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Abstract

We investigate the economic effects of a merger between firms operating in different
storable good markets, where demand or costs evolve over time. Storage by intermediaries
(or consumers) generates intertemporal externalities across otherwise independent mar-
kets, inducing competition through storage. The merged multiproduct firm lowers prices
when profit margins are expected to rise — i.e., storage is profit-reducing. Conversely, it
raises prices when profit margins are expected to decline —i.e., storage is profit-enhancing.
These patterns arise, respectively, in expanding markets and mature markets with cost in-
flation. Our analysis sheds new light on the antitrust assessment of conglomerate mergers

in storable good markets.
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1 Introduction

Conglomerate mergers — involving firms that operate in different product markets — have re-
cently witnessed a renewed wave of activity and attracted growing attention from policymak-
ers and antitrust authorities. The 2020 OECD report highlights the revived policy focus on the
conglomerate effects of mergers. On both sides of the Atlantic, antitrust authorities recognize
the need to scrutinize conglomerate mergers. The US enforcement policy toward conglomer-
ate mergers shifted from a strict to a lenient approach around five decades ago. The 2023 US
Merger Guidelines have reinvigorated the antitrust assessment of cross-market acquisitions
and conglomerate mergers. As emphasized by Shapiro (2025), this represents a major change
in US merger enforcement, because almost all the mergers reported to the antitrust agencies
involve firms that do not compete against each other.! The 2008 EU Non-Horizontal Merger
Guidelines explicitly address conglomerate mergers. The European Commission’s stringent
stance in some significant conglomerate merger cases was later tempered by judicially im-
posed evidentiary requirements.?

In a significant number of markets, products are consumed over time, but competitive
intermediaries (or final consumers) can purchase and store them for future resale (or future
consumption). The presence of storage has been empirically documented in the economic lit-
erature, especially in anticipation of higher future prices (e.g., Backer et al. 2021, 2024; Hendel
and Nevo 2004, 2006a, 2006b; Osborne 2018; Pires 2016; Wang 2015).

Several prominent conglomerate mergers and acquisitions have occurred in markets for
storable goods. In recent years, notable examples include Reckitt Benckiser (consumer health
and hygiene/home products) and Mead Johnson Nutrition (infant formula and children’s nu-
trition), with a deal value of US$17.9 billion (2017); General Mills (human packaged foods)
and Blue Buffalo (natural pet foods and treats), with a deal value of US$8.0 billion (2018);
Amgen (general medicine, inflammation, and oncology products) and Horizon Therapeutics
(rare-disease therapies), with a deal value of US$27.8 billion (2023); and Mars (pet care, con-

fectionery, and chewing gum) and Kellanova (salty foods, cereals, and breakfast foods), with

1Only 4.6% of the deals reported during the fiscal year 2023 involved firms operating in the same broad three-
digit NAICS sector of the economy (Shapiro 2025).

’The recent draft of the new EU Merger Guidelines (published on 30 April 2026) suggests a
broader and more flexible antitrust assessment of conglomerate mergers. Details are available at
https://competition-policy.ec.europa.eu/mergers/review-merger-guidelines_en (last retrieved in May
2026).



a deal value of US$35.9 billion (2025).2 These transactions involve firms active in relatively
distinct markets, and the products at issue are typically storable by intermediaries or final
consumers.

In this paper, we investigate the economic effects of a merger between firms operating in
two different markets for storable goods, where demand or costs evolve over time. To convey
the main insights most effectively, we compare two market structures. Under competition, one
firm operates in each market. Under merger, a single multiproduct firm operates in both mar-
kets. Competitive intermediaries (or final consumers) can purchase goods in both markets and
store them for future resale (or future consumption) at a convex storage cost.* Despite the sta-
tic separation between markets, the presence of intermediaries engaging in storage activities
in both markets generates intertemporal externalities across markets. Intermediaries choose
the level of storage such that the price difference across periods — i.e., the marginal benefit of
storage — reflects the marginal cost of storage. A higher price in one market depresses stor-
age in that market, which reduces the marginal cost of storage and thus stimulates storage in
the other market. The resulting competition through storage between otherwise independent
markets crucially shapes the economic consequences of a merger.

Internalizing the intertemporal externalities associated with storage activities, the merged
multiproduct firm prefers to lower prices in order to dampen storage whenever storage is
detrimental to profits. This occurs precisely when the firm’s profit margins are expected to
rise over time, because the firm forgoes the difference in profit margins across periods for each
unit that is currently sold and stored rather than being sold in the future. By the same logic,
a merger leads to higher prices whenever storage enhances profits, which occurs as long as
profit margins are expected to decline. We identify natural market conditions under which
profit margins evolve intertemporally in these directions. In expanding markets characterized
by demand growth over time, firms experience rising profit margins. In mature markets with
upward cost pressures, profit margins decline. Our results indicate that, in the presence of
storable goods, conglomerate mergers exhibit procompetitive effects in expanding markets
and anticompetitive effects in mature markets with cost inflation.

The mechanism behind our results is robust to a wide range of extensions. We generalize

3An additional lower-profile but still relevant recent example is Post Holdings (human packaged foods) and
Smucker (select pet food brands), with a deal value of US$1.2 billion (2023).

“The empirical literature on storable goods indicates that intermediaries and consumers face non-negligible
storage costs, especially in the form of convex holding/depreciation costs and capacity constraints (e.g., Baker et
al. 2024; Bell and Hilber 2006; van Donselaar et al. 2010). We refer to Section 3 for additional details.



the model in different directions, including a longer time horizon (both finite and infinite), an
arbitrary number of markets, intermediaries” market power, nonlinear pricing, as well as the
firm’s commitment to future prices.

Our work offers a number of contributions. We develop an analytically tractable frame-
work for storable goods that uncovers a new source of externalities across otherwise indepen-
dent markets. Our framework is flexible enough to accommodate asymmetries in demand and
costs both across markets and over time. We derive novel insights into the economic effects
of conglomerate mergers and obtain empirically testable predictions. Our results can help an-
titrust authorities to refine the theory of harm for conglomerate mergers by identifying the
conditions under which such mergers benefit or harm consumers and society as a whole in
markets for storable goods.

The rest of the paper is organized as follows. Section 2 describes the related literature.
Section 3 sets up the formal model. Section 4 characterizes the main features of the equilibrium
under competition and under merger, and compares the two market structures. Section 5
extends the model in different directions. Section 6 concludes the analysis and draws policy
implications. The Appendix collects the main formal proofs. The Supplementary Appendix

shows additional formal results and associated proofs.

2 Related literature

Our paper belongs to the extensive literature on mergers between firms. Traditionally, mergers
have been studied in settings where firms compete in the same market (horizontal mergers)
or are active at different stages of the supply chain (vertical mergers). Conglomerate mergers
involve firms operating in distinct markets. An early influential work is Mueller (1969), which
develops a theory of conglomerate mergers based on the idea that managers aim to expand
their firms” growth rather than to maximize shareholder welfare. Antitrust concerns typically
associated with conglomerate mergers relate to horizontal foreclosure, through which a firm
dominant in one market can exclude its rivals in adjacent markets via practices such as tying
and bundling. Additional concerns refer to portfolio effects arising from the combination of
different products, which may strengthen the merged firm’s position across markets. We refer
to Church (2008) for a detailed survey on the effects of conglomerate mergers, with an histor-

ical perspective on antitrust enforcement in the United States and European Union. Shapiro



(2025) offers a valuable analysis of the antitrust treatment of cross-market acquisitions and con-
glomerate mergers under the 2023 US Merger Guidelines. Rhodes and Zhou (2019) show that,
in the presence of consumer search frictions, a conglomerate merger leading to an asymmet-
ric market structure reduces consumer surplus. Chen and Rey (2026) find that the conglom-
erate’s ability to exploit consumption synergies can soften competition and ultimately harm
consumers. Ide (2026) examines the price effects of upstream conglomerate mergers in the
presence of a monopoly intermediary that sells products to final consumers. Exploring merg-
ers in Brazilian higher education industries, Garcia and Furquim de Azevedo (2019) find that
only conglomerate mergers tend to pass efficiency gains on to consumers. Bhattacharya et al.
(forthcoming) provide a systematic empirical investigation of US mergers in markets for (typi-
cally storable) consumer packaged goods. Differently from the previous literature on mergers,
we show that storability introduces intertemporal externalities across otherwise independent
markets, which generate novel and nuanced effects of conglomerate mergers.

A second strand of literature relevant to our analysis examines markets for storable goods.
Early influential contributions are Bénabou (1989) on storability in an inflationary environ-
ment and Hong et al. (2002) on storable good markets with shoppers and captive consumers.
Our paper is most closely related to the seminal contribution of Dudine et al. (2006), which
considers a monopoly market for a storable good under deterministically fluctuating demand.
Hendel and Nevo (2013) examine intertemporal price discrimination when consumers differ
in their storage abilities. In a setting a la Dudine et al. (2006), Antoniou and Fiocco (2019)
characterize a firm’s strategic incentives to hold inventories under limited commitment. Anto-
niou and Fiocco (2023) study how demand curvature and consumer storage costs shape price
dynamics under intertemporal cost variations. Hendel et al. (2014) develop a model of non-
linear pricing for storable goods. Bhaskar and Roketskiy (2024) show that nonlinear pricing
can be used to screen different inventory levels under transitory monopoly power, unlike in
Hendel et al. (2014). The effects of storability have also been studied in different competitive
environments. Anton and Das Varma (2005) consider quantity competition, whereas Guo and
Villas-Boas (2007) examine price competition. Nava and Schiraldi (2014) study collusion in a
storable good market. Mitraille and Thille (2009, 2014) explore competitive storage by specu-
lators under monopolistic and imperfectly competitive production. Departing from the extant
literature on storable goods, we investigate mergers between firms operating in different mar-

kets.



Our paper is also related to the strands of literature on multiproduct intermediaries and
tirms. Rhodes et al. (2021) study multiproduct intermediaries with possibly limited stocking
space in a setting where consumers face search frictions. Chen et al. (2025) analyze compe-
tition between asymmetric multiproduct intermediaries that provide one-stop shopping for
consumers with multiproduct demand. In markets with vertically differentiated products,
Johnson and Rhodes (2021) investigate multiproduct mergers when firms may reposition their
product lines. Nocke and Schutz (2025) analyze horizontal mergers between multiproduct
firms selling differentiated goods. Differently from these contributions, we identify the eco-

nomic effects of conglomerate mergers in a dynamic framework for storable goods.

3 Model

Environment. We consider two independent markets for storable goods, A and B, over two
periods. In Section 5, we extend to the analysis to a longer time horizon and multiple markets.
Without loss of insights, there is no discounting on the second period. Let D;; (p) be the static
demand function for market i € {A, B} in period T € {1,2}, which is continuously differen-
tiable and decreasing with the price p, i.e., D;_(p) < 0. We denote by ¢;; > 0 the (constant)
unit cost of production for market i € {A, B} in period T € {1,2}.

Two market structures are compared. Under competition, two different firms operate in
the two markets. Under merger, a single multiproduct firm serves both markets. A unit mass
of (perfectly) competitive intermediaries can trade the goods in each period T € {1,2}. They
can also store the goods purchased in the first period for resale in the second period. As shown
in Section 4, our results do not depend at all on whether storage activities are conducted by
intermediaries or final consumers. Let S; > 0 be the amount of storage in market i € {A, B}.

A firm’s first period profit IT;; and the second period profit ITj; in market i € {A, B} are

respectively given by

I = (pan —ca) [Da (pa) + Si (pin, p—in, P P°10) ] 1)

and

I, £ (Pi2 — ciz) [Diz (pi2) = Si (Pﬂ,P—ﬂIszf Pe—iz)] ’ (2)



where the level of storage in market i accumulated by intermediaries, S; (pﬂ, P—i1, Pips PE Z-2),
depends on the first period prices, p;1 and p_;1, and the second period expected prices, p$, and
p° ,, for both goods i, —i € {A,B}, i # —i. In Section 5, we consider the case of nonlinear
pricing. The first period demand faced by a firm consists of the demand for consumption
Dj; (-) inflated by the level of storage S; (-). The second period demand corresponds to the
demand for consumption Dj, () reduced by storage S; (-), because the intermediaries place
this quantity on the market in the second period. Under competition, the aggregate profit
of firmi € {A, B} is II; 2 11 + . Following the merger, a single multiproduct firm M
operates in both markets. Firm M’s aggregate profit is IT = TI4 + ITz. Due to the lack of
commitment to future prices, each firm i € {A, B} (under competition) or firm M (under
merger) maximizes its continuation profit in each period. In Section 5, we consider the firm’s
commitment to future prices. The Hessian matrix associated with each firm i’s or firm M’s
profit maximization problem must be negative definite, which ensures that the profit functions
are concave and thus the second-order conditions for profit maximization are satisfied.

In each period T € {1,2}, perfectly competitive intermediaries purchase goods A and B
and sell them to final consumers at prices pa. and pp;. In Section 5, we consider intermedi-
aries” market power. The intermediaries can also store goods A and B in the first period for
resale in the second period. For any aggregate level of storage S = S4 + Sp, the intermediaries
incur a storage cost ¢ (S), which is increasing and convex in S, i.e., ' (S) > 0 and 9" (S) > 0
(with ¢’ (S) > 0 for S > 0).> We impose the standard conditions for an interior solution, i.e.,

lims o9’ (S) = 0and lims_, 1o ¢’ (S) = +00.° The intermediaries’ (variable) profit writes as

D = (phy — par) Sa+ (P — pe1) Se — ¢ (S). 3)

The intermediaries act as competitive arbitrageurs that can gain from carrying goods across

periods. They may also incur fixed costs, which compensate their variable profits under free

entry.

5 As mentioned in the introduction, the empirical literature provides evidence of convex holding or depreciation
costs and storage capacity constraints. Some relevant models incorporate these features in different ways. Hendel
and Nevo (2013) assume that storage is costless but lasts only for a limited number of periods. Hendel et al. (2014)
impose a storage capacity constraint and consider convex storage costs in an earlier version of the paper. Other
models instead focus on linear storage costs, mainly for the sake of tractability. Dudine et al. (2006) and Antoniou
and Fiocco (2023) extend the analysis to convex storage costs.

®Qur results carry over to more general formulations for the storage cost function that allow for different direct
and cross marginal effects of S4 and Sp, i.e., P (S4, Sp), where 9y /9S; > 0 and 821/1/851-2 > 0 (with 0 /9S; > 0 for
S; > 0), fori € {A, B}.



Timing and equilibrium concept. Each period of the game exhibits the following stages.

1. Each firm i € {A, B} (under competition) or firm M (under merger) sets the price for

good i.

2. Intermediaries make their trade decisions and consumption takes place. They store for

future resale the quantity purchased but not sold.

Alternatively, in the absence of intermediaries, final consumers make their purchase and
consumption decisions. The quantity purchased but not consumed is stored for future con-

sumption. The solution concept is the subgame perfect Nash equilibrium.

4 Equilibrium characterization

Proceeding backward, under competition, in the second period, firm i € {A, B} selects the
price p; to maximize its current profit, i.e., pi, = arg maxg, [T (Piz), where ITj () is given by
(2). Under merger, in the second period, firm M selects the prices p4» and pp, to maximize its
current profit, i.e., (pa2, PB2) £ arg maxyz,, 5,3 [1a2 (Pa2) + Iy (pp2). Taking the first-order
conditions associated with firm i’s (under competition) or firm M’s (under merger) second
period profit maximization problem, we derive under both market structures the following

sequential optimality constraints

Diz (pi2) — Si (pin, P—i1, Pias PEi2) + (Piz — ¢i2) Dip (piz) = 0, (4)

fori,—i € {A,B}, i # —i. The intermediaries select the level of storage S; in market i €
{A, B} to maximize their profit ® in (3). Focusing on the relevant case of positive storage
in equilibrium (i.e., interior solution), the first-order conditions yield the following storability

constraints
P —pin — ¢’ (5 (Pﬂ, P—i1, Pias Piiz)) =0, ()

fori,—i € {A,B},i # —i, where S (-) £ S (-) + Sp (+). Intuitively, the amount of storage in
each market is such that the price difference over time — i.e., the marginal benefit of storage

— equals the marginal cost of storage.”

"Nothing changes if final consumers engage in storage activities. Consider the consumers’ (expected) aggre-
gate net utility U = u (xa¢, XBr, Yr) — Ga1PA1 — GA2P%0 — 9B1PB1 — 42D, — ¥ (S), where u (x4, Xpr, y7) is the

9



Under both market structures, for any given first period prices p41 and pp1, the sequential
optimality constraints (4) and the storability constraints (5) jointly determine the levels of stor-
age S and Sp and the second period prices p 4> and pp, for goods A and B (where pf, = pin,

i € {A, B}, in equilibrium). We derive the following comparative statics results.

Proposition 1 The level of storage in one market decreases with the first period price in that market
and increases with the first period price in the other market — i.e., 9S;/9pn < 0and 9S;/dop_n > 0,
fori,—i € {A,B}, i # —i. The second period price in one market increases with the first period price
in that market and decreases with the first period price in the other market — i.e., dpjp/dpi1 > 0 and
dpin/dp_in <O, fori,—i € {A B}, i# —i.

In each market, a rise in the first period price depresses storage, which leads to a higher
second period demand net of storage and thus inflates the price in the second period. The pres-
ence of intermediaries engaging in storage activities in both markets generates intertemporal
externalities across otherwise independent markets. Given convex storage costs, the lower
level of storage stemming from a higher first period price in one market reduces the marginal
cost of storage, which stimulates storage in the other market. The resulting decrease in the
second period demand net of storage leads to a lower second period price in the latter market.
As we show below, the intertemporal externalities arising from storage activities trigger com-
petition through storage. Such intertemporal externalities crucially shape the economic effects
of a merger.

Under both market structures, anticipating the levels of storage and the second period
prices for the two goods, as identified by the sequential optimality constraints (4) and the
storability constraints (5), each firm i € {A, B} (under competition) or firm M (under merger)
selects prices in the first period to maximize its profit. Using (1) and (2), under competition,

firm i’s first period profit maximization problem writes as

max_ (pin — i) Dia (pa) + (pi2 — ci2) Dio (pi2)
{ririo}

— [(pi2 — ci2) — (pin — cin)] Si (pir, P—ins iz, P—i2) s.t. (4) and (5), (6)

fori,—i € {A,B}, i # —i. Under merger, firm M’s first period profit maximization problem

(expected) aggregate gross utility from the consumption level x;; and money y, and g;. is the quantity purchased
in market i and period 7, fori € {A, B} and T € {1,2}. Differentiating U with respect to S; subject to g;; = xj; + S;
and g;p = xjp — S; yields the storability constraints (5).

10



writes as

max (pa1 —ca1) Da1 (pa1) + (Paz —ca2) Dao (pa2)
{pavLpBLpaz,pe2}

— [(pa2 —ca2) — (pa1 —ca1)] Sa (pai, pe1, pa2, PB2)
+ (pp1 — cB1) Dp1 (pe1) + (pB2 — ¢B2) D2 (PB2)

— [(pB2 — cB2) — (pB1 — ¢B1)] SB (PA1, PB1, PA2, PB2) S.t. (4) and (5). )

Let yir = pir — Cir be a firm’s profit margin in market i € { A, B} and period T € {1,2}, and
Ap; = wp — p be the difference in profit margins between periods in market i. Comparing

the two market structures, we obtain the following results.

Proposition 2 In the first period, a merger leads to a lower equilibrium price in each market than
competition if and only if the merged firm's equilibrium profit margins rise over time in each market
—ie., plf < p§ if and only if A" > 0, for i € {A,B}. In the second period, the comparison
between equilibrium prices under the two market structures follows the same direction as in the first

period whenever the storage cost is not too convex.

A merger between firms operating in different markets for storable goods leads to nuanced
economic effects. Proposition 2 characterizes the conditions under which the merger lowers
(raises) prices and thus enhances (reduces) consumer surplus and total welfare. To appreciate
the rationale for this result, it is helpful to recall from Proposition 1 that a lower first period
price in one market reduces storage in the other market. Internalizing the intertemporal ex-
ternalities associated with storage activities, the multiproduct firm stemming from the merger
prefers to cut the first period prices if and only if storage is detrimental to profits. As profit
maximization problems in (6) and (7) reveal, this occurs whenever profit margins rise over
time. The reason is that the firm forgoes the difference in profit margins between the two pe-
riods for each unit sold and stored in the first period rather than in the second period. By the
same logic, the merger leads to higher prices whenever profit margins decline over time and
thus storage enhances profits.

As lower first period prices stimulate aggregate storage, it follows from the sequential opti-
mality constraints (4) that the comparison between second period prices under the two market
structures tends to move in the same direction as in the first period. If markets are relatively

asymmetric, this occurs whenever the storage cost is not too convex. Intuitively, when storage

11



cost convexity is not excessively high, the effect of a change in the first period price in one
market on storage in the same market is larger than the effect of a change in the first period
price in other market on storage in the former market. In other words, the own-price effect
dominates the cross-price effect on storage.®

With symmetric markets, the comparison between equilibrium prices under the two mar-
ket structures always moves in the same direction across periods. This yields the following

results that clearly apply as long as markets are not too asymmetric.”

Corollary 1 If markets are symmetric, in each period a merger leads to a lower equilibrium price in
each market than competition if and only if the merged firm'’s equilibrium profit margins rise over time

in each market — i.e., pi* < pS_if and only if Au" > 0, fori € {A,B}, T € {1,2}.

We can identify natural market conditions under which profit margins rise or decline over

time.

Proposition 3 When demand in each market grows over time, in the first period a merger leads to
a lower equilibrium price in each market than competition. When the unit cost of production in each
market rises over time, in the first period a merger leads to a higher equilibrium price in each market than
competition. In the second period, the comparison between equilibrium prices in each market follows the

same direction as in the first period whenever the storage cost is not too convex.

Proposition 3 indicates that, in markets where demand grows over time, the merger ex-
hibits procompetitive effects. Conversely, in markets with upward cost pressures, the merger
has anticompetitive effects. Our findings suggest that, when scrutinizing conglomerate merg-
ers in markets for storable goods, antitrust authorities should adopt a more lenient approach

in expanding markets and a more severe approach in mature markets with cost inflation.

5 Robustness and extensions

Our analysis can be extended in different directions. We refer to the Supplementary Appendix
(Sections 2 through 6) for the formal proofs of our descriptive statements.

Longer time horizon. The two-period framework remains analytically tractable while being
sufficiently rich to identify the main effects of interest. In addition, the depreciation of stor-

able goods generally limits the period over which they can be accumulated. Our results still

8We refer to the proof of Proposition 2 for technical details.
9The proof of Corollary 1 directly follows from the proof of Proposition 2 and thus is omitted.

12



hold under a longer time horizon. First, we consider a finite horizon setting (e.g., Dudine et
al. 2006; Hendel and Nevo 2013). We must now specify how the price for one good affects the
future marginal profitability of the price for the other good in order to derive in any period the
impact of each price on the levels of storage in both markets. To make the analysis sharper, we
consider equilibria where a firm’s continuation profit is (weakly) supermodular in prices —
namely, there is dynamic strategic complementarity in prices. Following Vives (1999), super-
modularity leads to equilibria with useful stability properties and provides a natural frame-
work for deriving monotone comparative statics. For instance, supermodularity holds with a
linear demand specification and a quadratic storage cost function. Given the level of storage
inherited from the previous period, a longer sequence of periods strengthens the merged firm'’s
incentives to reduce (increase) prices whenever its profit margins rise (decline) over time and
thus storage is detrimental (beneficial) to profits. Notably, our results can persist even in the
absence of supermodularity.

Afterward, we turn to an infinite horizon setting (e.g., Bhaskar and Roketskiy 2024; Hendel
et al. 2014). We consider a framework where demand and costs are stochastic and follow a
(stationary) Markov process. As in a finite horizon setting, under supermodularity in prices,
we find that the merged firm has higher incentives to reduce (increase) prices whenever its

profit margins rise (decline) over time and thus storage reduces (enhances) profits.

Multiple markets. We also extend the analysis to an arbitrary number of markets. As one
firm operates in each market, this captures the intensity of competition through storage. To
provide useful insights, we first examine the effects of a change in the number of markets on
the comparative statics analysis about storage levels and second period prices (formalized in
Proposition 1). We find that a higher number of markets increases the (negative) impact of a
rise in the first period price in one market on the level of storage in the same market. As differ-
ent goods compete for storage, an additional market magnifies the intermediaries” propensity
to replace one good with others in response of a higher price, which dampens the level of stor-
age for the good at hand. Hence, more intense competition through storage exacerbates the
own-price sensitivity of storage. As a lower level of storage leads to a higher second period
demand net of storage, this increases the (positive) impact of a rise in the first period price in
one market on the second period price in the same market. Turning to cross-market effects, we
find that a higher number of markets reduces the (positive) impact of a rise in the first period

price in one market on the level of storage in the other markets. As an additional storage op-

13



tion enlarges the intermediaries’ choice set, the effect of a lower level of storage in one market
due to a higher price on the expansion of storage in the other markets — through a reduction
in the marginal cost of storage — is spread across more markets. Hence, more intense compe-
tition through storage mitigates the cross-price sensitivity of storage. Given that a lower level
of storage leads to a higher second period demand net of storage, this reduces the (negative)
impact of a rise in the first period price in one market on the second period price in the other
markets.

In a setting with symmetric markets, we also explore the effects of a change in the number

of markets on prices in both periods. More intense competition through storage strength-
ens each firm’s incentives to increase (reduce) prices in the first period whenever profit mar-
gins rise (decline) over time, provided that the storage cost is relatively convex. This suggests
that competition through storage magnifies its price effects as long as markets are sufficiently
linked through the convexity of storage cost. As the impact of storage on second period prices
declines with the number of markets, each firm has higher incentives to raise the second pe-
riod price as more markets are involved, irrespective of the intertemporal evolution of profit
margins.
Intermediaries” market power. Our findings generalize to a setting in which intermediaries
are not perfectly competitive and possess market power. For concreteness, we consider a sin-
gle intermediary that, as in the baseline model, chooses storage in each market so as to max-
imize its profit. We disentangle the analysis according to whether storage is observable or
not. Under storage unobservability, a natural setting is the one where demand is stochastic
and the demand shock has full-support density with zero mean, because first period sales do
not allow firms to perfectly infer storage. As a result, second period prices cannot be con-
ditioned directly on the storage levels. We find that, for any given sales history, any perfect
Bayesian equilibrium of the subgame with unobservable storage is outcome-equivalent to the
Nash equilibrium of the subgame characterized in our main analysis (see Proposition 1).

When storage is observable, the intermediary can strategically manipulate second period
prices. In line with the baseline model (see Proposition 1), we show that a rise in the first pe-
riod price depresses storage in the same market, which leads to a higher second period price.
Furthermore, a lower level of storage in one market stemming from a higher price reduces
the marginal cost of storage, which stimulates storage in the other market and thus decreases

the second period price in the latter market. Hence, even in the presence of market power at

14



the storage stage, storability generates intertemporal externalities that make a merger procom-
petitive if and only if the merged firm’s profit margins are expected to rise (provided that the

storage cost is not too convex), irrespective of the (un)observability of storage activities.

Nonlinear pricing. We also extend the analysis to a setting where a firm offers buyers a non-
linear pricing policy. Anticipating that buyers will enjoy a positive surplus associated with
second period consumption of the quantity stored, a firm prefers to manipulate first period
production, irrespective of the market structure. Consistent with the baseline model, we find
that higher first period production in one market promotes storage in the same market, but
depresses storage in other market through an increase in the marginal cost of storage. Inter-
nalizing such intertemporal externalities across markets, the merger stimulates production and
consumption in the first period if and only if the first period marginal utility from consump-
tion exceeds the second period marginal cost of production net of the marginal cost of storage
(adjusted to cost sharing across markets). The reason is that a lower level of storage in one
market stemming from higher production in the other market translates into higher consump-
tion in the former market. The merged firm can extract, through a higher payment, the social
surplus from higher consumption and lower storage, which arises exactly when the marginal
utility from consumption in the first period exceeds the marginal cost of production in the
second period net of the marginal cost of storage. In a framework with quadratic utility and
storage cost functions, we find that the merger spurs first period production and consumption
if and only if the second period marginal cost of production is below a certain threshold. In
line with the main analysis, a larger cost increase over time makes the merger less likely to
be welfare enhancing. Second period consumption is (first-best) efficient, irrespective of the

market structure.

Price commitment. It is also interesting to investigate the case of the firm’s commitment to
future prices. Under full commitment, where the firm can credibly announce its future prices,
we find that, in line with the main analysis, the merged firm has incentives to charge a lower
first period price than under competition if and only if the merged firm'’s profit margins rise
over time and thus storage is detrimental to profits. However, full commitment also allows the
merged firm to increase the second period price in one market to dampen storage in the other
market. In a framework with linear demand and quadratic storage costs, in equilibrium the
merger leads to a lower first period price and a higher second period price when demand rises

over time, and the opposite occurs when costs rise over time. We also show that under both
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market structures full commitment magnifies the impact of a change in the first period price
in one market both on the level of storage in the same market and on the level of storage in
the other market in comparison with limited commitment. Under full commitment, the firm
is more effective at affecting storage activities because limited commitment makes intermedi-
aries more reluctant to change their storage decisions in anticipation of the firm’s opportunistic
behavior. This suggests that full commitment reinforces the effects at play in our model. Con-
sistent with such insights, in a framework with linear demand and quadratic storage costs, we
find that in equilibrium full commitment yields lower prices when demand increases over time
and higher prices when costs rise over time (provided that the storage cost is not too convex),

irrespective of the market structure.

6 Concluding remarks

Storage generates intertemporal externalities across otherwise distinct markets, thereby trig-
gering competition through storage. Such intertemporal externalities crucially shape the eco-
nomic effects of conglomerate mergers, which involve firms active in different markets. We
characterize the conditions under which the merged multiproduct firm lowers (increases) prices
and thus enhances (reduces) consumer surplus and total welfare. When profit margins are
expected to rise — and thus storage is profit-reducing — the merger leads to lower prices.
Conversely, when profit margins are expected to fall — and thus storage is profit-enhancing
— the merger leads to higher prices. These patterns arise, respectively, in expanding markets
and mature markets with cost inflation.

Our analysis sheds new light on the procompetitive and anticompetitive effects of con-
glomerate mergers, and delivers empirically testable predictions. Our findings can provide
antitrust authorities with useful guidance for the scrutiny of conglomerate mergers in markets

for storable goods.

Appendix

This Appendix collects the proofs.

Proof of Proposition 1. Applying the implicit function theorem to the sequential optimality
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constraints (4) and the storability constraints (5) yields

- - - - -1 - -

Wi oo S - 0 0
i B U B < BRI
e (S () 10 1o
S L —-9"(S) —y'(s) o 1 | | 0 -1]

where p¢, = pip, i € {A, B}, in equilibrium. We obtain after some manipulation that

3S;  Tp/dph [1— 4" (S) (011 _1n/9p> )]

= <0;
opi 1 —9"(S) (0?1 /op% + 2I1_p/p* ;)

aS_; " (S) (0%11n/dpy,) (*T1_1n/3p% ) > 0
opn 1=y (S) (ILp/0p}, + P /0p> ) ~
I 1— 4" (S) (07T1_pn/0p* ) > 0;
dpin 19" (S) (8°ILp/0p}, + 0?12/ 0p* ) ,
o VO

i 1— " (8) (*Mi/pp, + *1_n/9p )
fori,—i € {A, B}, i # —i. The inequalities follow from 9" (-) > 0 and profit concavity. m
Proof of Proposition 2. Under competition, taking the first-order condition for p;; associated
with firm i’s first period profit maximization problem in (6) and using the envelope theorem

yields after some manipulation

D1 (p5) + (P51 — cit) Dy (p5) + Si (P51, PSi1 Pl P i)
9S; (va P i P Piiz)
Ipil

= [(pi = ci2) = (Pl — cin)] =0, (A1)
fori,—i € {A,B}, i # —i. Under merger, taking the first-order condition for p;; associated
with firm M’s first period profit maximization problem in (7) and using the envelope theorem

yields after some manipulation

Dy (p}) + (P — cit) Dy (pi) + Si (P, p™ i1, Pl P™i2)
OSi (Pi P P P 12)
opi
dS_; (P?f/ P P PTiz)
opi

—[(pia = ci2) = (pii — can)]

=0, (A2)

= [(pPZ2 —c-i2) = (P2 — c-i1) ]
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for i,—i € {A,B}. Substituting the first-order conditions (A2) into the left-hand side of the
first-order conditions (A1) yields Ap™,; [0S_; (pl, p™ 1, P12, p™) /0pin] (recall Ap; = pip — pn =
(pi —cin) — (pin —cin))- As 9S_; () /dpi1 > 0 (see Proposition 1), we find that this expression
is positive or, equivalently, p}i < p§; (by profit concavity) fori € {A, B} if and only if Au}" > 0
fori € {A, B}.1% It follows from the sequential optimality constraints (4) that p < p5, if and
only if S > S, fori € {A,B}. AsdS" = [9S; () /9paldpli + [0Si () /op_ia]|dp™;,, where
dS" £ S — S¢ and dplt £ pt — p¢, fori,—i € {A, B}, i # —i, we find after some manipulation
that dSI" > (<)0 and hence pl5 < (>) p$, whenever Au* > (<)0 and dp™,/dpl} < 1—
(0°11;2/9p%) / [9" (S™) (9*11i2/9p3,) (MM _ia/0p? )], for i, —i € {A,B}, i # —i. The right-
hand side of this condition follows from the expressions derived in the proof of Proposition
1. As the right-hand side decreases with ¢ (-), a lower ¢ (-) relaxes this condition. Note
that, as the right-hand side is greater than one, this condition is clearly satisfied as long as
the two markets are not too asymmetric. As shown in the proof of Proposition 3, using the
linear demand specification D;; (pir) = air — Bipir and the quadratic storage cost function
(k/2) (S4 + Sg)* (where k > 0), we obtain that there exists a threshold k > 0 such that the
price comparison between the two market structures in the second period follows the same
direction as in the first period if and only if k < k. m
Proof of Proposition 3. First, suppose that (i) D, (p) > Dj; (p) for any p, and (ii) cip = ci1
fori € {A,B}. As S; (pl’-’{, P, P p’fiz) > 0, we find from the storability constraints (5) that
ph > pli, which implies Au!" > 0, fori € { A, B}. It follows from Proposition 1 that (i) p/} < p§
and (ii) p}s < p%, whenever ¢” () is not too large, for i € {A,B}. Using the linear demand
specification Dj; (pir) = air — Bipir, Where aj; > a;1, and the quadratic storage cost function
(k/2)(Sa+S 3)2 (where k > 0), we obtain that (i) p}f < p§ and (ii) there exists a threshold
k > 0 such that pi < p5 if and only if k < k.

Now, suppose that (i) Dj; (p) = Dip (p) for any p, and (ii) ¢, > c; fori € {A,B}. The

tirst-order conditions (A2) under merger can be rewritten as

D (pii) + (pif — cit) Diy (P} + Si (P, P01, Pl P202)
9S; (P P2 Pl P2in)
Ipit
OS—i (PH, "1, Pl P )
Ipin
9Note from (7) that Au" > 0 if and only if 9I1/9S; < 0, for i € {A, B}.

= [(pp — ci2) — (pii — cin)]

, (A3)

+ (P2 —c-in) = (P2 — c-i1)]
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fori,—i € {A, B}, i # —i. First, we show that the left-hand side of (A3) is positive. If c;; = cj»
fori € {A, B}, the equilibrium price in market i reflects the static monopoly level pi", where
pi" satisfies Diy (p5™) 4+ (pi™ — cin) D}y (pi™) = 0. Increasing costs by Ac > 0 in both markets,
where Ac £ ¢jp —cjy = c_ip —c_j, fori,—i € {A, B}, i # —i, afirst-order Taylor approximation

yields

opii |, 9Pi
dcip * dc_ip

pi ~ pi" + Ac (
Ac=0

fori,—i € {A,B},i # —i. Applying the implicit function theorem to the first-order conditions

(A2), we find after some manipulation that

(1, o)
ac,-z aC,iz A0
(0%I1/9p* ;1) (8Si/dpin +9S_i/dpn) — (0*11/9pindp—_in) (0Si/dp_in +9S_;/dp_i)
(11/07%) (211/072,,) — P11/3paop )

Ac=0

fori,—i € {A, B},i # —i. It follows from the proof of Proposition 1 (which implies |0S;/dp;1| >
0S_;/dpi fori,—i € {A,B}, i # —i) and profit concavity that a sufficient (albeit not necessary)

condition for this expression to be negative is that 9°I1/dp;dp_ > 0. Using the first-

il ‘AC:O

order conditions (A2), we find after some manipulation that

>0,

82H - |: 851 apiz E)Sl _ <api2 _1> 851}
Ac=0 Ac=0

opidp—i|, Op_n  Op_indpn  \0p_n Ipin
where the inequality follows from the expressions in the proof of Proposition 1. Hence, raising
costs by Ac in both markets yields p¥f < pi™ and thus Dy (pi) + (p%i —ci) Djy (p¥) > 0.
Given that S; (p?{, P i, p”jiz) > (0, the two sides of (A3) must be positive. AsdS; (-) /pin < 0
and dS_; (-) /pin > 0 (by Proposition 1), we cannot have Au!" > 0 and Ap™; < 0, for i, —i €

{A, B}, i # —i. Furthermore, summing the two first-order conditions (A2) yields

Da1 (pl1) + (P41 — ca1) Diay (P%41) + Sa (PA1, PB1, Ph2s PB2)

+Dp1 (PE1) + (B — c81) Dy (PE1) + Sb (P21, PE1 Plhos PE2)
9S4 (P'h1, PB1 Pihos PB2) n 9S4 (A1, P Phos P?z)}

— (P — caz) — (P — can)] [

apAl apgl
m m dSp (p™., ™ v, p aSg (p™,, pi, p",, p™
+ [(p¥y — cB2) — (P — cB1)] [ (P aP;; Pz Pia) i P a1 aP;jl P a2 Pm)} _
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As the left-hand side is positive (see above) and the expressions in the second and fourth
square brackets on the right-hand side are negative (by the proof of Proposition 1, which
implies |0S;/dpi1| > 0S;/dop_i fori,—i € {A,B}, i # —i), we cannot have Au" > 0 for
i € {A,B}, either. Hence, it holds Au}" < 0 fori € {A,B}. It follows from Proposition 2
that (i) p/f > p§ and (ii) pl3 > p5, whenever ¢ (-) is not too large, for i € {A, B}. Using
the linear demand specification D;; (pir) = «; — Bipir and the quadratic storage cost function
(k/2)(Sa+ 53)2 (where k > 0), we obtain that, for ¢, = ¢;; + Ac (with Ac > 0), it holds (i)
pi > p5 and (ii) there exists a threshold k>0 (which is the same as the one in point (i)) such

that p > pf, if and only if k < k. w

References

Anton, J. J., Das Varma, G. (2005). Storability, market structure, and demand-shift incentives.

Rand Journal of Economics, 36(3), 520-543.

Antoniou, F., Fiocco, R. (2019). Strategic inventories under limited commitment. Rand Journal

of Economics, 50(3), 695-729.

Antoniou, ., Fiocco, R. (2023). Storable good market with intertemporal cost variations. Inter-

national Economic Review, 64(1), 361-385.

Baker, S. R., Johnson, S., Kueng, L. (2021). Shopping for lower sales tax rates. American Eco-

nomic Journal: Macroeconomics, 13(3), 209-250.

Baker, S. R., Johnson, S., Kueng, L. (2024). Financial returns to household inventory manage-

ment. Journal of Financial Economics, 151, 103758.

Bell, D. R., Hilber, C. A. L. (2006). An empirical test of the theory of sales: Do household storage
constraints affect consumer and store behavior? Quantitative Marketing and Economics, 4(2),

87-117.

Bénabou, R. (1989). Optimal price dynamics and speculation with a storable good. Economet-

rica, 57(1), 41-80.

Bhaskar, V., Roketskiy, N. (2024). Consumer storage confronts monopoly power. CEPR Discus-
sion Paper, No. 19480, https:/ /cepr.org/publications/dp19480 (last retrieved in May 2026).

20



Bhattacharya, V., Illanes, G., and Stillerman, D. (forthcoming). Merger effects and antitrust

enforcement: Evidence from US consumer packaged goods. American Economic Review.

Chen, Z., Rey, P. (2026). A theory of conglomerate mergers. TSE Working Papers 23-1447,
https:/ /ideas.repec.org/p/tse/wpaper/128159.html (last retrieved in May 2026).

Chen, Z., Teh, T.-H., Zennyo, Y. (2025). Competing multiproduct intermediaries. SSRN
5394145, https://papers.ssrn.com/sol3/papers.cfm?abstract_id=5394145 (last retrieved in
May 2026).

Church, J. (2008). Conglomerate mergers. In W. D. Collins (Ed.), Issues in Competition Law and
Policy, Vol. 2 (pp. 1503-1552), American Bar Association Section of Antitrust Law, Chicago.

Dudine, P, Hendel, I, Lizzeri, A. (2006). Storable good monopoly: The role of commitment.
American Economic Review, 96(5), 1706-1719.

Garcia, C. P, Furquim de Azevedo, P. (2019). Should competition authorities care about con-

glomerate mergers? International Journal of Industrial Organization, 66, 78-118.

Guo, L., Villas-Boas, J. M. (2007). Consumer stockpiling and price competition in differentiated

markets. Journal of Economics and Management Strategy, 16(4), 827-858.

Hendel, 1., Nevo, A. (2004). Intertemporal substitution and storable products. Journal of the

European Economic Association, 2(2-3), 536-547.

Hendel, I., Nevo, A. (2006a). Sales and consumer inventory. Rand Journal of Economics, 37(3),

543-561.

Hendel, 1., Nevo, A. (2006b). Measuring the implications of sales and consumer inventory

behavior. Econometrica, 74(6), 1637-1673.

Hendel, I, Nevo, A. (2013). Intertemporal price discrimination in storable goods markets.

American Economic Review, 103(7), 2722-2751.

Hong, P, McAfee, R. P, Nayyar, A. (2002). Equilibrium price dispersion with consumer inven-
tories. Journal of Economic Theory, 105(2), 503-517.

Ide, E. (2026). Revisiting the impact of upstream mergers with downstream complements and

substitutes. Economic Journal, 136(673), 232-258.

21



Johnson, J. P., Rhodes, A. (2021). Multiproduct mergers and quality competition. Rand Journal
of Economics, 52(3), 633-661.

Mitraille, S., Thille, H. (2009). Monopoly behaviour with speculative storage. Journal of Eco-
nomic Dynamics and Control, 33(7), 1451-1468.

Mitraille, S., Thille, H. (2014). Speculative storage in imperfectly competitive markets. Interna-

tional Journal of Industrial Organization, 35, 44-59.

Mueller, D. C. (1969). A theory of conglomerate mergers. Quarterly Journal of Economics, 83(4),
643-659.

Nava, F., Schiraldi, P. (2014). Sales and collusion in a market with storage. Journal of the Euro-

pean Economic Association, 12(3), 791-832.

Nocke, V., Schutz, N. (2025). An aggregative games approach to merger analysis in
multiproduct-firm oligopoly. Rand Journal of Economics, 56(3), 233-250.

OECD (2020). Conglomerate effects of mergers. OECD Roundtables on Competition Policy
Papers, No. 250, OECD Publishing, Paris, https:/ /doi.org/10.1787 /5d906463-en (last retrieved
in May 2026).

Osborne, M. (2018). Approximating the cost-of-living index for a storable good. American Eco-

nomic Journal: Microeconomics, 10(2), 286-314.

Pires, T. (2016). Costly search and consideration sets in storable goods markets. Quantitative

Marketing and Economics, 14, 157-193.

Rhodes, A., Watanabe, M., Zhou, J. (2021). Multiproduct intermediaries. Journal of Political
Economy, 129(2), 421-464.

Rhodes, A., Zhou, J. (2019). Consumer search and retail market structure. Management Sci-

ence, 65(6), 2607-2623.

Shapiro, C. (2025). Acquisitions to enter new markets. Journal of Economic Perspectives, 39(1),

53-76.

van Donselaar, K. H., Gaur, V., van Woensel, T., Broekmeulen, R. A. C. M., Fransoo, J. C. (2010).
Ordering behavior in retail stores and implications for automated replenishment. Management

Science, 56(5), 766-784.

22



Vives, X. (1999). Oligopoly pricing: Old ideas and new tools. MIT Press, Cambridge, MA.

Wang, E. Y. (2015). The impact of soda taxes on consumer welfare: Implications of storability

and taste heterogeneity. Rand Journal of Economics, 46(2), 409-441.

23



Competition through storage

Supplementary Appendix

FABIO ANTONIOU* RAFFAELE Fioccof SALVATORE PiccorLof
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1 Introduction

This Supplementary Appendix complements the paper and proceeds as follows. Section 2
extends the analysis to a longer time horizon, both finite and infinite. Section 3 considers
multiple markets. Section 4 investigates intermediaries” market power. Section 5 characterizes

nonlinear pricing. Section 6 examines the case of the firm’s commitment to future prices.

2 Longer time horizon

2.1 Finite horizon

We consider a finite horizon setting with T > 2 periods. In line with the baseline model, we
denote by D;: (p) be the static demand function for market i € {A, B} in period T € {1,..., T},
which is continuously differentiable and decreasing with the price p, i.e., D._(p) < 0. Letcjr >
0 be the (constant) unit cost of production for marketi € {A, B} inperiod T € {1,..., T}. Ineach
market i, the demand faced by a firm in period T corresponds to the demand for consumption
Dz (+), reduced by the amount of storage S;(._1) () inherited from period T — 1 and inflated by
the amount of storage S;; (+) in period T, where S;7 = 0 (as storage is absent in the final period).

The solution concept is Markov perfect equilibrium, where prices par and pp: in period T are
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contingent only on the state of the game, given by the levels of storage S4(r_1) and Sp(r_1)
inherited from period T — 1. We restrict attention to equilibria where a firm’s continuation

profit is (weakly) supermodular in prices —i.e., there is dynamic strategic complementarity in
prices. We also impose the standard regularity condition that own-price effects dominate cross-
price effects. Following Vives (1999), supermodularity leads to equilibria with useful stability
properties and provides a natural framework for deriving monotone comparative statics. For
instance, supermodularity holds with linear demand and quadratic storage cost functions.

Notably, our results can persist even in the absence of supermodularity.
Under competition, given the amount of storage S;(,_1) inherited from period 7 — 1, firm i

faces in period 7 the following recursive maximization problem
{(Plr CZT) [Dz’r (pzr) - S i(t—1) + Sit (PmP itr pz(T—H) P (‘H—l))}

Wit Si T— =
(Sitr-n)) £ max
Pit
+W(T+1) (SiT (piT/ P—it, p;’z(r+1)/ pe (T+1))) } s (Sl)
fori,—i € {A, B}, i # —i. Under merger, firm M’s recursive maximization problem in period
T writes as
A
(SA(Tfl)/ 53(171)) = {pl:;\iq);} {(PAT CAT) |:DAT (PAT) SA(T 1)
+Sar (pAT, PBr Pa(r41)s P%(m))] (PBr — CBr)
[DBT (PBr) — Sp(c—1) + SBr <pAT/ PB Pa(r41) PB(TH)H

+Zry (SAT (PAT/ PBt, pA(r+1)' p%(r—H))
) .

(PAT/PBTI PA T+1) PB T+1 )

The maximization problems in (S1) and (S2) are subject to the following storability constraints
(S3)

¢;r be a firm’s

Pi(r+1) — Pit l/)/ (ST (pAT’ PBz, pf‘l(TﬂLl)’ pB(T+1))) =0
Uiz be the

fori,—i € {A,B}, i # —i, where S¢(-) = Sa¢ () + Spr (+). Let uir = pir
ey T}, and A‘I/lh— = ‘I/li(TJrl) -

profit margin in market i € {A, B} and period T € {1
difference in profit margins between periods T + 1 and 7 in market i. We obtain the following

results.



Remark 1 Consider a finite horizon setting with T > 2 periods. Suppose that a firm’s continuation
profit is (weakly) supermodular. Then, in the first period, a merger leads to a lower equilibrium price
in each market than competition if and only if the merged firm’s equilibrium profit margins rise over
time in each market — i.e., pli < p§, if and only if Auli > 0, for i € {A,B}. In any period
T € {2,..,T —1}, the same result holds whenever the storage cost is not too convex. For

period T the result follows suit.

Proof of Remark 1. Under competition, taking the first-order condition for p;; associated with

firm i’s maximization problem in (S1) yields

Dir (pir) - Si(rfl) + SiT (Pir/ P—it,s Pf(ﬂ_l), pe_i(7+1)>

851‘7 (pi't/ P—ir/ p?(7+1)/ pe,i(1—+1)>
apir

+ (pic — cic) | Dz (pic) +

BWI»(TH) (Sir) dSiz (piT/ pP—it, Pf(-[-i-l)’ pfz—i('r-i-l))
+ =0,
aSiT apiT

fori,—i € {A,B}, i # —i. Applying the envelope theorem to firm i’s maximization problem
in (S1) rolled forward one period yields 0Wj(1) (Siz) /9Sir = — (pi('r-i-l) — Ci(T+1))' The first-

order condition for p;; can be rewritten as

D, (Pi'r) - Si(rfl) + Sit (Pm P—it,s Pf(rﬂ), Pe_i(Hl)) + <Pir - Ci'r) DZ{T (Pir)

dSit (Pirz P—its Pf(ﬂ_l)/ pe_i('r_i'_l))
apir

- [(pi(r+l) - Ci(r+1)) — (pir — Cir)} =0. (54)

Under merger, taking the first-order condition for p;; associated with firm M’s maximiza-



tion problem in (S2) yields

Dj: (pi'r) - Si(r—l) + Siz (pir; P—its p;’(-ﬁq)/ p

+ (pir — cit) Dfr (pic) +

+ (pfi’r - CfiT)

e

fi(‘r+1))

aSiT (pi‘(r Pfirx p?(r+1)/ Pii(7+1)>

apir

dS_ir (Pirz P—it, p?(r—&-l)’ Pe_i(T+1)>

aPiT

0011 (S, 5_ie) 35 (Pres P Py P i)

aSiT

apir

9Z:11 (Siz, S_iz) 0S_ir (pz'-n P—it, P?(TJrl)/ pii(T+1))
AT

apir

=0,

fori,—i € {A, B}, i # —i. Applying the envelope theorem to firm M’s maximization problem

in (S2) rolled forward one period yields 0Z41 (Sir,S—iz) /0Sir = — <pi(7+1) - Cz’(r+1)>~ The

tirst-order condition for p;; can be rewritten as

DiT (pi'r) - Si(r—l) + SiT (pir; P—it, p5(7+1)/ pii(-hq)) + (PiT - CiT) Dz{r (pi'r)

- [(pi(ﬂ-l) - Ci(r—i—l)) — (pic — cir)}

a [(p*i(fﬂ) B Cfi(rﬂ)) —(pin — C*ir)}

851'1— (piT/ Pfirx p?(r+1)/ pii(r+1))

apir

aS,iT (pirz P—it, p,e‘(ﬂ-l)’ pe—i(r—i-l))

api'r

=0.

(S5)

Applying the implicit function theorem to the first-order conditions (S5) rolled forward one

period and the storability constraints (S3) yields

aSA'L' aSA‘L'
ap/\‘r apBr
9Spe 0Sp:
Ipac Ippr
A1) OPA(+1)
Ipac Ippr
pp(r+1)  OPB(r4+1)
ap/\‘r aPBT

BZZT+1 BZZT+1
apiﬁﬂ) 9P A(r+1)9PB(+1)
azziﬂrl azzirﬂ
9P A(r+1)9PB(+1) apg(m)
1 0
0 1




where pl‘:’( r4+1) = Pi(r+1) in equilibrium. We obtain after some manipulation that

aSiT 82Z1+1/3P1‘2(r+1) - l/]” (ST) |:(82ZT+1/api2(T+1)) (aZZT+1/ap2,i(T+1))

Wic 1y (S,) (azzf—i—l 1OV cyn) T 0% Zei1 /0P 1) + 20721 /api(r+1)apfi(1+1))
2
<32Zr+1 /aPi(r+1)aP4(r+1)> ]

14" (Sq) (azzm 1OV} eyny T 0721 /0P ) + 20720/ ai’i(rﬂ)apfi(ﬁl))

<0

S i O*Z 11/ 0Pi(r41)0P—i(r+1) + ¢ (S2) [(azzrﬂ/ap?(fﬂ)) (azzrﬂ/apz_i(rﬂ))

apiT 1- 11”” (ST) (aZZTJrl/apjz(T_H) + 82Z7+1 /apz_l.(ﬂ_l) + 282ZT+1 /api(r+1)ap—i(r+l)>
2
<3zzr+1 /api(r+1)ap—i(r+1)> ]

1—9"(S¢) (aZZrJrl/aP?(TH) +0%Z 11 /apz,i(r+1) + zaZZTJrl/api(-r—i-l)ap—i(r—H))

> 0;

Wi(ri1) 1—9"(S7) <32Zr+1 /ap%i(r+1) + BZZT+1/api(r+1)ap—i(r+1))

> 0;
apiT 1- 1/J// (ST) (azz-r-i-l /aP?(TJrl) + BZZT—H /apai(T+1) + 28227—0—1 /api(rJrl)ani(TJrl))

Op_i(rs1) " (S+) (azzrﬂ/apf(fﬂ) +0%Zea /api(r+1)ap—i(r+l)>

IPin 1—9"(S0) (GZZT—H/BP%(TH) +0%Zr 11 /apzi(fﬂ) +202Z:41 /aPi(rH)ani(TH))

<0,

fori,—i € {A, B}, i # —i. The inequalities follow from ¢” (-) > 0, profit concavity, and (weak)
supermodularity of continuation profit with own-price effects dominating cross-price effects,

ie.,

azzrﬂ/aP?(TH)‘ > 02Z11/9Pi(r41)9P—i(z+1) = 0.

Substituting the first-order conditions (S5) into the left-hand side of the first-order condi-
tions (S4) for T = 1 yields Ap™,, [9S_i1 (P, p™ 1, Pla, P™ ) /9pia] (recall Aptir £ pjr i1y — phiz =
(Pi(r+1) - ci(T+1)) — (pir —cir)). As9S_j1 () /9pia > 0 (see above), this expression is positive
or, equivalently, p!i < p§; (by profit concavity) for i € {A, B} if and only if Ay} > 0fori €
{A, B}. Given that dS" = [3S;: (+) /9piz) dp™ + [0Sz (+) /9p—i7) dp™,., where dS" £ S — S¢_
and dp” £ pl" — p¢, fori € {A, B} and T € {1,.., T — 1}, the first-order conditions (S4) and
(S5) imply that dS” > (<)0and p2 < (>) pt,, for T € {2,..., T — 1}, whenever Aul’ > (<)0
and

dp™. 1— P Zei1 /aP,Z(TH) +Zei /OPi(r41)9P—i(r+1)
dp A ’




where

A2 0°Zei1/OPi(rs1)0P—i(r1) + " (ST)

« [(BZZTH/BPZ-Z(TH)) (azzrﬂ/apgi(rﬂ)) — (aZZT+1/api(T+1)8p_i(r+1))2} >0,

fori,—i € {A,B}, i # —i. Given that own-price effects dominate cross-price effects, i.e.,
‘azzm/apf(m)‘ > 0%Z:11 /9Pi(r41)9P—i(r+1), the right-hand side of this condition is larger
than one. As in the main analysis, this condition is satisfied when markets are not too asym-
metric. As the right-hand side decreases with ¢” (+), a lower ¢ (+) relaxes this condition. In
the final period T, A/ is not defined and the first order conditions in the two cases reduce
to a static monopoly problem given the net demand. Inherited storage determines the price
difference across scenarios. Whenever Ayu!. > 0 holds for periods T € {2,...,T — 1}, the re-
sulting sequence of lower prices guarantees that the accumulated storage entering the final
period is strictly higher under the merger (S?ZT_l) > Sf(T_l)). Because this inherited storage

reduces residual demand, it immediately follows that pi;. < pf.. =

2.2 Infinite horizon

We now turn to an infinite horizon setting, where demand and costs in each market i € {A, B}
are stochastic and follow a (stationary) Markov process. The discount factor on each period
T e {l,.,0}isd € (0,1). As with a finite horizon, the solution concept is Markov perfect
equilibrium, where prices par and pp; in period T are contingent only on the state of the
game, given by the levels of storage S(;_1) and Sp(;_1) inherited from period T —1. We
still restrict attention to equilibria where a firm’s continuation profit is (weakly) supermodular
in prices, with the standard regularity condition that own-price effects dominate cross-price
effects. Notably, our results can persist even in the absence of supermodularity.

Under competition, given the amount of storage S;(,_1) inherited from period 7 — 1, firm i
faces in period 7 the following recursive maximization problem

Wi (51‘(?1)) = max {(Pir — Cir) [Di'r (pir) = Si(r—1) + Sit (Pm P—its Pi(ri1) Pe_i(ﬁl))}

+JE [Wz‘ (Sir (pirr P—it,s pf(r+1)r Pe—i(r+1)> )} } ’ (S6)



fori,—i € {A,B}, i # —i. Under merger, firm M’s recursive maximization problem writes as

z (SA(T—l)/ SB(T—l)) = {P{E;);r} {(pAT - CAT) [DAT (pAT) - SA(T—l)

+Sar (pAT, PBrs Pa(z+1)s peg(m)ﬂ + (pBr — CBr)
X |:DBT (PBr) — Sp(z—1) + SBe (pATr PBr Pa(r41)s PEB(TH))]
+ 51E |:Z (SAT (pAT/ pB’l’/ pfq(-r_‘_l)/ P%(T_H)) 7

SBr (PAT/ PBr Pa(ery PeB(rH))ﬂ } ~ (57)

The maximization problems in (S6) and (S7) are subject to the following storability constraints

‘Spf(rﬂ) — pir — ¢’ (ST (PAW PBt, Pfq(rﬂ)f p%(T+1)>) =0, (S8)

fori,—i € {A,B}, i # —i, where S; (-) = Sa¢(-) + Sp: (+). For the infinite-horizon model
with discounting, let Ay = OMi(z+1) — Hir denote the expected present-value change in profit

margins. We obtain the following results.

Remark 2 Consider an infinite horizon setting where demand and costs follow a stochastic process.
Suppose that a firm’s continuation profit is (weakly) supermodular. Then, in the first period, a merger
leads to a lower equilibrium price in each market than competition if and only if the merged firm’s
equilibrium profit margins are expected to rise over time in each market — i.e., p}} < p$; if and only if
E [Ault] > 0, fori € {A, B}. Inany period T € {2, ..., 00}, the same result holds whenever the storage

cost is not too convex.

Proof of Remark 2. Under competition, taking the first-order condition for p;; associated with

firm i’s maximization problem in (S6) yields

Djr (Pir) - Si(rfl) + Siz (Pz‘r/ P—it, p?(ﬂ—l)' pii(7+l)>

aSiT (Pir, P—it, Pf(ﬂ_l)/ pe_i(r+1)>
apir

+ (pic — cir) Dz,"r (pic) +

OW; (Sir)] dSir <pirz P—its Pf(TH), Pe,i(T+1)> _0

+OE [ dSir pir



fori,—i € {A, B}, i # —i. Applying the envelope theorem to firm i’s maximization problem in
(S6) rolled forward one period yields OW; (Si¢) /9Sir = — (pi(T +1) — Ci(r +1))- The first-order

condition for p;; can be rewritten as

D;; (pir) - Sz’(r—l) + Sit (pirr P—it, Pf(r+1)/ Pe,i(rﬂ)) + (Pir - Cir) Dz{r (pir)

dSiz <Pi‘r/ P—it, Pf(TH); P"’_i(TH))

=0. S9
i (S9)

- [5 (Pf(wrl) - Cf(r+1)) ~ (pie = C"T)}

Under merger, taking the first-order condition for p;; associated with firm M’s maximiza-

tion problem in (S7) yields

Diz (pir) — Si(rfl) + Sit (Pz’rz P—it, Pf(ﬂ_n/ pe_i('l—_‘_]_))

851'7 (pi’tr Pfir/ ple'(-[-+1)/ pe,l'(1—+1)>
apir

+ (pic — cir) Dz/‘r (pir) +

aS—iT (Pir, P—it, p?(r—&-l)’ Pe_i(TH))
apir
97 (Sie, S_12)] 8it (PivsP-ivs Py Poiesn))
asir apir

+ (Pfir - Cfir)

+0E [

=0,

97 (Sie, S_iz)] 0S-ir (Pie Pivs Pitesny P iiesn))
asfir api‘r

+JIE [
fori,—i € {A, B}, i # —i. Applying the envelope theorem to firm M’s maximization problem
in (S7) rolled forward one period yields 0Z (S;r,S_i¢) /9Sir = — (pi(r+1) - Ci(r+1)>~ The first-

order condition for p;; can be rewritten as

Dir (pir) = Si(r—1) + Sit (Pz’rz P—its Pi(z+1)s Pe_z-(TH)) + (pir — ¢ir) D (pir)
asi'( <piT/ sz'-r/ pl?(l-+1)r pil‘(l—+1)>
aPiT

B [5 <p6_i(r+1) - CE_i(T-i-l)) — (p-ir — C—ifﬂ o (pmpi;:i(T+1),p€i(T+l)) = 0. (510)

B [5 (p?(fﬂ) - C?(TH)) — (pir — Cir)}

Applying the implicit function theorem to the first-order conditions (510) rolled forward one



period yields

A1) OPA(ri1) P’z 0’7
dS A 0SSt _ 3!’34(”1) aPA(r+1)aPB(r+1) -1 0
OPB(r+1)  OPB(r+1) 9z Pz 0 -1
95 4r 955c P A(r+1)9PB(r+1) (i)

Then, we obtain

aPz’(r+1) o 822/8;7 i(T+1)
dSir 2
T (82Z/aplz(T+l)) <82Z/ap T+1)> — (a Z/api(T+1)ap_i(T+1)>
and
p_ir+1) 9?2/ Pi(r11)0P—i(r+1)
9Sir

(22/00% 1)) (32/09% 111y — (P27 apz‘(m)al“—z‘(m))y

fori,—i € {A,B}, i # —i. Applying the implicit function theorem to the binding storability

constraints (S8) yields

-1

a (4 a (4
9S4 9S4 Pa(z+1) " P A(z+1) "
aPA: aPB; _ 0 9S4 4 (ST) 0 9Spr 4 <ST> -1 0
- aps aps
9Sp 9Sp PRty  om PBa+) o1 _
3PA: aPB: 0 9Sar " (S) 6 FI Y" (S¢) 0 1

Then, we obtain

" 1
9Sir _ 0 (ap i(7+1) /05 lT) —¥ 5 < 0and 9S_ic = _(5 <8p (r+1 /as,T) —y (5 >0

apiT o O apiT O

where

02 [5 (apg(m) /asiT) — (sT)] [ (ap (e1)/ S ) —y" (Sf)}

5
[0 (501) /95 i) = 4" (S0)] [6 (98011 /95i2) — " (S0)] >0,

fori,—i € {A, B}, i # —i. The inequalities follow from ¢” (-) > 0, profit concavity, and (weak)
supermodularity of continuation profit, i.e., 9>Z / IPi(41)9P—i(r+1) = 0.

Substituting the first-order conditions (510) into the left-hand side of the first-order condi-
tions (S9) for T = 1 yields after some manipulation E [Au™, ] [9S_i (P, p™ 1, P, ™) /0pi]
(recall Apir = Sj(ri1) — Hir = 6 (pi(r+1) - Ci(r+1)> — (pir — civ))- Given that 9S_;1 (+) /9pi >
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0 (see above), we find that this expression is positive or, equivalently, pii < pf; (by profit con-
cavity) fori € {A, B} ifand only if E [Api] > Ofori € {A, B}. AsdS" = [0Sz (+) /9pir| dpl +
[0Sz (+) /9p_iz] dp™,., where dSI £ S™ — S¢ and dpt = p" — p¢, fori € {A,B} and T €
{1,...,00}, we find from the first-order conditions (S9) and (S10) that dS}! > (<) 0 and p}! <
(>) ps,, for T € {2,...,00}, whenever E [Au’] > (<) 0and

dp™,. <144 (apii(ﬂrl)/as*”) - (apii(r+1)/aSiT)

dpi’r ) (apii(r+1)/aSiT) - l/)// (ST)

4

for i,—i € {A,B}, i # —i. Given that own-price effects dominate cross-price effects, i.e.,
‘GZZ / Bpl.z(T +1)‘ > 9?7/ 9Pi(r4+1)9P—i(r+1), the right-hand side of this condition is larger than
one. As in the main analysis, this condition is satisfied when markets are not too asymmetric.

As the right-hand side decreases with ¢” (-), a lower ¢ (-) relaxes this condition. m

3 Multiple markets

We consider a setting with n > 2 markets. As in the main analysis, one firm operates in each

market i € {1,..,,n}. The intermediaries’ (variable) profit becomes

@, &Y (ph—pi)Si—¢(S), (S11)

where S 2 Y |S;. The intermediaries select the level of storage S; in market i to maximize
their profit ®, in (S11). Taking the first-order conditions, we obtain the following storability

constraints

pr — Pi1 — ll]/ (S (P11, veos Pily ++os Puls P[iz, ey sz; ey Piz)) =0. (512)

The sequential optimality constraints associated with a firm’s second period profit maximiza-
tion problem are still given by equation (4) of the paper, with the only difference that storage
in market i is S; (pn, cers Pily ooes Pty Plos woor Pigs voer pflz). Applying the implicit function theorem
to the sequential optimality constraints (4) of the paper and the storability constraints (512)

yields

11



9211y,

951 951 -1 0
Ipn P o1, 0 0
aS,, aSn _ aZH,,z
Ip11 Ipm 0 1 0 W2 0 0
P12 P12 1 _
apn apnl ¢ (S) ]‘ 0 1 0
aPnz aPnZ 173 _

L apn apm - lp (S) 0 1 O 1

where p$, = ppp, i € {1,..,n}, in equilibrium. On the right-hand side, the first matrix de-
notes the 2n X 2n Jacobian matrix of the system with respect to the endogenous variables
(S1, - Siy s Sy P12, s Pizs s Pn2) and the second matrix denotes the 2n x n Jacobian matrix
of the same system with respect to the exogenous variables (pi1, ..., i1, ..., Pn1). The first n
rows follow from applying the implicit function theorem to the sequential optimality con-
straints (4) of the paper for any i € {1,..,n}, whereas the following n rows stem from ap-
plying the implicit function theorem to the storability constraints (512). Specifically, totally
differentiating dIl;/dpp = 0 yields }.i (011;2/9pip0S;) dS; + L (0%11;2/9pindpj2) dpjo +

i1 (0*T1;2/9pindpj) dpj = 0 for any i € {1,..,n}, and totally differentiating 9®,/dS; = 0
yields Y74 (9°®,,/95,0S;) dS; + Y (0@, /9S;0pj2) dpjp + Y (9°®,,/9S;0pj1) dpjr = O for
any i € {1,..,n}. As the other results follow suit, for clarity we only perturb p;; so that
iy (0°T1i2/0pindpj1) dpj1 reduces to (9°T12/dpindpn) dpn, and Yy (9°®,/9S;:0pj1) dpj re-
duces to (BZCD,Z / aSiap“) dp11. Hence, in the first column of the Jacobian matrix with respect
to the exogenous variables, the term (BZHZ-Z / ap,-zapn) dp11 constructs the elements of the first
n rows for any i € {1,..,n}, and the term (9°®,/9S,0p11) dp11 constructs the elements of the

remaining n rows for any i € {1, ..., n}. We obtain after some manipulation that

a5, Plla/op (1 — " ()Y 1, #iaZsz/apiz)
Ipin 1—9"(S) (ZzzlaZHkZ/apé)

aS; ¥ (S) (0°I1n/0p3) <82H]'2/al9]22> “o

I 1y (s) (L, 2T /0p}, )

Ipiz _ 1-97(5) (EZ:Lk#iaZHkZ/aPl%z)
i 1=y (S) (Zzzlaznk-?/aP%z)

12



W _ Y"(S) (9°Mn/dpp)
opi 1— " (S) (ZZZlaZsz/apé)

fori,j € {1,..,n}, i # j, where inequalities follow from ¢” (-) > 0 and profit concavity. We

<0,

obtain the following results.

Remark 3 Let n > 2 be the number of markets. Then, it holds (i) [g;,"l} — [aa;"l} . > 0, (i1)
Hln Rln+
951 _[95 i) (2] _ [2pe ) [Pz _ [P [
[apil]n [apil}nJrl >0, (iii) [apﬂ}n [apﬂ}nJrl <0 and (iv) {apil]n [apillﬁ»l < OfOT bl <

{1,..,n},i#]j.

Proof of Remark 3. Let A, =1 — ¢ (S) (Z}_,0%I1x2/9p?,) be the determinant of the Jacobian
matrix of the system with respect to the endogenous variables with n markets and A, =
1—9"(S) (ZZI% 0T}, /9 pé) be the determinant of the same matrix with n + 1 markets. Then,

we have

2
[ 9S; } _ [ dS; ] (azniZ/apz‘zz) azn(nﬂ)z/ap%nﬂ)z [lp” (S)]2
n n+1 AnAn—i-l

— > 0;
Ipil Ipi

[as]l - [as]l (T /0ph) (21112/0p% ) (92TTrs112/382, 111, ) 9" (S))
n n+1

> 0;

Ipi Ipi Ay

2
pi2| _ [ope] (*T12/9p3) (aZH(”“)Z/ap%ﬂﬂ)Z) " (S)] <0;
_apil 1u _apil In+1 JASYAVHR ’

2
] [Orp] (0%11;2/9p3%) <82H(n+1)2/ap%n+1)2> [¥" (S)] —0
Lopinl,  L9pin] AuDpiq ’

fori,j € {1,..,n}, i # j, where the inequalities follow from ¥” (-) > 0 and profit concavity. m

We now explore the impact of a change in the number of markets on prices in a setting
with n > 2 symmetric markets. Using the sequential optimality constraints (4) of the paper,
the storability constraints (512), and the first-order conditions (A1) of the paper associated with
each firm’s first period profit maximization problem, we find from the results before Remark 3
that the equilibrium prices p{ and p§ as well as the equilibrium storage S (p§, p$) are given by
D1 () + (45 - en) D} )+ S PP - T

L= (= 1) 9" (S (pi, p5)) [9°TTa (p) /0p3]

[(p3 = c2) = (P —c1)]

S13
L=y (5 (#5,5)) P12 45) /093] o
S C, (o}
Da (95) + (5 — e2) D} () — S PP2) g (s14)
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ps —pi— ¥ (S(pi,p3)) =0. (S15)
We obtain the following results.

Remark 4 In asetting with symmetric markets, suppose that the number of markets increases. Then, in
the first period, each firm has incentives to increase the price when the firm'’s profit margins sufficiently
rise over time, provided that the storage cost is relatively convex, and to reduce the price when profit

margins decline over time. In the second period, each firm has incentives to increase the price.

Proof of Remark 4. For a given p», applying the implicit function theorem to (513) and (S15)

(and treating n as a continuous variable) yields after some manipulation

I " () [S () /n] [L=ny" () (*TL () /3p3)]” + ndpe [ ()] [P () /9p3]

M [L—ny” () (PILC) /3p3)] [1 - ny () (PIL () /0p3)] " — nispy” () [IL () /2p3])”
where Ay = (pa — ¢2) — (p1 — c1) and I1(+) is a firm’s aggregate profit. As the denominator of
this expression is positive (for |¢"” (-)| small enough to ensure the nondegeneracy condition of
the Jacobian matrix of the system with respect to p; and S), the sign of dp; /dn corresponds to
the opposite of the sign of the numerator. We obtain that (i) for Ay > 0 there exists a threshold
§ 2 [S()/n)/ {(BPT () /ap3) [S () + (PTTa (-) /3p3) /5 () du/ [T () /ag3] | } > 0
(for S + Ap (911 (+) /9p3) < 0) such that dp;/0n > 0 if and only if ¢” > ¢ and (ii) for

Ap < 0itholds dp;/on < 0.

For a given p1, applying the implicit function theorem to (514) and (515), we obtain

o2 _ Y (-)[S () /n] <0
on  1—ny’ () [0*1L () /9p3] '

Using the linear demand specification D (p;r) = ar — Bpir and the quadratic storage cost
function (k/2) (X-,5;)* (where k > 0), we obtain that (i) there exists a threshold k > 0 such
that it holds dp{/dn > 0 if and only if k > k for ap > a1 and ¢, = ¢1 (which yields Au¢ > 0),
and (ii) it holds dpj/dn < 0 for ap = a1 and ¢ > c1 (which yields Au® < 0). Furthermore, we

obtain dp5/dn > 0 both for ap > a1 and ¢o = ¢y and fora; = ajandco; > c1. m

4 Intermediaries’ market power

We now extend the analysis to a setting where intermediaries are not perfectly competitive and

have market power. For concreteness, we consider a single intermediary that, as in the main
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model, selects the level of storage in each market to maximize its profit. We first examine the

case where storage is unobservable and then we turn to the case where it is observable.

4.1 Unobservable storage

A natural setting with unobservable storage is such that demand is stochastic and the demand
shock has full support density with zero mean. Under such uncertainty, first period sales
do not allow a firm to perfectly disentangle contemporaneous consumption from intertempo-
ral storage, thereby preventing perfect inference of the intermediary’s storage behavior. When
storage is unobservable, the second period prices p 42 and pp, for goods A and B under the two
market structures (competition and merger) cannot be made contingent on the actual hidden
storage realization. This is in line with the main analysis conducted in the paper. At the first
stage of the second period, for any given sales history, each firm has a single information set
that contains all storage histories { (S4, Sg) € R } consistent with that sales history, because it
cannot observe the storage level S; > 0in marketi € {A, B}. Any perfect Bayesian equilibrium
{S%, S}, Phns Pio} of this sequential-with-unobservability subgame is outcome-equivalent to
a Nash equilibrium of the simultaneous-move subgame where storage and second period
prices are determined simultaneously, conditionally on the same sales history. In particular,
if the simultaneous subgame that begins in the second stage of the first period has a unique
pure-strategy Nash equilibrium {S%, S, p%,, p%,}, where k = ¢, m, as in our main analy-
sis, then any perfect Bayesian equilibrium yields {S%, S;, P, Pi} = {Sk , Sk, p'fqz, p’fgz}
(for the same sales history). To see this, note from a firm’s second period profit maximization

problem in market i € {A, B} that

pir = argmax Ey [ITn (pi)],
Pi2

where y is the firm’s belief about the storage profile (S4, Sg) (conditional on the realized sales
history) and I1j, (-) is the firm’s second period (expected) profit in market i (with stochastic
demand). If the intermediary chooses the pure strategy (S7, S}), consistency implies that the
belief y is degenerate. Then, the firm’s problem is again described by the sequential optimality

constraints (4) of the paper. The intermediary’s profit maximization problem yields

(S4,58) = a{rgmix (Piaz — pa1) Sa+ (Pha — pB1) S — ¥ (S),
SAISB
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where S £ S4 + Sp. This reduces to the problem formalized in Proposition 1 of the paper. Note
that mixing cannot be a part of an equilibrium strategy. In the second stage of the first period,
the intermediary chooses a probability distribution o over the storage profile (S, Sp) to maxi-
mize its profit, i.e., maxy E, [® ( Sa, Sp, P}y, Phy)], taking as given the equilibrium prices p?,
and pj,. As in the main model, given p%,, p},, the intermediary’s profit ® (-) is (weakly)
concave with respect to the storage profile (54, Sg). Hence, Jensen’s inequality applies so
that E; [® (Sa, SB, Pl Pha)] < ®(Es [Sa |, Es [SB],Plos PEp)- Because any randomized
strategy yields at most the same expected payoff as the deterministic mean storage profile,

restricting attention to pure (degenerate) strategies is without loss of generality.

4.2 Observable storage

When storage is observable, second period prices depend on the storage levels chosen by the
intermediary. As in the main analysis, a firm’s second period profit maximization problem
leads to the sequential optimality constraints (4) of the paper. Using the intermediary’s profit
® in equation (3) of the paper, the intermediary’s profit maximization problem is now given
by

max [p42(Sa,SB) — pa1] Sa + [pp2 (Sa,SB) — pB1] S — ¥ (S),
A°B

where S £ S 4 + Sp. Taking the first-order condition for S; yields

P Ip_in

pzZ (Sl/ sz) le + aSZ Sl + BSZ sz llf (S (Pﬂ/ P—zlr pzZr szz)) O/ (816)
where

opin 1 op_in

25, azniz/apizz <0 and 35 0,

which follow from applying the implicit function theorem to the sequential optimality con-
straints (4) of the paper.

As in the main model, we conduct the following comparative statics analysis. Applying
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the implicit function theorem to the first-order conditions in (516) yields

-1

39S,  3Sa 220 2 B

dpa1  9Ipp1 _ A 95,4055 1 0
9Sp  9Sp PP 2P 0 -1
dpa1  9pp1 9540Sp 053

We obtain after some manipulation that

a5, P*® /952,

;<0
it (320/3S2) (2D/3S2 ) — (P /3S;9S_;)

and

9S_i _ y"(S)

Ipin (320 /9S?) (/S )) — (2 /38,95 _;)°

fori,—i € {A,B},i # —i, where the inequalities follow from ¢” (-) > 0 and profit concavity.
Then, applying the implicit function theorem to the sequential optimality constraints (4) of the

paper yields

dpin  dpip 9S;  9S;/dpi

q op_ip dp_pdS_;  9S_;/dpi
dpn  0S; dpi  01p/0p}

— = < 0.
il 0S_; dpin  ?II_pp/op*,

>0 an

We obtain the following results.

Remark 5 Consider a setting with a single intermediary and observable storage. Then, in the first
period, a merger leads to a lower equilibrium price in each market than competition if and only if the
merged firm'’s equilibrium profit margins rise over time in each market — i.e., pii < p§, if and only if
Ap* > 0, for i € {A, B}. In the second period, the comparison between equilibrium prices under the
two market structures follows the same direction as in the first period whenever the storage cost is not

too convex.

Proof of Remark 5. As dS_;/dpiy > 0 fori,—i € {A,B}, i # —i, the part of the proof for
pi < p§ if and only if Aul" > 0, for i € {A, B}, is identical to the proof of Proposition 1 of
the paper. It follows from the sequential optimality constraints (4) of the paper that pi; < p5,
if and only if S > S, forany i € {A,B}. AsdS" = [9S; (-) /9pi]dpl} + [0S; (-) /op_in] dp™ 4,
where dS" £ S — S¢ and dpt £ pi — p fori,—i € {A,B}, i # —i, we find after some

manipulation that dS!" > (<) 0 and p}; < (>) p%, whenever Aul" > (<)0 and dp™;, /dp}j <
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— (0%®/95%,) /¢" (S™) fori,—i € {A,B}, i # —i. Given that the right-hand side decreases
with ¢ (-), a lower ¢” (-) relaxes this condition. Note that, with symmetric markets, the left-
hand side is equal to one, i.e., dp™,; = dp}|, whereas the right-hand side is greater than one
because |0°®/9S%;| > ¢ (S) (by profit concavity). Then, as in the main analysis, this condi-

tion is clearly satisfied as long as the two markets are not too asymmetric. m

5 Nonlinear pricing

Following Hendel et al. (2014) and Antoniou and Fiocco (2019), we assume that firm i € {A, B}
(under competition) or firm M (under merger) offers buyers a nonlinear pricing policy of the
form {Qjz, Pir } that specifies a quantity Q;; and a payment P;; for good i € {A, B} and period
T € {1,2}. Let Vi (-) be the buyer willingness to pay for consumption of good i in period T,
where the (continuously differentiable) function Vi; (-) is increasing and concave, i.e., V/_(-) >
0 and V! (-) < 0, with the standard normalization V;; (0) = 0. We conduct the following

comparative statics analysis.

Remark 6 Suppose that a firm offers buyers a nonlinear pricing policy. Then, the level of storage in
one market increases with the first period quantity sold in that market and decreases with the first period
quantity sold in the other market — i.e., 0S;/9Qp > 0 and 9S;/0Q_p < 0, fori,—i € {A, B},
i # —i, where 0 < 9S;/9Qn < 1.

Proof of Remark 6. Proceeding backward, in the second period, the profit maximization prob-

lem of firm i € {1,2} (under competition) or firm M (under merger) writes as

max Pp —cpQin
{Qn,Pn}

subject to the buyer participation constraint

Vio (Qio + Si (Qi1, Q-i1)) — P > Vi (Si (Qi1, Q-i1)) , (517)

where §; (+) is the level of storage inherited from the first period in market i (see below). Buyers
accept the firm’s offer if and only if the surplus from accepting the offer is (weakly) higher than
the surplus associated with consumption of the quantity stored. As the firm’s second period

profit increases with the second period payment Pj, the second period buyer participation
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constraint (517) is binding in equilibrium. Substituting this constraint into the firm’s second

period profit maximization problem and taking the first-order condition for Q;, yields

2 (Q+Si() —c=0, (518)

which implies that Qi + S; (-) = Q{Zb, namely, second period consumption is (first-best) effi-
cient.
Given the binding buyer participation constraint (517), buyers select the levels of storage

S4 and Sp that maximize their surplus. Then, we have

{gf}?;} Zie{A,B} (Vi1 (Qit — Si) = Piu + Vo (Si)] — ¢ (Sa + SB) .

Focusing on the relevant case of positive storage in equilibrium (i.e., interior solution), the

tirst-order condition for S; yields
—Vi (Qu = Si) + Vi () —¢'(S) =0, (S19)

fori € {1,2}, where S £ S A + Sp. Applying the implicit function theorem to the first-order
pplymg P

conditions (S19) (holding with equality) yields

-1

95y 954 ) _0%E 928 )
9041 9Qp — 054 95405 0540Q41  9549Qp1

3, Sy P= Pz Pz PE ’
Qa1 9Qp 054053 0S3 0550Qa1  9SpIQp1

where Z = Yic 45y [Vi1 (Qit — Si) + Vi2 (Si) — Pi] — 9 (S). We obtain after some manipulation

that

a5 Vi (+)9?E/9S?, <0
Qi (022/952) (022/9S%,) — (PE/2S5,95_;)

and

1

9S_i _ Va () 9" (S)

1

<0
Qi (022/952) (022/9S%,) — (PE/2S5,95_;)

fori,—i € {A, B}, i # —i, where the inequalities follow from ¢" (-) > 0, V;; (-) < 0, and profit

concavity. Moreover, it holds 0 < 9S5;/0Q;1 < 1. m
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We obtain the following results.

Remark 7 Suppose that a firm offers buyers a nonlinear pricing policy. Then, in the first period, a
merger leads to higher equilibrium consumption in each market than competition if and only if the
first period marginal utility from consumption is higher than the second period marginal production
cost net of the (adjusted) marginal storage cost — ie., Cif > C§ if and only if V) (Q —S") >
cip — [09;i/0S; 4 (99;/9S_;) (0S_i/0Q_i1) / (05;/0Q_in)), for i,—i € {A,B}, i # —i. In the
second period, equilibrium consumption is efficient in each market under both market structures — i.e.,

V), (CY) = cip, fori € {A,B} and k € {c,m}.

Proof of Remark 7. Under competition, in the first period, it follows from the binding second
period buyer participation constraint (S17) that the firm i’s first period profit maximization

problem writes as

max P —c1Qin + Vo (Qia + Si (Qi1, Q-i1)) — Vi (Si (Qi1, Q-i1)) — c2Qi2

{Qi1.Pa

subject to the following buyer participation constraint
Vit (Qin = Si (1)) = P+ Via (Si () = 9i (Si (), 5-i (+)) 2 0, (520)

where 9; (5;,5-;) is the cost of storage assigned to market i, such that }c (4 5 9i (Si,S—i) =
¥ (S;,S_;), fori,—i € {A,B},i # —i.! As the firm’s profit rises with the first period payment
Py, the first period buyer participation constraint (S20) is binding in equilibrium. Substituting
it into the firm’s profit maximization problem and exploiting the envelope theorem through

(518), we find after some manipulation that the first-order condition for Q;; is given by

35 ) o 39S  ay: a5 AP S
1—— ) Vi (Qf—S5) —cin +ci — = - =0, S21
< Qn/) ™ (Qh ) —enten 0Qi1  95;0Q;1 095_;9Q; (521)

fori,—i € {A,B},i# —i.

1We do not impose any particular cost sharing rule. A commonly adopted criterion is the Aumann-Shapley
rule, which yields ¥; (5;,S_;) = [Si/ (Si +5-;)] ¢ (5i,5_;). Hence, storage costs are shared proportionally to S;
and S_;. In anonymous markets, where firms cannot keep track of buyers, a non-skipping constraint becomes
relevant, which ensures that buyers not have any incentives to remain idle in the first period by skipping their
purchases and buying in the second period. The analysis becomes more convoluted, but our results still persist in
different settings, for instance in a standard framework with a quadric utility function.
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Under merger, it follows from the binding second period buyer participation constraint

(517) that firm M'’s first period profit maximization problem writes as

max ZiE{A,B} [P1 —cinQi1 + Vi2 (Qi2 + 5i (Qi1, Q-i1)) — Via (Si (Qin, Q-i1)) — ¢i2Qi2] -

{Qa1,P41,QB1,Ps1}

Substituting the binding first period buyer participation constraint (520) into the firm’s first
period profit maximization problem and using (S18), we find after some manipulation that the

tirst-order condition for Q;; is given by

9Si \ s jAam _amy . . 95 0P 95;  IY; IS_;

<1 a aQil) n (Qif = 87) = et clzan‘l 3S;0Q:1 9S_;9Qx
9s 0S99, 9P ;0S
20Qi “29Qn  9S; Qi 9S_;0Qx

Vi (QMq —S™) +c =0, (S22)
fori,—i € {A,B},i # —i.

Plugging the first-order conditions (522) into the left-hand side of the first-order conditions
(S21) yields after some manipulation (9S_;/0Qi1) [V, (Q™;; —S™,) —c_in +0y_;/9S_;] +
(01_;/0S;) (0Si/9Qi1). As 9S_;/9Qi < 0 (see Remark 6), this expression is negative or,
equivalently, Q% > Qf (by profit concavity) for i € {A, B} if and only if V) (Q% — S™) >
cip — [09;/9S; + (09 /90S_;) (05_;/0Q_j1) / (0S;/0Q_j1)] fori,—i € {A,B}, i # —i. Given that
0 < 05;/0Qi1 < 1 (see Remark 6), we obtain C{ > Cf;, where Cj £ Qi —S;, if and only if

" > Q¢ fori € {A,B}. It follows from the proof of Remark 6 that V}, (CK) = cj, where
Cir 2 Qn+ S, fori € {A,B} and k € {c,m}. Using the quadratic utility function V; (Q;;) =
a:Qir — (B/2) Q% and the quadratic storage cost function ¢ (S;,S_;) = (k/2) (S; + S_;)* (with
k > 0 and the Aumann-Shapley rule yielding ; (S;,S_;) = [Si/ (Si + S—i)| ¢ (Si, S—_i)), we find
that there exists a threshold ¢, for the second period marginal production cost c; such that

1> Q5 ifandonlyifc, <. m

6 Price commitment

We examine the situation of full commitment under which each firm is able to commit to
future prices. To ensure strict concavity of the intermediaries’ objective function, we con-
sider the general storage cost function ¢ (S;,S_;) (see Section 3 of the paper) under the fol-
lowing conditions: 9y (-) /3S; > 0 (with 9y () /3S; > 0 for S; > 0), ?*¢ (-) /9S? > 0,
(2% () /2S?) (9%y () /3S%,) — (8% () /SidS_;)* > 0, and 9%y (-) /3S;95_; > 0, for i, —i €
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{A,B},i # —i. Let ® £ (par — pa1)Sa + (ps2 — 1) S8 — ¢ (Sa, Sp) be the intermediaries’
(variable) profit, where S; (1) = S; (pi1, pi, P—ir, P—i2) for i, —i € {A,B}, i # —i. Taking the
first-order condition for S; associated with the intermediaries” profit maximization problem,

we obtain the following storability constraints

pi2 —pin — ¥ (Sa(-),Ss () % (54 é'gi/SB oo, (523)

We first conduct a comparative statics analysis. Applying the implicit function theorem to the

storability constraints (523) yields

ash o), as, a9 P Po
Tar e e | _ | o a5 -1 010
asl, sl asl  ash P P 0 -1 0 1
Opar  Opp1 9paz  Ipm 095,95p XA
We obtain after some manipulation that
as! 20 /9S2
L E 5 <0; (S24)
opii  (92®/0S?) (2P /9S? ) — (92P/3S;9S_;)
25’ 32D /3S:9S_,
=i = _ /95i95; > 0; (525)

opi (P D/3S?) (PD/3S2,) — (320 /3S;S_;)

s/ 9@ /952,

) - 2 2 2~ 0
Pi2 (BZCD/BSA) (82613/853) — (02®/0549S3)

as’ . 2D /3S;9S_;

5 <0
P2 (920/9S?) (92 /9S?,) — (92 /0S;:9S_;)

fori,—i € {A, B}, i # —i, where the inequalities follows from the assumptions on the parame-
ters of the model.

Under competition, firm i’s profit maximization problem writes as

max_ (pa —ci) Din (pin) + (pi2 — ¢iz) Diz (pi2)
{pipi2}

— [(pi2 — ci2) — (pin — ci1)] Si (pin, P—i1, iz, P—iz) s.t. (523), (526)
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fori,—i € {A,B}, i # —i. Taking the first-order conditions for p;; and p;, yields

D (pa) + (pa — ci) Diy (pin) + Si (pin, p—in, Pizs P—iz)

95 (pi, p—in Pi2 P-i2) _ (S27)
Ipin

—[(pi2 = ci2) — (pin — cin)]
and

Di (pi2) + (pi2 — c2) Dl (pi2) — Si (pin, p—in, Pizs P—i2)

9Si (pi, p-i, Pis P-i2) _ (S28)
Ipi2 ’

= [(pi2 — ci2) = (pin — can)]
fori,—i € {A,B}, i # —i. Under merger, firm M'’s profit maximization problem writes as

max  (pa1—ca1) Da1 (pa1) + (pa2 — ca2) Daz (pa2)
{parpBLpa2,PB2}

- [(PAz - CAz) - (PA1 - CAl)] Sa (PA1, PB1,PA2, PBz)
+ (pp1 —c1) D1 (pr1) + (pB2 — cB2) D2 (PB2)

— [(pB2 — cB2) — (pB1 — ¢B1)] SB (PA1, PB1, PA2, PB2) St (S23). (529)

Taking the first-order conditions for p;; and p;, yields

Di (pa) + (pa — cin) Diy (pin) + Si (pin, p—in, iz, P—iz)
aS; (pin, P—i1, Piz, P—i2)
Ipi
9S_; (pi, p—ir, Pin, P—i2)
=0 S30
rn (530)

—[(p2 — ci2) — (pin — can)]

—[(p—i2 —c-i2) = (p—ir — c-in)]

and

Dp (pi2) + (pi2 — ¢i2) Dip (p2) — Si (pin, p—in, iz, P—i2)
aS; (pin, P—i1, iz, P—i2)
Ipin
9S_i (pin, P—ir, Pis P—i2) _ 0 (S31)
i ’

— [(pi2 — ci2) — (pin — cin)]

—[(p-iz —c-i2) = (p—ir — c-i1)]

fori,—i € {A,B}, i # —i. We obtain the following results.

Remark 8 Under full commitment, the merged firm has incentives to charge a lower first period price
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and a higher second period price than under competition if and only if the merged firm'’s profit margins

rise over time in each market.

Proof of Remark 8. Substituting the first-order conditions (S30) into the left-hand side of the
first-order conditions (S27) for given pa, and pp, yields Au_; [0S_; (pi1, p—i1, Piz, P—iz) /9pi1]
(recall Ap; = i — i = (pn — ci2) — (pin —ci1)). As dS_; (+) /9pi > 0 (see (S25)), we find that
this expression is positive for i € {A, B} if and only if Ay; > 0 for i € {A, B}. Furthermore,
substituting the first-order conditions (531) into the left-hand side of the first-order conditions
(S28) for given paq and pp; yields Ap_; [0S_; (pi1, p—ir, Piz, P—i2) /9Pin). As 0S_; (-) /opin < O
(see above), we find that this expression is negative for i € {A,B} if and only if Ay; > 0
for i € {A,B}. Hence, for any given second (first) period price, the merged firm has in-
centives to charge a lower (higher) price in the first (second) period than under competi-
tion if and only if the merged firm’s profit margins rise over time in each market. Using
the linear demand specification D (pir) = ar — Bpir and the quadratic storage cost function
(1/2) S% + (1/2) S3 + kS4Sp (where 0 < k < 1), we obtain (i) p" < p/{ and p})" > pli for
ay > ag and cx = c1 (which yields Ayf " > 0), and (ii) p{lm > p{f and p{Zm < pl-fzc

; for o = w1 and

¢ > c¢1 (which yields Ay{m <0), fori e {A B}. m
Now, we compare the two commitment regimes under each market structure. Under lim-
ited commitment, applying the implicit function theorem to the sequential optimality con-

straints (4) of the paper and the storability constraints (523) yields

- 1 -1

B 1 I 2
2
5;;1 g;; - 0 ~1 0 aa;%zz 0 0
] ]
a2 o] s % oo 1| [0 -1

We obtain after some manipulation that

05, _ (PM1a/0pd) [1+ (P0/052,) (1 /o2 )]

o Y <0; (532)

oS! . 0°®/95,0Sg) (0%, /9p3%) (9*11_1n/0p? .

apfl — _( / A B) ( le/ plZ) ( 12/ ple) > O, (833)
il

Il _ 1+ (9?®/98%)) (1 _»2/9p% )

> 0;
apﬂ Y
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opl, _ (P®/35,9S ) (9*T1n/0p})

<0,
apil Y

where

Y £ 1+ (aZCD/aSZZ) (BZHQ/BPIZZ) + (8249/852_1) (BZH,iz/apz_iz) — (82¢/asiaS,i)2

X (a2ni2/ap122) (aZHfiZ/aPZfiz) + (82©/8512) (azq’/asz—i) (azniZ/aPé) (aznfﬁ/apaiz) ’

fori,—i € {A,B}, i # —i. The inequalities follow from the assumptions on the parameters of

the model. We obtain the following results.

Remark 9 Under full commitment, the level of storage in one market decreases with the first period
price in that market and increases with the first period price in the other market to a larger extent
than under limited commitment — i.e., 85{/8;91-1 > |9S!/9pi | and as{/ap_ﬂ > 9St/9p_n, for

i,—i€{AB},i#—i

> [0S}/9pn
paring (525) and (533) yields a5/ /ap i > 9S!/dp_u, for i,—i € {A,B}, i # —i. Using

Proof of Remark 9. Comparing (524) and (532) yields ‘BS{ /9pi , and com-

the linear demand specification D (pir) = ar — Bpir and the quadratic storage cost function
(1/2) S% + (1/2) S% + kSaSg (where 0 < k < 1), under competition we obtain that (i) there
exists a threshold k > 0 such that it holds p/y < pi¢ for @y > a1 and ¢; = ¢y, and p/ > pl for

i il
ay = wy and ¢ > ¢p if and only if k < %, and (ii) it holds p{zc < pfﬁ for ay > a7 and ¢; = ¢1, and
pz-fzc > pls for ay = a3 and ¢, > ¢y, fori € {A, B}. Under merger, we obtain that (i) p{Tm < plm

for ap > a7 and ¢ = ¢1, and (ii) p{Tm > pf? forap =wjandcy > ¢, fori € {A,B}, 7€ {1,2}. m
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