w).

This holds because input i is essential to the production of good g and because firm i sells
only to firm g, so both firms make zero profits after a bargaining breakdown. Note that this
specification of Nash bargaining is successive because firms anticipate changes in equilibrium
goods prices p* (w) when bargaining over input prices.

After the merger, the merged firm M bargains separately with firms i and i’ to determine

input prices. The input price w; is then chosen to maximize the post-merger Nash product
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betwen firms M and i, holding the input price w;, fixed:

max [ 2 00) =y (00,w) |77 < [ 2, 0)— (0w ]

(22)

v v

GFT) ; (w) GFT; (w)

Here we assume that the exogenous bargaining weight 3; remains unchanged after the merger,

and we define the post-merger profits earned by firms M and i at prices w by

Ay () 1= D (P2 (W) — &, (W) y, (B" (W),

g<€g

i (w) == (w; —¢;) £, (w).

With specialized input suppliers, firm i’s gains from trade are again equal to the profits it earns
after agreement: GFT, (w) = #, (w). However, the merged firm’s gains from trade GIETM,i are
generally less than its profits after agreement, because it may still earn positive profits from
the sale of good g’ after a bargaining breakdown with firm i: G1A3TM’1- (w) < 7ty (w), where
the inequality is strict provided that y, (p* (o0, w;)) > 0. For simplicity, we assume that the
merged firm cannot renegotiate the price for input i’ after a breakdown with firm i.

4.2 IPP and Merger Policy under Bargaining

How does the downstream merger affect input prices when input prices are determined
through bargaining? We again study IPP to uncover the determinants of input price changes. In
Appendix A, we derive the FOC functions corresponding to successive Nash-in-Nash bargaining
(21, 22), and we find that IPP; can be decomposed into three terms:

IPP;

1

oc IPP?rice + A];mﬁt sensitivity + A1everage ) ( 2 3)

The first term IPP?" is precisely equal to IPP for firm i under successive price competition; the
profit sensitivity

analysis of Section 3.3 applies unchanged to this term. The second term A:

captures
the change in the sensitivity of downstream profits to the input price w; after the merger:

Aproﬁt sensitivity oc 1— ﬁi GFTl (W*)

* * Ak " * 3yg R
Bi GFT, (w*) Ve (p* (w ))_J’g (P (w ))_(Pg—cg (w )) Py Ry

Opy

This term is negative when the merged firm’s profits 71,, are more sensitive to the input price w;

after the merger than were the profits 7, of independent firm g before the merger.”” When this

dfy (W dng(w")
2°I.e., when % < #.
L L
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Figure 2: Bargaining IPP decomposition with Werden efficiencies. We parametrize the simple model with
specialized input suppliers by x,; = xgzy = 1, v = vy = 0, and ¢; = ¢; = 1. The demand system takes the
symmetric form y, (p) = V3 — p, + Dgp,s, where for each bargaining weight € [0, 1], we calibrate (Vﬂ,Dﬁ) to
match a diversion ratio of 6.3% and a pre-merger markup of 40.4% for both downstream goods.

holds, the merged firm is harmed more by a small increase in the input price w;, incentivizing
an decrease in w; to raise the merged firm’s profits and the post-merger Nash product (22).
Considering the expression in brackets, we observe that this may hold for two reasons. First,
the merged firm’s profits are more sensitive to the input price w; if the merged firm raises the
output of good g, requiring additional expenditure on input i. This effect is precisely zero
for a Werden-efficient merger since downstream prices and hence outputs are unchanged at
fixed input prices. Second, the merged firm’s profits are naturally more sensitive to the input
price because the merged firm internalizes the value of demand diverted between consumer
goods. Before the merger, an increase in w; raises firm g’s marginal cost, and firm g’ responds
in equilibrium by raising its price. The increase in the price of good g’ raises demand for good
g and has a first-order effect on firm g’s profits, softening the impact of the higher input price.
The merged firm jointly optimizes over downstream prices after the merger, so this effect is
absent. To summarize, we observe that the sign of Af’mﬁt S i generally indeterminate but
negative for Werden-efficient mergers, providing a force for lower post-merger input prices.
However, our simulations suggest that this term is often quantitatively small (Figure 2).

The third term A} reflects the change in bargaining leverage after the merger:

Aleverage 1— ﬁi ( GFTi (W*) Gﬁ‘Tl (W*)

i GFT, (W)  GFT,,; () ) Ve (BT

i B;
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When the merged firm’s gains from trade fall relative to firm i’s gains from trade after the
merger, this term is negative and incentivizes a decrease in the input price w;. The intuition

is standard: The merged firm benefits when the cost of a bargaining breakdown becomes

relatively higher for firm i. The sign of Aieverage is also theoretically ambiguous, but this term is
the primary object of interest in the recent literature examining the effects of horizontal market
structure in economies with vertical contracting. The consensus from this literature appears
to be that, for mergers without marginal cost efficiencies, this term is negative as the merged
firm improves its bargaining position vis-a-vis the upstream firms.?! Our simulations indicate
that A" is also often negative for Werden-efficient mergers (Figure 2).

To summarize, the IPP; decomposition (23) clarifies that the mechanism studied in Section
3.3 is also present when input prices are determined through successive Nash-in-Nash bargain-
ing: Merger-induced changes in downstream pass-through rates and efficiencies can generate
perice

i

endogenous changes in input prices (IP ). Our Propositions 3 and 4 provide conditions un-

der which this mechanism counteracts the standard effect of the merger on bargaining leverage,
leverage
i

lations, we argue that downstream mergers may incentivize higher input prices when conduct

which tends to reduce input prices (A ). On the basis of these observations and our simu-
is successive, in contrast to predictions of lower input prices based solely on changes in bar-
gaining leverage. Our analysis supports additional skepticism about bargaining leverage claims

when conduct is successive, particularly when the merger may yield input-specific efficiencies.

5 Quantitative Analysis of Beer Retailer Mergers

We now turn to a quantitative analysis of mergers with endogenous input prices. We con-
sider local consumer retail markets for beer, and using an estimated demand system and cost
structure, we simulate mergers between beer retailers. We make the exercise stylized to be
similar to a preliminary analysis an antitrust authority might conduct. Even for mergers that
generate no efficiencies, we find that goods prices increase more post-merger when we allow
input prices to adjust endogenously. This stylized exercise suggests that input price adjust-
ments and their effect on consumer prices are quantitatively significant, and it also provides a

test of our theory in environments that are difficult to study analytically.

2lGee Barrette, Gowrisankaran, and Town (2020); Craig, Grennan, and Swanson (2021); and Sheu and Taragin
(2021). These studies also show that the resulting decline in input prices is not sufficient to prevent goods prices
from rising when downstream firms engage in price competition.

30



5.1 Setting and Data

Our setting is the retail beer market in Ohio, and we use Retail Scanner Data from Kilts
Nielsen for the sales and prices of retail beer products at the UPC-store-week level in 2010.
We consider a collection of non-overlapping geographic markets with generic index m, where
each market is identified with a designated market area (DMA) defined by Nielsen. The set of
goods in market m is G,,, where each good is a brand- and retailer-specific beer product. The
set of downstream firms in market m is F; , where we identify a firm with a retail chain. We
aggregate sales and price data from the store level to the retail chain level, and we include
food, mass merchandise, convenience, and liquor stores when doing so. Within each retail
chain, we similarly aggregate data from the UPC level to the brand level, weighting by the
volume of each product of a given brand. We also aggregate weekly data to the month level.
For computational tractability, we keep only the 15 highest-selling brands by volume sold.

Retail chains purchase beer at wholesale prices from distributors, which constitute the up-
stream firms 7 in this setting.”> We do not observe the beer distribution networks in each
market m, so we make the simplifying assumption that each brand of beer is distributed by
a unique distributor in each market. We assume that in each market m, retail chains engage
in Bertrand-Nash competition while distributors engage in successive price competition. The
former assumption is standard, while a number of regulations on beer distribution suggest
that the latter is reasonable. For example, federal regulations prohibit slotting allowances in
the sale of alcoholic beverages in retails establishments (Gundlach and Bloom, 1998). State
regulations in Ohio additionally prohibit distributors from offering volume discounts or retail
credit, and they place no restrictions on distributor markups.”” Altogether these regulations
suggest that successive price competition is a reasonable approximation to market conduct by
distributors.

5.2 Demand and Supply Estimation Procedure

For simplicity, we suppose that consumer demand in each market is given by a logit demand

system. The indirect utility experienced by consumer [ in market m from purchasing good g is

Uigm = —VmPgm + ggm + €lgm>

227 complete model of beer distribution would also include a third tier: beer manufacturers. We do not model
price-setting by beer manufacturers for simplicity and to ensure that the quantitative exercise stays within the
confines of our general model.

2See the 2018 report on wholesale pricing restrictions from the Substance Abuse and Mental Health Services
Administration <link>.
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where p,,, is the per-ounce price of good g in market m, y,, is the price sensitivity parameter of
market m, &, is a brand-retail chain fixed effect, and €,,,, is an unobserved logit error term.
We normalize the utility of the outside option to zero.

We calibrate the parameters y,, and &,, := (5 gm)ge o
ticity of demand estimated in a similar setting by Miller and Weinberg (2017) and (ii) the

to match (i) the median market elas-

market shares for each good observed in the data:

ém: Z Z alogygm(pm;)/m’gm)’

8€Gm §'€0nm 9logpym
Vem = Yem (Pm3 Ym> Em) 8 € G,
where £, = —0.7 is the market elasticity of demand, Yom is the market share of good g in

market m observed in the data, and y,.,,(P; ¥ ym>&gm) is the market share of good g in market
m implied by the logit demand system.

To calculate market shares y,,, for each month we compute the share of each good g in
total volume sold in market m in our data, and we average these shares across all months. To
scale these “inside” shares, we construct the share of the outside good as follows: Using the
Consumer Panel Data from Kilts Nielsen, we determine the number of panelists in market m
who purchased beer at some point during the year. We then calculate the proportion of beer-
purchasing panelists who did not purchase beer in market m in a given month, and we use this
as the share of the outside good for that month. We average across months to obtain a final
estimate of the outside good’s share, and we scale all inside shares to compute our final market
shares J,,,.

The final parameters needed to conduct merger simulations are distributor marginal costs,
which we impute following Villas-Boas (2007). Let Q9" denote the ownership matrix for goods
in market m, where Qgg/ = 1if goods g and g’ are owned by the same retail chain and Qgg, =0
otherwise. Define Q’» similarly as the ownership matrix for brands (inputs); in our base-
line specification of the distribution network, Q% is the identity. Inverting the downstream

Bertrand-Nash FOCs, we can compute retail margins:

dy’ -
P_Cgm:_[ﬂg’"@E] y.

Here ® denotes the Hadamard (pointwise) product. Given the calibrated demand system and
observed goods prices, we solve this equation to determine retailer marginal costs ¢ . For sim-
plicity, we assume that all marginal costs incurred by a retail chain are attributable to wholesale

prices, so we can compute implied wholesale prices: w; = c,,, if good g is a retail product for

32



24

brand i.** We can similarly invert the upstream price-setting FOCs to compute distributor

margins:

dz "
w—czm:—[ﬂzmeﬁ] z.

Given the calibrated demand system and imputed wholesale prices, we solve this equation to

determine distributor marginal costs c; .*’

5.3 Merger Simulations

Using our calibrated demand system and cost structure, we simulate mergers between re-
tailers, both holding wholesale prices fixed and allowing wholesale prices to vary endogenously.
We observe 8 markets in our data, with 3-9 retail chains in each market.”® We simulate pairwise
mergers between all chains in a given market, assuming that the mergers yield no efficiencies
to the merging firms.

Table 1 presents results from these simulations. For each market, we calculate the average
change in retail prices across all goods and all mergers, weighting price changes by pre-merger
shares. In every market, retail prices increase more on average when wholesale prices are en-
dogenous than when they are exogenous, with a typical difference of 4-6 percentage points.
Similarly, the average decline in consumer surplus across all mergers in a market is always
larger with endogenous wholesale prices: The retail mergers have almost no effect on con-
sumer surplus with exogenous wholesale prices, because we observe relatively small market
shares for each retail chain in our data. As a result, the mergers have only a small effect on
market concentration as measured by the projected change in HHI. However, allowing whole-
sale prices to adjust endogenously lowers consumer surplus by nearly 1% on average in each
market, despite the small changes in concentration.

Figure 3 plots the distributions of retail price changes after the mergers, where price changes
are weighted by pre-merger market shares. When wholesale prices are exogenous, retail price
changes are heavily concentrated near zero, reflecting the small changes to market concen-
tration associated with the mergers. When wholesale prices are endogenous, the distribution

of retail price changes displays greater dispersion and is shifted to the right, with a mean of

24This inversion gives us a |G,,| vector of wholesale prices. We assume there is no price discrimination, so we
take a mean by brand to calculate the final wholesale price per brand. However, we observe little variation in the
wholesale prices across different retailers if we allow for price discrimination.

25The resulting distributions of pre-merger wholesale prices and distributor marginal costs are given in Ap-
pendix D.

26There are 12 DMAs defined by Nielsen that include parts of Ohio, but 4 of these also overlap with other
states. We exclude DMAs spanning more than one state.
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Table 1: Simulation Summary

1 2 3 4 5 6 7 8
# Chains 8 6 7 7 6 8 3 4
Chain HHI 479.06 638.54 548.83 660.71 779.06 446.57 863.96 767.57
Mean A HHI 8.93 2.15 16.87 9.15 5.52 5.9 2.74 42.35
Ym -54.81 -59.61 -50.62 -52.37 -53.78 -59.87 -49.28 -49.13

Median Own Elasticity -4.45 -4.21 -4.38 -4.05 -4.14 -4.31 -3.52 -3.95
Median Cross Elasticity 0.01 0.02 0.02 0.03 0.02 0.01 0.06 0.03
Mean Ap, Exogenous 0.12 0.03 0.21 0.12 0.08 0.08 0.21 0.6

Mean Ap, Endogenous 3.72 6.54 6.34 6.09 7.14 4.45 4.68 5.39
Mean Aw, Endogenous -0.02 -0.18 0.29 0.14 0.42 -0.1 3.56 2.53
Mean ACS, Exogenous -0.03 -0.01 -0.06 -0.03 -0.02 -0.02 -0.14 -0.15
Mean ACS, Endogenous -0.87 -1.41 -1.58 -1.48 -1.74 -0.96 -1.36 -1.36

Notes: Each column corresponds to a local retail beer market (DMA) in Ohio. The last 5 rows are expressed in
percent changes. For the rows showing the percent change in consumer prices for the exogenous and endogenous
input price counterfactuals, we construct these means weighting by pre-merger product market shares. HHI and
A HHI are calculated at the retail chain level, and A HHI is defined as the projected change in HHI using pre-
merger shares.

5.47 %. Figure 4 plots the distribution of wholesale price changes for mergers with endoge-
nous wholesale prices; the price changes are again weighted by pre-merger market shares.”’
Wholesale price changes are concentrated near zero, but the distribution is again right-skewed,
and many wholesale prices rise in excess of 1%.
We find that after mergers with endogenous input prices, retail price changes are gener-
ally larger than wholesale price changes. In a logit demand system, the pass-through rate of
ap

idiosyncratic marginal cost shocks to own prices 5= is bounded below one.”” However, the
4

pass-through rate of changes in wholesale prices to retail prices j—f;; can be above one in our
environment since multiple retailers may use a particular input. When multiple retailers re-
tailers demand the same input, the pass-through rate is amplified relative to an idiosyncratic
marginal cost shock.

These quantitative results broadly support our argument that downstream mergers incen-
tivize higher input prices and that endogenous input prices exacerbate the consumer harm
from downstream mergers. Notably, we find increases in input (wholesale) prices even though
we simulate mergers with no input-specific efficiencies. As we discussed in Section 3.5, this is
more likely when a single upstream firm sells to both merging firms and to outsiders, as we
have assumed in our description of the beer distribution network. In addition, we find that
endogenous changes in input prices can have a quantitatively large effect on goods prices even
when the goods market is fairly unconcentrated. In any case, the quantitative results reported

here do not follow directly from our propositions, so we view this exercise as a reassuring test

27The market share for a brand is the sum of the shares of the retail goods that belong to the brand.
283See, for example, Verboven and van Dijk (2009).
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Figure 3: Histogram of percent change in retail prices after mergers with and without endoge-
nous wholesale prices. Price changes are weighted by pre-merger market shares.
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Figure 4: Histogram of percent change in wholesale prices after mergers with endogenous
wholesale prices. Price changes are weighted by pre-merger market shares.
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of the external validity of our theory.

6 Conclusion

Recent merger cases have sparked debate about the buyer power defense: Can a merger be-
tween competitors raise their bargaining leverage relative to upstream firms, leading to lower
prices for inputs and consumer goods? We examined this question using models of imperfect
competition in which input prices are set in anticipation of their effect on goods prices. To do
so, we generalized the first-order approach of Farrell and Shapiro (2010) and Jaffe and Weyl
(2013) and derived a measure of the incentives for input prices to adjust after a downstream
merger, Input Pricing Pressure. We used this measure to show that, for mergers that have no
effect on goods prices at fixed input prices, upstream firms often have incentives to raise input
prices post-merger. These incentives hinge on changes in downstream pass-through rates and
cost efficiencies generated by the merger, and they are absent under the common assumption
that input prices and goods prices are set simultaneously. By implication, we argued that con-
sumer surplus-maximizing antitrust policy may be too lax when input prices are assumed fixed,
and it should be biased against claims of buyer power.

In an empirical application to local retail beer markets in Ohio, we found that allowing for
endogenous input prices when simulating mergers between retailers raises average changes in
goods prices as well as average consumer harm. We think of this exercise as an encouraging
“out of sample test” of the pass-through effects we have highlighted: We allowed no merger
efficiencies and considered a demand system and downstream market structure that do not
satisfy the assumptions of our propositions. Nonetheless, we found that endogenous changes
in input prices were still generally positive and had a substantial positive effect on goods prices,
in line with the conclusions from the theory.

Our analysis suggests several productive areasq for future work. First, we currently lack
empirical evidence about changes in input prices after consummated downstream mergers. A
merger retrospective study that accounts for endogenous input prices would shed additional
light on the empirical relevance of our theory. Similarly, it would be helpful to determine if
modeling endogenous input prices can significantly improve the performance of merger sim-
ulations, which may be inaccurate (Weinberg and Hosken, 2013; Bjornerstedt and Verboven,
2016). Finally, we maintain the crucial assumption that all transactions between upstream and
downstream firms are mediated by linear prices. In many contexts firms may transact using
more efficient contracts (e.g., nonlinear price schedules or quantity-based bargaining), and it
is not clear how our results would generalize to these settings. Loertscher and Marx (2021)

have made progress on this point by microfounding inefficient contracting through incomplete
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information, but they have not drawn conclusions about the effects of downstream mergers on

consumers.
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Appendices

A Proofs for Results in the Main Text

A.1 Section 2

Proof of Proposition 2. Recall the basic first-order approximation (6), and note that under
the assumptions of Proposition 2, the matrix to be inverted takes the block form

Df (pr,w)= | &
0

Here we suppress arguments for notational simplicity. Our assumptions imply that this matrix
is invertible, with block inverse

[Df (p*,w)] " =

0 41"
| w
[T sl
= - -1
| o —p:| ]

The sufficient statistics approximations (11, 12) then follow immediately from the basic ap-

proximation (6) and the definitions of GePP and IPP (9, 10). [ |

A.2 Calculations for Example in Section 3.2

Pre-merger equilibrium prices are

“(w) V+w,; cg
w;)= 5
V+(1—-D)c;
wi=———
! 2(1—-D)
w (. (83—2D)V+(1—D)¢
Py (w))= g€y

2(2—D)(1—D)
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Post-merger equilibrium prices are

_V+(1-D)A-E)w,

By (w) oD £<o
A*_V+(1—D)(1—E)Ci
Vit T a=-p)(1—E)

i 3V+(1-D)QA—E)g

We calculate EV by solving IA’Z (W’l") = PZ (W’lf‘), and we calculate ET by solving ﬁ;‘ (v?/f) = p;‘ (W*f).

1

A.3 Helpful Lemmas

Throughout the remainder of Appendix A, we often write X,; := (1 —E;) x,; to simplify

notation. The next two lemmas provide formulas used to prove the results in Section 3.

Lemma A.1. The following hold in the simple model (Section 3.1):

D,/
1/2 1 o3
= = 2
e [— 1 9
1(1 0
210 1
D,y
. 1/2 1
pr=—s5 [ b i ] (26)
-3l
where
~n OYe (& A
» o dgu/dw; nggi’ﬁ( si ~ Dggrgi) 27
Y dg/dw, 2 Pe(% D %,)
g glapg 81 g8 78t
Moreover,
dy
ngl- (—a—pg) (xgi —Dgg,xg,l-) >0 for (xgl-,xg/l-) #(0,0). (28)
g 4

Proof of Lemma A.1. The downstream pass-through matrices (24, 25) are readily calculated

from the definition (8), noting that the pre- and post-merger FOC functions for goods prices
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are

0
fo(p.cg) =y (P)+ diag[%} (p—cq),

. ov1T
fo(p.&g) =y (P)+ [é] (p—¢5).

To calculate the upstream post-merger pass-through matrix (26), we note that the upstream
demand system £ (w) is linear: Post-merger downstream marginal costs ¢; (w) are linear in
input prices w, and the post-merger FOC function fg for goods prices is linear in goods prices
p and marginal costs ¢;. As a result, the solution p*(w) to the post-merger FOC system for
goods prices must be linear in w. But total demand for each input i £; (w) = >, ¢ Vs (p* (W) Xy,
must then be linear in w, because the consumer demand function y (p) is assumed linear. As
a result, we can apply the downstream pre-merger formula for pass-through rates (24) using
the appropriate diversion ratios. We calculate these as follows:
2. 0 %,
jj; = Zg: fcgi {a_j;i (ﬁgg’%gi + ﬁgg’fcg’i) + Wygg/ (ﬁg’g’%gi + ﬁg’g/fcg’i)}

i

g
dz. o [(OYe, . . .. ¢ 1w A
du; :ngi’ {a_(pggxgi +pgg’xg’i)+ op ., (pg’gxgi +pg’g’xg’i)
i 2 Pg Pg
1, 9., .
— szgilﬁ (xgl Dgg/xg/l),
g 4
~r OYg (&
B dz; /dw; nggi’apg( gi Dgg’xg’l)
W= T, == " Vg [ n NN
dzi/dwi Zg xgia_;/z (Xgi —Dgg/Xg/i)

This verifies (27), and (26) follows by substituting lA)ii, for D, in (24). Finally, (28) follows
by noting that the left side of the inequality equals

where the matrix —J y /3 p is positive definite since we assume D,/, Dy, < 1. |
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Lemma A.2. In the simple model of Section 3.1,

d Ak d *
IPPi«ngi{yg(fa*(w))—yg(p*(w))+(wf—ci)( Yo' w)  dy(p (W)))} (29)
g

dw; dw;

and
2 X (_ai){ ¢g (W) — & (W) = Dy (PZ’_ég’(W*))}
Zg gl( ayg)(xgi_Dgg’xgl)

D_, D, D,
2y, i 117D 7
Zg xgl ( ) {xgi (Ei o l_Dgg’ Dyrg _Dgg/xg/i Ei T2 1_@@

(1—E,)IPP, = (30)

2 2 2 2

+ (W’f‘ —cl)

E)
l Zg Xgi (_a_;.vfz) (xgi — Dggr Xy 1)

Proof of Lemma A.2. To derive relations (29, 30), note that the pre- and post-merger FOC

functions for input i are

dy, (p (w)) }

i

fl(wc)—ngl {yg(p (W) + (w;—c)

i

d
fiw, C)—ngl {yg(p (W) + (w; _C)M}

IPP; is then

PP, = (Z dyg(p( ))) {F. 0w, c)— £, w', )}

(Z dyg(p( ))) {F W' e) = (1= B f,(w',c)

lg oy ) -1
:_(5 i ﬁgia—é(ﬁgi—pgg,xg,i)) 31)
d dy, (p*
x (1— E)ngl {yg(p W)=y, (o (W) + (w? )( ygéw.(w))_ yg;z;(w)))}

The second line makes use of the pre-merger FOC for i. This calculation verifies (29).
To derive the exact IPP; formula (30), we observe that linear consumer demand, constant
returns to scale everywhere, and linear marginal costs downstream jointly imply that the FOC

functions f and f are linear, so the approximation formulas of Proposition 2 are exact. Begin-
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ning with the first term in brackets in (31), we can write
A * * * 8-y Ak * * *
Y W)=y, (p* (W) = %(p W) —p*(w")).

To calculate the change in goods prices at fixed input prices, we can use the first term in

approximation (11). The pre- and post-merger FOC functions for goods prices are
. [9y
fo(p,cg) =y (p) + diag £ (p—c5),
Y oy1 (.
fo(p.é5) =y (P)+ [%] (p—¢5)-

Making use of Slutsky symmetry, we can then calculate

g d
0w -r =2 fg} (o (07,6 W) = £ (0", ()
__1 3_}’_ ) y B . 3y o )
= 2{(3p dlag[apD(P Cg(W))+ (cg(w) cg(w))}
1
2

- diag[g—;’] (Cg (W) =& (W) =Dy, ( ’(W*))),

cg (W) —Ey (W) —Dy/q (pg Ce (W*))

This equation expresses the key trade-off of Williamson (1968): increased market power (inter-
nalization of diverted sales) tends to lower output, while cost efficiencies tend to raise output.

Considering now the second term of (31), we can write

dy (" (w?) _dy(*(w?) _ 3_J’(A [ %)
dw dw op Pogw PiBw )

Using the pass-through formulas (24, 25), the right side can be written

D, s D,/

),& . xgi+%xg/i ‘)2‘ . /+ gzg xgl
3y(A Of _ 9\ _ 10y |7 e T8 R
S\ Pom—pem | =55 by o
ap 9ow 9ow 20p | . o £ xgitx g oo S X+ X g1y
81 Pee! Pels &t _Dggr Doty
2 2 2
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Direct calculation yields

dy, (p*(w"))  dy, (p*(w"))

i

dw dw;
D,, D, D,/
- g8 g {- 88
. 1 ayg Y Xgl-—xgi T D) D Y xg/i_xg/i 1 1_Dgg/
= ; - - 1 X 517 —_ =
2 apg 8t D,, D, g8 78t X, 2 1 Dot Dyrg

We can substitute into (31) to verify (30):

y
g P

A.4 Section 3
Proof of Proposition 3. When the merger yields Werden efficiencies, the first term on the

right side of (30) equals zero. Lemma A.2 then implies

D , D, D,

g’ Us’s _ 5's

S ox(—22)dx, ( E——=—2— |- D, x| E,— 1t ez
g8t 9pg gL\ T Pegr Dyl gg' g\ T 21_Dgzg’ Dgz’g

2 2

DSt 2
wi=G nggi(_%)(xgi_l)gg’xg’i)

The expression on the right is increasing in E;, and Lemma A.2 implies that the denominator

is strictly positive. With D,,/, D,,, € [0,1] we have

Setting
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we then find IPP; > 0, where the inequality is strict if and only if D,/ D,/, € (0,1) and x;, xo/; >
0. [

Proof of Result 1. Following the proof of Proposition 3 and using the assumptions x,; = x,;

and D, = D/, = D, we can calculate

2 (9 s _p1%
i 3y T 21— _ b2y q_0D°
ngéi(—a—pZ)(l—D) (1 D)(l 4) -3
|
Proof of Proposition 4.
(i) Equation (19) yields the bound
LYY
§ T 1—DyyDyy' ¢

Comparing this lower bound to the right side of inequality (17),

D,..D, D,..D, 1—-D,,.D,
e e
T Meg'He'e T Heg'Pe'e T Meg'He'e

The result follows from Proposition 3, noting that the right side of the final inequality is
bounded above by 0.25 since D,,/, D/, €[0,1).
(ii) The symmetry assumptions imply pz = p;, and D, = D,, = D, so equation (19)

becomes
D
W __ *
E = 1D Wy

Comparing this value to the right side of inequality (17),

2 _
D _D(1-D)

by = = =T

1-D"8~ 4—D2

The result follows from Proposition 3, noting that the right side of the final inequality is
bounded above by # ~ 0.06699. |

Proof of Proposition 5.

(i) Approximation (12) is exact in the simple model, so the post-merger change in input
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prices is

e e 3 IPP, + 2 1pp,
1— 2w B %i1pp, + IPP,

The second equality follows from Lemma A.1. We then have

1
(1—E) (W —w) = jD {(1 E,)IPP, + “’(1—E)1PP} (32)
1-5

First note that the factor before the braces is strictly positive: Again by Lemma A.1,

b b — d8,/dw; d&;/dw, (d3,/dw,)*
WENLTdg Jdw, dBy/dw,  (dg:/dw,;) (dg./dw,)

The second equality holds because the post-merger input demand system 2 is Slutsky symmet-
ric. Finally, letting (-, -) denote the inner product on R? induced by the positive definite matrix

—dy/dp, the Cauchy-Schwarz inequality implies

< Xgi Xgi Xgi/ xgi/
—_ A 3 A A J A
Xg’i xg/l' xg/l'/ Xg/l-/

<1, so that the factor before the braces in (32) is strictly positive. Differ-

We then find D,;, D,
entiating (32) and noting that D, D, does not depend on (E,, E;/), we have

i =

JE; JE; JE;

1 1

a(1—1:1-)(vAv2-k—W?)(xa(l—Ei)IPPiJr 0 ( i (1 — E)IPP)

Using Lemma A.2, we can calculate the first term on the right side:

JE; !

1
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Similarly, the second term is

a ll
aE( (1— E)IPP)

1nggl 2pg ( Xgi ~Dggr g1)3(1 E;,)IPP,

2 Zg Xgi Zﬁg ( Xgi — Dggr Xy 1) IE
oW Zg Xgir Z;’g( gl_Dgg’xgl) g Xgi’ fo (X i Dgg’xgl)
C2 D¢ Xei Z;/g( oi — DygrXgri) gxgi/%(xg~, DyyXgir)
:_W_T]_A) D.
5 DirDi

We then find

a(l_Ei)(VAV?_W?) % { " n *(1 ﬁii’f)i’i)}>0
= T w;—¢ +w, - .

3Ei 1— Dii» Dy

The final strict inequality holds because D, D, < 1.
(ii) Using the calculations above,

a(1 _Ei)(w;‘—wf) o 0 (1—E;)IPP; 4 (%(1—E-)IPP- )

aEi/ 3Ei/ 3E 2
=—-w D +(2 ci/)
1_E 1_Ei/ 2
G 1—E; ,
Dii"
2 1—-E,

This expression is positive if and only if D, <0 <= d2,/dw,; < 0.
(iii) Approximation (11) is exact in the simple model, so together with Lemma (A.1) we

have

1
by () — b (W) = = {axg (L= E) (] —w;) + xgi (1= E) (i}, —w; )}
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Differentiating with respect to E; and using the calculations above,

1

2 (p: (W) —p: (w") 1{ a(1—Ei)(w>;—w>f)+ 8(1—Ei,)(ﬁ/f,—wf,)}

= =13 X X i
JOE, 2 |7¢ JE, & JOE,
% « Diilbi/i 1 - Ei/ A Cl
OC Xgi y W, — ¢ +w; | 1— > _xgill—E Di,iz.
i
This expression is positive if and only if x,; > B;x,;, where
__11-E, D.;

T 21—F W_?‘(Z—D“"zbi'i)_l'
-

L

Clearly B, <0 < D,; <0 < d2,/dw, <O0. m

A.5 Section 4

Proposition A.1. The FOC functions corresponding to the successive Nash-in-Nash bargaining
problems (21, 22) are

d *
fiw,¢;) = x4y, (p* (W))+(Wi_ci)xgiw (32)
1—f GFT,(w) [ )dyg Ipy (W) .
GFTg (W) /31' g CgW dpg/ an- — XgiYg (p (W)) P
A dy, (p*
fi(w,¢;) =X, y, (p* (W))+(Wi_ci)5&giw (33)
P Gy ow)).

CGET, (w) B
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IPP; then satisfies

A dy, (p*(w")) dy,(p*(w")
IPP; o< y, (p* (W) =y, (p* (W) + (wi —c;) | — - (34)
dw, dw;
ocn:;?rice
1—p; GFT; (w") s N 3 9Ye
B, GFT,(w") [yg(p W)=y, " (W) —(pg —cg (W) apglpg,gxgi
oc APrc;gensitivity
1—ﬁi(GFTi(w*)_ GFTi(w*)) (5 ()
B \GFT,w) GFT,,(wn ) s " ™7
OCATer\lerage g
) . s (2f\E
where the proportionality factor is X; (a—c’) , Where
r £k * £ £k * 2
of, . dy.("w))  1-p  (Ray, (" ()
o = X +—= . (35)
9¢ dw; GFT,, ; (w*) B;

Proof of Proposition A.1. The FOC functions (32, 33) follow by differentiating the successive
Nash-in-Nash objectives (21, 22). The IPP; relation then follows by observing

1 4 1
IPP; o< —f; (W*,¢;) — —f; (w*,¢;).
Xgi Xgi

51



B Extensions

B.1 Production Technology and Many Input Suppliers

Start with the simple model, and now suppose that there are an arbitrary number |Z| > 1
of upstream firms. Each upstream firm i produces one input and sets a uniform price w; that
applies to both downstream firms. Downstream production technologies are fully general:
The pre-merger cost function for good g is C, ( yg,w), and the post-merger cost function for
the merged firm is C,; (y, w).”” We keep all remaining aspects of the simple model unchanged.

To determine when upstream firm i has an incentive to raise its price after the merger, we
again consider IPP;. In the proof of Proposition 3’ below, we show that for a Werden-efficient

merger

IPP;

1

36
dw; dw; (36)

1 1

Z d logz; (dyg (")  dy, (p* (W*)))

s 9.

v
A sensitivity of output to input price

(8 log, @ logzi) dy, (p* (w")) dlogz; Jlogz;
(2l . dmn
oy, oy, dw; aw; ow;

g<€g L ! _

v
A elasticity of input demand to input price

J

~
A elasticity of input demand to output

where all total demand functions for input i are evaluated at pre-merger outputs y (p*) and
input prices w*. This decomposition differs in two key ways from the analogue (16) in the
simple model. First, (16) holds for an arbitrary merger while (36) holds for a Werden-efficient
merger, so (36) does not have a term reflecting a change in downstream outputs. Second,
the last two terms in (36) do not appear in (16), because they account for effects that do
not arise under the production technologies of the simple model. The second term in (36)
captures any change in the elasticity of total input demand with respect to downstream outputs.
It is positive when total input demand becomes less elastic to outputs, implying that firm i
observes a smaller decline in input demand for a given increase in price. The third term in
(36) captures any change in the elasticity of total input demand to the input price, holding
fixed downstream outputs. It is similarly positive when the “partial elasticity” of input demand
to input price falls in magnitude. These new terms may be quantitatively important for firm i’s
pricing incentives after the merger, but they depend exclusively on the change in downstream
production technologies, which is exogenous in our model. As a result, for the remainder of

this section we restrict our focus to the more familiar first term in (36).

0ur results require the weak assumption that the marginal cost for each good g is strictly increasing in
the price of each input i that firm g purchases before the merger. This holds, for example, when pre-merger
production technologies are homothetic.
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Assumption 3. The partial elasticities of total input demand to outputs y and the input price w;

are unchanged after the merger:

dlogz;  Jlogz
dlogy, B dlogy,

dlogz;  Jlogz

€ d =
g€y an dlogw; Jlogw,’

where all functions are evaluated at pre-merger outputs and input prices (y (p*),w*).

To state our generalization of Proposition 3, let

-1
pomq_[ 2 9SG @), w2 3C, (v ("), w*)
gi & 8yg ow; ayg dw,

denote the i-specific efficiencies attained by the merged firm in the production of good g. This
quantity is the reduction in the component of marginal cost of good g due to expenditure on
input 7, naturally extending the concept of input-specific efficiencies from the simple model.
We again assume that input-specific efficiencies are symmetric across downstream goods, E,; =
E,,
of Proposition 3:

= E;. With this condition and Assumption 3, we obtain the following strict generalization

Proposition 3’. Suppose the merger is Werden-efficient. Then IPP; > 0 if and only if

: : n DggDyrg
IPP, >0 ifandonlyif E;>E; where E,<—"——.
4_ Dgg/Dg/g

The E; bound is attained for independent goods (Dgyr = Dgip = 0) or specialized input suppliers.

Proof of Proposition 3’. We denote the pre- and post-merger input demand functions by

8Cg(yg,w) o 9Cy (y,w)
Xgi (}’g:W) = 8—Wl and X;(y,w):= 8—Wl
The pre- and post-merger FOC functions for input i are
fiw,c) =D 1 xgi (¥, (0" (W), )
8€9
X, *(w)),w)d “(w X, “(w)),w
+(Wi—Cl~)Z g (yg(p ( )) ) yg(p ( ))+ g (J’g(P ( )) ) )
prer 0y, dw; ow;

fiw,e)) = %, (y (0" (W), w)

%, (y (p* (W), w)dy, (b*(wW)) 2%, (y (p*(w)),w)
+(Wi_Ci) (Zg: ayg gdw, + £ )
g€ 1 i
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Where there is no risk of confusion, we suppress the arguments of all functions on the right
sides of these equations. Define the reduction in total demand for input i after the merger,

holding fixed pre-merger outputs and input prices:

% (y (p*),w")

1=y = .
deg Xgi (J/g (p*),w*)

i~

Making use of the pre-merger FOC for i, IPP; then satisfies

IPP; o< f, (W*,¢;) — (1 — x.) f; (W, ¢)

SEICETAPIE

8<€g
dy, (p*(w")) dy,(p*(w"))
(W =<, ;(1 2 g( dw;, B dw; )

% 8Xi 8xgi) dyg (ﬁ* (W*))
“ e 1 .
+ (w! cl)gzg:(ayg )ayg w
)Z )

Since the merger is Werden-efficient, the first line equals zero, and this relation becomes

Ox, (dy, (p*(w*)) dy, (p*(w*))
IPP, 1—y,)—2 g — £
T ayg( . .
% Oxg;\ dy, (P (w*)) ax
(S-S ) 2t 50
g€g yg yg Wi geg

Dividing through by X; yields

PP, o Z 1 : (dyg (B*(w7)  dy, (p*(W*)))

fe0 2igeg Xai 8yg dw; dw;

1 1

+Z(l 9%, 1 3xgi)dyg(f>*(vv*)) 19% 1 R

=AY 3y, degxgi dy, dw; x; Ow; degxgi pry ow;

Under the assumptions of the proposition, the second line is precisely zero, so we have

IPPOCZ (dyg( p*(w") dyg(p*(W*))).

geg dw;

w; i

The remainder of the proof follows exactly the derivation of (30) in Lemma A.2 and the subse-
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o . A s dc 0Xg4i
quent proof of Proposition 3. (Exchange the notation x,; and X,; in those proofs for a_wgi = ﬁ

a¢ .
and a_wgi here, respectively.) [ |

This result demonstrates that Proposition 3 holds for general downstream production tech-
nologies and input-output structures. This immediately implies that the sufficient conditions
of Proposition 4 also apply to the more general model of this section, provided the assumptions

of Proposition 3’ are satisfied.

B.2 Downstream “Qutsiders”

The analysis of Section 3 has assumed that initially only two firms compete in the mar-
ket for consumer goods. Though consistent with other studies of unilateral pricing incentives
after mergers (e.g., Farrell and Shapiro, 2010; Schmalensee, 2009), this assumption likely
yields biased estimates of merger price effects when the merging firms face competition from
non-merging rivals, or outsiders, that produce substitutable products. Most relevant for our re-
sults, under Bertrand-Nash conduct outsiders’ prices are strategic complements to the merging
firms’ prices, so outsiders generally increase their prices after an increase in the merging firms’
marginal costs. This response (i) raises pre- and post-merger pass-through rates and (ii) cre-
ates an additional channel through which downstream output y, is affected by the input price
w;. The net effect on Input Pricing Pressure is not obvious. Below we give a result indicating
that this effect is likely small and often strengthens our main conclusions.

To incorporate an outsider into the simple model, we now suppose that there is a third good
o € G owned by a non-merging firm. For simplicity, we assume that this good is produced at
constant marginal cost ¢, using only the numeraire. The outsider o competes a la Bertrand-
Nash with firms g and g’ before the merger and with firm M = {g, g’} after the merger. For
tractability, we also assume specialized input suppliers, so that input i is used to produce only
good g. We keep all remaining aspects of the simple model unchanged.

To see how Proposition 3 extends, suppose the merger between firms g and g’ is Werden-
efficient. Then IPP; is again proportional to the change in the sensitivity of output y, to the
input price w;, which we can decompose as follows:

dy,(p*(w?)) dy,(p*(w")) 9y, 9y,
— = 5,,(1—E;)— =
dW- dW ap (pgg( 1) pgg)xg_'_ap

i i g g’

(ﬁg’g (1-E) _pg’g)xg
(37)

0
+ yg(

a_po ﬁog (1 _Ei) _pog)xg'

As discussed above, this decomposition differs from the analogue (18) in the simple model
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because the pass-through rates in the first two terms are generally higher, and a new third term
captures the direct change in downstream output because of an adjustment in the outsider’s
price p,. Input-specific efficiencies E; again enter linearly, so there exists a threshold E* such
that IPP; > 0 if and only if E; > E?*. This threshold is a complicated nonlinear function of all
diversion ratios, so we simplify by assuming that all diversion ratios are symmetric. Proposition
3 then extends as follows:

Proposition 3”. Suppose the diversion ratios between all pairs of goods are equal to D € [0,0.5].
If the merger is Werden-efficient, then

DZ
4—D2

IPP, >0 ifandonlyif E;>E™, where E™ <

Proof of Proposition 3”. With Werden efficiencies, the same calculation as in the proof of
Lemma A.2 yields

IPP;

1

o dy, (p*(w"))  dy, (p* (W)
dw;, dw;, ’

The output sensitivity decomposition (37) then implies

PP > 0 e 1k < Poe~PesPas ™ DeoPog
L 1 — na

Pgg _Dgg’lég’g - DgopAog

The threshold efficiencies Elf"“ are such that this inequality binds. To calculate Elf’“t, we must
then determine the downstream pass-through rates p; and p;. To do this, note that the pre-
and post-merger downstream FOC functions are

0
fe(prcg) =y (D) + a—yg(pg—cg) g<€g\{o},
Pg
0
£o(re) = Yo () + 525 (o o),
Do
A oy oY,
fe (p>cg)ZYg(p)_"a_pz(pg_cg)+a_;;(pg’_cg’) g €G\{o},

folp,c) = fo (p,co).

Using the definition (8), the downstream pass-through rates satisfy

0 3 3 0D 2
1 1 AN—1 D D A D
Pg—E(I—B) and pg = (I—B) , where B=[2 0 2 and B=|D 0 2
b D o b D o

) 2 2
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Inverting yields

1—2 b D

1 2 2 2

2 D D D
Pg = b -2 D}
Ta-p(+2) | 2 T, 2,
2 2 2

-2 p(1+2) 2(1+D)

A 2
Pg = D(1+2) 1-Z% Z2(1+D)

1-D-2Ya+D) |, b
( 7)(1+D) 3(1+D) 3(1+D) 1-D?

D=

We can substitute these expressions into the definition of the threshold Elf’ut to find

(1-p-Z)(1+D) 1_D_p2
1—EM = 2 2 2
: (1-D)(1+%) 1-Z-D2(1+2)-Z(1+D)
D? D
__1-D-% 1-3—D?
(1-D)(1+3)(1-3D)(1+3)
Then
D2 1-p—271-2_p2 -2
Eou < = 2 2 > 2
i T 4-Dp2 1-p  1-3p —1-2
It is easy to verify that this inequality holds for D € [0,0.5], and strictly for D # 0. |

This result demonstrates that Proposition 3 continues to hold in the presence of an outsider
when the diversion ratios are equal, and moreover that the efficiencies threshold Elf"“ is weakly
smaller than in the simple model. As a corollary, we find that the sufficient conditions of
Proposition 4 also apply with an outsider under equal diversion ratios. Our numerical results
in Appendix C show that Proposition 3” continues to hold when the diversion ratio between
the outsider’s good and the merging firms’ goods is not equal to the diversion ratio between
the merging firms’ goods. In fact, the threshold Eg‘;t becomes smaller as the diversion ratio

between the outsider’s good and the merging firms’ goods increases.

B.3 Nonlinear Demand

Departing from the simple model only in allowing nonlinear consumer demand, we again
find that an upstream firm i has an incentive to raise its price after a Werden-efficient merger
when the merged firm attains sufficient i-specific efficiencies:
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Proposition 3”’. Suppose the merger is Werden-efficient. Then there exists a threshold EINL such
that IPP; > 0 if and only if E; > E".

Proof of Proposition 3”’. By the same calculation as in the proof of Lemma A.2,

g

dw; dw;

1 1

0Ys ., 9%, 0Yg . 9,
_ngl{( pgg ap pgg (1 E)Xgl-l- ap pgg/+ ap /pg/g/ (l—Ei)Xg/i

g g
8yg 2y, oy, 2y,
- - + + /+_ 1ol /7 .
Z gl{( apgp Xg 3pgpg apg/pgg Xgri

where all demand derivatives and pass-through rate functions are evaluated at prices (p*, w*).
Hence IPP; > 0 if and only if E; > E\", where

E
B Zg xgi% {(ng _Dgg’pg’g)xgi + (pgg’ _Dgg/pg’g/) xg’i}

l g Xgi Z}y)g {(ﬁgg - Dgg’ﬁg’g) Xgi (/sgg’ - Dgg’lég’g/) xg’i}
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C Simulations

C.1 Price Changes in the Simple Model

In this section, we compute post-merger changes in goods and input prices in the simple
model of Section 3.1. We assume specialized input suppliers, unit input requirements x,; =

Xgy = 1 and v, = v, = 0, and upstream marginal costs ¢; = ¢, = 1. We also assume a

g g
symmetric linear demand system

Y. (p)=V—p,+Dp,, gE€QG.

We calibrate (V, D) to match the specified diversion ratios and pre-merger markups.

Figures 5, 6, 7, 8 show the percent change in the goods and input prices after the down-
stream merger. Figures 5 and 6 show these price changes for a merger with Hicks-neutral
Werden efficiencies. We see that goods and input prices increase for all diversions and pre-
merger markups displayed. Figures 7 and 8 show these price changes for a merger with zero
efficiencies. Input prices decline for all diversion ratios and pre-merger markups displayed, but
goods prices always increase.
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Figure 5: Percent change in consumer prices with endogenous input prices at Werden efficien-
cies.
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Figure 6: Percent change in input prices with endogenous input prices at Werden efficiencies.
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Figure 7: Percent change in consumer prices with endogenous input prices at zero efficiencies.
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Figure 8: Percent change in input prices with endogenous input prices at zero efficiencies.
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C.2 Outsiders

Here we explore how Proposition 3" extends when the symmetric diversion ratio between
the merging firms’ goods Dy, := D,, = D,/ is different from the symmetric diversion ratio
between the outsider’s good and the merging firms’ goods D, := D,, = D,;, = Dg, = D,
Figure 9 plots Elf’“t - % as a function of Dy, and D,. This figure shows that the threshold
Efg"i“ becomes smaller as the diversion ratio between the outsider’s good and the merging firms’
goods increases. Note that we have imposed the constraints that the aggregate diversion ratios
Dy, + D, and 2D, are below 1.
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Figure 9: Comparison of efficiencies threshold with and without an outsider.
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C.3 Nonlinear Demand and Approximation Error

The results in Section 3.3 partially characterize IPP but do not directly speak to equilibrium
consumer and input price changes. Here we consider a version of the simple model with
nonlinear demand, and we calculate equilibrium price changes numerically. We confirm that
the approximation formulas given in Proposition 2 correctly predict the sign of the equilibrium
changes in input and goods prices after the merger, and moreover that the approximation for

goods prices is also close in magnitude to the equilibrium change.

Input Prices

Consider the simple model of Section 3.1 with specialized input suppliers, unit input re-

quirements x,; = X, = 1 and v, = v,, = 0, and upstream marginal costs ¢; = ¢; = 1. Suppose

g’ g
consumer demand y (p) is described by a symmetric logit demand system, so that the indirect

utility of good g for an atomistic consumer [ takes the form

ulg = a_ﬁpg +€lg:

where €, is a logit error term. In Figures 10 and 11, we calibrate the parameters of the
logit demand system (a, 3) to give the specified (symmetric) diversion ratio and pre-merger
markup. The plot marker denotes the diversion ratio and the color denotes the pre-merger
markup. We plot the (symmetric) percent change in input prices in equilibrium versus the
approximate percent change corresponding to equation (12) in Proposition 2. Figure 10 shows
these price changes after a merger with Hicks-neutral Werden efficiencies, and Figure 11 with
zero efficiencies. We observe in both cases that the sign of the input price change predicted by
IPP is the same as the sign of the input price change in equilibrium; the input price change due
to IPP underestimates the magnitude of the equilibrium change. The approximation is better
for lower diversion ratios and lower pre-merger markups. In both cases, higher diversion ratios

and higher pre-merger markups are associated with larger post-merger input price changes.
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Figure 10: Equilibrium versus approximate input price changes at Werden efficiencies.
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Figure 11: Equilibrium versus approximate input price changes at zero efficiencies.

64



Goods Prices

Using the same model as above, we now consider changes in goods prices. Figure 12
shows exact and approximate changes in goods prices after a merger with Hicks-neutral Werden
efficiencies, and Figure 13 with zero efficiencies. We plot the (symmetric) percent change in
goods prices in equilibrium versus the approximate percent change corresponding to equation
(11) in Proposition 2. We again observe that the approximate price change has the same sign as
the equilibrium goods price change and that the approximation understates the magnitude of
the price change. The approximation is better for lower diversions and pre-merger markups. In
both cases, higher diversion ratios and higher pre-merger markups are associated with higher

post-merger goods price changes.
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Figure 12: Equilibrium versus approximate goods price changes at Werden efficiencies.
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Figure 13: Equilibrium versus approximate goods price changes at zero efficiencies.
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D Additional Figures from Merger Simulations
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Figure 14: Distribution of pre-merger wholesale prices per ounce, in cents.
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Figure 15: Distribution of upstream marginal costs per ounce, in cents.
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Figure 16: Distribution of A HHI for the simulated mergers.
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